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( Foulds et al., 2003 ). This trend has been attributed to the tran-
sition from use of cigarettes to snus, a form of smokeless to-
bacco (SLT) that is low in tobacco-specifi c nitrosamines ( Daniel 
Roth, Roth, & Liu, 2005 ). Estimates suggest that 40% of the an-
nual one-half million smoking-related deaths in European 
males would be prevented if smoking rates throughout the con-
tinent were comparable with that of Swedish males ( Rodu & 
Cole, 2004 ). Some groups, such as Action on Smoking and 
Health, petitioned the European Union to reconsider its ban on 
snus ( Fagerström & Schildt, 2003 ). Although Sweden’s experi-
ence is promising, debate continues over whether the promo-
tion of snus in other countries can be implemented effectively in 
a campaign for tobacco harm reduction ( Gartner, Hall, Chapman, 
& Freeman, 2007 ;  Martinet, Bohadana, & Fagerström, 2006 ; 
 Savitz, Meyer, Tanzer, Mirvish, & Lewin, 2006 ). 

 Another concern about tobacco harm reduction relates to 
the potential of SLT as a gateway to cigarette smoking. Research-
ers have argued convincingly that even if SLT use can lead to 
cigarette smoking, it would affect only a minority of SLT users 
( Kozlowski, O’Connor, Edwards, & Flaherty, 2003 ;  O’Connor, 
Kozlowski, Flaherty, & Edwards, 2005 ). Using cross-sectional 
data from the 1987 National Health Interview Survey and the 
2000 National Household Survey on Drug Abuse,  Kozlowski 
et al. (2003)  and  O’Connor et al. (2005)  reported that most users 
of SLT in the United States either never initiated smoking or ini-
tiated smoking prior to their use of SLT. In the 1987 and 2000 
national surveys, 24% and 29% of current SLT users, respectively, 
had initiated their use prior to smoking, thus qualifying as po-
tential gateway users. The increase in these users over time was 
not statistically signifi cant ( O’Connor et al., 2005 ), strengthen-
ing the authors ’  argument that potential gateway effects should 
not be at the forefront of discussions about harm reduction. Yet, 
a statistically signifi cant increase could occur if nonsmoking ad-
olescents were inadvertently infl uenced by SLT marketing, lead-
ing to a larger pool of those who fi rst use SLT and then experiment 
with cigarettes. Thus, before SLT is promoted in a campaign for 
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tobacco harm reduction, epidemiologists must confi rm that it is 
not causally associated with the uptake of cigarette smoking. 

 Evidence suggestive of a gateway effect originates from three 
U.S.-based cohorts: Air Force recruits ( Haddock et al., 2001 ), ad-
olescents from the Teenage Attitudes and Practices Survey (TAPS; 
 Tomar, 2003 ), and adolescents from the Project Sixteen commu-
nity intervention ( Severson, Forrester, & Biglan, 2007 ). Among 
the TAPS adolescents who were nonsmokers at the baseline sur-
vey, regular users of SLT compared with never-users were 3.45 
times more likely to be current smokers at the follow-up survey 
( Tomar, 2003 ). An additional analysis of the TAPS data suggested 
that baseline differences (e.g., poor school performance, fi ghting) 
between SLT users and nonusers accounted for much of the vari-
ance in subsequent smoking status ( O’Connor, Flaherty, Quinio 
Edwards, & Kozlowski, 2003 ). This point is illustrated further by 
a survey of correlates of SLT use in military trainees ( Lando, Had-
dock, Klesges, Talcott, & Jensen, 1999 ). SLT users in this study 
exhibited greater binge drinking, rebelliousness, and risk-taking 
behavior compared with individuals who never used tobacco. 
Having controlled for similar covariates,  Severson et al. (2007)  
reported that among adolescent boys, SLT users were 2.5 times 
more likely than nonusers to initiate weekly smoking. 

