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Introduction

Previous epidemiological and experimental studies of the relation-ship betweencigarette smokingandpeptic ulcer disease were reviewed
in the 1971 and 1972 reports on the health consequences of smoking
(17, 78) and formthebasis of the following summary:

Theresults of epidemiological studies indicate that cigarette smok-ing males have an increased prevalence of peptic ulcer disease and agreater mortality from peptic ulceras compared to nonsmoking males.Among males, the association between cigarette smoking and pepticulcer disease is stronger for gastric than for duodenal ulcer, but sig-nificant for both. For males, cigarette smoking appears to reduce theeffectiveness of standard peptic ulcer treatment and to slowthe rate ofpeptic ulcer healing. The relationship between cigarette smoking andthe prevalence of and mortality from peptic ulcer disease is less clearfor females than for males.
Experimental studies of the effect of cigarette smoking in man, andof the effect of injection andinfusionof nicotine in animals, on gastricsecretion and motility have produced conflicting results. In dogs, aninfusion of nicotine has been foundto inhibit. pancreatic and hepaticbicarbonate secretion, thus demonstrating a possible link betweencigarette smoking and duodenalulcer.
Recently, additional epidemiological, clinical, autopsy, and experi-mental studies have confirmedthe association between cigarette smok-

ing and gastric ulcer mortality and have clarified a mechanism throughwhich cigarette smoking might be linked to duodenalulcer.

Epidemiological and Clinical Studies

Previous studies of the relationship between peptic ulcer disease and“ivarette smoking have been conductedin predominantly white, West-*'n populations. A large prospective epidemiological studyis currentlybeing conducted in Japan. Fromthis study, Hirayama(6) reportedYear followup data on 265,118 men and women, aged 40 years andolder, representing 91 to 99 percentof the total population in the areaof the 29 healthdistricts in whichthe study was conducted. Both male
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and female cigarette smokers experienced higher death rates from
gastrie leer as compared with nonsmokers. The mortality ratio for
cigarette smokers was 181 for males (P<0.001) and 2.15 for females
(P<0.05). The mortality ratio for smokers (males and females con.
bined) was dose-dependent as measuredby age atinitiation of smoking
(tig. 1). The results of this study, in the context of the genetic and cu).
tural differences between Japanese and Western populations, provide
a significant confirmation of the association between cigarette smoking
and eastrie ulcer mortality.

Figure 1.—Gastric ulcer mortality ratios of Japanese (men and women combined)by age at initiation of cigarette smoking (1966-1970).
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Alp, et al. (7) conducted a retrospective survey of 638 patients,admitted to two Australian teaching hospitals between 1954 and 1963,with chronic gastric ulcer confirmed by roentgenographie, endoscopic,or surgical examination. The findings in the patients were comparedwith information available about the South Australian populationobtained at census in 1954 and 1961, and with a control group of 233subjects matched for age and sex with the ulcer patients. Cigaretteuse, a family history of peptic ulcer, domestic stress, and aspirin andalcohol intake occurred significantly more frequently among ulcerpatients. Alp, et al. (2) foundthat after surgical treatment, recurrenceof the ulcer was significantly more likely to recur among those patientswho continuedto smoke, drink, and use aspirin (P<0.001).
Fingerland,et al. (5) compared the autopsy findings from 765 maleswith their smoking history. The autopsies were performed withoutselection during 1965 and 1966 at the University of Hradec Kralové,Czechoslovakia. Peptic ulcer was significantly more frequent amongmale ex-smokers and male lifelong smokers than among male non-smokers (P<0.02). Among males, a dose-response relationship wasfound betweenestimatedtotal cigarette consumption and the presenceof peptic ulcer at autopsy.
Cooper and Tolins (4) reported results from a retrospective studyof the relationship between cigarette smoking and postoperative com-plications among 2,988 males, admitted to 19 Veterans Administrationhospitals, for the surgical treatment of duodenal ulcer. Smoking his-tory was obtained for 1,441 of the men, and of these 273 were non-smokers, 1,018 smoked cigarettes only, and 93 smoked cigarettes plusa pipe and/orcigars. The authors found no evidence of an associationbetween either the numberof cigarettes smokedper day, or the numberof years of cigarette smoking, and postoperative complications, opera-tive mortality, or length of hospital stay. They emphasized that theirresults must be viewed with considerable caution andlisted severalpotential sources of bias. In addition, they noted, “* * * that theseresults apply only to the immediate postoperative findings and do notapply to the long-range effects of smoking upon the patient afterSurgery for duodenal ulcer disease.”

