- 3
& -
o 1 b S R

Lag VO S

- rﬂ..".r
| L -
Ay . %
b T 1 T TG u.m.__w-
- gy .{r.a\_.m.“ " h A
A
__.-.»ﬁ_.._. ....m_..w .ﬂ_ e FTaCh Rt
e wa.ﬂ:{.m...uw.%_ H ¥
o, I Laiun 24 sl
) g, ¢ LA
M a.._._ .&_.._. e a4 e
S g T L 1
S - L g L
1 . \ X
L 4 T.r I—-r r
: . ' a o 3
i W £
: . - o s
u : 4
L .
] g .

v
SEa B
3 =
=
(] ....ﬁﬂ r_ﬂ 4 é..ﬂ...w_.._.vn.
Tado b o B § & i
v, b, A v © o i, o - by -
_...m.#..p....zuw«bn..a ._.._“H.&Mw.,.r. = ..w.____:_. Y
3 " R ) .
- ¥ %ﬂ..f.r._. L o ,.._“_*“___.M... e ...-h.. x.a. & .._ﬂ..._ 4.}._.-...
Y e s Faii A T T URAE i s ] e o _..:-
o+ ﬂm.w. M e 5 SR % 1 L e Vo
it _.._.ka.u. A g “w i et i L Y oA bt
¥ i - LY . u._.__‘.r 4..._" I L
& W Bt ™ w - . - S . L= ¥ 4 >
r e o by wrf;%.mﬁﬂdrﬂ m ,..L.__Hq_.: ‘s g T - T;..u-{m
1 S . MGt P ¥ g r \hhw_.__.._ 4 H T wFr ] =t L L =
i T -.a__..._. ) il S Tk _H.._w._‘. H uﬁ.&.ﬂv t i e,
L1 . - el = i % ! T s ST i .._n..wpt:k..-. ! i ity
e § By Mra? E g “heiT ) et .f&. hsamm.w,hc?&rﬁa ] #mfa_ X
. I N Lo 54 e i T A S S
= " ¥ LY i ) — r A . L O S oH ¥ oy 1y - R Y 4 kg
- e e, ' v - g et e Fate - A, P TR . =X ._}.ﬂ.._.u:,.._i:f ol % o ;«?M.M% M
. E s T g N T SR i LA T T b e A e ¥ T ._A__..-
. 5 ‘ 4 “ TRe i ’ 4 At i by e d Y am
; ; Ao % \ “ 3 1 2 i,“_. R P Yo LR b A C i arg mr.m_hqrr.f ¢ R & = ﬂfh.ﬂ_ﬁm v,
- b e . mIINE AR L ik 3 B B, i .d.mmr.:u__..uﬂ? i sty ‘.11&.“«:,
o i . . . ] By . T ' fi - i L ..-. & i ‘i P Lo |J‘n.-....+__.a. a ¥ _.....H ...F.v.:.. m_..pww.w._. H ..C.....__.__.. Lo
L g i - r . 2 1 ] ; A * . . 3 . 1 e _"...._. ._.u_..T.,.__......._au.ft __r.r._...,___ - oy fm... o RE AL B
f i 3 B o5 0 B -.L.._r : % B - -l A R ; ¢,...m_.._-.a. g A au.m oy __..Lum_n....r_—_..a:
- - ' 2 am. L = W e - A o = i i Y _"-.._L_._“n Hn%ﬂ. .._r P s..u_.:.'l. m.—r..ar...._.w..iuu..__h.r._
T . L " L i L e
v . Yz 3 I + N T, . | - e Ty ) i i el Ty e -_.._._.__.__._ LR .mr s bt .:..\.u” mw.. ] "wr - H f.wr_..._r e 1....#&
2 : : o ol : g ATy M P b _-,.:_u Ty ~ L, uw..; - D"_m. ek o "
Gt : : . : ) LR i . . e L
: i o e j i i ' - .._._ ..__ g " 1k i .”.H..L».Lr...r.h.. «._ Ju....«. .“.w_. o uh. R .n.w ...M....-rat
- . iay . : ] - = h ]
5 L3 . ) : \ L _ v i 3F, - o ' oty o W obr + e i ¥g
- . - ¥ B F] k a7 F
3 : £ : . ' ; S “ G oim ) ,! a3 A e Talyile R R, Byt 7 3 e
. o - “w St - 5 ...... i Ly e o 1 e ..._..,. P 47 A ._-...u..' .... AT i __.mnu.r.._
H 3 . B : 5 [ g - " 2 L 3 .....M b __.-J..H.u.w._‘_._ ' F _.n.h.._#.._.__rq__. i MH _-m" &
oz L u : - T o eBr : A The (e " i - + w
- = ; i T T ook a0 L S e i " _w,,:,_um,, Y TR W.n,‘,-ffw.v A 5 ey
. - . v _u__.....”.x 5 ._._.._ L s ’ i . sl ¥ g J_w.....ﬁ rgé.,m.ﬁm u?k......u..thp..wr ....,n.._______......r .....k.ﬁ wp *__.hi._..
; t - ) w Ly AL % LA 4 I . .._. " AR a 2 .L._”. . .._..._p)...” . _v..._ % e W Ty fa .T:.- ___m..u.n__. uﬁ.« s_m%.rnmi...... & CH Ty .r.re..mm.
- : H T e ] g " B L 4 _.. o -v;‘__ h.x:x.ﬂ;.:. [y ..rn.r?...._u ..+
' . b # B A = it 1T . b L i I & - B ot e e : b i h.... 5 ﬂ__.r:.._‘....m__ L .”....__.“...ﬁ +.”A.w?ﬁ .__m..mé WVLH
! he » h # L e T e T Ly H 1 ity b gy L% e LS, Fliy Ll
; : LT . = & H :4.. = £z ‘ i ot i : ; s : i L.. “... o - » __ L._J._.um.meq _.J.fdu u._j....”..wﬂ_.._,_:_".w. mﬂaﬁ i d __,t...»_.h.h.nw..wrw._.u-w
; ) . i - ! ] v i Y. gt b L + - Aot d . o ) rid 1
: . { ! i w L 3 i w ,.....,. ¥ o g e 8 ,uu,;“_,. _.rf, b ..+_w,.. e
- R ! 3 * . LR + s Tk ! X Vo 3 YL L r Loy b __rufa L € Ft
Z . K I # i r ey T ) i i %, it S * __.._ P A 1. ¥ a1 .L-n .._uma‘._.... LE] .w ¥ b - e, 'E 3 L A..r-
B % = Ty " ) e i oo i 1, L TS - . BT L1 il L et 3 aurE Al A
= . g : o o o - ..H L] : qr T _” o ...h......_-a ..u.._.q..v._.lfl s A L wr ...” i 1rh.nup..¢ dn...c....._.—. i F e w...—..w..
. ' -} v wE N f i . t Ly 4 et Wi Ve ”_.\t.¥ﬂ.. L .r.__u. .__.._.._..__hru..r: ¥ .“ w
= : ; _ . i | S *1 R b ATt - ,ﬂﬁv Nt Wt W £ e m.,.r.,; bk
i 1 2 x - w T 1 s B i ...._.—.ﬂ. et
= n LT, LS LT, T L B 3y J.”. o .“ 3 u.._-._. L %__.. ] Fl LAY
s : . _ - _ v A g N ny Tl w4y 0, T bk R .&F_f..rﬂa..p.__., FEG nﬁ.__mw‘l :w..:;&..
N 3 - . i - r i i w, . y *
_ : . 1% Al R wyr EE o .o W T +._wﬂp,,n:h_ 12 g B B e 4
3 W b & ] " r Ll F 2 o o) L K} ¥ i
: c . s " S ey . n £ LN i .ﬂ._....__ uan.JCr__ o “4___.; va.r.. 1.... _.-..”_ .r”_: ,.l..wu. .,.n_.*...u oy ey w.u_ 1“,.{4.. .,.wm._.ﬂ‘. 3, T
¥ * P L] o T 50 T #.m.... Lo, * w ....__ - - T
| ] i3 i 2 L 1 g gy e A e vy E n.q%. ity .._\_..:_ 14 )=
. . 1 L -y i 2 S iy e E gL r ... .y ¥ fl.m i F g ,.._..ﬁ.n.
£ 1 # LY 1 Y. v x K Vi LA v WwoE .:w... b XA #..{..._.. ..dut..
g - ! . L 5 " W "Nl [ % 1 X . o s g - * 1 &
- - - N 3 £ ¥ o 1 i - £ e el | ‘._J_.—p.
g ,ﬁ_w P - : R B 4 P \.W 2 ...ﬂf_._. w__ 5 .Hn_..._."_. ...un -u_“w..hm.. h”u.._.r._...._mwh.ﬂf..ﬂ. u»uu»u.m_.. .M.m..-.;n rr.ﬂ.‘ﬂ%._./q._.m ¢
. : . B e A o Spdie g o 472
: 5 3 | - . - P s Fo b = 3 = F) = Dl [ - &
E Vo= ™ I e ..p : i L r T _.w..._ uu_ b W _”Hur _-n-rlq J.. o .mﬂ._.aiv..._rr....__. nr_x.“u..._n.__,..u.”.w ! ._...1.. .1.,_.n._.;.......4. ..h.p .__.MH...N_:._.M __._._..“..n-.._,%.
] . - S | ; i) 4
. : i R R SNt 2y e Y adens ks o " Fieay, et U Sy, <210,
e i ; - .. + % " ; 2 -1 A - i s h » : v &
: o & . : by " - \ o s X a.... oy ' M rwm 4 ...____ﬁ—..v._.._.{_..h.un 5 1 .'.ﬂJ......ﬂ-.p.._wJ..._. |r._...M ”w.:a .h..w ‘.u.u..r-_m._. .mu.._.r.w.._.__wmpm”. —.w.....w
. - N . _w...._ __. - g LI . = L e F r.._l_r.l.nt.,_...r -r\.... i iyl oy -
v - s ' L] i ¥ % v X - 1 - v _..-._,. . * # e L " kg L T ah .n“..__.ﬁ.uw_._.u...f L] W ﬁfﬂ
e % ; ] g E & T 3 A i 4y PRl A .ft,. 14 .,.\...3..;..
; T Ty P = A L el 2 ,., i L :.f.me.. PR N ' ﬂw.wr...u_ o ...ﬁ,m ..w”»_a.ax._ 1S s ..wﬁ. retf L it ,..rm
: i d - i e £5 o eh Piiay o le by ::u,?a&t; :.ufam.?a '
: . 5 X Bay L B + Lo ST | * L e 2Ly ‘ .u-.n.... i i . 1,
E ) . : Foprem Ay : £ . T ..__w = Fet g b e w.f.mq.w,.r.:;. i o .f,.w_.___.vﬂ_ .!pﬁ...pr.f
. ; 3 ? ' : : r : & [} ¥ Hf.._ L) h h. i . .._..n. ._-._umﬂ-_....r.“...s. ._..r._u JM...__ Fl ] > ”._.-M. ._n..._._.u .-..,.”r_..ru..w 1H ! u.___.-
- by ' 4 | - S . o = i " A a e g AT ey 4 " roa
; 7 Gl i g v € o Yommet g TR 5 T 4 & ...._a...-wm.. 1 - L
; = - % ' i L & ; 1 e : 1 LT, wE St O iR .”:mxzﬂ ..._m,.w,. .wm 3= B ,,..wﬂ qu:
. . i X . . 5 A " 5 i ; i i A% - W ca v P ~, I 5 2! e q 5 i b A e i LI
L f Y “ BT = o - v T [ ’ b i ] - ) B L L] Lt M1_r - ¥ AL ! oma ....ma. #,
_ . | : S . 1 I Tl e L K f,.ﬁ“.,~.ﬂuf+#, el R, L )
; ¥ i - o £oa ¥ . o L " LI | L u L oA & i 3 . £
: = &g : e i - L : r At L r b BT 1 e
i i . L ' ..._ 5 i o 'ow & . i \.-_N,._ ” ;....wn.__ K, _.|u_. =Ty HMJ.._M.{.. _u..... .,._"+-.nt B .rw.__fﬂfa :m._..,“__.._ ﬂ._.m_a..q =F _h._,..._.{ Wnn.__.__ _.._.__._.
: : : "y I Yongg wh W 2 PR HeNi 3 Jﬂ.r..xn:w,ahv AR A
) - . . i ] 2 . ' NINGE R LS vt =% Hiiad L = i b a1 ¢ ﬁ.r.._a....m\..w: (g i
: f . b ' i ' e fay, a..__ri..fi.. .r_-hn F .r_.m..u”w....._.m oL P 1_.H...+w oy & .(....w N
g 5 2 i 5 . S o B = ) s i ~”h . . = ] * ._._.__.n T woo ﬁ __n...._. e - _.r LI &) .“.H.. + 1] ._.A.r._.fl_u = A
_ i e R U R g e g n:.,fwe 3 E e i u,wq..___;..._x. vk, whey o, 4
= 5 4 % - " : e b L | J...... ] 3 _..r...._- oS fe ».u.-.._. T i oy L "L - - t.r ¥
‘ FT ; . N ’ 2 “rioe L & g o o S oo SR i s "y Y oy e T & Eyr _m.q..r..,.,:.w..r:_. bl g rES ,_NL P
i ; . A ; i al o 1 ; i 4 F iy P m.. Ex a_..f._..u 4 .-._.1« £ j i ] Litin i Es B .._I.__.u_u_ u..__.nm._hq_ £l I.t_ oy B S
¥ . ' . . 2 » E o - 5 " ket Ty ", £ o« e Gy . .T_...W,. LI LR urm.w h M ._ru}?m...ﬂt. et
. i we F . ! v | ,Eu:..._ Y A el g 2 g8 ..wr.mf gﬂﬂmzﬁf.._ .\__rfrpwf%.r_. T o st
o r % i : o E: .”r AL I AL by i =y K L S o L 0 f A B e e E _.....r.__._-........_. !
T s " , 2 S s SR OUE ) e ¢ o 0H Y B G S A7 B L0t
; T T - g § o m e el O e ) 3 WL e B e T B
. h - r K
& “ 8 @ g 3 Ty s el okl el Sy R A b Y 0 a,f..rab.
) 4 : b L B I i 8 ' . e B i e - ¥ ...._.ﬂ.. . T -J._n_\".:....:m.... . .m I g W._—‘_._m__ L Lwafw._mklir a_puf
: : = i a " = ! e i a =5 Frey ir Y ...._.q.. ¥ .w. et ]l.._% ._...#f e Lna ...u_.-_._..._ i Fran PR tlm._..u_ﬂ%_.. 5 g i
: g, s 6 T G LS ' aE = B T % L RPN Y b7 B, G AL o, 48 eE .f?u
g = . " B P A L -y T o= s i Bl A, .|_.__... LF 3 L el -t a2 el " T, I - o
F ; X . it " * i e L L. 8 7 FAgas 4._... i Y rs I f + v * r -..n!____.w.-__ e bt T
i y = Ll = - . o £ ) 1 5 foap 1oh iy . .,V._.s.-v E _.-n.;.__.- F B ou i 4 YT
= : L L , N H - 13 o LI il & X _-nu... A L ﬂt__. i \._“ + - ] e .-.n.._._.u.:.._. ._f.__T.
: ) L - . F [ ; i 1 ..N,_ [ o g = 3 ¥ <2 e S R A At & :___ - . ¥ ...Fr..:.q_..._. oL
. : , ) ; ..._“.._ : oy :,._“{ y = 5%, 3 .._.v..._.._ u"fr ﬂm,r-. ' iy aﬁ;u..__ woosd o . .._p\u..mm.._m__._.wm._ i 1_"1.”._%-_. a...-ﬁ.m..ﬁ_ uun.._m..__..qr.wn..n.h. q.ﬁmu‘m_%\a
- - . i €
f : v 58 o a . el aF ¢ Sl .-.J_. Rl __.....u...a-. ¥ _1 S ._.\ ﬂ....._n i .4.._...“ ._..v._.m_-lw.m‘ .—.—ﬂq u.r¢ ...—_-.fﬂ.v_...?l.ﬁ..v 1t J.:M_. ﬂ...-an .,_.._ g ._..mu ] L ..__r_._. ._-_‘ CV r..__.:.-
: : ' 2 . T oo ¥ s . o= i - .1.“ PR w e ) PR X e HT.L.. & anm" = ¥ _...”_._L,.._ 5 ._.xﬂw W .%n .,.w..x_ %«+H vﬂ.w.. ¥ .r.mﬁ
f ' & = + Iy . AL AT i Pl By 3 % w5 v o b SR L O g L
; - . ¢ y : 74 - Podg LT ] L b o o o g ook i, £t r
i 1 - -t L i LS ’ R L % o e e T e :%ﬁ == £k i gt !
. : . 4 = i e = iy o $ox ; - ¥ I ..u__..awh. { u.nhnm.a.u.fntry.wh.ﬂw._wam..._mt w.,.,.. k“._.:‘.n.#u. ....__m...____._na wm .M..ﬁr,q_m.. U..ea.u w..w...;ﬁ.m..m i u_sHﬂ H
: ' : i C : VR | s s f_:..m: ot " o ' A 4 * stal G
. 5 - H I L LAY LI "y b "1 r gy oA il ur...wk_..n.._ Lo -.v..rhnl = Rt
w ey H i & . mh i o Sy N - __r.u..w.‘. B .aa......_ ol T . [ v.ii#ﬁn.ﬂm - § L ‘8 ._-_c...u....... o b ek 7 il | i
- - 1 o " i o " S "y _:.._.r1_..+ 2o ylad | + bug E ,_n...:....mm_...-_.r _-._.w._f_.-.n.- o - . Rl 2
§ 4 ] o 4 T o Ly i ¥, nq_.wvc_mn. LTI g & i 3 o i g B ; R g
: \ L 2 - A £ H £ -~ nlery . .m._._..ﬂ._.__... ..r......ﬂ..»: 4 oy “.,.._.._._,..,.u p.ﬂ._.. 4 iy [y e T mn:_ﬂvq
: . ) A ro .wm RN R s vt i g n..._ fm»...,h wu.,.l..m. w.ﬂnnr__.m.ﬁa___.\.ﬁ .r_,r.m u.M‘.” ..r_.,udf*r!__, i .ﬁr.tﬁq.‘ﬂ”r.u.}ﬂ.m.@ﬁvw_.. J.J
' A 4 o £ o i O & L] oy R e * ip - - i A F e
2 _ _ v T8 e = G e g & “a ez, M) ¢ ,:,h,rw.ww t Sy X R 5 -, w%.?:ﬂm
i) e lraics e t Lk ] L g Ty - & 5 1 o TR " _._u..n..rr . 3 b i IR i _._m..._.- B g
- oy . - L i i % ey i _+_f.__ « 1 a i, £ _.+_.\u.__+. e = E + - ¥ i
¥ - g o s Tamn ul - M - - Tty ..}...« T e .;vwv.r#\.._ <E .__._ﬁ.....-.__. L1t 2y o
- S ¥ T - LS Tk L h.,w..n .za+n ! 4 o - LM " ..__.u_...l.-. e Wy s ....r Yoo .
: _ : Wo- o TR T e, gl Tw el Ty CSeTR ot £1 - Eyde i ' SR . g Yy, o 3 dm,.._
_ i R v el Th - b e s 1A ] 3 ] A1 R & el S8 oy Loe SN L !
B S e o s ol i, y7 guw.ﬁ.ﬁ:f @ ;
C ._uu. ioa 5 Y m s, v L - i e , LT (B phS . b i, o [ e i T
: , , [P Al T TER AT AT TM qﬁ_u.,.w%,;.ﬁ.;_:‘w:ﬁh N et
! : ) _.” B 4 = * u..n L b u.T_.._ _? ek % .(.___h o ) ‘.{ﬁ ;?F.? i .b... X I_ ¥ oa » ¥ ..,“.-._c-.m.ﬁw_...um T_.uﬁ- ._w”w.(.m rf
3 : i g " ! ' ..(‘. Yaray o e oty _".m......utls.u.p Am sy b Luﬂ __p._.,._."_ =t ..__..r.n. gl Jnrl-. _.-_-,M ﬁ.nha
B - A a S of LI mﬁ. fu u 5 T Tl S £ AT ix Fa
% &+ o " cz nw + ; 4 ._. a ...._,. Ty ._u i . ...—.._. ...-_._. iy ..h.._. WE -._..u.._. w..u % t.._.._.n_.__ ta ...bm_km..wah. % -Nm
£ ! ®a LA O e gt £ e 3 ki i # ¥ e i nuqnh\.”._v: m..”_:..} n'.r LT £ Te7 ol e
\ g i i, R S £ R £r F u...“ G o Hih 5 :q..u..» .,.”..u.._.w...,: r A L ol ,.qm.w.ﬁ&_ww_...,._x. .,wm_n_.
i : i g s -y O ) % tataNany U o 15 T
., i ; , L% Wty i d..___ o i ¢ .__..L_._ y o rr nmfwwn,ﬁ.;., “m,.,u, wwq...ﬁ,u qn....m HM.* __.,.zm.“f H.;Amu £y mh_._v.
¥ Py : A - L : 3 = L L | P “ - o
‘ ] i YL i g . ;Y il i . - A a4 * Aol g A __ra.".l.#.. Sk Fa s\hﬂfxﬁx:.wc Ty &
. i 1 1 1 r . Wor b v b O T T i p...-._.r_—r"... T 2 S e et ] e o 24
: 2 - ‘ - Ll M e 4 .v_ i i ek ..a._.._“u... .....1 s 3 . 4= 2 a WFiEE 2o K _.-..-u.... iy ..,...__.".l-y » 1..1.:.4. i
3 { = n - H
. : bt : . A g S 21 ® oy P Lol h_n.ﬁ..:,,ﬂm._, o “a Lbed o 3 ;
! 2 . : i y T 3 2 » " 3 L L] Wy ¥ by o waty g T o i Al i &
Ll . el B s St a g i A TR P Ol 48 5 O - e
' i - : & ‘ "y i YR - ”J A g 1 ¥ | ¥ r1_u._.+p~nubw.p14u L 1 Y i ....r.r._"...f ..w__ r.._ '..H.“.. J.N!.f.. »(f.v _.n.‘;—"...wxn?/ Yo e .v-...”.._.. Ll Lr{-kw& ...ﬂ \
% i + r A - 3 W L S i « Y8, ﬂ_q__._._.r ® o g T e e a_.._ e 14 L
i + - fe i "l ey T ¥ k| » h i ...F% il il o o 1&% e AN ST - .H“ 5
am i ' (i b _._nww. [} ._ . Ko s Lo L v Ll e s -.o:rﬂ i i
' - . - + L3 T | ] o by * i 'y £ gt R 4% - A ak .nlu
4 " h.Lp ‘ k. o Y Ll ¥ T = - a ] n-.{.__ﬂ 3 u_h .m.p_n 33 I k H......-..?i ¥
2 it Wt ] el | o A Er » - £l [ * o
4, : T OREn Loy omnd O moN sheagf 1 A m,ﬁuf% o h,.‘._.u,m;ﬂw : s A
a ' 3 | b g o e s - 4 __...._.u.h_.d.._. & >m._.1 e 5 ._._.._.._qv_.u!_.- L1 -.l._.i_v ™ ..u.f-_\ & ..._i iy
D ' o u_-._.. : i ] ...: 1 J_.L..__ L_._r...o._. r A -._._.._..,___w.ﬁi... T _..p"_.__...r: ._..,.q._. & -“-.qM r\.L.a. .....__P u!. .ﬂ....a._“w."... .n.___...fr. .\Nﬂ.,......-r ...Wb—rﬂr._e..ﬂ%hl ,.M.—M_. uy ! #1..__ j?..U.b. o ﬁ.mﬂﬂ..—.ﬂq _ﬂ.hw “_,_
' - “ar L o) : - + . 7 ig F mm ;
" i ! ? [ Lo o A - Ea 1 oo ....c......__ -.m.;ﬂ._._p“r v th.,w 2 \___..__...“.._.m_._ _..._a._.n.*w __A Sre M.___ n_. il o L .\waﬂ_nww ol
. P W P T I Ln..."_w ..”u o L.t_u_”.. at ...LL. .fww,....nq Fd m..wxrh “ __h__ M:m.n#r & td."w: m.w.wwﬂu.ph L o un..w 5 #N.. = I _M.h. e
! T g S 4 b ~ 'Y 3 ‘o & ¥ .v.._...n. Fat e R £ R ae -.,Jp. L
: i ‘ : " Fe o Ly o) ) b S o R Rt A i Tyl %.ﬂrm__ 3 H Ty - i £ 3
z g L i B : & ...-.. L= .4 .._’...ﬂﬁ‘m_....._._. _.r. q..-. __....”.n._m. J_... .”.1 hh-;...h__.e_“.hl .___.._.__ (3 5 4\..‘.\.__..... .__.um...ww...:.u.q__.___f? i h..__-h n_ﬁ »._Pm HHH._- ..»Lr.-._ u.w. Fﬁwnuﬂ.ﬂhﬁ.ﬁ%ﬁ
i " i ¥ iy o 3 P ] das = 5 = AR o * Fl .H.nf m_J_.: ¥ ¥ ._...r.... Rl .....R.—.. %
' ' Es - i .-n T, .y - ¥ oW ® bt Fria # . ..g_.-...s_ ..1#.. Lt \H«mr. r i s .M e | =3
% ‘ = i 1 b z . ._L ..__ » - _,._.u 1 (a2 11 ._..ﬂ_._ﬂ{»_.....__.._ ._s:q.‘.r..m.l - amumu“ﬁ. Iu: _._...w k.Uzrw._.r m.h.ﬂufhrfJM%m‘*hﬂhw_M%ﬁ g
: - " - b gt - iy q_.rm_..wx b v % *_.F: P il g 23 ik Y u-um._u.,.ﬁ L
a * » a 3 -
. i : ! S y T ..fxn,. el PR ...r._..a.....,.-.,”.._.“_.“ "h_.__..._....__r__ v.‘wr,.m.n._.uh m.n...
% - N o . : ¥ e -5 ) xF _.__.,. W . y ...,.n_. e ...__.. - &.?u
L % - G I L ....n.__.._ 1 _.um ._..?ﬁ{.srhw_m-ﬁuﬂ.._.lu. . i . S
i i ‘ . af e 31 1_.. & : L ] o o .n.._.u. L] JH.__.q.._ Hﬂ“ __..-...“_u_ p {
; : oy toey ; N i j;m,..?u K565 A2t W il "
¥ v = [ Ay o R M e 4 & [ P 1, B i %
e I S P AT g L o B :
i L ot L Y b LY ] 2
¢ % i - Tn i .._.‘. .n.n_.._ I L] T 1, e
» . " . i N - O ....-n_u..x vy . ST ks
! g L ' 8 % " ' 3 . A
2 ; . § i & - i ﬂ s 1..__ 3 ...u..h___ [ e
i L L A P 4 W
R v 2~ LG Ly L b
e L B - .n..iq ¥ A
. . ;! ] ' ] k)
. LM 4 £ 4 -1 LR "
TR iy i LA ..J e N o 3
F 1 . g
A ! s % Ll PR
’ ' | »
& Lt
. - S 2
=4
- - -
e 4 -£ -
1
i

