
Sanghvi et al., 
1365. 
India (P(l), 

M  
-- 

13 Conseculive clinic admirrions to Tats me- 2RB Consecutive clinic admisaiona of vnticnta ny menns of “dctnilcd 
morinl Hospital. Bombay. without c~nccr. queationary.” No otbcr 

107 Consecutive admissions of patients wilh details given. 
cnnccrs other than intraoral or cw- 

Wynder et sl.. 
1351. 

M  39 Patlents admitted to Radiumhemmet, 115 Pstientr ndmittcd LO ~arne hospital with 
F. 35 Stockholm, during 1962-66. ICC cancer of akin, hrnd and neck region 

swcden (Jze) other than IQUB~OUB cell cancer. lcu. 
kemie. colon. and other altee. No 
matching. 

Sra3rewski, 
1960. 
Polund (160). 

hl 24 Patient3 admitted to Oncological Institute 912 Olhcr p~lients sent to Inatltute with No drtnll, glvcn o” 
during 135749. method ,I! dstu coJlw- aym,~loms probably not ctiologlenliy 

conncctcd eithsr with smoking or with lion. No arc ~~JIIJ~- 
direasw of caophaguua, atomnch or du- mcnt or mntching. hv* 
odrnum. eragc .ge of c.nrcr 

vrtienla, 60.6: contm~. 
63. 



TABLE A3l.--hnamary of methods used in retrospective stitdics of tobacco USC and cancer of t/ie CSoPha!7us (co7if.) 

Wynder rnd 
Bros9. 
1961, 
U.S.A. (SJO). 

m. 160 Cancer ~stienh awn in Memodal Hospl- 160 Psticnts neen in lame hospitals during Data coilcctcd by trriucd 
181. New York City, and Kingsbridge ~lnme time period with other tumors. intrr\iewcrs. 
and Brooklyn VA Nospitnla during 64%malignant tumor: 36%benign can- 
1950-69 (86% white). ditions. Matched by age with et.n~cr 

pe.tiet2ts. 
F. 37 Same hospitals, and same time period r.s 37 Same IS with rcgnrd to male controls. 

mule patienh (86% white). 43% had malignant and 67% benign 
l”lTOr8. 

Wynder and M. 67 Admitted to Tsts hlemorial Hospital Ilom- 13b I’nticnls with other iorm~ al cancer ex- Intcrvicwcd bv one DCT- 
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YPL11. Crises 

CO”ll,i-Y, 
CClntr0k 

relarenc.? sex Number Method of selection Nllmbcr hlcthod of ~clcction Callecllan of dot-3 

Drndahnw end hl. on Patients with esophoscal cnnc~r. 341 
Schonlnnd. 

l’s!icntn with non-mahgnnnt diacase. lloapitnl Lntcrvirwa by 

1969. 
trained Airicon doclol 

South Africa 
workers. 

Ill). 

blnrlincr, hl 120 Patients with confirmed epidermoid eso- 360 120 male. SO female patients In snrnc has- 
1969. I. 59 

lnlcrviews by Irrinvl 
phwcal cancer diagnosed In 1966. 177 pita1 with non-conccrou9 diaanoser. pcrsonncl. 

Puerto Rico 
(1.93). 

240 male. 118 female mcmbere from s&me 
cummunity. 

- 



TABLE Mln.Summarg oj results of vctrospcctiw studies of tobacco we and cancer of the eaophaguz 

- 
Sanovhi et al. .---- .- 

6.6 11.3 Ar’cruor l,limLcr ol -. - 3.6 - 

Wynder et sl., M 13.0 24.0 
1067, Sweden fd91). 
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1960. 
Poland (280). 
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- - 2 0 - 

- 18.0 95.8 59.0 87.6 80.0 - 

Schwsrtr et al,, 
1861. 
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Takano et &I.. 

1963. 
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3.0 
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- 

39.0 3H.0 C.6 - 

- - 3.4 4.4 
- 5.1 3.2 
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hl 
F. 