Experimental Studies

Gastric Secretion

Strupres 1s Humans

Morales, et al. (10, 11) studied the effect of cigarette smoking on£astric secretion in a group of 312 patients. The patients included 138
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with duodenal ulcer, 93 with gastric ulcer, and 81 with other gastro.intestinal disorders, who served as controls. Cigarette smoking wassignificantly more frequent among the patients with peptic ulcer thanamong the controls.
The chroniceffect of smoking on gastric secretion was quite variable,Male smokers among the controls and in the group with duodena]ulcers had a significantly increased baseline acid output as comparedwith nonsmokers in the same groups (P<0.05). After a subcutaneousinjection of histamine, only the group of male smokers with gastriculcers had a significant increase in acid outputover the values obtainedfor nonsmokers in the same group (P<0.05). Among the smokers inthe control group, the relationship between gastric acid output and thenumberof cigarettes smoked daily was dose dependent. No such rela-tionship was obtained for either of the two groups with peptic ulcers,In these experiments, the acute effect of smoking on gastric secre-tion wasslight. In one set of experiments, a group of eight smokersserved as its own control. The smoking of two cigarettes prior tocollection of gastric juice had no significant effect on acid output ascompared to baseline values. After smoking two cigarettes and alsoreceiving a subcutaneous injection of histamine, the patients experi-enced no significant change in gastric acid output as compared tobaseline values; 21 male patients, including members from the groupswith ulcers and controls, smoked one cigarette 1 hour after an intra-venous infusion of histamine. A transient depression of gastric acidoutput was noted as compared with the yalues obtained from ninepatients who did not smoke.

Stepies iw ANTrALs

Konturek. et al. (8) studied the effect of intravenous infusion ofnicotine on the formation of acute, experimental duodenal ulcers incats. The authors infused nicotine intravenously in doses comparableto the smoking of four, eight. and 16 cigarettes per hourintocats inwhom near maximal gastric acid output had been stimulated withintravenous pentagastrin. The investigators found that nicotine in the
two lower doses hadno effect upon the gastric acid output stimulatedby pentagastrin, but that the highest dose produced a significant de-crease in response, due to a fall in both volume and acid concentration.
Nicotine alone failed to alter a negligible basal gastric secretion. In
control animals (pentagastrin alone), duodenal ulcers were found in
eight of 10 animals. Nicotine at the two lower doses, in combinationwith pentagastrin, produced ulcers in all 26 animals, At the inter-
mediate dose of nicotine, the mean ulcer area was twice that found in
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the control group. At the highest dose of nicotine. peptic ulcers ap-peared in only two of six animals and the area of ulcer was reducedcompared to controls.
Shaikh, et al. (74) studied the acute and chronic effects of sub-cutaneously injected nicotine on gastric secretion in rats. Under basalconditions, the volume of gastric secretion was initially depressed,then stimulated, and depressed again as the dose of nicotine wasincreased. Acid output was decreased over the entire range of nicotinedosage. Pepsin output reflected a similar triphasic response to in-creasing nicotine doses as did gastric secretory volume. In the absenceof nicotine, pentagastrin stimulated gastric volume, acid, and pepsinoutput. The injection of micotine. in increasing doses, administeredsimultaneously with pentagastrin. resulted in a gradual decrease inresponse for all parameters. Volume of gastric juice, acid output, andpepsin output were all increased significantly by chronic exposure tonicotine alone. Based on an average smoking dose of nicotine, the doseof nicotine employed in the chronic experiments corresponded to thesmoking of three to five cigarettes perday.
Thompson, et al. (76) extended the study of rats described aboveby studying the effects of chronic nicotine injections in vagotomizedrats and rats with discrete lesions in the hypothalanius, In sham-operated animals, chronic nicotine injections significantly increasedbaseline volunie of gastric juice, acid output, and pepsin output. Fol-lowing vagotomy, the nicotine response was completely suppressed.Caudal hypothalamic lesions did not influence the response to nicotinein the presence of intact vagus nerves. Anterior hypothalamic lesions,Tanging from the anterior hypothalamic area to the ventromedialhypothalamus, blocked the nicotine-induced gastric secretory stimula-tion in the presenceof intact vagi. The authors concluded that chronicnicotine-inducedgastric secretory stimulation is mediated via anteriorhypothalamic activation and intact vagus nerves. The importance oflocal effects remained uncertain.

