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Initiation and Use of Smokeless Tobacco in Relation to Smokingl 

Arthur V. Peterson,2, 3 Patrick M. Marek,2 and Sue L. Mann2, 4 

ABSTRACT-Questionnaire data obtained from 1,631 tenth 
grade students in 14 school districts in the State of Washington 
are used in this investigation of the relationship between the onset 
processes for smokeless tobacco use and smoking. Emphasized is 
the use of time-to-event data on the ages of occurrence of six 
events in these onset processes. Concepts and methods for the 
statistical analysis of time-to-event data are demonstrated. The 
occurrence of events in the smoking onset process are strongly 
related to increases in· the subsequent onset rate for smokeless 
tobacco use. Compared with before initial smoking has occurred, 
the onset rates for weekly smokeless tobacco use after initial 
smoking has occurred are 2.03 (P<.OOI) and 6.72 (P<.OOI) 
times as large for males and females, respectively. Furthermore, 
both initial and weekly use of cigarettes contributes to the risk 
of subsequent weekly smokeless tobacco use. Conversely, the 
steps in the onset process of smokeless tobacco use are strongly 
related to increases in the subsequent smoking onset rate. Possible 
implications for intervention in prevention of smokeless tobacco 
use and for further research are discussed.-NCI Monogr 8:63­
69,1989. 

The use of SLT among adolescents, especially snuff 
among adolescent males, has skyrocketed in recent years 
(1). This development has ominous health implications, 
because SLT contains known carcinogens and because a 
growing body of epidemiologic evidence indicates that its 
use carries the risk of various adverse health effects includ­
ing oral cancer (2). Scientists are expending considerable 
effort to establish the circumstances and factors related to 
SLT use and its onset process among youth and to incor­
porate these findings in the designs of effective prevention 
programs. 

Determining the relationship between smoking and the 
use of SLT is important for their investigation of 1) smok­
ing as a possible risk factor for the onset of SLT use and 
2) the extent to which such use is associated with subse-

ABBREVIAnON: SLT = smokeless tobacco. 

I Supported in part by Public Health Service grants CA-38269 and 
CA-34847 from the National Cancer Institute, and GM-24472 from the 
National Institute of General Medical Sciences, National Institutes of 
Health, Department of Health and Human Services. 

2 Division of Public Health Sciences, Fred Hutchinson Cancer Research 
Center, 1124 Columbia St., Seattle, Washington 98104. Address reprint re­
quests to Arthur V. Peterson, Ph.D., Cancer Prevention Research Program 
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3 Department of Biostatistics, University of Washington, Seattle. 
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study, Bobbie Nielsen for preparation of the manuscript, our colleagues 
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the Hutchinson Smoking Prevention Project. 

quent smoking. That both cigarettes and SLT are tobacco 
products and contain absorbable nicotine indicates strongly 
that an associated nicotine dependence may result in indi­
viduals taking up one when quitting the other to maintain 
a habituated nicotine level. 

It is clear that the concurrent use of cigarettes and SLT 
are associated (3-6). The purpose of our investigation is 
to use data on the ages at which young people begin to 
smoke and use SLT to examine the relationship between the 
smoking and SLT onset processes. Some basic concepts and 
methods for the statistical analysis of time-to-event data are 
demonstrated. 

The concept of a smoking onset process, i.e., a series of 
events that describe an increasing level and/or frequency 
of cigarette use, has been advanced by Flay et al. (7), Lev­
enthal and Cleary (8), Hirschman and co-workers (9), and 
others. Our description of such a process consists of 1) spec­
ifying meaningful events of tobacco use and 2) determin­
ing transition rates between the events with data on the 
times (ages) at which the events occur. The investigations 
reported here are restricted to such events; other important 
aspects of the smoking onset process, such as social influ­
ences, the environment, and motivation, will be added in 
subsequent investigations. We used data on the ages of oc­
currence of six tobacco use events: initial, tenth, and first 
weekly use of SLT, and initial, tenth, and first weekly use 
of cigarettes. 

METHODS 

Survey procedures.-Tobacco use, including cigarette 
smoking and SLT, was assessed through a questionnaire ad­
ministered in the classroom to entire grades of tenth-grade 
students in 14 rural and suburban school districts in the 
State of Washington in January 1986. Through an infor­
mational letter to parents and by in-class procedures, par­
ents and students were fully informed in advance and were 
given an opportunity to ask questions and to declineto par­
ticipate. 