iyt Al
] Bt _.r.w_ral... P e e
ot 0 [l L
_-._.¢ __.w_-.!......”r”n. ......._.“_.u_..._..u_.{
L s Afanarﬂm\ L
qy.t . ._._«_._..r_.._w!__.u..ﬁq._.r
ey
g
i ot iy
¥ L.ﬂ P
[P T
a5



Quantitative Relationship Between Cigarette
Smoking and Death Rates

E. Coyrer Hammonp, Se.D., Department of Epi-
demiology and Statistics, American Cancer So-
ciety, Inc., New York, New York 10019

THE three most commonly used indexes of de-
gree of exposure to cigarette smoke are: 1) number of cigarettes smoked
per day, 2) depth of inhalation of the smoke, and 3) years of cigarette
smoking (or age at start of cigarette smoking). No matter which of these
is used, death rates of current cigarette smokers increase with degree of
exposure (7). In this paper we will only consider the first of the three
indexes. Qur major concern is with the shape of the curve indicating
the relationship between death rates and the number of cigarettes smoked
per day.

The solid line in text-figure 1 shows the death rate of men who never
smoked regularly and the death rates of men smoking various numbers
of cigarettes per day as reported in one study (7) for men in age group
45-54. It is similar to the dose-response curve found in many other
studies of this subject. The shape has aroused considerable curiosity.
omoking as few as 1-9 cigar ottes a day appears to result in a surprisingly
large increase in death rates. Considering this, smoking 40 or more
_cigarettes per day appears to produce less additional effect than might
have been expected from usual experience with dose-response relationship.
I have long suspected that, in actual fact, light cigarette smoking pro-
duces considerably less effect upon death rates and heavy cigarette smok-
ing produces somewhat more effect upon death rates than would seem to
be the case if the observations are taken at face valua My reasons are as
follows: |
Many mg&reﬁg smokers smoke about the same number of cigarettes each
“day over a period of years (2). However, dependinig upon circumstances,
an individual emoker may stop smoking, increase his daily consumption,
or decrease his daily eonsumption. State of health has considerable in-
flnence on this (2). That is, cigarette smokers often stop smolking or reduce
{heir daily consumption if they become 11l or have a heart attack. Some-

289079082 ; | w A Biry 3
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TExXT-FIGURE 1.—Death rates by smoking habits for men 45-54 years old.

SMOK
REGUL ARLY

‘times the change is permanent, but often the individual returns to his

former rate of consumption within a few weeks or g few months.