Panereatic Secretion

Stupres in Humans

Bynum,et al. (3) studied the effect of cigarette smoking upon pan-creatic secretion in 23 healthy young males and females, Five controlmale nonsmokers were compared with seven male and two female lightSmokers (less than one pack of cigarettes per dayfor less than 3 years)and eight male and one female heavy smokers (more than one pack of
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cigarettes per day for more than 3 years). Pancreatic secretion Was
measured bythe double secretin test, using Boots secretin. The exper.ment was divided into two parts for the smokers: A basal collectionperiod andan experimental period during which the subjects smokedseven nonfiltered cigarettes at the rate of four per hour. Light smokers
had basal values for pancreatic secretory volume and bicarbonate oyt.putin responseto secretin which were not significantly different fromcontrols, After the subjects had smoked, significant depression of bothpancreatic volume and_ bicarbonate output was noted (P<.001),Heavy smokers had basal values that were significantly less than in the
control subjects (P<0.01). Smoking, however, did not further depressthe responseto secretin (figs. 2 and 3).
Solomon and Jacobsen (15) reviewed some possible mechanismswhereby the increased prevalence and mortality from duodenalulcer

among cigarette smokers might be produced. They concluded that
evidence fromstudies in animals, coupled with the findings of Bynum,et al. (3), supported the hypothesis that the mechanism active inhumans involves impaired neutralization of acid secondary to theinhibition of pancreatic bicarbonate secretion.

Figure 2.—Effect of cigarette smoking on volume of secretin-stimulated Pancre-atic secretion in humans.
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Figure 3.—Effect of cigarette smoking on secretin-stimulated pancreatic bicar-
bonate output in humans.
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STuDIEs In ANIMALS

Konturek, et al. (7) extended his research on the mechanism of
nicotine-induced inhibition of pancreatic secretion in the dog, using
the design previously employed (9). Infused secretin alone led to a
sustained increase in pancreatic bicarbonate output. Intravenousnico-
tine, at all four doses of infused secretin, produced a significant in-
hibition of pancreatic volume and bicarbonate output (P<0.05).
Infused nicotine appeared to inhibit competitively the effect of secre-
tin on pancreaticsecretion offluid and bicarbonate. Topical (intraduo-
denal) nicotine failed to affect significantly the response to infused
secretin, Stimulation of endogenoussecretin by an acid infusion into
the duodenum produced the expected pancreatic secretory response.
Nicotine either applied to the duodenal mucosa or injected intra-
venously significantly inhibited the pancreatic secretory response to
endogenoussecretin. Nicotine had no significanteffect on total pancrea-
tie protein output. Nicotine did not alter the cholecystokinin-induced
stimulation of pancreatic secretion. The authors concluded that nico-
tine may inhibit pancreatic secretion of fluid and bicarbonate both
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by a direct effect on pancreatic secretory mechanisms,acting as a com-petitive inhibitorof secretin, and by a secondaryeffect on the duodena]
mucosa. depressing the endogenousrelease of secretin by acid.

Robert (/2) studied the potentiation of active duodenal ulcers by
nicotine administration in the rat. Subcutaneous infusion of pentagas.
trin and carbachol resulted in the dose-dependent formation of duo.
denal ulcers within 24 hours. Nicotine alone produced no ulcers,
Increasing doses of subcutaneously infused nicotine, in combination
with the other two agents, resulted ina steadily increasing dose-related
incidence and severity of the duodenal ulcers. Robert noted thatKonturek, et al. (9) found that nicotine inhibited pancreatic andbiliary bicarbonate secretion in dogs, and that Thompson,etal. (16)
found that acute doses of nicotine in rats either depressed or did not
alter gastric secretion, He concluded that the most probable mechanism
by which nicotine potentiated acute duodenalulcer formation in therat was via a suppression of pancreatic secretion.