The tobacco survey was part of a baseline assessment of 
tobacco use among students in school districts participat­
ing with the Fred Hutchinson Cancer Research Center in 
the Hutchinson Smoking Prevention Project, a long-term, 
randomized controlled trial in school-based smoking pre­
vention. 

Of the total enrollment of 2,214 tenth graders, 1,918 
(87%) took part in the survey. Twelve percent were absent 
from class; 0.2% (parents) and 0.8% (students) declined 
participation. Data for all questionnaire items pertinent in 
this investigation are available on 1,631 students. All results 
reported below are based on analyses of data from 1,631 
students (840 males, 791 females). 

63 
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Measures	 we	 used	 to	 enhance	 the	 accuracy	 of	 the	 re­ function	 g(z{3) of	the	 covariates,	 often	 taken	 to	 be	
I	

!	
sponses	 to	 the	questionnaire	 items	 included	 1)	 administra­ the	exponential	 function	g(z{3) =	 exp(z{3):	

!	 tion	 of	the	questionnaire	on	 an	 unannounced	 date;	 2)	pro­
A(t:z) =	 Ao(t) .	exp(z{3),

cedures	 to	 maintain	 confidentiality	 and	 assurances	 about�	
these	 to	 the	 parents	and	 students;	 3)	classroom	 procedures	 where	 AoW > 0	 is	 a	 completely	 unspecified	 base­�
designed	 to	 maintain	 and	 demonstrate	 confidentiality,	 in­ line	onset	rate,	Z	=	(zl,	...	,zp) is	a	regression	vector�	
cluding	 the	 use	 of	 study	 identification	 numbers	 and	 the	 consisting	of	the	p explanatory	variables,	 and	 {3'	 =�	
handling	 of	questionnaires	 by	 project	data	 collectors	 only;	 ({31>	 ...	,{3p) is	 a	vector	of	regression	coefficients	 to�	
4)	 explanation	 and	 collection	 of	 saliva	 samples	 from	 all	 be	estimated	from	 the	data.�	
participating	students	concurrent	with	administration	of	the�	 The	 Cox	 regression	 model	 offers	 a	 number	of	desirable	
questionnaire;	and	5)	explanation	of	the	data	collection	ob­ features	 and	 improvements	 over	more	 traditional	 methods	
jectives	and	 the	 important	role	of	the	students	 in	 achieving	 that	make	 it	 particularly	 helpful	 in	 investigations	 of	onset"If	
them.	 processes,	 such	as	 those	 of	smoking	and	SLT	 use:	

The	 questionnaire	 included	 items	 that	 assessed	 various	,I	 aspects	of	current,	past,	and	future	intended	use	of	cigarettes	 1)	 The	age-specific	onset	rate	 A(t), a	meaningful	mea­
sure	 of	 smoking	 onset	 as	 a	 function	 of	 age,	 isand	SLT	products.	The	wording	for	questions	and	multiple­
modeled	directly.	choice	responses	 for	 cigarettes	was	 similar	to	 that	for	SLT,	

2)�	No	 assumption	 is	 made	about	the	 shape	or	magni­

,1	 so	 that	 differences	 in	patterns	 for	 smoking	 and	 SLT	 use	
tude	of	the	onset	rate	as	a	function	of	age.	 It	is	datacould	be	ascertained	without	confounding	from	differences	
determined.in	 the	nature	or	wording	of	the	 items.	

3)�	The	quantities	 exp({3,),	 ....	,	for	 which	 estimates	I	 Analysis.-For binary	 data	 items	 (e.g.,	 whether	 a	 cer­
·1�	 are	 readily	 obtained	 by	 the	 usual	 partial	 likeli­tain	 level	 of	past	or	current	use	 of	tobacco	 was	 achieved),	4�	 hood	 analysis,	have	 the	useful	 interpretation	of	rel­simple	 proportions	 (prevalences)	 are	 reported.	 Data	 onI	 time-to-smoking	 and	 time-to-SLT-use	 are	 analyzed	 by�	 ative onset rates,	 e.g.,	 the	 estimated	 smoking	 onset	

rate	 for	 prior	 SLT	 users	 relative	 to	 that	 for	 prior	I	 standard	 time-to-event	 statistical	 methods	 (survival	 analy­'I�	 nonusers.sis	 methods)	 that	 accommodate	 data	 on	 individuals	 for	
4)�	As	 in	 other	 regression	 models,	 the	 effect	 of	otherwhich	the	event	(smoking,	SLT	use)	has	not	occurred	(cen­

variables	 can	 be	 conveniently	 controlled	 by	 their	soring).	 Two	 time-to-event	 statistical	methods	are	used:	
inclusion	as	covariates	in	 the	 regression	model.	