When classified on the basis of current number of cigarettes smoked
per day, habitual heavy cigarette smokers who have temporarily reduced
their smoking due to illness are counted as light smokers. This has the
effect of artificially raising the apparent death rate of light smokers and
lowering the apparent death rate of heavy smokers. Thus, the shape of
the dose-response curve is distorted. Unfortunately, this problem has no
easy solution.? HOWever, using a hypothetical example, we can see the
-extent to which the shape of the curve could be altered by relatively slight
temporary cha;:;ges' in daily cigarette consumption as outlined above. -
~In the study referred to earlier (1), among men in age group 45-6%
death rates per 100,000 person-years were found to be: 402 for men Who

never smoked regularly, 741 for men currently smoking 1-9 cigarettes &

df‘l*?. at the time of enrollment, 910 for men currently smoking 10-19
('gareties o day, 570 for men currently smoking 20-39 cigarettes a days
olid g et gy, OKIRg 40 o more cigarettes pe dny (46
- The numbers of men in these 5 categories at the start of the study were:
- 90808; 5,219; 19,179, 46,886; and 11,047, respectively. Altogether there
- Were-o0,308 nonsmdkers and 15,304 ourrant ipatetie mmakere . Lt
.~ Simply as an example, suppose that the - urrent t

- fell inta the following 4 groups in re

S . P alation to their: e hﬂbi‘ts-
| --_:1)'_;_ 11304’7 men usumy'mﬂkédﬁ(}: ation fo their usual smoking

5 Y Borhe ﬁinf:_hhi*ﬂ-:havﬁ '-ﬂﬁsﬁiﬁeﬁl thelr myl
~perday but this leads to other i

T e i e L e

the 75,395 ourrent cigarette smokers |

or more cigarettes o day and currently
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RELATIONSHIP OF CIGARITTES AND DEATH RATES 5

smoked the same number. Their death rate was 1,109 per 100,000 person-
years (ze., the observed rate). Another 750 men usually smoked 40 or
more cigarettes a day, but due to illness had temporarily reduced their
daily consumption. Because of 1ll health (and because they returned to
heavy smoking), they had a death rate of 1,330 per year during the next
several years. Of these 750 “temporary reducees,” 275 currently smoked
1-9 cigarettes a day and 475 currently smoked 10-19 cigarettes a day.

2) 46,886 men usually smoked 20-39 cigarettes a day and currently
smoked the same number. Their death rate was 970 per 100,000 person-
years (%.e., the observed rate). Another 3,200 men usually smoked 20-39
cigarettes a day, but due to illness temporarily reduced their daily con-
sumption. Their death rate was 1,160 per 100,000 person-years; 1,150 of
them currently smoked 1-9 cigarettes a day and 2,050 currently smoked
10-19 cigarettes a day.

3) 12,172 men currently smoked 10-19 cigarettes a day and their ob-
served death rate was 910 per 100,000 person-years. As described above,
2,525 of these men usually smoked more than 10-19 cigarettes, but had
temporarily reduced their consumption. The remaining 9,647 usually
smoked 10-19 cigarettes a day.

4) 5,219 men currently smoked 1-9 cigarettes a da;s, 1,425 of them
usually smoked more than this amount; and the remaining 3,794 usually
smoked 1-9 cigarcttes a day. (The observed death rate of the 5,219 men
was 74.1 per 100,000 person-years.)

From these figures, it follows that death rates per 100,000 person-years
were 571 for men who usually smoked 1-9 cigarettes a day, 836 for men
who usually smoked 10-19 cigarettes a day, 982 for men who usually
smoked 20-39 cigarettes a day, and 1,124 for men who usually smoked 40
or more cigareties a day. These rates are shown by the dashed line in text-
figure 1.

Obvmus]y, chang&s in smoking habits, both temporary and permanent,
are far more involved than those used in our example which was sunphﬁed
for ease of arithmetic illustration. Nevertheless, state of health does in-
fluence smoking habits; this must tend to distort the shape of the dose-
response curve if subjects are classified by current number of cigarettes
smoked per day and then traced for several years. Perhaps an over-correc-
tion was made in our hypothetmal example, but it serves to illustrate the

oint.

’ ’%1*113* 15 1t of interest to know the approximate shape of the dose- “response
curve?

Since the harmful effects of clgarette smnklng increase with degree of

~ exposure, then it is reasonable to suppose that nonselective reduction of all

the components of cigarette smoke would result in a less harmful cigarette.
If very low exposure produces only a slight effect upon death rates, then
reducing the concentration of cigarette smoke would be highly beneficial.
Howeyer, if even low exposure greatly increases death. rate, then this ap-
pro ach to 1113 “Iess hqzardous cigarette” would appear to be less hopeful.

TUWA’III} A LESS H’éI’m CIGAIEETI‘E
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0 HAMMOND

Age Trends

The American (7, /-6) and Canadian (7) prospective studies of death
rates in relation to smoking hahits are in close agreement with each other.
Tables 1-3 are from one of the American studies (7).

TapLE 1.—Age-standardized death rates, mortality differences, and mortality ratios
for men with a history of only cigaretle smoking who were currently smoking
cigarettes at enrollment by current number of cigarettes smoked per day and age at

start of study. Death rates for men who never smoked regularly are shown for
comparison

A ———

Age

& t No. of cigarettes per day . _
wrrent No. of cig I ) e e

—_—

- _ o Death rates per 100,000 person-years
Never smoked regularly 402 1,187 3, 118
1-9 ' 741 1, 815 4, 683
10-19 - | 910 2, 280 5, 14b
20-39 . 3 | 970 2, 437 5, 3256
o e R 1, 109 2, 680 5, 635
ey - e Mortality differences
Never smoked regularly : 0 0 0
1-9 . % e 339 628 1, 565
10-19 | 208 1, 093 2,027
Bl - ¢ Pl - | | 568 1, 250 2, 207
404 : * | 707 1,493 2, 517
i E o B e = £ Mortality ratios i
Never smoked regularly S t 100, S 1L.00 100
5 B e i o 1.84 1. 53 1. 50
e i et 19 o 3 T e Y ;5 - 228 1,92 1. 65
Sl - L 0 T 2089 o0 T L 3 s 2. 41 R DB ) (Y
. £ R e B gl s 3t Bt Y B - 2.76 © 2,26 = A8, B

o

L .-'-i‘?.-":‘:i:?' I JRE R N Nt

- Table 1 shows death rates (all causes of death combined) for men who

| never smoked regularly and for current regular cigarette smokers with a

- lustory of only cigarette smoking, classified by age and by current number

. of cigarettes smoked per day. Mortality differences and mortality ratios
..~ arealso shown, the death rate of men who never smoked regularly being
¢ .~~~ fteken as a basis of comparison. By definition, men who never smoked -
- regularly have a mortality difference of 0.0000 and & mortality ratioof =~
. L00. Table 2 shows death rates, mortality ratios, and mortality differ- =

. ences for coronary heart disease; table 3 shows the figures for lung cancer.
1 strongly suspect that in each case the observed death rate of light
-~ cmokers is artificlally high and the observed death rate of heavy cigarette |
ﬁfuﬁpaparwehwe found that a heart attack often leads a person tostop ¢
- smeking or reduce his daily consumption of cigarettes. Undiagnosed lung
- concer may or may not doso; but cigarette smokers who disof lng cunoer
e ymouly have a chronie cough. "Thers is vreason b believe that thesecondi- = 5
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< eree R ARG B ergarette. smoker to stop smoking or redice his dailyo.
- consumption. Since the incidencs of heart P Smoking or reduce his daily

.o moreaseswthadvancing ags, the effect of health on smoking habitsalmost
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RELATIONSHIP OF CIGARETTES AND DEATH RATES 7

TABLE 2.—Coronary heart disease. Age-standardized death rates, mortality differ-
ences, and mortality ratios for men with history of only cigarette smoking who
were currently smoking cigarettes at enrollment by current number of cigarettes
smoked per day and age at start of study. Death rates for men who never smoked
regularly are shown for comparison

Age
4554 55—-64 65-74

Current No. of cigarettes per day

Coronary heart disease death rates
per 100,000 person-years

Never smoked regularly 150 542 1, 400
1-9 352 837 1,758
10-19 463 1, 039 2, 254
20-39 467 1, 104 2, 188
40 503 1, 152 *
Mortality differences
Never smoked regularly 0 0 0
1-9 202 295 358
10-19 313 497 854
20-39 317 562 788
404 353 610 *
- Mortality ratios

N ked larl 1, 1. 00 1. 00
1_%VET smoked regularly 3 aF . Ed 1 28
10-19 3. 09 1. 92 1. 61
20-39 3. 11 2. 04 1. 56
40 3. 35 2. 13 *

*Death rate is omitted when number of person-years times death rate for age group yields expected number
of less than 10 deaths.

TaBLE 3.—Lung Cancer. Age-standardized death rates, mortality differences, and
mortality ratios for men with history of only cigarette smoking who were currently
smoking cigarettes at enrollment by current number of cigarettes smoked per day
and age at start of study. Death rates for men who never smoked regularly are

shown for comparison

P m— et ermes

Age
35-54 55-69 70-84

Current No. of cigarcttes per day

Lung cancer death rates per 100,000
person-years

"i‘_h*:gver smonked regularly 35 ég lgi
10010 24 168 243
2(1-34 58 264 446
40 4- 47 334 754
- | Mortality differences
'%’i'rzver smoked regularly -32 48 _ i 03
o an 18 149 218
B0.30 52 245 421
404 41 - 315 : 729
_ : ' | - Mortality ratios '

i\’ewr smoked regularly 3 é ?g - % gg _' é gg
9020 . ' | } 9. 37 13. 82 17. 62

104 e 8 R, - 7.67 AT 290. 84
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8 HAMMOND

certainly increases with age. These factors should be taken into considera-
tion when viewing the figures shown in the tables.

In all age groups, total mortality as well as mortality from coronary
heart disease and lung cancer increases with amount of cigarette smoking.
In the case of total mortality and coronary heart disease, mortalily differ-
onces increase with advancing age while mortality ratios decrease with ad-
vancing age. This means that with advancing age, the total impact of

cigarette smoking increases, but the rate of this increase is less than the
rate of increase in the impact of all other factors combined.

‘The picture is somewhat different for lung cancer. Both mortality differ-
ences and mortality ratios increase with advancing age. This probably re-
sults from the dose-time-response relationship in the production of cancer
by exposure to carcinogenic chemicals.
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Cigarette Smoking and Risk of Coronary Heart
Disease. Epidentiofogic Clues to Pathogenesis.

The Framingham Study

WirLiam B. Kanwern, M.D., WitLiam P. CAsTELLI,
M.D., and Parricia M. MoNamara, National
Heart Institute) Framingham, M assachusetts
01701

MODERN technology has drastically altered
man’s environment, producing a considerable change in living habits.
There is mounting evidence that this altered way of life has produced an
environment that fosters the proliferation of coronary heart disease
(CHD). One such habit, cigarette smoking, has proved distinctly
hazardous.

Since the development and promotion of ready-made cigarettes, the in-
halation of tobacco smoke has become a widespread practice. The sub-
stantial evidence concerning the hazard to health which this intense
self-induced air pollution constitutes has evidently not gained the wide-
spread acceptance necessary to promote the development of effective
countermeasures.

As a result of substantial data from large retrospective studies and a
variety of prospective ones, there is no longer any reason to doubt the
existence of an association between the cigarette smoking habit and
mortality from CHD (I-5). However, the reason for the association, the
pathogenetic mechanism, involved has yet to be precisely defined.

The incidence of clinical manifestations of CHD developing in sub-
groups of the population in Framingham initially free of the disease,
classified according to their tobacco smoking habits, was determined. In
addition, by taking into account other factors also demonstrated to predis-
pose to development of the disease, the independent contribution of the
tobacco habit to the rate of occurrence of CHD may be assessed. In this
way clues to pathogenesis may be discovered. Such information may

provide the key to achieving a substantial reduction in morbidity and

* mortality from CHD. This is the purpose of this report.

' 3 From the Heart Direare. Epidemioclogy Study, Framingbam, Mass., and the National Heart

 Insfitoie, NaHonal Institutes of Healtl, Public Health Service, U.S. Department of Health,
Bducation, and Welfare, Bethesda, Md. 20014 ' - S
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10 KEANNEL, CASTELLI, AND MCNABARA

METHODS

The methods employed, criteria for CHD, the sampling method, and
prior findings at the Framingham Study have been described in detail in
previous publications (6-9). The population sample under investigation
in the Framigham Study consisted of 5,127 adults (2,283 men and 2,844
women, age J0-62 years)—respondents of a random sampling of the popu-
lation of the town who were examined and found free of CHD. This anal-
ysis was confined to those in the 30-59 age group. The incidence of CHD
over the subsequent 12 years was ascertained by biennial examination of
this study group. Examination procedures included a detailed ecardio-
vascular history and physical examination, a 18-lead electrocardiogram,
chest roentgenograms, a vital capacity, and varions biochemical laboratory
tests. The results of these biennial examinations, as well as transeripts of
hospital records from the local community hospital, information obtained

from physicians and hospitals outside the community, and review of death
certificates and medical examiners’ reports provided a comprehensive
assessment of the disease experience of the participants in the study.

~ The manifestations of coronary heart disease were subdivided into the
following groups: angina pectoris, the coronary insufficiency syndrome,

 myocardial infarction, fatal coronary heart disease in general, and sudden

- deathin particular.

| At the time of this report the population had been examined biennially
- seven times constituting a follow-up period of 12 yvears. The current health

~ status of approximately 95% of the original 5,127 was known and less

- than 2% was considered completely lost to follow-up. e E g B

-, At the time of initia] examination details of the tobacco habit of each

Aoty 0 lﬂleIdﬂﬂl were obtained as 'to.'.typﬁﬁ.__durationj intengit}rj' &Hd any ]&p‘:‘BS | i 1
sl B e . thi use of tobacco. On the first examination a detailed Smﬁkiﬁg history e
pi e e Was obtalned “for ‘each participant. Peopls ‘were characterized as non- - o o4
. smokers if they had never smoked, as exclusively pipe or cigar smokers,and -~
4. 88 cigarelte smokers according to the number of cigarettes smoked cach o
. . day. Cigar and pipe smokers who also smoked cigarettes were classified
. . oecordingto the number of cigarettes they smoked. Blood chemistry deter-
L0 owne s Inakions incliding lipids and blood sugar were alss obtamed. The methe = &\ &

(ot s b e e of the initial examination close: bo 70% of the wies and . 0 A
S &gqgoilthewgmﬁnw‘amﬂlg&rattasmﬁkerg A Sibstintiol s b e [
;P s:ssgggwi{?zlﬂimmmfestatm of CHD over 12 years of follow= =
syl AR ATASINGC. 10 Lhe heaVy cighirelis smoalters. This thorensed walo ot o d i &
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CIGARETTES AND RISE OF CORONARY HEART DISEASE 11

especlally, to sudden unexpected death. There were too few sudden deaths
among the women to explore in them the effect of cigarette smoking
on this catastrophic occurrence. Also it was not possible, because of limited
numbers, to explore meaningfully the relation of the cigarette habit to
the development of the coronary insufliciency syndrome in either sex.