 A concern about the aforementioned studies is the use of 
regression methods in accounting for the imbalanced covariate 
distributions in SLT users and nonusers. Conventional meth-
ods do not provide regression diagnostics for examining the 
joint distributions of explanatory variables ( Rubin, 1997 ). Thus, 
for example, it cannot be determined whether a regression anal-
ysis fully accounts for the higher proportion of risk takers 
among users of SLT. One means of correcting for baseline dif-
ferences is the use of the propensity score, defi ned as the prob-
ability of an event conditional on a series of predictor variables 
( Little & Rubin, 2000 ;  Newgard, Hedges, Arthur, & Mullins, 
2004 ). Differences between groups can be controlled for by 
matching individuals on the basis of similar propensity scores. 
 Rubin (1997)  has described this technique as a means of 
 “ reducing the entire collection of background characteristics to a 
single composite characteristic ”  (p. 757). The matching of SLT 
users and nonusers on this single composite characteristic facili-
tates an examination of the overlap of confounding factors. Fur-
thermore, this approach does not rely on linearity, or log 
linearity, between the outcome (e.g., smoking) and covariate 
(e.g., age) within each exposure group (SLT use and nonuse). For 
regression, this is particularly problematic when the groups dif-
fer greatly in their covariate distributions, potentially leading to 
biased parameter estimates. Although propensity score matching 
has existed for some time, its widespread application to large 
epidemiological studies has occurred only recently. Examples of 
its application in medicine, for reducing bias associated with 
nonrandom assignment, include the allocation of medical treat-
ments (e.g., diabetic patients receiving stents;  Ko et al., 2008 ) and 
services (e.g., transfer of trauma patients;  Newgard et al., 2004 ). 

 The application of propensity score matching in the present 
study is extended to adolescents who chose a particular behavior 
(SLT use and nonuse), which is likely infl uenced by predisposing 
characteristics (e.g., impulsivity). These characteristics are high-
ly predictive of other forms of substance use, including regular 
cigarette smoking, by young adulthood. The present study is in-
tended to complement existing longitudinal analyses of the ef-

fects of SLT use on smoking. It is hypothesized that matched 
pairs of adolescent SLT users and nonusers from the National 
Longitudinal Study of Adolescent Health (Add Health) do not 
differ in their likelihood of becoming daily cigarette smokers by 
either later adolescence (wave II) or young adulthood (wave III).   

 Methods  
 Selection of participants 
 Description of Add Health and its sampling frame have been re-
ported previously ( Alexander, Piazza, Mekos, & Valente, 2001 ). 
An in-school questionnaire was administered between 1994 and 
1995 to a nationally representative sample of participants 
( n    =   90,118) who attended either middle or high school. Samples 
of students were then selected to participate in lengthier in-home 
surveys, which included the wave I survey in 1995 ( n    =   18,924), 
the wave II survey in 1996 ( n    =   13,570), and the wave III survey 
( n    =   14,322), which was administered between 2001 and 2002. 

 The sample at the wave I survey was chosen with consider-
ation of two factors, statistical power and comparability with 
prior studies ( O’Connor et al., 2003 ;  Tomar, 2003 ). One of the 
critiques of the original analysis of the TAPS data was inclusion 
of experimental smokers in the baseline sample. These individu-
als were more likely to be SLT users, which confounded the as-
sociation between SLT use and subsequent smoking status. In the 
present study, individuals were similarly defi ned as nonsmokers 
if they took at least a puff from a cigarette in their lifetime but had 
not smoked daily by the wave I survey. These individuals were 
initially excluded from the baseline sample as a conservative 
measure, yielding 5,909 never-smokers who were surveyed again 
at wave II. Only 189 of these individuals were current users of 
SLT at wave I, requiring that the nonsmokers be added to the 
sample to increase the number of SLT users ( n    =   498). Thus, for 
the primary analyses, which included the never- and nonsmokers 
at wave I ( n    =   10,820), smoking status was accounted for in devel-
opment of the propensity score. Among the adolescent females 
in this sample, 1.7% reported past-month use of SLT. In contrast 
to the other U.S.-based cohorts ( Severson et al., 2007 ;  Tomar, 
2003 ), females comprised a moderate proportion of total past-
month users of SLT, ranging from 0.13 to 0.18 at all three waves. 
Thus, they were included in all analyses.   