5)	 Unlike	binary	data	methods,	the	model	and	analysis	
1)�	Kaplan-Meier	survival	curves	provide	a	descriptive	 can	accommodate	censored	data.	

display	 of	 time-to-event	 data	 (e.g.,	 age	 at	 initial	 6)	 The	 model	 can	 be	 generalized	 in	 numerous	 ways	
smoking)	 obtained	 on	 a	 set	 of	 individuals.	 When	 for	 adaptation	 to	 a	wide	 range	of	applications.	
data	on	 time-to-event	are	 completely	 available	 for	 Used	 in	 this	 paper	 is	 a	 generalization	 that	 allows	 an	
all	 participants,	 then	 this	 curve	 (at	 any	 age	 t) is	 explanatory	variable	 to	depend	on	 follow-up	 time	 t. In	our	
simply	 the	 fraction	 of	 individuals	 whose	 observed	 application	below,	we	let	z,	 =	 ZI(t) depend	on	the	follow-up	
times-to-event	 are	 greater	 than	 t (e.g.,	 a	 fraction	 time	 (age)	and	define	it	 to	 be	the	indicator	function	 for	 the	
of	individuals	who	 have	not	smoked	 at	 age	 t). TheI�	 occurrence	of	a	specified	prior	event	(e.g.,	the	occurrence	of	
Kaplan-Meier	curve	can	also	accommodate	the	sit­.~�	 initial	smoking),	taking	 the	value	0	before	the	event	occurs	
uation	 characteristic	 of	 time-to-event	 data,	 when,	 and	 1	afterward.	The	quantity	 exp({3,)	 is	 interpreted	as	 the	

,I	 for	 some	 individuals,	 the	 age	 at	 initial	 smoking	 is	 relative	 onset	 rate	 (e.g.,	 of	weekly	 SLT	 use	 after	 the	prior	
not	known,	but	only	 that	no	 smoking	has	occurred	 event	 of	 initial	 smoking	 compared	 with	 before).	 See	 the	

I�	 by	a	certain	age	(e.g.,	 the	age	at	which	data	collec­� references	 above	 for	 a	complete	description	 of	this	 model,	
tion	 occurs).	 Mathews	 and	 Farewell	 (10), Lawless	 its	generalizations	and	assumptions,	and	method	of	analysis.J (11),	Miller	(12),	and	Kalbfleisch	and	Prentice	(13)�	
provide	 further	 descriptions	 of	 the	 Kaplan-Meier�	I	 survival	 curve,	 including	 formulas	 for	 its	 compu­ RESULTS�	

'j�	 tation	 and	 assumptions	for	 its	 use.	

,j�	
Prevalence	of	Smoking	and	Smokeless	Tobacco	 Use	

2)	 We	 used	 the	 Cox	 regression	 method	 (10-14) to	
analyze	 the	 impact	 of	 the	 occurrence	 of	 one	 to­ Table	 1	 presents,	 first	 for	 cigarettes	 and	 then	 for	 SLT,	

,	 baccouse	event	 (e.g.,	 initial	 smoking)	 on	 the	 sub­ the	fraction	of	boys	and	girls	who	have	ever	used,	currently	
sequent	rate	of	onset	of	another	event	(e.g.,	weekly	 use,	 and	have	 attained	certain	events	of	the	onset	process.	I	

'.1�	 use	 of	SLT).	 By	 such	 analyses,	one	can	 investigate	 The	 percentage	 of	 males	 who	 have	 ever	 smoked	 cig­
directly	 the	 interrelationship	between	 the	 smoking	 arettes	is	 about	the	same	as	have	ever	used	SLT.	 More	boys	
and	 SLT	 use	 onset	 processes.	 The	 Cox	 regression	 have	dipped	more	than	five	pieces	of	SLT	than	have	smoked	

1 method	 models	 the	 onset	 rate	 A(t)	 for	 some	speci­ more	 than	 five	 cigarettes	 (40.6%	 vs.	 32.5%).	 Almost	 70%	
;	
j	 fied	 event	(e.g.,	weekly	use	of	SLT)	as	a	function	of	 of	the	females	have	ever	smoked	cigarettes	and	about	31	%	
! the	follow-up	time	t (e.g.,	age).	The	model	specifies	 have	ever	used	SLT;	almost	6%	of	the	girls	have	used	more	.i	 that	the	onset	rate	 A(~'z)	 for	any	individual	with	ex­ than	five	 pieces	of	SLT.�	

planatory	(regression)	variables	ZI>	 Z2' ...	zp is	just	 More	boys	are	currently	using	SLT	than	cigarettes:	 17.7%�	
the	 product	 of	a	 "baseline"	 onset	 rate	 AoW	 and	 a	 versus	 14.4%	 (weekly	 use).	 Although	 19.4%	 of	 the	 girls�	
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INITIATION AND USE OF SLT AND SMOKING 65 