HEART ATTACKS ANGINA PECTORIS
o
[
<t
x
1a2 T
}-
b
o 12
(i 0]
T 100
x |
- 82 73 +
oBs.| 31 23 S8 16
EXP.|37.4 16.2 51.7 2i.8
NON-CIGARETTE CIGARETTE NON-CIGARETTE CIGARETTE
SMOKER SMOKER SMOKER SMOKER

THUT STATISTICALLY SIGNIFICANT FROM NOM-3SMOKERS AT p<.05

TEXT-FIGURE 1.—Rislkk of coronary heart disease (12 years) according to cigarette
smoking habit (women 30-59 at entry). Framingham Heart Program.
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12 EANNEL, CASTELLI, AND MCNAMARA

It now appears that in men but not womerl, the risk of uncomphc&‘;ad
angina pectoris may be increased in heavy cigarette smokers (tex:t-ﬁg. Js
In men, risk of CHD was not only greater in those wh? smolted cigarettes
than in their nonsmoking cohorts, but was also proportional to the nqmber
of cigarettes smoked each day (text-fig. 4). On the other l}nnd} th:e- risk of
developing CHD was unrelated to the duration of the habit, even in heavy
cigarette smokers (text-fig. 5). Consequently, the ex-smofkers were observed
to have the same low 1‘151{ as those who never smoked, suggesting that the

adverse effect 1s reversible. The cigar and pipe smokers also had no increase
in risk of attacks (text-fig. 6).

MEN WOMEN
2 161
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> '
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CIGARETTES AND RISK OF CORONARY HEART DISEASE 13

| MEN X WOMEN
©
= 154
<X
{14
129
> 115
- 100
() 93
E 100 L 86 86
e 64
=
0Bs. | 61 25| |s0| |76 89 | (18] |18 3
exp. |954| |290| |m.2| (494 gs2| l208| [139] |32
NON 1-10 1i-20 20 NON 110 1120 520
CIGARETTE CIGARETTE
SMOKER |cARETTE SMOKERS SMOKER ¢/GARETTE SMOKERS

% TREMD 1S STATISTICALLY SIGNIFICANT p<.0S5

TEXT-FIGURE 4.—Risk of coronary heart disease (12 years) according to intensity of
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was not an esseutial prerequisite since, even in the absence _0{ electro-
cardiographic abnormalities, risk was related to the intensity of the
habit (text-fig. 8). Persons with a low vital capacity were 'observed to de-
velop an excess of heart attacks, but not uncomplicated angina pectoris. ‘At
any level of vital capacity, however, the risk of such “heart attacks” in-
creased with the intensity of the cigarette habit (text-fig. 9). ‘
Using discriminant function analysis to assess more precisely the relative
contribution of each of a number of factors to the development of CHD
again revealed in men an independent contribution of the cigarette habit
to risk. This contribution was as weighty as that of any other factor,
barring age and possibly lipids. The independent effect of cigarette smok-
Ing in women appeared more attenuated compared to that of men (table 1).

Tapre 1.—Risk factors in CHD linear discriminant function coefficients (standard
iy | units)

Men
Risk fa.c’éﬁm

- Combined 30-39 40-49 50-62
ages -

CREE e S s e ooy . 5934 . 2304 . 3334 . 2370

Setejicniec (o] RO SR . 4444 . 9613 . 3207 . 3790
Systolic blood pressure....... = 3334 . 3427 . 1669 . 3809
Relative weight. . . .. SR wasie e an9l o e 7041 . 3619 .- 1036

 Hemoglobin............oo0.. —. 1050 . 0313 —. 0134 —. 2206
| %%ar_ettes gmoked........ e B4R . 8823 . 5084 . 3004

G abnormality, .......... . 2626 . 2685 . 2556 - . 2197

Wﬂm'eu_ Y Combined 30-49 , A  50-82

R T R . 7325 Chote e 2600
grteeenindiiidng, o @84 e U ggel o TLH T e Paae
S DOBB R T [ N

P %i arettes smoked........... . 0625

- Relative weight........ . ... 0075

Ve bk b Bt e e 030D 1

G abnormality........1.. 3048

- 0751
- —. 0304
= 0731 U
gl

. 1481

e AIT3E
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- proportional to the intensity
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smoked. Evidently there is much to be gained by giving up the habit, how-
ever long it was previously indulged in prior to its discontinuance. The
fact that the risk of disease in those who gave up the habit was not inter-
mediate between that of the nonsmoker and continuing smoker suggests
a prompt loss of the increased vulnerability in quitting the habit. Examina-
tion of the case fatality rate in heart attack victims who survived long
enough to be hospitalized lends additional support to the concept of a
transient effect of the habit. Such persons, who are discouraged from
continuing to smoke while in hospital, experienced very little increase in
mortality compared to their nonsmoking cohorts. This too is consistent
with an immediate, transient, noncumulative effect, since the habit pre-
disposed especially to sudden death outside the hospital where no prohibi-
tion of smoking exists. |

Lack of a cumulative effect is not a universal finding even 1n large pro-
spective studies (3, 4). It is possible that this stems from inability in some
studies to place CHD events and change in cigarette habit in chronological
sequence with certainty.

The fact that the smokers had a greater risk at any level of blood pressure
or blood lipid concentration, whether or not diabetic, and at any levell of
vital capacity suggests an independent contribution of th-e habit to risk.
In those already so predisposed to CHD the habit is particularly
pernicious. ;

While the present studies at Framingham in general confirm previously
reported findings of a combined study of the problem at A'Ibany and
Framingham (Z), the present report further extends these ﬁndlngs by ex-
ploring the effect of the habit in women. Also, thfe results of th1s‘, report
are at variance with previous findings by suggesting that male cigarette
smokers may develop an excess of angina pectoris as we]_l as the more
lethal manifestations of CHD. This finding is consistent with the experi-
ence of the I I. P. of New York, which also reported an association of
cigarette smoking and angina pectoris (10). . - . N

The fact that cigar and pipe smokers had no increased risk of develop-
ing CHD suggests that tobacco smolke must be inhaled to produce harmful
cardiovascular effects. o d N | N

“The argument of some that persons who smoke are ;dzﬁ’erent to begin
with and that this accounts for the apparently daletemousﬁ effect hardly
seems credible. The reported findings that show an effect of cigarette smok-
ing independent of most of the known cogsiflt;utlonal faﬁtox:s -contri_buf:mg
to risk of CHD, and the finding that giving up the habit results m a

 prompt disappearance of the adverse effect tend to make this argument
unacceptable. Detailed analysis of the habits or traits of smql;er_s-f&l_led to
uncover any substantial differences in them from other persons that could
7 explain thelr inereased propensity to disease. il
S %ﬁ?&ﬁ;ﬂgfﬂ coisééuemez of the cigarette habit are certainly more

pronounced in some persons than others as regards riSk__of C}EED, it i_h'ga- 0

* miot thus far been possible to identify persons w_ho are meplstely- mmmne |

TOWARD A LESS HARMFUL CIGARETIE
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18 KANNEL, CASTELLI, AND MCNAMARA

to its cardiovascular consequences. The less pronounced effect demonstrated
i women at I'ramingham may well derive less {roimn the fact that they are
biologically female than the fact that so many of them who smoke cigarettes
do not inhale.,

This 1s at variance with reports of a number of studies of twins which
have concluded that constitutional factors must be operative (17, 72). As
has been demonstrated, the cigarette habit is most strikingly related to the
serious, lethal manifestations of CHD. These studies of survivors have of
necessity focused on angina pectoris, the manifestation, in our experience,
least strongly associated with the cigarette habit. These studies also suf-
fered from small numbers, the inclusion of women, and the inability to
compare sulliciently divergent smoking groups. Substantial differences in
incidence of angina pectoris in the Framingham Study could be demon-
strated only in men when nonsmokers were compared to heavy smokers,

and not at all in women (text-fig. 3). None of the studies of twins were able
to contrast such polar groups.

The reported findings demonstrating an effect of the cigarette habit in-
dependent of most of the known constitutional factors of 1mportance and

the suggestion that giving up the habit achieves a prompt loss of the ad-

- verse effect tend to implicate the cigarette, and not some associated factor,
“as the culprit.

In animals and in man it has been demonstrated that nicotine absorbed
from inhaled tobacco smoke transiently stimulates chromaffin tissues to
_1'1?1%5& catecholamines (73). In the irrit able, ischemia-sensitized myocar-
dium this may precipitate serious, life-threatening, arrhythmias, acceler-
ate clotting in diseased vessels, and possibly affect coronary blood flow in
‘the presence of a compromised coronary circulation (74-76). This hypoth-
esized pathogenesis is consistent with a transient, revérsible, noncwmula-

tive effect of the cigarette habit operating through mechanisms having

- little influence on the rate of intimal atherogenesis.

: Wlll].B thﬂ hm‘mfulaﬁ'ect of f-i'.r].'.'l'l':'.ﬁ Gig&l‘ﬁttﬁ hﬂ.bit oIl thE& resp irﬂatGI‘y- tract
18 considerable and serious, its impact on cardiovascular disesse rates
should be emphasized. Large-scale prospective studies of death rates among
" 'm?'lﬁ -F?'mol;ers have consistently revealed that CED males the major con-
o trlbut;on_.to _t_;he excess mortality attributable to the .'Smoléjng habit, with
lmg cancer in second place. In spite of a more potent effect of the cigarette
- habit In lung cancer, about half the excess d eaths in smokers are from CHD
. 2nd only one-sixth can be attributed to lung cancer. This is becatise coro-
Hary heart disease is such a frequent cause of death, exceeding that from
'Luf?gtm?g%by o qld} The indication of a probable lack of cumulative
CHECL pius the rankine of } ae +} Ay T R e P

- prevention.

) ﬁS'LPOWErﬁﬂmdependentﬁontﬂ v

| manifestations of CHD and fo its lothal

d factors including mental stress,

. NaTioNaL CANCER INSTITUTE MONOGRAPE NO. 28

very definite implications for
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dietary excesses, and sedentary living could conceivably explain some of
the asso_clation, the cigarette habit renders persons with coronary ather-
t:}.sclerosm more liable to the development of overt, often fatal CHD. Un-
11]{8: the case for most of the factors demonstrated to be associated with
an .mcreased vulnerability to coronary attacks, evidence is already at hand
to indicate the efficacy of discontinuing the habit. From estimates of excess
mortality attributable to the cigarette habit and the anticipation of a
prompt loss of the lethal effect (in CHD) on giving up the habit, it 1s con-
ceivable that the appalling toll of deaths and illness from CHD might be
reduced substantially. The potential for salvage of these needless vietims
seems too enormous to justify further temporizing.

Because of its apparent noncumulative effect on the cardiovascular
system, there 1s much to be gained by glving up the habit entirely, or sub-
stituting noninhaled forms of tobacco. The development of a less harmiful

cigarette for the tobacco-dependent person may merl investigation.

The therapeutic implications are olso clear. Cigarette smoking in per-

sons with a compromised coronary circulation is bound to be a hazardous
practice, proportional t0 the number of cigarettes smoked each day. In
persons with overt symptomatic CHD, it would seem prudent that the

habit be vigorously discouraged. . -

The psychosocial and economic considerations which promote and
perpetuate the habit have proved powerful enough to frustmf.;e effor@ to
curb this harmful practice. 1t would seem reasonable that, until such time

as it is feasible to abolish the practice, ways to produce a less harmful
cigarette should be explored.

SUMMARY AND CONCLUSIONS |

bit of 5,127 men and women has been demon-

The cigarette smoking ha s .
strated to be distinctly related to subsequent mo%'bldlt}i and mortality fFom
CHD. The risk of each manifestation of the disease in men 9"?‘1 possﬂ?ly

| the intensity of the habit. While the risk

was related to the number of cigarettes smoked each day, 1t was unrelated
to the duration of the habit and ex-smokers had the same low risk as those
who never smoked. This strongly suggests a 1‘1_4:111011111111%{31?6, transient, re-
versible effect, and that there is much to be gained by glving up the habit,

' or switchine to pipe or Cigar which was unassociated with any Increase i
risk. = v 2 |

L W . ey _ s 2] population, it
 While . tte habit was nazardous for the genera pop ;
While the cigarett® for those otherwise predisposed to CHD by

‘abnormal blood lipids, diabetes, and electro-

"

“was particularly pernicious
~ factors such as hypet‘tﬁn_slﬂﬂa

persons Who cmoked had a pronounced
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cohorts, suggesting an effect of cigarettes independent of these atherogenie
factors.

No difference between cigarette smokers and their 11011511101ng cohorts
could be demonstrated, which could account for the pronounced excess risk
found to be associated with the cigarette habit. An independent effect of
the cigarette habit could not be demonstrated in wonien.

The preventive and therapeutic as well as the pathogenetic implications
of the data have been explored.
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The Etiology of Myocardial Infarction—With
Special Reference to Cigareite Smoking Among

Young Coronary Patients and Those With
Second Heart Attacks

Horst DorrgEN, M.D., First Medical Clinic, Uni-
versity Hospital, Hamburg, Germany

STUDIES in Germany and other European
countries have shown that the etiology of myocardial infarction is sig-
nificantly affected by external factors, which is well documented by the
changing pattern of frequency of this disease in the last decades (7-4).
During the 4 years after the Second World War, only relatively few
cases Df myocardial infarction were seen in our hospitals (text-fig. 1). The
ascending curve since the currency reform (1948) parallels a similar

Myocardial Infarction

1385 autopsies
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i?-crezxse n ciga;rettq consumption in Germany (5) (text-fig. 2) .. Alﬂﬁg with
I _Lpla-nd.} Gemany 15 one of the first countries where cigarettes were pro-
clucec.l.; manufacturing started 1n Dresden in 1862, |

The State of Hamburg with its. 1.85 million inhabitants has 19 public

“hospitals, 17 of which belong to one ministry of health. In these hospitals

- about 8,000 autopsies are performed each year, which represented 40% of

- ”aill ._dea.ths inh 1966. It_ is therefore pQSS-ib]e to collect suitable numbers of
‘cases, even of rare diseases. One of the epidemiological results of these

i&t&flssllownm text-figure 3 (4_? 6,7) - Myocardial infarction has a, chang-
s, gﬁ requaff:y. thrqughf}ut the week, with a peak at weekends (“weekend
- pathology”) and a low in the middle of the weelk. Suicide and some occapa-
g tmnal diseases show a similar pattern. N ) .ome_. e
Smoking -.1"%?_‘*1’.1'@_-53-"’33' been investigated in patients With lnyﬁcarﬂifﬂ

:n_ifa,_ifctinti from 38 different, hospitals. Three groups of patients were |

% 'ﬂﬁ??:_tb‘m Up to 44 years of age (8,9) ; survivors in contrast with men
nonncasecond infarction; and nonsmokers with infarction.

n (20) ; some patients
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TEXT-FIGURE 3.—Myocardial infarction by day of the week.

were visited at home if necessary. A random series of 1,152 healthy men
and 133 women served as controls. | |

RESULTS

Tlﬁe first dai-;'a, concern 205 men who sﬁﬁ?ered_ ﬁrst myﬁca;rdia;l finfﬂfcfibn's

-I and/or coronary death between the ages of 19 and 44. The high proportion -

of autopsies (131) resulted from a survey of all death certificates in Ham-

“burg in 1956 and 1964 and from documents in the office of the coroner,

who is obliged to clarify all sudden, unexpected deaths in Hamburg (2).
~ There were only 2 nonsmokers in the group (1%). A heavy consumption

of cigarettes is apparent in text-figure 4. The proportions of myocardial
~ infarction tend to increase with heavier smoking, indicating a dose-

consumption was 25.9 cigarettes and, with 3 exceptions, all inhaled. Among

u

~ the controls, 184% were nonsmokers and the remainder averaged 134
A concurrent study of 33 women age 27-44 with infarction {text-fig.