163 
29 

Patients with bladder cnnccr. ICI “Comparison casm.” 
60 

Dunham et al.. ?f 334 Admisalonr to New Orlcann hosnitnln with hir- 350 Admissions to same hosnitalr with non*nc*plns- 
I’J6R. F. 158 tolugic diagnosis of blnddcr cnrcinuma. Ii7 tic diseaaea and discues unrelated to i?cnl- 
U.S.A. (8s). tourinnry tr.c,. 

-- 
Anthony and Thorn&a. M. 381 Patienta with prpillumn and cancer of blnddrr 275 Sur~lcnl Datient. wllhout c.ncrr ~rcvlouslY In- 

1970, nt Leeds betweecn 1868-67. trrvirwed for lunx cancer study. 
Ynnlhnd (3). 

- 



TADL.~ A36n.Summry of results of retrospective studies of smoking and cancer of the bladder 

I’etccnt clKnrc!tcr Rclatlve rink rwtio: 
Author, Prrccnt nonamokcn Percenl hcrvr amoken nmukcd All amokcrs to nonamokera 

)‘cer. - - 
E”U”trY, All 
rclcrmcc SCX C68M 

Huaw Ciuarclle Commenla 
CO”lrOl8 CIW8 CO”ld8 CWM Controla smokers smokcra amokerr 

-_ .- 
Lllirnfvld ct al.. M. 16.0 2Q.0 61.0 44.0 2.8 ,.. 2.7 ClgwrtLe nnd otbcr. 

196G. F. 87.0 83.0 II, 1.4 . , . . , 
U.S.A.. (171). 

--- 
Schwvnrtr et al., hf. 11.0 20.0 .,. . 83.0 70.0 2 , 2.2 CLparette only. 

1961. 
Frnncc (P/O). 

- 
Lockw.ood. nl. 9.0 13.4 30.0 16.0 ao.0 16.0 1.6 8.0 8.0 Clewdtrs maln male of 

1961. F. 16.0 GG.0 4.0 4.0 1.6 12 ,.. amoklng. 
Denmark (176). 

Wyndtr PI Al., M. 7.0 18.0 41.0 23.0 86.0 63.0 2.9 6.2 3.s Phues A snd II com- 
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U.S.A. (306). 

Cobb nnd Ansell, M. 4.6 26.8 79.4 43.5 . . . . . . 7.9 10.3 1.. 
1366, 
U.S.A. (67). 

-. 
Stiurewaki, hl. 6.7 16.0 86.7 66.7 87.1 72.2 2.1 9.1 2.9 

19GC. 
Clgrrettm only. 

l’olnnd (P61). 

DeeIcy and Cohen. hf. 2.4 1.1 . . . . . 3.1 . . . . 
1966. 

Ennland (6s). 
-. 



TABLE A35a.--Sunm.ur~ of results of retrospective shdics of smoking and ca?lcer of the bhddcr (cont.) 
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Introtluction 

Ci,nnrette smoking is a common ltahit among n-omen of chiltl-bearing 
age in the [-nited Stntcs. In 1970, ap1)roxitnntcl~ one-third of --\mer- 
icnn women of child-bearing age were cigarette smokers. The percent- 
age of r-.S. !I-ontett who s~uokctl tlirort~hortt pregttxncy is not definitely 
known, hut is presttrtt;~l~ly lo~rrr. pt-obabl~- in tl~e ttci~ltltorltood of 20 
to 25 percent. \Vith n large fetal popttlntiort at potcntinl. but prewnt- 
able, risk, the relationship betxectr ci,. vrctte smoking anti the out- 
come of prrpattcy 11:ts Iwen the focus of considrrablc and continuing 
research. 

l‘hc follr)\vittr is a t,evic%\v of n-014; previously rcportecl and recent 
stnctics xrItic.11 lw:~r ott t lw rrlat ionsltips bet n-cm cigarette smokittg and 
dilT0t cant otttcfltiws of I)rc,siinncy. In addition, the chapter includes a 
revicw of tltc rrl:ttiortlliil) bet\Yccn cigarette smoking and lactation. 