Robert, et al. (13) further tested this hypothesis by infusing acid
via the esophagus of rats in doses found to cause duodenal ulcers inone-third of the experimental animals. One groupofrats also received
a subcutaneous infusion of nicotine. Another received nicotine, but
only water was infused via the esophagus; 31 percent of the animals
receiving acid but no nicotine had duodenal ulcers; 93 percent of the
nicotine-acid group had duodenal ulcers, while none of the nicotine.
water group had ulcers. The ulcers in the nicotine-acid group were
more numerous, extensive, and deeper than those in the animals which
received actd alone.

Summaryof Recent Peptic Uleer Disease Findings

Tn additionto the findings relating cigarette smoking to peptic ulcerdisease, summarized in previous reports on the health consequences of
smoking (7, 28) and cited in the introduction to this chapter, recent
stiulies have contributed further to our understanding of the
USssochit or:

L. The finding of a significant dose-related excess mortality from
gastric ulcers among both male and female Japanese cigarette
smokers, in a large prospective study, and in the context of the
genetic and cultural differences between the Japanese and pre-
viously investigated Western populations, confirms and extends
the association between cigarette smoking and gastric ulcer
inortality.
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. Data from experiments in several different animal species sug-
gest that nicotine potentiates acute duodgnal ulcer formation by
means of inhibition of pancreatic bicarbonate output.

. Cigarette smoking has been demonstrated to inhibit pancreatic
bicarbonate secretion in healthy young men and women.
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Introduction

This chapter is a review of the epidemiological, pathological, andexperimental data on the health consequences of smoking cigars andpipes, alone, together, and in various combinations with cigarettes.Previous reviews on the health consequences of smoking have dealtprimarily with cigarette smoking. Although some of the material onpipes and cigars presentedin this chapter has been presented in previ-ous reports of the Surgeon General, this is the first attempt to summa-nize what is known aboutthe health effects of pipe and cigar smoking.Since the use of pipes and cigars is limited almost exclusively to meninthe United States, only data on menare included in this review,The influence of pipe and cigar smoking on health is determinedby examining the overall and specific mortality and morbidity ex-Perienced byusers of these forms of tobacco compared to nonsmokers.Epidemilogical evidence Suggests that individuals who limit theirsmoking to only pipes or cigars have overal] mortality rates that areslightly higher than nonsmokers. Forcertain specific causes of death,however, Pipe and cigar smokers experience mortality rates that are*S great as or exceed those experienced by cigarette smokers, Thisanalysis becomes more complex when combinations of smoking formsire examined, The overall mortality rates of those who smoke pipes,‘gars, or both in combination with cigarettes appear to be inter-mediate between the high mortality rates of cigarette smokers andthe lower rates of those who smoke only pipesor cigars. This mightSeem to suggest that smoking pipes or cigars in combination with ciga-rettes diminishes the harmful effects of cigarette smoking. However,‘nanalysis of mortality associated with smoking combinationsof ciga-rettes, pipes, and cigars should be standardized for the level of con-sumption of each of the products smoked in terms of the amount‘moked, duration of smoking, and the depth and degreeof inhalation.or example, cigar smokers who also smoke a pack of cigarettes a daymightbe expected to have mortality rates somewhat higher than thosetho smoke only cigarettes at the level of a pack a day, assuming thatth groups smoke their cigarettes in the same way. Mixed smokersho inhale pipe or cigar smoke in a mannersimilar to the waythey‘noke cigarettes might be expected to have higher mortality rates‘han mixed smokers who do not inhale their cigars and pipes and also
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resist inhaling their cigarettes, Unfortunately,little of the publisheq
material on mixed cigarette, pipe, and cigar smoking contains these
types of analyses or controls.
A paradox seems to exist between the mortality rates of ex-smokers

of pipes and cigars and ex-smokers of cigarettes, Ex-cigarette smokers
experience a relative decline in overall and certain specific causes of
mortality following cessation. This declineis important but indirect
evidence that cigarette smokingis a major cause of the elevated mor.
tality rates experienced by current cigarette smokers. In contrast to
this finding, several prospective epidemiological investigations,
Hammond and Horn (40), Best (9), Kahn (40), and Hammond (38),
have reported higher death rates for ex-pipe and ex-cigar smokers
than for current pipe and cigar smokers. This phenomenon was ana-
lyzed by Hammond and Garfinkel (39). The developmentofill health
often results in a cigarette smoker giving up the habit, reducinghis
daily tobacco consumption, switching to pipes or cigars, or choosing
a cigarette low in tar and nicotine. In many instances, a smoking.
related diseaseis the cause ofill health, Thus, the group of ex-smokers
includes some people who.are ill from smoking-related diseases, and
death rates are high among personsinill health.
As a result, ex-cigarette smokers initially have higher overall and