ﬁ)ﬁhﬁm a mlyg nansmak&rs (61%} Whilethamst Qfﬁle gi‘{)ﬁpﬁlﬁﬂke& an ..

~ response relationship. Among the smokers in the group, the average daily
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TEXT-FIGURE 4.— Smnkmg habits of younger men (19-44 years
of age) with myocardial mfaretmn and controls.

average of 18.4 cigarettes daily. The ﬁfrures for the controls were 63.2%
and 7.9 cigarettes per day. Because of the rar ity of this disease i 1n women,

‘we had to go into the archives as far back as 1935,

In a series of 330 men of all ages who survived g first myocardial in-
farction for at least 8 and up to 6 years, we found 14 nonsmolers (4.3%).
One hundred and seventy-two (52.1%) had stopped smoking completely

with the advent of the infarction. A great number of patients succeeded
- 1n stopping for a short time only—up to 1 or 2 years. . |

In contrast, among 85 subjects who had died from a second myo-
'ca.rdla,l infarction or sudden cor onary death after leaving the hospital,
* there were only 28 (32, 9%) who had given up smoking completely (text-

fig. 6). The differences between survivors and NONSUrVivOrs 111 terms {}f -

gw.mg up mnok:mg are highly significant (P<O. 001). -
‘We next focused on the relatively few cases of men who hﬂd never

- .snmked but nevertheless suffered a myocardial mf&rctmn The group of
41 with myocardial infarction included 20 nonsmokers. Hypertensmn

and overweight—other factors predisposing to myocardial infarction—

| f'f: were found more frequently - among nonsmokers than among smokers

(text ﬁg . ‘However, the differences are not statistically significant and
more cases are necess&ry to conﬁrm tl]_ls ﬁndmn. & _

NATIO}T AL CAN CEER H‘Q'S’I‘ITUT]E} M{JN' GGMPH NO. 28
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. -'i..
Smoking habits of younger women [19-44 years of age]

with Myocardial Infarction and controls

%
60-
]
50 - B 332 patients
[(] 1339 controls
40-
30
20 -
,. ]
10 -
i [ B K B
0%  1-5  6-15 20-30 35~  cigarette-upits
daily
* NON~SMOKERS

TEST-FIGURE 5.—Smoking habits of younger women (19-44 years of age) with myo-
cardial infarction and controls.

Cessation of Smoking
after first infarction
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‘Im~mm 6.—Cessation of ﬂmoldngjnftmj.ﬂrst' infarétiﬁu. -
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DISCUSSION

In addition to biochemical studies, the German literature includes

- epidemiological data on research in arteriosclerosis (11, 12). The results
- of the well-known prospective studies carried out in the United States

(13-15) and those of Gsell in smaller '_ptspulations (16, 17) were similar.

- Gsell also found a strong correlation betwe

g ey ek o en 'smokin'g and my{}c&rdja] 1I1-
farction in younger men and physicians. |

A 'cﬂmpa‘risnn of the smoking habits of survivors and nonsurvivors is of
_pa-rtlcul;r therapeutic interest. The variance between the 2 groups may be
expected to increase over Iongér periods of time sine ' h

.l | | ume since '
patients for o nly 3-6 years, The im | we followed the

ase; BSPQGi&Hy in thromboangiitis

i T Dos centainly ‘bontribife to-
s iaretion, there can be no doubt that cigarette smoking plays a
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- Tvondel des akmien Heratodes. Deutsch

pact of cessation is probably still

ts high in fat, especially
the development, of myo-
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Relationship of Number of Cigarettes Smoked
to “Tar’’ Rating |

SeLwyN Wainerow, B.8., and Danimen Horn,
Ph.D., National Clearinghouse for Smoking and
Health, Public Health Service,r Arlington,
Virginia 22203

TI—IE following information represents data
gathered from a 1964-66 reinterview survey. In October and November
1964, data were obtained with a national sample involving some 4,700
Interviews.

The sample plan called for a random selection of one adult to be inter-
viewed in each sample household, and then all current and former cigarette
smokers in the house, who were identified by the first respondent, were also
to be interviewed. Those identified by the first respondent as having never
smoked were (after confirmation) not interviewed.

‘It was necessary to weight the sample interviews so that the interviews
with the first respondent and subsequent respondents could be added and
also to assure proper distributions by age and sex.

After weighting, the total number involved became 5,794 with 2,337
classified as current cigarette smokers; that is, they reported they now
smoke cigarettes and had smoked at least 100 cigarettes during their
lifetime. |

The average number of cigarettes smoked per day was ascertained by the
simple question: “On the average, about how many cigarettes per day do
you now smoke?” The data were grouped into six categories for the pur-
poses of this paper, with 80.2% of the responses representing the mid-
points of the categories. i - e |

" The “tar” rating of the brands of cigarettes smoked most was based on
'~ ratings in mg that were published in the November 1966 and August 1963
 editions of 7'he Reader’s Digest (1,2),as well as the 1960 issue of Consumer
Reporits (3). The latter source was used for the “unpopular” brands which
‘were not listed in Zhe Reader’s Digest ratings. e r WL
" The “tar” and nicotine rating for the mainstream smoke is not a fixed

variable, as brands can and do change a;pprebia]alj ‘with time. However,

| 110.8. Department of Health, Bducation, and Welfare.
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it seems that little, if any, change has taken place in the ratings of most of
the “popular” brands since 1960.

The Federal Trade Commission’s plans to conduct periodic tests of the
“tar” and nicotine content of cigarettes by brands should insure standardi-

zation of the ratings and thus provide a basis for the presentation of more
meaningful data on changes.

The actual scale used in the present study of “tar” content is a 5-point
scale obtained by the proportionate reduction of the original scale values

ranging from 5 mg—45 mg. The values of 1 through 5 correspond roughly
to the original rating values of 10, 20, 30, ete., mg of “tar” for the cigarette
of a given brand. It should be noted that “tar” and nicotine content are
closely related and, except in a few instances, a cigarette high in one is also
high in the other.

The relationship between the “tar” rat ing score and the number of ciga-

rettes smoked per day by sex is shown in table 1. Women are more likely
than men to smoke fewer cigarettes per day and cigarettes with a lower
“tar” rating score. There is little relationshi s however, between the “tar”
rating score and the number of cigarettes smoked.

In the spring of 1966, the attempt was made to reinterview all those who
ha.d b‘gen c.la;ss;ﬁed as current cigarette smokers in 1964. Of the number con-
tacted and submitting to the reinterview, 1,466 could be used to analyze the

- change from 1964-66 in the number of cigarettes currently smolked per
~day and the “tar” rating score of the brand they smoked most. Those
respandenf:s'ft}r which such data were only available in 1966 from g short
telephone 1}1_tewiew schedule were not added to the above-mentioned group.

Change ll}_ﬂlﬁ number of cigarettes smoked per ﬁay 15 expressed in table
2 by the shift from 196466 in terms of intervals where the range within
each interval is b cigareties perday. | N

- More perle (43.5%'} claimed to have 'chén-gE'd the number of cigarettes
g ihey; :‘amo]fed per day than wers classified as having changed in terms of the
“tar” rating Seore assigned the cigarette they smoked (21.5%) . However, |
VDL e = ercentage of smokers either inereasine or de-
| E:E:;ﬂ% c‘:‘ﬂﬂ a.]m;st 1@9?1&10&1%28.6% inc.rea;;-:;ed and 26.49 de-::;gased im
o e, mita s togory of umbor of cigurettassmoked per dny
: O another, while in thﬁ'mﬁﬂ«mep_fl changes in “tar” rating scores, 10.8%

hzwmg Ch&nged&tﬂumta e 'WPT‘_ITB cla.sszﬁed asnot

s, ST T e T e T G R e B e Fhm R B o A i i P L L M A R R S
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and any change in ﬂm:'a-nﬁmber of ¢i the “tas? ra.tmg o
& ci lit il ation slupwa.s i garettes smoked, Do statistically signifi-

~ somenumber (27.3%) were dlassifiod an aniih e
 Classified as smoking fewer cignrettes than pre e
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Effect of Filter Cigarettes on the Risk of Lung
Cancer

Irwinx D. J. Bross, Ph.D., Roswell Park Memorial
Institute, Buffalo, New York 14203

SOME epidemiological data are presented on the
question : Does switching to filter cigarettes reduce the risk of lung cancer?
On the basis of these data, the answer is: The risk seems to be reduced to
about 60% of what it would have been if the smoker had not switched. Un-
fortunately, however, even with this reduction the risk 1s still 4: times that
of a nonsmoker, and further steps toward a less harmful cigarette are

needed. _
The data here are on 974 white male patients with lung cancer who were

seen at Roswell Park Memorial Institute between 1960 and 1966. These
patients have been matched case-for-case on age :L}'ld entry date with white
male patients who had no diagnosis of nec_rpla,stlc _idlsease and w%w were
seen at the same institution in the same time perlod. Table 1 gives the

basic data. Tt also defines the degree of exposure categories used in text-

figcure 1. ITowever the discussion will focus on text-figure 1 since this one
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FILTER CIGARETTES AND LUNG CANCER 37

graph tells a great deal about the human health hazards of our present
clgarettes:

1) Persons who smoked specific brands of regular cigarettes for less
than 30 years have been put in the category of “regular cigarettes: low
degree of exposure to cigarette smoke.” Their relative risk is 3—which
means that their risk of lung cancer is 3 times greater than that of a
nonsmoker,

9) Persons who have smoked specific brands of regular cigarettes for
30-50 years but who smoke a pack a day or less have (with one minor
exception) been put in the category of “regular cigarettes: medium degree
of exposure to cigarette smoke.” Their relative risk is 5.6—almost double
the risk in the low-exposure group. Persons who smoke more than a pack
a day and have smoked for more than 30 years can be said to have a “high
degree of exposure to cigarette smoke.” They have roughly double the risk
of the persons with “medium exposure.” These smokers with “high ex-
posure” have a 12 times greater risk of lung cancer than nonsmokers.

3) For various reasons some people did not give details on specific
brands. They are shown in the text-figure under the heading “no specific
brand.” Except for the “low-exposure” risk, the relative risks in these
patients are similar to those in the “regular cigarettes” series. The series
might have been combined with the “regular cigarettes” series but has
been kept separate here to show the reproducibi].ity of the risk ?stimates in
the most direct fashion. The reproducibility is quite good until the mini-

mum number of patients in a category becomes less than 20. '

4) Let us now consider the persons who switched to filter cigarettes.
Text-figure 1 shows clearly that the risks for these smokers are lower than
~ those for regular cigarette smokers who, on the basis of amount and dura-

tion of smoking, would have had a similar degree of exposure to cigarette

smoke. In the high-exposure series, the relative risk is reduced from 12.0
to 5.4. In the medium-exposure series, the risk goes fr{irm 5.6 to 3.9. Even
in the low-exposure series, there appears to be a reduction from 3.0 to 1.4,
although these estimates are less reliable due to the Emaller numbers._ |
5) The straight lines drawn on the text-figure are bas:'.ed on the qvera,]l
risks for each type of cigarette. Most of the points lie f_&lﬂ;}f’ close to these
lines. This indicates that the reduction in risk is similar for all fiegyees.of
exposure. Therefore, to obtain an overaﬂ_ esti'n__fl{i-te pf the reductmn 111"1‘181{_ |
from a switch to filter cigarettes, we use the ratio of the slopes of the lines.
This leads to the estimate that the person who switches to a filter ciga-
rette has ahout 60% of the risk of a person in the same exposure category
who continues to smoke regular cigarettes. L L o
* 8) The reduction in risk for the filter mokers 18 of mﬂﬁlde??ﬂfbi? scien-
tific and practical importance. Therefore we would want some assurance
' that these results are not due to sampling variation alone. We can obtain
' this assurance in two ways. The first procedure is to set confidence inter-
vals on the estimate of 60%. The confidence interval is fairly wide—from

| - 88-91%-—but it indicates that there has

. TOWARD 4 LESS HARMFUL CIGARETTE
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filler series. A second procedure (which avoids the assumption that thf’
same reduction oceurs in all degrees of exposure) is called *“Cochran’s
test.” This test tells us that there is less than one chance in a hundred that
this result could be due to sampling variation (’=0.004).

7) Text-figure 1 shows one further point that should not be overlo_ukf?d.
The filters scem to provide some protection, but this protection is still in-
adequate. Bven with a switel to hilters, a person with a high degree of
exposure to cigarette smoke has over 5 times the risk of lung cancer for
o nonsmoker. Filtration is a step in the right direction, but further steps
are needed. Existing filter technology enables us to take such steps im-
mediately.

8) There is another, more subtle, point of importance to public health
actlon that this text-figure makes. With about 1,000 Jung cancer patients
it was possible to see clearly differentials in risk for the flter cigarettes.
It took us 6 years to amass this series. But there are over 50,000 lung

cancer deaths each year. If g nationwide, retrospective s
tem were set up which was

5,000 cases in a single year.

urveillance sys-
patterned after this study, it could easily get
Such a system could monitor any steps toward

be taken. Definite answers to questions about
reduction in human hazards should be obtainable in 3-5 years.

- The above findings show that current filter cigar

swer to the problem of lung cancer, and to this extent they are discourag-
ing. On the whole, however, they encourage the search for a less harmful
cigarette. These findings provide the first human evidence that redesign
of the product can reduce health hazards. Thiey indicate that, if full ad-
vantage were taken of existing filter and other cigarette technology, a
greater p’rotecti{)n could be provided immediately. In the competitive
situation in the c;

_ _ 1garette market, however, government standards for filter
cigarettes are probably

the findings suggest the
harmful cigarette. A &

ettes are no¢ the an-

feas.ibility of monitoring progress toward a less |

- the various speculative theories of carci

e _ _ PTies 01 carcinogenesis a,nd of the d:iﬁ_’ere,nt
~animal model systems and would Speed development, of less harmful cig-
. Gl _ : resent findings should be viewed with some
caution since they still require confirmation by other investigators, but

| APPE\TDIX i

- Due ta the nﬁeipe_ctgdj_ﬁndings of thig ;_étﬁtiy,

Some filters are not effective? Whv q19. sl S el
ective filtepgy 1 ¢ oy i ve mydidﬂt.’f'ﬂ“ EEDE’- T
| ange of effectiveness for filters, We.
08. The problem is that this cross-tabulation

& prerequisite to progress in this direction. Finally,
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FILTER CIGARETITES AND LUNG CANCER 39

fractionates the data and the series become small and unreliable. We have found
some suggestive differences. However, we felt that it might be misleading or unfair
to try to separate the filter cigarettes on the basis of such fragmentary data. Fur-
thermore, the brands which showed up poorly were not very common in this data
and, therefore, including them with the other filters had little effect on the overall
results.