TABLE I.-Current use, lifetime use, and attainment of onset events: 
cigarettes and SLT 

Boys, % Girls, % 

Use/onset/transi tion Cigarettes SLT Cigarettes SLT 

Lifetime use 
Ever 
>Five times 

Current use 
2':Once/mo 
2':Once/wk 

Onset of use 
First 
Tenth 
First weekly 

Transition probabilities 
Between no use and 

first 
Between first and 

tenth use 
Between tenth and 

weekly use 

69.8 71.1 68.6 31.2 
32.5 40.6 39.1 5.9 

19.7 25.3 26.1 2.8 
14.4 17.7 19.4 1.4 

69.8 71.1 68.6 31.2 
30.8 40.5 37.7 5.8 
22.4 31.1 31.2 4.4 

69.8 71.1 68.6 31.2 

44.1 57.0 55.0 18.6 

70.3 73.6 79.9 69.8 

smoke cigarettes at least weekly, only 1.4% of them use 
SLT at least weekly. 

Consistent with the results just presented, more boys 
attained the tenth use for SLT than for cigarettes (40.5 % 
vs. 30.8%), and more boys attained weekly use ofSLT than 
cigarettes (31.1 % vs. 22.4%). Also, far fewer girls attained 
both tenth and weekly use of SLT than for cigarettes. It is 
noteworthy that 4.4% of the girls did use SLT weekly at 
one time in their lives. 

Because tobacco use onset is a process of increasing 
use, presentation of the results in transition probabilities 
(lower portion of table 1) from one event to another is 
helpful. These results reinforce the ideas that 1) the higher 

prevalence for male use of SLT compared with smoking is 
attributed mostly to the higher first-to-tenth use transition 
probability (57.0% vs. 44.1 %), and 2) the drastically lower 
prevalence for female use of SLT compared with smoking 
is attributed to both a lower prevalence of initial use and a 
lower first-to- tenth use transition probability, 

The extent to which cigarettes and SLT are used sepa­
rately and concurrently is shown in table 2. Consistent with 
results from other studies, a strong relationship is evident 
between smoking and SLT use, for both lifetime and cur­
rent use. First, a majority of males (60.2%) have used both 
cigarettes and SLT. Only about 1 of 3 males who have 
never tried SLT have tried cigarettes; 6 of 7 males who 
have tried SLT have also tried cigarettes. Fewer than 1 of 
10 males who do not use SLT weekly smoke weekly, but 
more than 1 of 3 males who use SLT weekly also smoke 
weekly. Of the 25.5% of the boys who use tobacco at least 
once a week, 7.6% use cigarettes only, 11.7% use SLT only, 
and 6.2% use both. 

Among females, 29.5% have used both cigarettes and 
SLT. Over 50% of the females who have never tried SLT 
use cigarettes, but more than 9 of 10 who have tried SLT 
have also tried cigarettes. On average, fewer than 1 in 5 
girls who do not use SLT weekly smoke weekly, but more 
than I of 2 who are weekly SLT users smoke weekly. 

Onset of Smoking and Smokeless Tobacco Use 

The results presented to this point have described preva­
lence of current use, lifetime use, and the frequency of oc­
currence of certain onset events for smoking and SLT sepa­
rately and together. These results have described the extent 
to which various smoking events occurred but not at what 
ages they occurred. Attention is now focused on the ages 
at which the onset events occurred, with emphasis on a de­
scription of the age-specific onset rates for first, tenth, and 
first weekly use for smoking and SLT. First, smoking and 
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TABLE 2.-Relationship between smoking and SLT use, % 