Smoking and Birth Weight 

In 19.57. Simpsott (an), using n retrosprctire study dcsip. tleter- 
tt~ittc~l tlt:rt nittong 7.499 women itt . y z=3ti Rcrtrxrdino CotititJ-. (‘alif.. the 
tlelivcrJ- of infants wet, .qrliinfl less tlran 2.500 grams was ncnrlv t \I-ire as r 
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frequent among cignrctte smol;crs as nmons nonsmol;cr;. Suhseqrlcntly, 
hue (&) studied fLtH’7 women in Birmingham, England, and dem- 
onstrated in his retrospective stud? that the infants of smoking 
mothers u-err. deli\-ered only slightly earlier (1.4 days on the a\-erage) 
than those of nonsmokers. He further noted that for gestations of 260 
days and over, the infants of smokers were consistently lighter in 
weight during each lx-eek of gestation than those of the nonsmokers. 
This finding has been confirmed since, and figure 1 from the British 
Perinatal Mortality Study (13) provides illustration of this 
relationship. 

Given the nearly constant disparity present bet!\-een the birth 
rreigllts of the infants of smokers and nonsmokers for gestations of 260 
days atid over, but absent prior to that time, and given t.he similar 
birth weights of infants of nonsmokers and of lvornen m-ho gave ur> 
smoking early in pregnancy and did not begin to smoke again, 1,oxv-e 
inferred tllnt the influence of smokin g upon birth weight might lie 
mainly in the later months of pre?Fnncy. He emphasized the tentative 
nature of this conclusion, since the number of infants with 3 gestation 
of less than 260 &J-S and the nunrber of WOIIWI~ who gave up smoking 
early in the pregnancy and did not begin to srno!~e again were both 
small. 

Figure I.--Mean birth weight for week of gestation according to maternal smok- 
ing habit: control week slftgletons.’ 
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‘This term refers to singleton births In England. Scotland. and Wales occurring duting the 
week of March 3-9. 1958. which are included in the Psrmatal Morfaltty Survey. There 
com~nsd 97 percent of all births not,fied in England and Wales or registered in~Scotland 
during ul,r wcJa*. 

SOURCE:  Butler. N. R.. Alberman, E  D. (131. 

418 



LoKe found that the infants whose mothers smoked throuChout 
pregnancy ~ci~hetl~ on the averxgr, 1iO ~I~:~IIIS Ir.s.3 than tlrojc n-hose 
mothers did not Smoke. In addition, 11~2 notrtl t!int the c1itir.c tli5trih- 
tion of weight5 of infant5 of 5rnoliers u.36 shifted to tlx left (t0w3rd 

lower n-eights) relatise to that for tile infants of ~~on~mokets. This 
finding, too, has been confirmed bv other investigators. Figure 2 olfcrs 
an illustration from IUacJIahon, et al. ($I). 

Given thnt the infants of snrokcrs and non.;nokeIs diRerrd only 
slightly rrith respect to the duration of gestation, Lowe concluded that 
the lower birth weight of smokers’ infants must be attributed to a 
direct retardation of fetal growth. In other words, on the basis of his 
data, the infants of smokers were small-for-dates rather than truly 
premature. 

Many investigators have subsequently confirmed this point (12, 1-5, 
%.~?5,65,78,85, 11.3). Buncher (I2), in a study of 49.63i births among 
U.S. naval wives, in the same population studied by Underwood, et al. 
(I&I), found that the infants of smokers were, on the average, de- 
livered only 1 day earlier than those of nonsmokers. This finding 
accounted for only 10 percent of the discrepancy in birth weight be- 
tween the t\ro groups of infants. The remainder of tire studies resulted 
in the detection of either similar variations in gestntionnl Icngth or 
no average difference. In a recent study, JIulcahy and Murphy (56), 

Figure 2.-Percentage distribution by birth weight of infants of mothers who did 
not smoke during pregnancy and of those who smoked 1 pack of 
cigarettes or more per day. 
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in - L sample of 5.099 Irish mothers, concluded that although the babies 
born to cigarette smokers were delivered slightI\- earlier tllnn those 
of nonsmokers, independent of age and parity, the direct ehcct of 
smoking in retarding fetal grolvth It-as more significant. 

The foilon-ing points, based upon the results from many different 
studies, can be made about the relationship betrreen cigarette smoking 
during pregnancy and lov+-er infant birth weight: 

1. Tfomen who smoke cigarettes during pregnancy hare a higher 
proportion of low-birth-weight infants than do nonsmokers. This 
excess of low-birth-rveight infants among cigarette smokers pre- 
dominantly consists of infants who are small-for-gestationnl nge 
rather than gestatioually premature. 