Question: But doesn't it invalidate your results to lump together the effective and
noneffective filters?

Answer: Not at all. Our focus here is on the differential between persons who smoke
regular cigarettes and those who switch to filters. We have adopted a conservative
analysis policy. Combining effective and noneffective filters would tend to reduce—
not increase-—any differential. This “bending over backwards” may lead us to under-
state the effect of filters, but in this first report an understatement seems preferable

to an overstatement.
Question: Isn’t it also true that a considerable portion of the patients in this study

had smoked filter cigarettes for a relatively short time?

Answer: Yes, the arithmetic of the smoking habits insures this. The average age
in this series is just over 60. Most people began smoking before they were 20. Since
the interviews were in the 1960’s, the patients began smoking around the 1920s.
Filter cigarettes didn’t become popular until the 1950°s. By simple arithmetic, these
people had smoked regular cigarettes much longer than they had smoked filter
cigarettes. | |

Question: Why didn’t you take the duration of filter cigarette smoking into account?

Answer: We were originally going to require that an individual who was smoking
a fllter cigarette at time of interview would only be classified as a smoker of this
brand if he had smoked it for 3 years. Analysis on this basis gave results similar
to those reported, but it markedly reduced the series size. It was also open to the
objection that we were picking and choosing favorable groups among the persons
who smoked filter cigarettes. Once again we adopted the conservative analytic
policy of not subdividing the filter series in this presentation.

Question: Again, on the grounds that you prefer an understatement of the effect
of filters to an overstatement—is that right?

Answer: Yes. ;
Question: Well I still find it bard to believe that filters could have even this much

offect. You've just acknowledged that filter cigarettes were smoked for a rva'I:»:n:i*n;nr-z1;,r
short time. What's more even the better filters are far from fully effective in
reducing tar. Therefore I don’t see how switching to filters could give much of
a reduction in the lifetime exposure to cigarette tar. Do you agree?

Answer: Yes. The reduction in lifetime exposure is rather minor—Iless than 109

in most cases. The reductions in risks we are finding here are not proportional to the

reduction in lifetime exposure.
Question: Since the reduction
to find a reduced risk in filter cigarettes?
Answer: We didn’t expect to find this reduction.
Question: Do you mean that you nndertook th

to find those Tesults? | _ _ - -
Answer: That's right. The data was pre-processed, we had a new automated data-
: That's 1ig _ ly easy to take a look at the facts. Our analytic

utilization system, and it was relative

policy is to report the facts as we find them, jirrespective of whether these facts fit in

with preconceived notions or personal preferences. : et ' =
'Qu-I:st’iun- Weren’t you suspicious? Weren't you afraid that your ?’e*‘“ltﬁ might be

due to an artifact of your retrospective analysis | | , R
Answer: Yes, we were aware of this danger. We rather gx;?ected that, _ﬁhe;l: we ‘boqk

into account the smount and duration of exposure to cigarette tars, the effects might

disappear. When we ran off tabulations such as those in table 1, we found thie dif-

in lifetime exposure is so minor, why did you expect

is study although you didn’t expect
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- . o i A4 PO f
Terential in risks for filters showing up consistently in the eross-categories. The effect
didn’'t disappear.

Question: But couldn’t it be somehow related to age?

Answer: We lnoked into this possibility. Although the lung cancer patients WE}.'FE
originally age-ruatehed, it was possible that partitioning by degree of exposure as iu
text-fiznre 1 had unbalanced the age distributions, We looked at the data and found
this had not happened.

Question: What about the coffect of switching, in and of itself?

Answer: We have looked at oiher switches—to regular menthol cigarettes, for
example. The menthol series did not show a reduced risk of Inng cancer, .

Question: But you ean’t be absolutely sure that there isn’t some artifact here, can
you?

Answer: Of course not. In any actual scientific study—and particularly one that
gets into a new area—there ig always a risk of artifacts. Artifacis are tricky and
there iy a limit as to how much protection can be provided by internal checks. The

best guard against artifacts is confirmation by independent investigators. Perhaps
this cross-check will be available in the future.

Question: But doesn't there have to be an artifact here? Your data seem to show

& reduction in the risk of lung cancer when filters are used which equals, if not
exceeds, that of g

iving up smoking altogether, Isn’t this illogical unless some artifact
is operating? =

Answer: The sitnation i's puzzling and there d

ing here. But it is the well-known selection effect in the ex-smokers: People who
quit smoking tend to do so for health reasons, So it is not surprising to find that in

St e a high proportion of ex-smokers.
If there had been a similar selection effect in the filter switchers, we would not have
found a Teduction in risk. Apparently health problems are not an important factor in
Switching to filters. This in turn suggests that the key comparison—patients who
continue to Smﬂke regulir. EigﬂTE'I?téS- versus those who switeh to filters—is valid.
- Question: To Sum up, where do you think we stand with respect to reducing risks
of lung cancer by switching to less hazardons cigarettes? |
Answer: We now have a substantial body of human data which suggest that it is

pqssib]e to__. make _progress_ toward control of lung cancer by the development and
marketing of less hazardous cigarett

s R _ es. This is one bright spot in an otherwise .v_grf
gloomy picture. We should neith : -

_ pict ) er accept nor reject these findings merely because
they are unexpectedly encoura |
‘heartedly accepted or not is not reall

oes seem to be a strong artifact operat-

ging. Indeed, whether these findings should be whole-
y the crucial question. | -

uestion then?

ally undertaken aq &.iﬁiqt study to examine ‘the _
- Surveillance system to guide the development of a safer
It has been unusnaiiy suecessful—very few pilot studies

of the kind obtained Here. The eruecial question then. is:
e SR L . 1he. al question, then, i8:
What is the next step that can be justified on the basis of this evidence? |
- Question: And what would you sny is the next step? it

. Answer: This study was origin

ried here can be confirmed. At the same tlme the
el G e T Ry LW _,'E.'g,,sanﬁara:,i F AT v b b B S BRI
~studies. The evidence presenteg Yo e nterview procedures, for foture

justify tilklﬂgthm o
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Chapter I

Part 2—LABORATORY EVIDENCE

Laboratory evidence also shows a dose response in terms
of carcinogenic activity of cigarette-smoke condensate to
mouse epidermis and of smoke aerosols and volatile com-
ponents of cigarette smoke in respect to ciliatoxicity. A
method was suggested whereby the effect of whole smoke
and its various components could be tested by direct in-
halation. Nicotine was considered to affect cardiovascular
disease, possibly by metabolizing free fatty acids and by
affecting blood coagulation. Significant differences were
shown to exist in terms of “tar” and nicotine yields of

American cigarettes.
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Importance of Dose Response in Terms of Total
Cigarette Smoke, “Tar,”” and Nicotine: Cardi-

ovascular System

Josegerr T. Dovre, M.D., Albany Medical College,
Albany, New Y ork 12208

PEARL observed that cigarette smokers die more
rapidly of all causes than nonsmolkers (1). Within the past decade the
Framingham and Albany studies showed collaboratively that the con-
sumption of 20 or more cigarettes daily is associated with two to three
times the standard rate of myocardial infarction (2, 3). Although our
data include fewer cases than desirable, they do strongly suggest a dose
response, which is in keeping with the graded response to the intensity of
other factors considered to contribute to the likelihood of coronary heart
disease. Men who smoke 60 cigarettes a day appear to be at substantially
greater
90 or perhaps only 10 cigarettes a day. Auerbach has shown most con-
vineingly a strong correlation between the amount of cigarette smoking

and the extent of atherosclerosis found at autopsy (4). Our data are not

sufficiently refined to judge whether intensity or duration of smoking is

more important. We are inclined, however, to believe that the smoking

offect is acute and reversible, since the cessation of cigarette smoking ap-

pears to be attended by a prompt reduction in rate of myocardial infarc-

tion to that of nonsmokers. _ |
" There remains, however, one troublesome point. Although it is generally

agreed that coronary atherosclerosis is the common morphologic denomi-

nator of myocardial infarction and of angina pectoris, our evidence fails

| to show any relationship whatsoever between cigarette smoking and angina
pectoris. Cigar and pipe smoking appear
the smoke is too irritating to beinhaled. i i
~The recognized circulatory responses to the inhal a,ti;m of tobacco smoke
appear to be due exclusively to nicotine, absorbed primarily from the
respiratory mucosa (6-7). The urinary excretion of nicotine is almost
three times greater in cigarette smo

el eonfirming the fact that despite their substantially higher nicotine content

risk of sudden death or myocardial infarction than men who smoke .

to be relatively innocuous, since

kers than in cigar and pipe smokers,
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less of these smokes are inhaled (&8). Although the average nicotine con-
tent of cigarettes 1s well known, the actual amount, absorbed must be ex-
tremely variable. The rate and vigor of pufling greatly influence the foluime
of mainstream and sidestream smoke and thereby the amount of nicotine
absorbed compared with that burned or condensed on unburnt tobacco.
The depth of inhalation and the length of cigarette smoked are also
mmportant variables (5-7, 9). Although the point is not settled, 1t seems
more lkely that the habituated smoker has learned how to regulate the
rate of putling and the depth of inhalation so as to afford maximum satis-
faction and minimum unpleasant effects rather than that he has acquired
pharmacological tolerance. Those personall y familiar with cigaretie smok-
ing will surely agree that to depart from one's accustomed smoking pat-
tern, particularly to smoke more rapidly and to inhale more deeply, 18
to Invite the unpleasant symptoms of minor nicotine toxicity, such as

giddiness, nausea, vomiting, sweating, acral paresthesias, intestinal over-
activity, and rapid heart action.

Observations made in our laboratory hy Ker

response to smoking in a large group of subjects indicate greater varia-
bility in individual response than is evident in several small published
series (10-12). Smoking 2 standard filter cigarettes in 15 minutes was
followed by small but significant increases in heart rate, cardiac output,

and blood pressure, but no significant change in total peripheral vascular
resistance both in regular smokers and in nonsmokers. These responses are
similar to the effects of light exercise,

'Clgarette. smoking is associated with a substantial reduction in cuta-
neous blood flow, a matter '

s ©of therapeutic importance in ischemic disease
of the extremities (79-715 )
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e ext 15). Although intravenous nicotine increases
mu-sc]a _blq{}d -ﬂow, the inhalation of cigarette smoke has little effect
i (;6‘) . A recent e].egan? s};udy shows that muscle capillary flow estimated
A b}’ the clearance of an mjected radioactive slug is augmented, 'while muscle
i | ﬂ_c‘f" “{?ﬂ_sm"%d b}'ﬂﬁm}’ﬁm’agmphy 15 not much changed by smoking (17).
i Itlsdlﬁicult tﬂzst&te._ with assurance what effect cigarette smoking has on
i coronary blood flow in the hum

an. Methods for measuring coronary blood

flow are crude and, Inoreover, give no information on local blood flow. It

s geﬁemll}' considared that

T E Pt

: RS M, | coronary blood flow is increased in normal =~ -
+ . subjects by tobacco smoking and nicotine, but fajls to increase in the =~
A patient with established coronary heart disease (18, 19). The effects of

cigaretie smoking on platelet, stickiness and on blood letting are yariable
(QQ) Free fatty acids are bmSElymcreased(gj) T TR R %
i e Tespionsss Aryully GEnleined 3 Sariis F 5 ot v e
bil Izatmn Gf C@t.ﬁﬁhﬁhrmngs, .H‘Imﬂst_'exd'miﬁly. epinephrine, bymcotme SN
Yicotine discharges the adrenal medulla as well ge sympathetic ganglis &
In the myocardium and chromaffin tissue in the walls of Llood wasedls’ E
192, 38). The blood andl urinis of Beavy cigivetts sinokers st gt boific
. Gantly more epinephrine than i found in nensmekers (24). The cate-
[ holaamine Tesponse t Cigmretts wibling, s ndand by e b ok ation
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CIRCULATORY RESPONSES TO CIGARETTE SMOKING 45

of free fatty acids, is not observed in completely sympathectomized sub-
jects or after the administration of ganglioplegic agents, and is obtunded
by pretreatment with Rawwolfia compounds (21, 25).

The rapid degradation of nicotine in the body presumably accounts
for the transience of its pharmacologic effects which do not long out-
last the smoking period. The circulatory response is elicited just as
briskly in the habituated smoker as in the novice (70). There are no recog-
nized chronic or cumulative specific physiological or histological effects
of smoking in human subjects or of nicotine administration in experi-
mental animals. The apparent rapid reduction in risk of myocardial in-
farction. when smoking is discontinued strongly supports the impression
that the 1]l effects are acute.

Tt seems unlikely that the lethal effects of cigarette smoking, which
are incontestable, can be ascribed to its acute a,nd transient eflects on the
cardiovascular system. It seems more probable that immoderate cigarette
smoking accentuates the deleterious effects of other risk factors, par-

ticularly in its lipid-mobilizing effects (27, 20).
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- _that an occlusion has taken place,

Smoking and Thrombosis

Epmonp A. Muremy, M.D., SeD., and J. F.
Musrtaro, M.D., PhD., F.EC.P. (C), Depart-
ments of Medicine and Preventwe Medicine, Uni-
versity of Colorado, Denver, Colorado 80220, and
the Department of Pathology, McMaster Univer-
sity, Hamilton, Ontario, Canada

IN ANY attempt to establish a relationship be-
tween tobacco and thrombosis, one has to answer the following questions:

1) Does smoking lead to thrombus formation?
2) If so, which constituents in tobacco smoke produce the effect ?

3) What are the mechanisms by which the compounds lead to

thrombosis? . :
At the present time we know much more about the last question than either

of the other two, though all our knowledge is very incomplete. It will be

convenient to consider each question in turn.