Sex Use/onset 

Males Lifetime use 
Ever 
>Five times 

Current use 
2':Once/mo 
2':Once/wk 

Onset of use 
First 
Tenth 
First weekly 

Females Lifetime use 
Ever 
>Five times 

Current use 
2':Once/mo 
2':Once/wk 

Cigarettes Cigarettes 
only SLT only and SLT Neither 

9.5 10.8 60.2 19.4 
10.2 18.4 22.3 49.3 

7.8 14.6 11.1 66.5 
7.6 11.7 6.2 74.5 

9.6 10.7 60.5 19.2 
9.4 19.0 21.4 50.1 
9.0 17.7 13.3 59.9 

39.1 1.6 29.6 29.7 
33.7 0.6 5.3 60.4 

24.0 0.8 2.0 73.3 
18.5 0.8 0.7 80.1 

Onset events of use 
First 38.9 1.6 29.8 29.6 
Tenth 32.4 0.5 5.3 61.8 
First weekly 27.7 0.9 3.5 67.9 

SMOKELESS TOBACCO USE IN THE UNITED STATES 989 
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TABLE 3.-Age ranges for high onset rates 

Use 

First Tenth First regular 

Sex 
Age range, 

yr 
Percent 
onseta 

Age range, 
yr 

Percent 
onseta 

Age range, 
yr 

Percent 
onseta 

Males 
Smoking 
SLT 

Females 
Smoking 
SLT 

6-14 
9-14 

8-14 
12-16 

55 
55 

51 
26 

9-15 
11-15 

9-15 
11-15 

26 
30 

33 
5 

10-15 
12-16 

11-15 
11-15 

27 
5 

14 
25 

a Percent onset is for age range indicated. 

First, joint distributions were computed for the age of 
occurrence of an event in the smoking onset process and 
that of the corresponding event in the SLT onset process. 
Time-to-event censoring was handled by inclusion of a 
"never started" category. From the joint distributions (not 
shown) of: 1) age at first use of cigarettes and at first use of 
SLT, 2) age at tenth use of cigarettes and age at tenth use of 
SLT, and 3) age at regular use of cigarettes and at regular 
use of SLT, a number of conclusions can be obtained. 

One summary point of the joint distribution of ages of 
initiation of smoking and SLT use is the extent to which 
the smoking event occurs before the SLT use event, and 
vice versa, among those experiencing both smoking and SLT 
use events. As shown in table 4, smoking and SLT each 
occurred first in a substantial number of males. Among 
boys who used both, 25% tried SLT first and 60% tried 
cigarettes first. Fifteen percent first tried both at the same 
age. In contrast, the vast majority of females tried cigarettes 
first (76%) rather than SLT first (12.5%). 

Finally, the following question is addressed: How are the 
age-specific onset rates for regular smoking related to the 
prior occurrence of steps in the SLT onset process for the 
840 boys and 791 girls? Conversely, how are the onset 
rates for regular SLT use related to the prior occurrence 
of steps in the smoking onset process for both sexes? We 
investigated these questions using time-to-event regression 
methods developed by Cox (14). Data for all participants 
are included in these analyses; those not experiencing the 
end point of interest (e.g., weekly smoking, in table 5) are 
treated as censored. 

The occurrences of steps in the SLT onset process are 
strongly related to increases in subsequent onset rate for 

TABLE 4.-Precedence of smoking vs. SLT among individuals using both, % 

Smoking event SLT use Simultaneous 
Use occurred first occurred first occurrence 

Males 
First 60.0 24.9 15.1 

Tenth 44.2 28.2 27.6 
Weekly 43.4 31.0 25.6 

Females 
First 76.3 12.5 11.2 
Tenth 73.8 1l.9 14.3 

Weekly 60.7 14.3 25.0 
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weekly smoking. From runs (i.e., individual analyses) 1 
and 4 of table 5, the weekly smoking onset rate is 1.65 
(P = .002) and 2.13 (P < .001) times as large for males 
and females, respectively, after initial SLT use has occurred 
compared with before initial SLT use. From runs 2 and 
5, the weekly smoking onset rate is 1.83 (P = .002) and 
3.25 (P = .021) times as large for males and females, 
respectively, after weekly SLT use began compared with 
before weekly SLT use. 

Furthermore, evidence suggests that each of the SLT 
steps, initial and weekly use, contributes to the risk of sub­
sequent weekly smoking. When both steps are included in 
the analyses for males (run 3), the occurrence of initial SLT 
multiplies the risk of smoking onset by 1045 (P = .047), and 
the subsequent occurrence of weekly SLT use multiplies the 
risk of smoking onset by an additional 1047 (P = .08) for a 
net multiple (1047 X 1045) of 2.13 times the smoking onset 
rate when no SLT event has occurred. For females (run 6), 
the relative risks are 2.04 (P < .001) and 1.80 (P = .27); 
not enough females use SLT regularly to provide the data 
needed in this data set for us to determine whether weekly 
SLT use provides an added risk of weekly smoking beyond 
the risk provided by initial SLT use. 