 Measures 
 The primary outcome for participants at waves II and III was ev-
er-daily smoking, defi ned as having smoked at least one cigarette 
on 30 or more consecutive days since the baseline survey. A sec-
ondary outcome, current smoking, was defi ned as having smoked 
a cigarette in the past-month, in addition to having smoked daily 
for at least 1 month since the wave I survey. Current smoking in 
other gateway studies, such as TAPS ( O’Connor et al., 2003 ; 
 Tomar, 2003 ), was defi ned as smoking at least one cigarette in the 
past-month and at least 100 cigarettes in a lifetime. The latter 
defi nition was not used in the Add Health survey. The primary 
predictor in the wave I survey, past-month use of SLT, was re-
coded into a binary variable from a question assessing the num-
ber of days of SLT use (0 – 30 days, chewing tobacco or snuff). 

 The covariates used in deriving the propensity scores were 
selected on the basis of their measures of risk for smoking 
( Kandel, Kiros, Schaffran, & Hu, 2004 ) and their prior use in 
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gateway studies of SLT ( Haddock et al., 2001 ;  O’Connor et al., 
2003 ;  Severson et al., 2007 ). All covariates were limited to mea-
surements at the baseline survey and were categorized into one 
of three groups: (a) demographics, which included age, gender, 
race, and U.S. region of residency; (b) smoking-related expo-
sures, which included number of best friends who smoke ciga-
rettes (0 – 3), number of smoking parents (0 – 2), availability of 
cigarettes in the home (yes or no), smoking prevention taught in 
school (yes or no), and lifetime smoking ( ≥ 1 entire cigarette, yes 
or no); and (c) behavioral risk, which included past-year binge 
drinking ( ≥ 5 drinks in a row, 0 [never] to 6 [every day], past-
month use of cannabis (yes or no), having repeated a grade in 
school (yes or no), past-year motorcycle riding (0 [never] to 4 
[almost every day]), and use of a seat belt when riding in or 
driving a car (0 [never] to 4 [always]). In addition, two scales 
from the wave I survey included a measure of delinquency, the 
sum of 14 delinquent behaviors in the past year ( Kandel et al., 
2004 ), and a measure of depressive symptoms (CES-D), the sum 
of 18 symptoms (e.g., too tired to do things) experienced in the 
prior week ( Radloff, 1977 ).   

 Data analyses 
 An analysis using propensity scores entails three steps: (a) 
estimation of the score using logistic regression, (b) incorpo-
ration of the score as a covariate or a stratifi ed or matching 
variable, and (c) analysis of the score with respect to the out-
come (i.e., daily smoking;  Newgard et al., 2004 ). Treating the 
propensity score as a matching variable has particular advan-
tages over conventional regression, notably the greater em-
phasis on study design. For example, the technique enables an 
investigator to assess whether covariates are comparable 
across groups. In a paired case – control study, participants are 
matched on a series of confounding variables prior to analy-
ses. Such matching, however, on individual predictors is often 
impractical because of the few individuals who are concor-
dant for a large number of potential confounders. An alterna-
tive is use of the  “ single composite characteristic ”  (propensity 
score), whereby individuals may not be matched perfectly on 
all confounders but are matched closely enough to reduce bias 
associated with their nonrandom assignment to a given 
group.  

 Estimation of propensity score  .   In the fi rst step of the anal-
ysis, the propensity score was estimated as the conditional prob-
ability (  п  ) of using SLT in the past-month, where   п = eb+b1X1+…/
1 + eb+b1X1+…  in the logit model,  g ( x ) = ln [ п /1  −   п ] =  b  

0
  +  b  

0
  X  

1
  +  …  
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q
   represent the covariates de-

scribed previously. A number of factors were considered in the 
development of the logit model ( Weitzen, Lapane, Toledano, 
Hume, & Mor, 2004 ), including collinearity and the number of 
events per variable (>10;  Peduzzi, Concato, Kemper, Holford, & 
Feinstein, 1996 ).   

 Matching on propensity score  .   In the second step of the 
analysis, baseline users and nonusers of SLT were matched indi-
vidually on propensity score using the psmatch2 procedure in 
Stata Statistical Software version 10 ( Leuven & Sianesi, 2003 ). 
One-to-one matching without replacement was chosen over 
stratifi ed matching due to the large ratio ( ~ 20:1) between the 
number of nonusers and the number of users of SLT in the sample. 
The matching algorithm, nearest neighbor matching within 
caliper ( Guo, Barth, & Gibbons, 2006 ), fi rst involved the ran-

dom ordering of the SLT users and nonusers. Upon selecting the 
fi rst SLT user, we chose a nonuser with the nearest propensity 
score from within the same caliper, a region predetermined as 
one-quarter of the average standard deviation of the propensity 
score ( Rosenbaum & Rubin, 1984 ). This matched pair was then 
removed from the sample, followed by selection of the next SLT 
user. A series of bivariate analyses were then conducted in the 
paired and nonpaired samples in assessing the effectiveness of 
the matching procedure. This included calculation of the 
percent reduction in bias for each covariate, 100(1  −   b 

m
  / b 

i
  ) 