specific mortality rates than continuing cigarette smokers, but be-
cause of the relative decrease in mortality that occurs in those who
quit smoking for reasons other than ill health, and because of the
dwindling number ofill ex-smokers, a relative decrease in mortality
is observed (within a few years) following cessation of cigarette
smoking. The beneficial effects of cessation would be obvious sooner
were it not for the high mortality rates of those who quit smoking
for reasonsofillness. A similar principle operates for ex-pipe andex-
cigar smokers, but because of the lowerinitial risk of smoking these
formsand therefore the smaller margin of benefit following cessation,
the effect produced by theill ex-smokers creates a larger and more
persistent impact on the mortality rates than is seen in cigarette
smoking.
For the above reasons abias is introduced into the mortality rates

of current smokers and ex-smokers of pipes andcigars, so that a more
accurate picture of mortality might be obtained by combining the
ex-smokers with the current smokers and looking at the resultant
mortality experience.
Because of a lack of data that would allow a precise analysis of

mortality among ex-pipe and ex-cigar smokers, a detailed analysis
of these groupscould not be undertakenin this review.
For each specific cause of death, tables have been prepared which

summarize the mortality and relative risk ratios reported in the major
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prospective and retrospective studies which contained information
about pipe and cigar smokers. The smoking categories used include:
cigar only, pipe only, total pipe and cigar, cigarette only, and mixed.
The total pipe and cigar category includes: those who smoke pipes
only, cigars only, and pipes and cigars. The mixed category includes:
those who smoke cigarettes and cigars; cigarettes and pipes; and
cigarettes, pipes, and cigars. Mortality and relative risk ratios were
calculated relative to nonsmokers,

The Prevalence of Pipe, Cigar, and Cigarette Usage

The prevalence of pipe, cigar, and cigarette smoking in the United
States was estimated by the National Clearinghouse for Smoking and
Health from population surveys conducted in 1964, 1966, and 1970 (98,
99, 100). In each survey, about 2,500 interviews were conducted ona
national probability sample stratified by type of population and
geographic area. The use of these products among adults aged 21 and
older is summarized in tables 1 and 2. The prevalence of pipe, cigar,
and cigarette smoking in Great Britain for the years 1965, 1968, and
1971 is presented in table 3.

Taste 1.—Percent distribution of U.S. male smokers aged 21 and older
by type of tobacco used for the years 1964, 1966, and 1970
 

 

 

 

 

 

 

Forms used 1964 1966 1970
(percent) (percent) (percent)

1. Cigar only...2-22-28 6.8 5.5 5. 62, Pipe only____.-_.______.. 1.7 3.0 3.6
3. Pipe and cigar__..._...-__...... 3.9 4.9 4.44. Cigarette only.....-.__-______.___...___. 28. 6 31.2 25. 9
5. Cigarette and cigar_...____....._._______ 11.3 9.9 6. 66. Cigarette and pipe.._...._._.__.....___. 5.3 4.9 5.37. Cigarette, pipe, and cigar_____--_-2_2 7.7 6. 3 4.68 Nonsmoker_....._._.._._.__........_._. 34. 7 34. 3 44.0

Total__.22 100. 0 100. 0 100. 0

Number of persons in sample_____._________ 2, 389 2, 679 2, 861

Total pipe users (2+3+6+7)............._- 18.7 19.2 17.9Total cigar users (1+34+5+7)_........_.._ 29. 9 26.7 21.2Total cigarette users (4454647)... 52.9 52.4 42. 3
 

Source: U.S. Department of Health, Education, and Welfare (98, 99, 100).
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TABLE 2.—Percent distribution of U.S. male s
co used and age for 1970

 

Formsused Age groups
  

21 to 34 35 to 44 45 to 54

mokers by type of tobae.