2. The entire distribution of birth x-eights of the infants of cign- 
rette smokers is shifted toward lower xveights compared to the 
birth reights of the infants of nonsmokers. 

3. The birth xv-eights of the infants of cigarette smokers are con- 
sistently lighter than those of the infants of nonsmokers when 
the birth rreights of the t-so sets of infants are compared n-ithin 
groups of similar gestational age beyond the 36th \veek of 
gestation. 

The results of the studies which have been considered so far identify 
a relationship betxeen cigarette smoking and lorrer infant birth 
weight and illustrate some aspects of that relationship, but do not 
indicate whether the association is causal or indirect. The succeeding 
two sections of this chapter contain evaluations of the available evi- 
dence which bears upon the nature of the association between cigar- 
ette smoking during pregnancy and the incidence of small-for-dates 
infants. 

EVIDENCE FOR A Carssa~ -\SSOCL~TION BE-ITZES CIGARETTE SXOKING 
ASD SMALL-FOR-DA= INFANTS 

Evidence previously reriexved in the 1971 and 1972 reports on the 
health consequences of smoking (201, 102). suggests that cigarette 
smoking is causallv associated with the delivery of small-for-dates 
infants. The follow& is a summary of this evidence: 

1. The results from all 30 studies in xvhich the relationship between 
smoking and birth xveight was examined have demonstrated a strong 
association between maternal cigarette smoking and delivery of IOK- 
birth-xveight infants. On the average. the smoker has nearly twice the 
risk of delivering a lox-birth-weight infant as that of a nonsmoker 
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Figure 3.-Percentage of pregnancies with infant weighing less than 2,500 
grams, by cigarette smoking category. 
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r\,lsll alld I\n~j (S), in 3. prospective :tl~ll~. of 1.040 pregn:1ncics in 
Boston, JIassachusetts; Domagala. ct al. ( 1.3). in a retrospectiw study 
of 1.~3~ ljregnancies in Poland; and Jlukhcrjw and Xukhrrjee (54)) 
in 3 retrospccti\x2 study of t$SSG 1,rcgnnilciv.i in India. each found a 
_+iFliticantlx higlier incidence of low-bil.tl~-\\-eight infants among 
ciprette snrokers. 

J3utlpr, ct al. (1.5) have further analyzed the I%ritish Perinntal Jlor- 
t:llir- stud1 d;\ta. A1nalj.sis of tile 16,994 qlw5t ionnnires revealed tlI:lL 
4O.S l)ercent of tllc wonlen were cigarette .-illoktrs before pregnancy. 
.\fter tile fourt11 n~ontlt, tllis pewclltage liac1 decreased to 27.4 lwr- 
cent. Given tlw large number of \vomrn in the study, and the siz- 
nificnlrt chnn~es ill snioking belrnrior wlti~~li occurred, I3utlcr, et al. 
found it l)os:-itIle to corlsidcr tlie vtrect of :I cl~~nge in smoking be- 
hnl-ior on birtll neight. I)ct\\-een tlie beginnilig of the prtgnanq and 
the fourth nlonth (after which srnokirtq bclinvior was repol.tellly 
stable). TIK nltthors stated, “If snlokin~ itself (rather than the 
type of wonmu who smokes) has a deleterious effect on the fetus, 
it would be reasonable to expect tile mot tiew who gave up smoking 
during pregnancy to shox differences in tllv birth weigllt and pcri- 
natal mortality of their offspring comparecl \\.itli tliose who continued 
to ~molw.” Their results are prcscntetl in fig1Lr.e 4. Tile birth \\-eights 
by ~nloliillg categories wt’re estinlxted by u.,iiq a mait effect. motlcl 
xvltho~it mediating variables. IIolrevvr, ttle alltliors rel)orted tllat \vilen 
tile mcdinting \-ariables (social class, ntatcl-ll;li age, parity, nlaternal 
height, scs of infant , gcstntional age, and lxrinxtal nlortnlitJ-) \rere 
allowed for. the results of tile anal?-sis n-ew \-cry similar. The egect 
of cigarette smoking before pregnancy \\‘a~ ill-i;l:iticant compared to 
that Of Smoking rtgu~arly after the fourtll nmnth of gestation. Tile 
authors concluded, “The finding that a cha~\ae in maternal smoking 