( Rosenbaum & Rubin, 1985 ), where  b 
i
   and  b 

m
   represent the 

difference in covariate means of the two groups, before ( i ) and 
after ( m ) matching on propensity score.   

 Analyses of smoking outcomes  .   For paired data, the condi-
tional logit and McNemar’s  c  2  test were used in evaluating dif-
ferences in the number of discordant pairs for the two 
dichotomous outcomes, current and ever-daily smoking. The 
odds ratio ( OR ) in these analyses was calculated as the ratio of 
the number of matched pairs that were discordant for smoking 
outcomes in subsequent surveys. The ratio of discordant pairs 
corresponds to the equation:  OR  = (SLT [smoker], non-SLT 
[nonsmoker])/(SLT [nonsmoker], non-SLT [smoker]). For all 
paired analyses, weights and design effects in the Add Health 
sample were not accounted for, given the diffi culty of matching 
the SLT users and nonusers within each of the 132 school 
clusters or primary sampling units. For comparative purposes, 
the sampling considerations were implemented in a set of 
nonpaired analyses, in which two baseline variables (SLT use 
and propensity score) were modeled as predictors of the out-
comes for smoking.   

 Power analysis  .   In comparing binomial proportions from 
paired samples, we estimated statistical power (1  −   b ) as a func-
tion of the number of matched pairs, the proportion of discor-
dant pairs among all matched pairs (projected range = .33 – .50), 
and the proportions of the two types of discordant pairs (effect 
size;  Rosner, 1990 ). All estimates of power exceeded .85 in de-
tecting signifi cant  OR s of 3.4 and 2.5 reported by  Tomar (2003)  
and  Severson et al. (2007) , respectively. Power also was estimated 
on the basis of an effect ( OR    =   1.5) intermediate to the adjusted 
 OR s ( OR s   =   1.41, 1.68), which were reported but not found to be 
statistically signifi cant by  O’Connor et al. (2003) . Suffi cient 
power existed for detecting statistical signifi cance of a condi-
tional  OR  of 1.5 in our sample of the never- and nonsmokers 
( n    =   496 matched pairs, range of 1  −   b    =   .73 – .89) but was not 
adequate in the sample of never-smokers ( n    =   189 matched 
pairs, range of 1  −   b    =   .35 – .49).     

 Results 
 Users and nonusers of SLT signifi cantly differed in their unad-
justed risk of becoming smokers by the subsequent surveys. As 
indicated in  Table 1 , past-month SLT users had approximately a 
twofold greater risk of having smoked daily for at least 1 month 
by the wave II survey compared with nonusers. The incidence 
ratios, or relative risks, for the two outcomes were comparable 
by wave for both samples of Add Health participants, the never-
smokers and the never- and nonsmokers. Yet, the test statistics 
corresponding to the relative risks were much greater among 
the latter, a likely function of greater statistical power. Among 
the never- and nonsmokers, the relative risks diminished over 
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time from 2.1 (wave II) to 1.3 (wave III) but remained highly 
signifi cant.     

 The distributions of propensity scores in the full baseline 
sample ( n    =   14,985) of the never- and nonsmokers varied sub-
stantially by past-month SLT use. As illustrated in  Figure 1 , the 
SLT users exhibited a greater variability in conditional probabil-
ities compared with the nonusers.     

 Although most nonusers had conditional probabilities in the 
lower ranges, a suffi cient number had probabilities in the right 
tail of the distribution for matches with SLT users. This was not 
readily apparent given the scaling properties of the fi gure (i.e., 
larger number of nonusers compared with users). An examina-
tion of quintiles of the propensity scores by SLT use confi rmed 
speculations that stratifi cation was not a viable option for analy-
ses. The proportions of nonusers of SLT in the fi ve quintiles 
(21.8%, 20.8%, 20.9%, 19.7%, and 16.7%) approximated those 
observed in the full sample (20%), yielding samples of suffi cient 
size in each stratum. But the disproportions of SLT users in the 
fi rst three of the fi ve quintiles (3.4%, 5.2%, 9.0%, 19.3%, and 
63.0%) did not yield suffi cient samples for stratifi ed matching. 