55 to 64 65 to 75
 

 

 
 
 

 

 

 

1, Cigar only___._.._2 888. 3.7 6.5 4,7 6.7 932. Pipe only____-----2 4.3 3.5 3.0 3. 2 3.63. Pipe and cigar_._.._._.___. 3.8 3.3 5. 2 4. 4 6.94. Cigarette only__.__. 28. 8 29. 0 27. 1 24, 3 13.65. Cigarette and cigar__________ 6. 8 10. 4 5. 5 5. 2 496. Cigarette and pipe..________ 6.6 4.4 5.6 4.0 3 §7. Cigarette, pipe, and cigar. ___ 5. 8 4.8 5.0 4.0 Ls& Nonsmoker_.__-._-.--- 40, 2 38. 1 43.9 48. 2 37,9
eeTotal.2-22 100.0 100.0 100.0 100.0 100. 9
ns

Numberof persons in sample___ 1, 009 528 523 405 388

Total pipe users...._--_________ 20. 5 16. 0 18. 8 15. 6 15.7Total cigar users_.____________ 20. 1 25. 0 20. 4 20. 3 21.6
Total cigarette users__________ 48.1 48. 6 43. 3 37.5 23. 6

 

Souree: U.S. Departmentof Health, Education, and Welfare (100).

TaBLe 3.—-Percent distribution of British male smokers aged 25 ani)
older by type of tobacco used for the years 1965, 1968, and 1971
 

 

 

 

  

Forms used 1965 1968 1971

1. Cigars only._...2222-8 1.9 2.8 3.3
2. Pipe only_.-__-.28 5. 1 5. 6 5.9
3. Cigarettes only._--_22288 46. 8 45. 7 40.8
4. Cigarettes and pipe._.....---.. 8.0 7.0 6.1
5. Mixed smokers... 7.5 9. 1 &4
6. Nonsmokers.-_.-_..--_.68. 30. 7 29.9 35. 4

a
Total.22. 100. 0 100. 0 100. 0

Numberof persons in sample.___.__..______ 3, 576 3, 566 3, 594

Total pipe users... 13.9 14.3 13.3
Total cigar-_____=8ee 9. 0 11.7 11.3
Total cigarette._.-.---- 67.6 67.6 61. 6

 

Source: Todd, G. F. (94).

174



The Definition and Processing of Cigars, Cigarettes, and
Pipe Tobaccos

Cigareties

The U.S. Governmenthas defined tobacco products for tax pur-poses. Cigarettes are defined as “( 1) Any roll of tobacco wrapped inpaper or in any substance not containing tobacco, and (2) anyroll oftobacco wrapped in any substance containing tobacco which, becauseof its appearance, the type of tobacco used inthefiller,orits packagingind labeling, is likely to be offered to, or purchased by, consumers asa cigarette described in subparagraph (1).” Cigarettes are furtherclassified by size, but virtuallyall cigarettes sold in the United Statesare “small cigarettes” which by definition weigh “not more than 3pounds per thousand” which is not more than 1.361 grams percigarette (96).
American brandsof cigarettes contain blends of different grades ofVirginia, Burley, Maryland, and oriental tobaccos. Several varietiesof cigarette tobaccos are flue-cured. In this process, tobacco leaves are‘ured in closed barns where the temperature is progressively raisedover a period of several days. This results in “color setting,”fixing,ind drying of the leaf. The most conspicuous changeis the conversionof starch into simpler sugars and suppression of oxidative reactions.Flue-cured tobaccos produce an acidic smoke of light aroma(35, 112).

Cigars

Cigars have been defined for tax purposes as: “Anyroll of tobacco‘rapped in leaf tobacco or in any substance containing tobacco (otherthan any roll of tobacco which is a cigarette within the meaning of‘ubparagraph (2) of the definition for cigarette)” (772). In order toclarify the meaning of “substance containing tobacco” the Treasurylepartment has stated that, “The wrapper must (1) contain a signifi-“ant proportion of natural tobacco; (2) be within the range of colorsNormally found in natural leaf tobacco; (3) have some of the othertharacteristics of the tobaccos from which produced; e.g., nicotine“ontent, pH, taste. and aroma: and (4) not be so changed in theconstitution process that it loses all the tobacco characteristics”
2). Further, “To be a cigar, the filler must be substantially of‘obaccos unlike those in ordinary cigarettes and must not have anyadded flavoring which would cause the product to have the taste or‘toma generally attributed to cigarettes. The fact that a product does
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