The results for the converse relationship are similar (table 
6). The occurrences of steps in the smoking onset process 
are strongly related to increases in the subsequent onset rate 
for SLT use. From runs 1 and 4 of table 6, the onset rate 

c 
c 

'it 
TABLE 5.-Results ofrelative risk regression analyses of relationship of ]

steps in onset process of SLT with onset of weekly smokinga 
('( 

E 
Relative rate and 95% confidence interval of Cl 

.c
weekly smoking onsetb t-

Run After initial SLT use P After weekly SLT use P 

Males 
1 1.65 (1.20, 2.29) .002 
2 1.83 (1.24, 2.69) .002 
3 1.45 (1.00,2.09) .047 1.47 (0.95, 2.27) ,08 

Females 
4 2.13 (1.50, 3.02) <'001 
5 3.25 (1.20, 8.81) .021 
6 2.04 (1.42, 2.93) <'001 1.80 (0.64, 5.07) .27 

a Analyses used data on 840 males and 791 females, of whom 188 and 
247, respectively, attained weekly smoking. 

b Values in parentheses represent 95% confidence intervals. 



TABLE	6.-Relative	risk	 regression	analyses	of	relationship	of	steps	 in	 onset	
process	of	smoking	 with	onset	of	weekly	 SLT	 useD	

Relative	 rate	and	95%	confidence	 interval	of	weekly	SLT	 useb 

Run	 After	 initial	smoking	 P After	weekly	smoking	 P 

Males�	
I	 2.03	 (1.56,	 2.62)	 <'001�	
2�	 3.50	 (2.55,4.82)	 <.001	
3	 1.65	 (1.25,	 2.18)	 <'001	 2.74	(1.95,	 3.85)	 <.001	

Females	
4	 6.72	 (2.34,	 11.92)	 <'001	
5�	 4.57	 (2.31,9.06)	 <.QOl	
6	 4.56	 (1.49,	 14.0)	 <'001	 2.63	 (1.29,	 5.40)	 <.001	

a Analyses	used	data	on	840	boys	and	261	 events	and	791	 girls	with	35	
events.	

b See table	5,	 footnote	 b. 

for	weekly	SLT	use	 is	 2.03	 (P <	.001)	and	6.72	(P <	.001)	
times	 as	 large	 for	 males	 and	 females,	 respectively,	 after	
initial	 smoking	 has	 occurred	 than	 that	 before	 it	 occurred.	
This	result	for	females	is	particularly	striking:	Females	who	
have	 tried	 cigarettes	 are	 at	 almost	 seven	 times	 the	 risk	
for	 using	 SLT	 as	 those	 who	 have	 not.	 From	 runs	 2	 and	
5,	 the	 onset	 rate	 for	 weekly	 SLT	 use	 is	 3.50	 (P <	 .001)	
and	4.57	 (P <	.001)	 times	 as	 large	for	 males	 and	 females,	
respectively,	after	weekly	smoking	than	before	 it	 occurred.	
Furthermore,	 evidence	 is	 clear	 that	 each of	 the	 smoking	
onset	steps,	initial	and	weekly	use,	contributes	to	 the	risk	of	
subsequent	weekly	SLT	 use.	 When	both	steps	 are	included	
in	 the	 analysis	 for	 males	 (run	 3),	 the	occurrence	 of	initial	
smoking	 multiplies	 the	 risk	 of	onset	 of	 weekly	 SLT	 use	
by	 1.65	 (P <	.00	I),	 and	 the	 (subsequent)	 occurrence	 of	
weekly	smoking	multiplies	the	risk	of	onset	of	weekly	SLT	
use	 by	 an	 additional	 2.74	 (P <	 .001),	 for	 a	 net	 multiple	
(1.65	 X	 2.74)	 of	4.5	 times	 the	 SLT	 onset	 rate	 when	 no	
smoking	 event	 has	 occurred.	 The	corresponding	 multiples	
for	 females	 (run	 6)	 are	4.56	 (P <	.001),2.631	 (P <	.001),	
and	 12.0	 (4.56	 X	2.63).	

DISCUSSION AND CONCLUSION 

A	consistently	strong	relationship	is	observed	between	the	
onset	processes	of	SLT	and	smoking	among	adolescents.	 In 
particular,	 the	 occurrence	 of	events	 in	 the	 smoking	 onset	
process	 is	 strongly	 related	 to	 increases	 in	 the	 subsequent	
onset	rate	for	SLT	 use.	 Conversely,	the	occurrence	of	steps	
in	 the	 onset	 process	 of	SLT	 use	 is	 strongly	 related	 to	 in­
creases	 in	 the	onset	 rate	of	subsequent	 smoking.	