DOES SMOKING LEAD TO THROMBUS FORMATIONY

For various reasons, no satisfactory answer can be given to this question,

despite the fact that it is in a sense the most important of all. We can use

“thrombus” in two ways. | ' ‘
- 1) A thrombus is commonly viewed as a massive aggregation of the

solid components of blood which arrests or gravely impairs the blood flow

through a vessel. Though such occurrences are colmon enough 1n clinical

the incidence is not such that it would be easy to demonstrate an
effect in any study of reasonable size. Furthermore, the means for diag-

nosis are poor: Only contrast a_ngiographyx can estab_l'ish With cert_.a;ix%'ty
| and even that technique cannot distin-

practice,

. guish between thrombosis and oth

been conjectured (Z, 2). Also angiograf _ rate for routin
use. A stream cannot rise higher than its source, and obviously, epidemi-
- ological studies are not gou
X 2) ““Thr—clmbus” may _3150 --be

a7

er mechanisms of occlusion which have
graphy is far too elaborate for routine

ing to overcome the inadequacies of diagnosis.
o 555 ( extended to include the microthrombus:
 ‘the clumping of a small, perhaps microscopic, number of platelets asso-
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ciated with a little fibrin which nonetheless constitute a thrombus in the
sense of heing exuberant—an aggregation more extensive than is required
to meet the ordinary needs of hemostasis. There is a considerable body
of evidence, which will not be reviewed here, that microthrombi may
be nmportant, in the early as well as in the late stages of atherogenesis. The
effect of microthromhi may be aggravated hy certain serum lipids which
may at once promote their formation and, by influencing their composition,
interfere with the normal scavenger processes. This viewpoint is specula-
tive, but provides a useful heuristic scheme which will accommodate the
various factors known to be influenced by smoking. Such. a process, if it is
1n any sense o usual one, is even more elusive than the first, though if one
does not set unreasonable standards of proof it need not escape observation
altogether. e
As we have seen, epidemiological analyses will not help us to solve this
problem. In the first place the occurrences are comparatively rare; in the
second, the quality of the data is suspect; finally if an association were
demonstrated, there would be no way of tel ling whether smoking caused
thrombosis or whether it caused arterial disease and, only as a secondary
consequence, thrombosis, or whether smoking and thrombosis reflect some
common factor. s | -
| The're.hz_a.s been considerable effort to develop an experimental approacéh.
The ethical difficulties of such experimentation in man are insurmountable,
but any alternative has its difficulties. =~ i L
First, animals, _la‘cking the superior intel_]igence of man, do not smoke
and have been for the most part unteachable. Having animals inhale air
‘charged with cigaretie smoke simulates smoking, but this method is diffi-
cult and in most cases leads to a high mortality rate éﬁmbﬂg the animals. -

- Second, assessing thrombosis is a problem. Some "iquStigsLtors, such as
Ashwm (3) and _Wes_él_er_et al. (4), have treated this as an all-or-none
- phenomenon, but this assay is not the most satisfactory method of dealing
; Eﬁé{:&fj‘f:&??wrﬁﬁ? o statistical or a biological standpoint. The

. anfanil Snditions 66 e more of Joms senenner s L formation wnder ..
" hisve besn extensivaly need-the Chandloot . oastired: OF these, two - -
 quired for platelet aggregation and fibrin formation 1o Jhod Py pen
U e sl e TR et LA BTN dormation. an gheld blood: kept
perpetually in motlon (5} and the extracorporeal circulation we have used
I the pig and the rabbit in which flow is maintained by the circulatory sys-
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ity atherosclerosis could be simulated in rabbits by orally administering

Bia

- nicotine may be responsible; we
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nisms involved rather than to the demonstration that thrombosis is in fact
produced by smoking. The only other evidence with which we are ac-
quainted is that of Engelberg and Futterman (8, 9).

In the first paper (8), Engelberg, using the Chandler loop, studied the
time until the mass formed in subjects before and after smoking 2 cigarettes
in 20 minutes: The 60 participants in this study were habitual smokers.
The mean value decreased from 18.45-11.75 minutes. This response, though
modest, was highly significant (£<0.001). It may be matched against an
experimental error (based on 10 duplicate measurements) of 0.25 minutes.
The times were read to the nearest half minute, and on this basis, in 87 of the
60 subjects the time was shortened, in 3 it was lengthened, and in the re-
malinder it was read as the same on both occasions. These findings, though
consistent, are not conclusive, since the effect of smoking is completely con-
founded with time: The observed change might have been spontaneous. To
meet this criticism, Engelberg studied the same subjects “over several
hours” when they were not smoking ; the distribution of subjects in the “in-
creased” and “decreased” groups was about equal. The difference from the
distribution of the smoking subjects was highly significant (x*=12.82 P<
0.005). It is a pity, in the interests of scientific rigor, that the same interval

(20 minutes) was not used in the nonsmoking as in the smoking studies.
In the second paper (9), Engelberg and Futterman studied 147 more
subjects; all the individuals were fasting and all were evidently habitual
smokers. Fach subject smoked only 1 cigarette, but thrombus formation
was studied not only immediately but also 20 minutes aﬁerward, and
in 17 subjects, it was studied 1 hour after smoking was completed. In 132
subjects, the time to the formation of the mass decreased by 1.5 min_utes
or more (i.e., about 8 times the standard error of the test as determined
in 47 duplicate determinations) and In only 2 subjects was it prol_onged
to a comparable extent. The overall average decrease was 3.5 minutes,
though sufficient statistical details were not given to assess the precise sig-
nificance of this change. The evidence suggests that this mean change was
sustained for at least an hour and did not reach its minimum immediately
after smoking—the 20-minute readings were a little lower. There were no
control data, which the authors may have thought superfluous at thai;

| Btage.

. WHICH CONSTITUENTS IN TOBACCO SMOKE ARE
| - PRODUCING THE EFFECT? -~

- Though this fqﬁestibn must be answered before there can be any hope of

proventing thrombosis by the use of filters or other means, we have em-

arrassingly little information. Indeed we can make no formal conclusions
‘ot all; the evidence is purely circumstantial. However, we do know that

- of nicotine later. Hass ef a. ca
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rried out a pertinent study (17). They found
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cholesterol 1n corn oil and injecting moderate doses of vitamin D. Injec-
tions of nicotine in 0il were given to some rabbits but not to otlers. For
the first day, 5 mg nicotine was injected, and thereafter, the amount was
ncreased by 1 mg/day. For a rabbit weighing 6.5-7.5 pounds, this dose
would correspond weight-for-weight to about 50 mg in an _a.du]t humgn
being, an amount equal {o that absorbed fromn about 2050 Glg‘&I:&ft@S (12,
/3). Thus the dosage is realistic. Some of those receiving nicotine devel-
oped thrombi in the arteries of the skeletal muscles, but none of those not
receiving nicotine did. Iowever, whenever thrombi formed, therg was
always some degree of inflammation in the arterial wall and it seems likely,
as the authors pointed out, that the two are associated. Thus we would be

unwise to conclude firmly that the nicotine influenced the thrombus di-
rectly and not indirectly through changes in the arterial wall.

WHAT ARE THE MECHANISMS BY WHICH THE COMPOUNDS
| LEAD TO THROMBOSIS?

In two recent reviews (14, 75) the pharmacologieal actions of smoking

~on the several factors which contribute o thrombogenesis have been

analyzed. That their contents should be so different indicates the activity
in this field. Should proof become available that smoking causes throm-
bosis, there will be no lack of mechanjsms to explain it. The evidence 1S
scattered and, in the interests of brevity, the number of references will
be found in the reviews referred
to. For the most part, we shall have to be content to consider the pharma-
cological action of nicotine. There 1s good evidence that its action is medi-
ated largely through the release of endogenous epinephrine. |
In thrombogane_sis, we have to consider the platelet, the arterial wall,
ty of the thrombus is governed
the other by the activity of the
fibrinolytic system. s L - & i o

o _ - The Platelet |
In assessing the effects of -;Sml‘i?l?ing: 1t is desirable to distinguish betsveen
iects and -term effects. A useful measure of platelet activity
‘when UﬂdiStuTbEﬂ n the body is its half-life; since the measurement re-
quires several days of ,Qbsaﬁitidﬂsﬁ_;hﬂﬁ&ﬁ&r, it is not available as an index
anges in the physiology of the platelet. Conse-
t on in vitro studies, the pertinence of .o wih
past, before more refined -téchniQﬂES: for: .
the measurements obtained wers arti-

; 25

> blood were available,
ficial and probably

. rouRMy. fathep- @fﬁlﬁ"%ﬂt_Bﬁt this defect was exaggerated, =~

. FEEAADS. becans of i 'gw,ﬁ".smni_St’ﬂlljﬁ-@t-.Eﬂhﬁplﬁteiy exorcised, between -

T o e ong henl ad ke hevicetaslo prosses, o s othere, ]
it fts disorders, thromhosis. and Jinhility fo hemamr s b -
e R T e e Ik R b W e .

- NATIONAL CANCER INSTTTUTR B AMONOGRAPE NO. 28



; T special interest are the claims of Shim ASUCAL
rabbit ear: If the animals inhale cigarette smoke, platelets tend to adhere

S i i s R B AL oot e = Bt )t St A Y] RS AT i i et ot e e s T i e e At L b A T B e 3 oy eas] Ao i, o S i g ok ity g i i gt R E e & P S it F kbl
A A D e e i o M e i e —— b 3 > E Rk - i L AEY bt g A S s Mot S, Ui L AR T i i v ML el o, il s % L e .

SMOKING AND THROMBOSIS 51

The most widely used test of the response of platelets to smoking is
Platelet adhesiveness. Various methods have been used and, perhaps as a
consequence, the results have not been uniform. Many observations have
been rendered suspect by the absence of suitable controls. A general con-
clusion is that there probably is some increase in adhesiveness after smok-
Ing, but there is evidence that this change may occur spontaneously. What-
ever the effect, it is probably small, and Mustard and Murphy (76) were
unable to show any long-term effect. By any technique so far devised, how-
ever, experimental error is large, and too much must not be made of nega-
tive results in small series.

Platelet survival studies in 7 subjects, kept throughout the experiment
on a fixed diet and on a metabolic ward, showed that, when the subjects
were habitually smoking, platelet survival was about 20% shorter than
when they were not smoking at all (76). There was a corresponding in-
crease in the turnover of platelets. Until such time as the fate of the plate-
let has been accurately worked out, the implications of this will not be
quite clear, but the evidence is certainly compatible with the idea that

microthrombi are more liable to occur.
The biochemistry of the platelet is now a large subject, and there have

been several papers dealing with the effects of smoking on platelets. Glynn
et al. (17) could show no change in the serotonin or nucleotide content of
platelets after smoking. Murchison and Fyfe (18), however, found that
the increase in adhesiveness of the platelet in subjects who were smoking
was positively correlated with increase in glucose content of the serum, but
negatively correlated with changes in serum nonesterified fatty acid.
Schievelbein and Werle (19) carried out more refined studies. They
showed that serotonin (a constituent of platelets maintained at a much
higher concentration than in plasma) is released from platelets when they
are exposed to concentrations of nicotine of ﬂ,-bou't' 40-500 times those
achieved in ordinary smoking. The release of serotonin from platelets has
been used as 4, test of their function, and it thus seems that nicotine affects
platelets, but perhaps indirectly, since the result is prevented by mono-

amine oxidase inhibitors.

The Artéria.l Wall

It is well known that gross injuries to the arterial wall may lead to

thrombosis, There is a growing suggestion in the literature that minor

~cha ot identifiable by light microscopy may have a similar effect. Of
ok Eun oty o imamoto (Z0) on the transilluminated

to the endothelium and form clumps which, however, disintegrate when
" the stimulus is removed. This effect can be prevented by amino-oxidase
inhibitors, and this suggests that
epinephrine. He attributes this to a _ t e CAATALLEIISIC
~ of the endothelia] cells. Elsewhere (20), he reports that systemic adminis-

tration of epinephrine leads to release of a thrombnpl&st'i'neﬁké substance _' o
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from the arterial wall. However, it is by no means clear tha}t the arterial
wall 1s the primary {arget and that it is not affected secondarily by changes

in the platelet. The last-inentioned experiment would benefit from repeti-
tion with further studies in a platelet-froe system.

Coagulation

We have already stressed that coagulation must by no means be iden-
tified with thrombus formation, and recently Solymoss, Selye, and

Gabbiani (27) emphatically supported this viewpoint. There is a con-

siderable literature (14, 75 ) suggesting that coagulation is indeed affected
by smoking, but much of

1t is uncontrolled and sinee platelet-free systems

anges observed may be secondary. There is much
conflict among the various writers about effects observed, but since the

numbers of observations are for the most part small, there need be no major
problem of reconciliation. The measurement, most widely used and most
generally agreed upon, is the whole blood-clotting time which appears to

cute experiments, The largest study with
the thromboelastogram, that of Kedra and Xorolko (22), indicates that

the speed with which the clot forms and the maximum tensile strength
achieved are enhanced after smoking. Other smaller studies are in sub-

stantial agreement, though they have not produced statistically significant
results. A | | |
Fibrinolysis
Platelet-clnmping, such as that d.eécribed inthe S

himamoto experim_en_ts
In some instances, If ﬁb‘rm.
reversibility depends mainly on the action

, large literature on this subject, little has
been written about the effect of

(10), is now known to he reversible, at, least
forms In any quantity, howerver,

| smoking. Gibelli ez al. (29) and Kedra
and Korolko (22) were unable to '

show any significant change in smokers.

Iphasic ef _ V] -inﬂli'ombué-_fﬁmﬁ&titm in the extracorporeal
circulation, where, of course, the vital properties of the arterial en- T
ked in explanation (¢4). Epinephrine, of course,
any of which may have an important bearing on -
ral writers have noted that serum lipids are higher
nonsmokers, and Kershb ' f
after smoking, which may be prevented by
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adequate ganglionic blockade. On the other hand, it is well known that
epinephrine enhances fibrinolysis; however, to attain this effect it must
be administered systemically and not merely added in vitro (26). Epi-
nephrine aggregates platelets and enhances the effects of other stimuli

which promote platelet aggregation (27).

SUMMARY

The evidence, so far, suggests the tentative conclusion that smoking is
associated with a transient increase in tendency to form thrombi and this
result could be largely explained by the release of endogenous epinephrine
by absorbed nicotine. There are no grounds for excluding the possibility
that other, as yet unidentified, compounds are involved. /7 vitro tests of
coagulation also show transient changes, while there scems to be an effect
on platelets sufficient to change their external economy. No biochemical
changes have been demonstrated in the platelet, but nicotine, in concentra-
tions far in excess of those produced by smoking, has profound pharma-
cological effects on the platelet. Fibrinolysis is known to be enhanced
by systemic administration of epinephrine, but attempts to show a change

after smoking have so far failed.
Text-figure 1 summarizes the known or probable pathways connecting

thrombosis with smoking.

SMOKING

L

Nicotine 5
25
14]
Arterial Endogenous Arterial Free quy Cholesterol
wall epinephrine | wall acid
14
25
' ]
i Free fatlly 15 _
il 7 i R 26 120
| [4] acid
PLATELETS ~ FIBRINOLYSIS CO,ﬁGUL.&T.IGﬂ
' | j'TI“-!F-"HCJ*IVIBl’.‘!SIS

Tmrreunm 1 —-I-Enown or prubahle pathways conﬂecting thrombosis Wiﬂl smoking |
Numberg indicate the references (in accordance with the numbering of the present

~ bibliography) where pertinent evidence or pertinent sources caf fIsu'zh found& The N

 thickness of the lines is more or less related 10 the nncertamt? of the evidence.
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Bose Response: Experimental Carcinogenesis!?