habits during pregnancy had the effect of plttting the baby intna- 
birth wight and perinntal mortality rategory associated \vith the ne\v 
smoking habits points toward some kind of cause-effect relationship. 
* * * This finding is further strengtiwned t,y tile birtll \veigIlt analysis 
lxl~ich S~OKS that the diminution in birtil \vcigIlt of tile otFspring of 
smoking rnotlwrs persists 2nd is inclced littlr ~hnnge~ II-lle~~ ;llIolynnce 
has been made for a number of other social and obstetric lnediating 
factors.” 
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Figure 4.dverage birth-weight by maternal smoking habit (a) before current 
pregnancy and (b) during current pregnancy. 

. 
/ Number of clgaretteS/da! 

in current pregnancy, 
after the fourth month 

3,400 - IJ o-- 

3,100 - 

I I 
0 1-I 

I 
5-9 

I I 
lo-19 2&30 Total 

Number of cigarettes/day before current pregnancy brths: 
21.671 

SOURCE Adapted from Butlar. l t ml. (15). 

EWDESCE FOR AN INDIRECT Assocurros BETWEEN CIGARETTE SXOEINO 
AND SMALL-FOR-DATES INFANTS 

Yerushalmy (113,114,115) has suggested that smoking is an index 
to a particular type of reproductive outcome and thus does not play a 
causa1 role in the production of small-for-dates infants. He has de- 
veloped several lines of support for this hypothesis, from an analysis 
of data from the prospective investigation of 13,083 mothers in the 
Oakland Child Health and Development Study. He has emphasized 
that ineffective randomization and the phenomenon of self-selection 
complicate the development of appropriate inferences with regard 
to causality. Such difficulties do not prevent the identification of 
causal associations, but they demand careful and critical analysis of 
the data. Yerushalmy has questioned the causal nnture of the relation- 
ship between cigarette smoking and small-for-dates infants because 
of: (a) The relationship between the smoking habit of the father’ 
and low birth n-eight of the infant, (b) behavioral differences between 
smokers and nonsmokers, and (c) comparison of the birth tveights 

424 



of a moman’~ infants born during tile periotls when slle snloked ciga- 
rettes and when she did not. 

‘t-erushnln Iy (II-$) llns stated thnt tile smoking hnhit of the fxther 
could not, reasonably be related to the birtll w3yht of tlw infxnt. From 
prelimin:lry data derived from tile stuclx, ho\rcwr, he dctcrnlined 
tllat there KX 311 increased incidence of lo~r-bitlll-\~cigllt inf:lrlts 
when the fnthers smoked rind, nlorcorer, there was xi npI>arent doie- 
response relationship as found for mater.n;tl smoking. Ilorwcr, he 
noted that on1y lrhen both the husband :III~[ the wiEc sr11olm1 WC the 
incidence of lo~~~--birtl~-~~eifil,t babies incrr;\sed. Ire felt thnt these 
findings supported the conclusion that snwking AXIS :I mxrkrr of 
t?-pes of individuals and not a cnusai f;lctor for low birth \I-ei,eht. 
Other investigators have since csamined this relationship ($9, I&I), 
but none llns confirnicti an inrle~~endcu~ nssocixtion for ptcrnxl 
smoking. Tlw association between paternal snloking and birth wipht 
:\ppwrs to be nn indirect enc. Paternal and maternal smokin,rr be- 
Il3\-inr :ire I~ifihly correl;\ted :~nd mnternat sinckity is stron,$y related 
to illi;lnt birth vieight. Undern-ood, et al. (100) studird J8.505 women, 
tllcil- Ilr~sbnntls’ Smoking bcllnrior, ant1 tllc wlntion wit11 birtll KriFllt 

(table 1). If the JIlOtllC’l’ \<-as n lionslriolir~~, then the father’s smoking 
hat1 no influcrirc 011 the Girth weight of tllc infnnt. 

T.IBLE l.--llLfant birth weight by ?Jlo/el‘JLd and paiernal smoking habits 

425 