The	 finding	 that	 prior	 use	 of	SLT	 is	 a	 risk	 factor	 for	
smoking	 indicates	 that	prevention	of	its	 use	 may	 also	 help	
prevent	 smoking.	 Conversely,	the	finding	 that	prior	 smok­

,<~	
ing	 is	 a	risk	factor	for	SLT	use	 indicates	 that	prevention	of;.••.••'..'.'.'...'.;.'.'...	
smoking	may	 also	 help	prevent	SLT	 use.	 These	 results	 in­
dicate	the	possible	desirability	of	combining	the	prevention	~1	
components	of	both	within	an	overall	intervention	program.	'~l	
Such	 integration	 also	 makes	practical	 sense	 in	 light	 of	the	
tobacco	 common	denominator	between	 smoking	and	SLT	\.	

>,	 use	 and	 the	needs	of	schools	 for	 integrated	interventions.	
."'.	 ~	

~	 Several	 limitations.	of	this	 investigation	 should	 be	 noted.	
I	 The	data	 used	 in	 these	 analyses	 on	 the	 onset	processes	 for	

smoking	 and	 SLT	 use	 are	 recall	 data	 collected	 retrospec-
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tively	 from	 across-sectional	 survey.	 Resulting	 limitations	
include:	 1)	 Recall	bias	may	be	present	because	the	data	are	
limited	to	 those	individuals	who	 can	remember,	and	 the	re­
call	 may	 be	 biased	 among	 those	 who	 remember.	 2)	 The	
sample	 does	 not	 correspond	 to	 a	 defined	 cohort	 but	 is	 a	
modification	 (by	 in- and	 out-migration)	 of	some	 identifi­
able	 original	 cohort.	 However,	 to	 the	 extent	 that	 in- and	
out-migrating	 students	 are	 similar	 in	 their	SLT	and	 smok­
ing	onset	patterns,	 no	 bias	would	 result.	

Also,	 these	data	 on	 occurrence	 of	events	 in	 the	 smoking	
and	SLT	onset	processes	span	a	period	(1975-1985)	during	
which	the	prevalence	of	SLT	use	was	increasing	rapidly.	 As	
a	 result,	 the	 relationship	 between	 the	 onset	of	both	 during	
such	 a	 period	 necessarily	 includes	 the	 effects	 of	temporal	
changes	in	 prevalence.	

These	 investigations	 illustrate	 how	 survival	 analysis	
methods,	 and	 in	 particular	 survival	 analysis	 regression	
methods,	 can	 help	 to	 provide	 insight	 into	 the	 onset	 of	in­
dividual	 steps	 of	the	 smoking	 onset	 process,	 the	 relation­
ship	between	age	and	 the	onset	rate	of	various	 tobacco	use	
events,	 and	 the	 degree	 to	 which	 onset	 of	different	 events	
are	related.	 Results	of	such	 investigations	can	contribute	 to	
the	design	of	health-promoting	interventions	by	guiding	the	
choice	 of	component,	delivery	 method,	 and	 age	 and	 grade	
at	which	 they	 are	provided.	

Further	 research	 is	 indicated	 in	 several	 directions:	 how	
the	effect	of	SLT	use	on	subsequent	smoking	onset	depends	
on	 age	 and	 inclusion	 of	other	 aspects	 of	the	 tobacco	 use	
onset	processes	 including	 social,	environmental,	and	 moti­
vation	 variables.	Finally,	 cohort	 studies	 are	 needed.	

REFERENCES 

(1)�	BOYD	 G,	ARY	DV,	WIRT	 R,	 ET	 AL:	 Use	of	smokeless	tobacco	
among	children	and	adolescents	in	 the	United	States.	Prev	
Med	 16:402-421,	1987	

(2)�	DEPARTMENT	OF	 HEALTH	 AND	 HUMAN	SERVICES:	 The	Health	
Consequences	of	Using	Smokeless	Tobacco:	 A	Report	of	
the	 Advisory	 Committee	 to	 the	 Surgeon	 General.	 DHHS	
(NIH)	Publ	No.	86-2874.	Bethesda,	MD:	Nat!	Cancer	Inst,	
1986	