Frep . Bocx, Ph.D., Roswell Park Memorial In-
stitute, New York State Department of Health,
Buffalo, New X ork 14203

TO a large extent, dose-response effects in experi-
mental carcinogenesis by tobacco “tar” resemble those that have been
discovered with known carcinogens. Polynuclear aromatic hydrocarbons
serve as a model for neutral fat-soluble contact carcinogens of cigarette
smolke; croton oil may serve as a model for tumor-promoting agents. A
comparison of cigarette-smoke condensate with these pure compounds will
be of value in evaluating the available experimental data.

COMPLETE CARCINOGENESIS

Pure polynuclear aromatic hydrocarbons give a dose-response curve that
consists of either two or three separate segments. At the higher dose levels
(text-fig. 1-C) the dose-response curve 1s nearly horizontal at the 100%
level. Obviously, no dose-response effect can be seen in this part of the
curve. The central part of the curve is nearly linear (text-fig. 1-B) and
dose-response effects are dominant. Although data are insufficient for gen-
eralization, there may be a region at very low dose levels where no response
is observed, i.e., there may be a threshold (text-fig. 1-A). No convincing
evidence of a true threshold for carcinogenic activity by polynuclear aro-
matic hydrocarbons has been produced, but in any experiment with limited
numbers of animals, an apparent threshold is possible. .

These effects ean give somewhat different results from one experiment
to the other unless conditions are rigidly standardized. For example, the
dose-response curve may be either linear or curvilinear after different
periods (test-fig. 2). Similar curves are also obtained with a fixed time
sehedule and carcinogens of different potencies. Pl P
~ Tobacco “tar” behaves in much the same way. Wynder ef ol. showed
that mice exposed to decreasing quantities of {obacco “tar” suffered de-

1T his .‘c?m"k' was sopported In -]jm'rf:' by Grant ID 381 from the Al.mericﬂn' QCancer Roclety, Ine.
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! posmble threshold was ob g = &) (1) A hne.ar response with

A served. Recanizly Day (2) reported 2 nearljr- -
- linear response without & threshold in studlés with Iﬂ.i'ge Eumbers of ani-

o n:mls Nearly linear dependence of response on dose seems to be the rule
| whenever moderate levels of dnsage are used (3——? ). ThlS is true, not mﬂy' e
S for 1'110115{: skin tumors and cigarette “tar” but also for skin i:m;mrs pro- Hi
5 I.;-___E[uced by ‘ta,rs” from other tobaceo products and for subcutaneaus tumors. T
e _mduce& by alb&rette et mgectmn (8,9). In contrast a daﬂe-respollsﬂ b
e 'I';ﬁbi? ?;1? ]:I: ot be seen when Jyary hlgh levels of “tar” carcinogens are used-
i f:m a,ratta “LB EGEII most aa,sﬂy n an &xpemment with partmlly reﬁllﬁd s
” dg o Lalg by (3} Mufioz et aZ. (7) likewise did not see 2
ns&r&spc}nm aﬁect with <«

m be tar” ﬁ'ﬁm Colnmbmn mg&reﬁf&s w}:uch RPPE*LI‘S
more c‘u‘mﬂﬁﬂﬁmc bha,n “mr” fmm Am&rma.n ¢i uamtt&s
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TexT-FIGURE 3.—Dependence of total
tumor incidence upon dose of
cigarette-smoke condensate. [from
Wynder et al. (1) 1.

Text-figures 3 and 4 are reproduced
throngh the courtesy of the editor of

“Cancer,”
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TeExT-FIGURE 4.—Dependence of car-
cinoma formation in mice upon
dose of cigarette-smoke condensate

[from Wynder et al. (1) 1.

Often, the toxicity of carcinogens also places an upper limit on the
numbers of tumors produced. This effect is not seen with moderate levels
of polynuclear aromatic hydrocarbons. However, the toxicity of cigarette
“ta1°" s sueh that when inereasing doses are used, the mortality increases
" to such an estent that the total tumor incidence may be reduced. The
liighest, incidence of tumors in mice painted with erude eigarette-smoke
condensate appears 1o be in the range of 55-70% (70). This is_j true even
when purtially refined fractions of cigarette-smoke condensate have been
tested. ' = : -
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EFFECT CF FRACTIONATION UPON POTEMCY

?D'I Fom i,
I — - — lul-taruu__. P
o ,’ Bl -
. B
*® 50 ;] %~ "WHoLE TAR"
" I ; —0re= HEPTANE SOLUBLE
S 40 I 1 sm—tw=e BENZENE ELUATE
= r 1
= I x I
300 I /4
= | 4/
= oy J
e X
%)
= Io
o 33 67 133 50

DOSE £iGS PER baYl

TexT-FIcURE 5.—Dependence of total
tumor incidence in mice painted
with crude cigarette-smoke con-
densate and two fractions of cigar-
ette-smoke condensate at various
doses [from James and Rosenthal
(3) 1.

Reproduced through the courtesy of
Charles C Thomas, Publisher, Spring-
field, Illinois,

A_nothe,r clmracterlstlc of dose-response curves, the dependence on tissue
o penetratlon is exemplified by dibenz[a Fz,}&nthracane (DBA). When con-
- 3 - centrated solutlons of DBA are applied to the surface of the skin, pene-
el S % tration into the skin is inefficient, thu& Imposing a limit to the carcinogenic
Y  effect. Compared with benzo[a] pvrene (B, DBA is equally carcmﬂgemc. |
ab low concentrations but much less carcinogenic at hlgh concentrations
g o (textwﬁg 6). This apparent loss of effect at high concentrations is related
BT S el it the limited solubﬂzty of the compound in the surface skin lipids which
. aid in the movement of carcmegen into the deeper skin structures. Skin -
£ - penetration may be m:xportmt in stuches with refined fractmns of smol&%
P S L oondenBate, D s e ot _ |
S I oy Most expemments Wlth clgarette~sm0ke condensate mvolve the contmu-_
ST e .Q ous administration of the ~material throughout the experimental pemﬂd ]
N However, dependence of the response upon contmued application is pro-.
e L nounced. Wynder ¢4 al. showed ‘that when "“ta.r” was applied for limited "
R e pemods, the numbers of tumeors : appeamng wers dl-asmq,uy reduced { }) g
~This, nbsewa,tmn was confirmed in our laboratory where we painted mice
ol with identical “tar,” one group for 60 weeks and the other group for anly i
il “the first 26 weeks, The results showed that after 26 weeks, without farther ool
| treatment of iﬁbﬁ%ﬁ “iHI' »: demlopm&nt of &ld.dltlﬁﬁﬂl tumars was greatly A et
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TEXT-FIGURE 6.—Dose-response ef-
fects with benzo[e]lpyrene and
dibenz[a,h]anthracene. The mice
were painted 4 times weekly with
0.25 ml of hydrocarbon in acetone
for 20 weeks.
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_TEXT*FI@ITRE 7.—Effects of cessation ' _ i
of treatment on the incidence c_:f -
skin tumors in mice painted with

heptane-soluble fraction of cigar- 1o | | 4%
otte-smoke condensate [from Bock _ i
et al. (5) 1. | | o &

_ i

TD T\iOR PRO\IOTION

Dusa-respanse eﬂ'ects with crnton oil as a mndel tumor promoter ha,ve_ A g
heen summarized by Boutwell (77). He has shown that the dose- response ' L
re]atmnﬂlups are substantially different from those of complete carcino- e
genesis by polynuclear Iiydrocarbons. Tumor promotion ] involvesa d%sizmct
- threshold for individual treatments, below which no. effect is elicited.

Furthermore, tumor promntmn is reversible. However, within these limi-
~ tations, the response is dose dependent. Wynder and Hoffmann have re-
pﬂrtcd the eﬁ’ect of twa doses of the phemhc fraahons of mgareﬁ:e*smﬂke -
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condensate (/2). A clear dose-response eflect, was seen, A similar_dose—
response effect was also seen when erude smoke condensate was applied to
mice after the application of 7,12-dimethylbenz[«]anthracene. _
It can be concluded that a nearly linear dose-response effect with
tohacco “tar” is the rule in carcinogenesis experiments. In most cases,
the reduction of tumor yield is roughly parallel to the reduction in dosage.
H very high levels of “tar” are used, & maximum tumor yield of 70%
may be found, with no further dependence of results on dose. The most
extensive data do not disclose a threshold to the carcinogenic effect of
tobacco “tar”; with small numbers of animals, threshold-like effects are

seen. But inausmuch as most laboratories use intermediate doses of tobacco
“tar,” a linear dose-response effect is usually observed.

SUMMARY

Dose-response effects of cigarette-smoke condensate in experimental
carcinogenesis are quite comparable to those of pure carcinogenic com-
pounds. At very high concentrations, increasing doses do not increase the

response, which appears to reach a maximum when about T0% of the
animals develop tumors. In the most exten
a threshold was seen;
old-like data have be
dose-response effect.

slve experiment, no evidence of
but in experiments involving a few animals thresh-
en obtained. Most experiments show & nearly linear
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The Effect of Direct Cigaretlie Smoke Inhala-
tiomn on the Respiratory Tree of Dogs'!

Oscar AvereacH, M.D.2 E. Coyrer HaMmOND,
Sc.D.2 Davip KIRMAN, B.S.? LAWRENCE (GAR-
FINKEL, M.A.¢ and ArraUR PURDY Stour, M.D.!
Veterans Administration Hospital, East Orange,
New Jersey 07018; American Cancer Society, Inc.,
New York, New York 10019; and Department of

Pathology, Columbia University, College o f Phy-
sicians and Surgeons, New York, New York

10021

“ HILE dose-response studies on mouse skin
and subeutancous injection involve Jargely smoke aerosols, the total smoke
can perhaps best be ovaluated by direct inhal ation studies. Such studies,

for which a method shall be briefly outlined here, indicate that the longer

the exposure to cigarette smolke, the greater the bronchial epithelial

changes.
This method lends itself to a comparison of the effect of whole smoke

from cigarettes that yield Jifferent amounts of particulate matter or that
have different quantities of gaseous components.

METHODOLOGY

on 10 beagles, 9 males and 1 female,
7-30 pounds. Ten additional dogs were
d tracheostomies kept open by hollow

A tracheostomy was perfoymed
ages 9-80 months, and weighing 1
used as controls. Two of these ha

Teflon tubes. _ | ;
Every morning and afternoon of the experiment 10 dogs smoked cig-

arettes through a specially designed tube with auxiliary apparatus for

handling. The number of cigarettes smoked per day was gradually in-

ereased to a maximum of 12 per day per dog. F.iv'e‘ of the ten dogs died
during the experiment. Trour of these had thrombi with pulmonary infarc-

1 This Is n_condensation of article which appeared in “Cancer.”

2 Yeterans Administration HBEPW‘IL

£ Amrrican Cancer Socletr, Inc - = & b o
& Colambin Tniversity, College of Physicians and Surgeons (deceased, December 20, 1867),
| ' | 65
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tion. The remaining 5 were killed after 421 days of smoking. Table 1 shows
the total number of cigarettes smoked by each dog and the nuniber of dogs
from the start of smoking to death.

Imimnediately after death, the lungs were removed and filled with for-
malim instilled into the trachea. The tracheobronchial trece was then
dissected out of the lungs and divided into portions by essentially the
same procedure we have used with human material. We planned to divide
each tracheobronchial tree into 133 portions (each from a specified loca-
tion), embed each portion in paraffin, and then cut out one section from
each block for microscopic examination.

FINDINGS IN GLANDS

Hyperplasia with distended goblet cells in the glands was not found
| in any of the sections from the 10 nonsmoking control dogs, but was
E-“ observed in 96.7% of the sections from smoking dog 29 and in 98.9-

100% of the sections from each of the other 9 smoking dogs. None of the
-glandular epithelium from the nonsmoking dogs showed any evidence of
cells with atypical nuclei. The cells with atypical nuclei increased as the

- smoking habits of these dogs increased (fig. 1 and table Ly

FINDINGS IN BRONCHIAL EPITHELIUM

In 8'* of the 10 nonsmoking d{)g_s, no sections with areas of epithelium
averaging more than 2 cell rows in thickness were found—that is, 1O
cells (fig. 2). The other 2' nonsmoking dogs showed minimal changes in
this respect. a | s I O

8 or 4 rows of basal cells plus a row of ciliated colummar cells, or 3 or more

- columnar cells were lacking, the surface cells appeared typically squamous
_(ﬁg‘ &) Sefjf}lﬂ_l}s_'ﬁlth areas having 6 or more rows of epithelial cells were
not found in dog 29 that died on the 24th day and occurred more fre-

earlier (tableg). -

more than 2 rows of basal cells, plus a surface row of ciliated columnar

Hvery section from the 10 smoking dogs had épithelium consisting of

‘rows of cells but without eiliated columnar cells (fig. 8). Where ciliated - .

o, o ypicel nndlel in any of thie sections from the 10 nonsmoking dogsand

. WATIONAL CANCER INSITIUTE MONOGRAPH NO. 28

quently in the 5 dﬂgi'i_ kllled&fter 491 days than in the dogs that died Sy :

L Jhvery section with epithelium was exaniined for the prasetis ox shisnes 1
-+ % cells with atypical nuclei. The findings are shown in tablo 3. Thers were

.......
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none in any of the sections from smoking dog 29. However, atypical
nuclel were found in the epithelial cells of all the sections from the other
9 smoking dogs. Furthermore, the proportion of cells with atypical nuclei
was considerably greater in sections from the 5 dogs killed after 421 days
than in sections from dogs 30 and 35 that died on days 229 and 278, respec-
tively (figs. 5 and 6). In the 7 smoking dogs that survived 410 days or
longer, most sections had lesions in which 50-69% of the epithelial cells
had atypical nuclel (fig. 8). | '
These findings parallel those in our study of human beings; namely,
that as a result of the inhalation of smoke, there is an increase in the
number of basal cells, and as the smoking habit continues, the nuclel
become atypical, increasing and extending toward the surface. The studies
of these dogs show dyskeratosis present in a number of sections from the
heavy-smoking dogs. |
As indicated, this method is presented to illustrate a procedure which
can measure the effect of whole tobacco smoke and possibly its components.
This method could be used not only to establish a dose response for whole
smoke, but also to determine whether a selective reduction of different
‘smoke components would be associated with a corresponding change in
“alterations of the tracheobronchial epithelium. ' S
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Effect of Different Doses of Tobacco Smoke on
Ciliary Activity in Cat. Variations in Amount
of Tobacce Smoke, Interval Between Ciga-
rettes, Content of “Tar,’” Nicotine, and Phenol

Tore Darmamn, M.D., Institute of Hygiene,
K arolinshka Institutet, Stockholm, Sweden

INTEREST in the multitudinous effects of to-
bacco smoke on the biological organism increases. This attention chiefly
concerns the reactions in the airways of mammals—particularly, mucosal
changes (1, 2), changes in pulmonary clearance (3), and ciliotoxic and

mucotoxic effects.
The experiments described in this paper summarize our results from

earlier work and unpublished studies concern_ing_ the ciliotoxic effects of
cigarette smoke as outlined below. The latter will soon be published in

greater detail (4).

Ewperiments on the effect of cigarette smoke on ciliary activity

Various factors

A. Components in smoke: B. Interval between -cigarettes:
1. Total 