(3)�	MURRAY	 DM,	 ROCHE	 LM,	 GOLDMAN	 AI,	 ET	 AL:	 Smoke­
less	 tobacco	 use	 among	 ninth	 graders	 in	 a	 north-central	
metropolitan	 population:	 Cross-sectional	 and	 prospective	
associations	 with	 age,	 gender,	 race,	 family	 structure	 and	
other	drug	 use.	 Prev	Med	 17:449-460,	1988	

(4)�	LiCHTENSTEIN	 E,	SEVERSON	 H,	 FRIEDMAN	L,	ET	AL:	 Chewing	
tobacco	 use	 by	 adolescents:	 Prevalence	 and	 relation	 to	
cigarette	smoking.	 Addict	Behav	9:351-355,	 1984	

(5)�	SEVERSON	 H,	 LiCHTENSTEIN	 E,	 GALLISON	 C:	 A	 pinch	 or	 a	
pouch	instead	of	a	puff?	Implications	of	chewing	tobacco	
for	addictive	processes.	Bull	Psych	Addict	Behav	4:85-92,	
1985	

(6)�	ARY	 DV,	 LICHTENSTEIN	 E,	 SEVERSON	 HH:	 Smokeless	 to­
bacco	 use	 among	 male	 adolescents:	 Patterns,	 correla­
tions,	 predictors,	 and	 the	 use	 of	other	 drugs.	 Prev	 Med	
16:385-401,1987	

(7)�	FLAY	BR,	D'AvERNAS	JR,	BEST	JA,	ET	AL:	 Cigarette	smoking:	
Why	 young	 people	 do	 it	 and	 ways	 of	preventing	 it.	 In 
Pediatric	 and	 Adolescent	Behavioral	Medicine	(McGrath	
P,	Firestone	P,	eds).	New	York:	Springer-Verlag,	1983,	pp	
132-183	

(8)	 LEVENTHAL	H,	CLEARY	PD:	The	smoking	problem:	A	review	

NCT	 MONOGRAPHS,	 NUMBER	 8.	 1989	

.....	

.c	
OJ	
'C	
>.	a.	
o	

<.>	
en	
::::>�	
>.�	.c	
'0	

~	
~	e	a.	
Q)	
.c	
>.	ro	
E	
'0	
c	
ro	
~	ro	a.	
'E	
£	
ro	
>.c	
Q)	
c	
'0	
'6	
Q)	

I	 ::2:	
a	
~	
ro	
15	
:.:J	
ro	
c	
o	
16	
z	
Q)	

£;	
a	
c	
o	

~	
"8	
Q)	

£;	

E	.g	
"tl	
OJ	
'0	
8	
<r.	
(l:	

;!:	
a:	
c	
(l:	
c	

,£
<r.	

c	
c	
n	
j	
('(	

E	
Cl	
.c	
I ­



ions 
are 
re-

The 
is a 
tifi­
and	
ok­

:ing 
ing 
As 

'jng 
}ral 

ysis 
ion 
in­
on­
use 
:nts 
: to 
the 
ide 

ow	
lds 
Jse 
)ti­

:co 
:ev 

lth 
of 

ffS	
1St, 

:e­
ral 
ve 
nd 

ng 
to 

a 
co 

69INITIATION AND USE OF SLT AND SMOKING 

of the research and theory in behavioral risk modification. (11) LAWLESS JF: Statistical Models and Methods for Lifetime 
Data, New York: Wiley, 1982 Psychol Bull 88:370-405, 1981 

(9)�	HIRSCHMAN RS, LEVENTHAL H, GLYNN K:	The development (12)	 MILLER RG Jr: Survival Analysis, New York: Wiley, 1981 
of smoking behavior: Conceptualization and supportive 

(13)	 KALBFLEISCH 10,	PRENTICE RL: The Statistical Analysis of cross-sectional survey data. J Appl Soc Psychol 14: 184­ Failure Time Data. New York: Wiley, 1980 
206, 1984 

(10)�	MATHEWS DE, FAREWELL VT: Using and Understanding (14)	 Cox DR: Regression models and life tables (with discussion). 
Medical Statistics, 2nd ed. New York: Karger, 1988 J Stat Soc [B] 34: 187-220, 1972 

E 
.g	
'0	
Q) 

'0	
o 
'-'	

~	
(1)	

~	c 
Ul	
£;	
c: 
o 
Cii	
'C	

fJ 
E 
Gl 

.r: 
I ­

'2, 

0­

a­
~d	

g: 
Tn	
th 
'p 

W	

89 SMOKELESS TOBACCO USE IN THE UNITED STATES 