 Prior to matching on propensity score, we observed signifi -
cant differences between the SLT users and nonusers for every 
covariate in the nonpaired sample ( Table 2 ). Notable differences 
occurred by gender, race, having friends/parents who smoke, 
having smoked an entire cigarette, binging on alcohol, using 
cannabis, having repeated a grade in school, motorcycle riding, 
seat belt use, and delinquency. Compared with nonusers, SLT 
users had a much greater likelihood of being exposed to cigarette 
smoking and exhibiting harmful behaviors. In sharp contrast, 
the means and proportions of covariates were quite comparable 
between SLT users and nonusers in the paired sample. Not a 
single test statistic exceeded the threshold for statistical signifi -
cance ( a    =   .05). Individuals were perfectly matched on cannabis 
use and were matched very closely on race, having smoked a 
cigarette, and binge drinking. Close matches occurred for a ma-
jority of the covariates, refl ected by a reduction in bias exceeding 
80%. In a separate analysis of the never-smokers, the matching 
yielded a comparable balance of covariate distributions.     

 Results from the two sets of propensity score analyses, con-
ducted in the paired and nonpaired samples, are summarized in 
 Table 3 . Among the never-smokers, the numbers of discordant 
pairs at wave II were small ( n    =   25, 28 pairs), increasing by al-
most threefold by the wave III survey. An increase of this mag-
nitude was refl ective of the greater prevalence of ever-daily 
smoking among young adults compared with adolescents. By 
the third survey, the Add Health participants who used SLT 
were aged 18 – 27 years and appeared to be at greater risk ( OR   ~  
1.5,  p    =    ns ) of becoming daily smokers. But among pairs from 
the larger sample of the never- and nonsmokers, we found no 
evidence for an association between SLT use and daily smoking. 
This null fi nding also was observed in all the nonpaired analy-
ses, conducted separately to account for the complex sampling 
of the Add Health survey.       

 Discussion 
 An exposure in an individual is considered a risk factor if it oc-
curs prior to the onset of disease and is associated with the indi-
vidual’s increased probability of developing disease ( Mrazeck & 
Haggerty, 1994 ). Our fi ndings indicate that SLT qualifi es as a risk 
factor for daily cigarette use, not accounting for other predictors 
for smoking. Consistent with fi ndings from three U.S.-based 

 Table 1.      Relative risk of initiating daily smoking by past-month use of smokeless tobacco 
(SLT) at the baseline survey  

  Wave I sample Wave II ( ~ 1 year) Wave III ( ~ 6 years) 

 Outcome/smoking status SLT use (%) Number of subjects Relative risk (95%  CI ) a Number of subjects Relative risk (95%  CI )  

  Ever-daily smoking 
     Never-smokers 3.6 5,909 2.32 (1.19 – 4.50)* 4,766 1.21 (0.84 – 1.75) 
     Never- and nonsmokers 5.2 10,820 2.00 (1.60 – 2.49) † 8,685 1.34 (1.14 – 1.56) †  
 Current smoking b  
     Never-smokers 3.6 5,879 1.81 (0.86 – 3.80) 4,576 1.16 (0.76 – 1.78) 
     Never and nonsmokers 5.2 10,706 2.09 (1.65 – 2.64) † 8,075 1.33 (1.11 – 1.61)**  

  Note.    a  Estimates account for sampling weights and design effects. Relative risk = (incidence of smoking outcome among SLT users)/(incidence of 
smoking outcome among nonusers).  

  b  Analyses of the outcome for current smoking (ever-daily and  ≥ 1 cigarette in past-month) exclude the former smokers.  
  * p    <   .05; ** p    <   .01;  †  p    <   .001.   

  

 Figure 1.        Histogram of propensity score by use of smokeless tobacco 
at the wave I survey.    



459

Nicotine & Tobacco Research, Volume 11, Number 4 (April 2009)

cohorts ( Haddock et al., 2001 ;  Severson et al., 2007 ;  Tomar, 
2003 ), the incidence rates for smoking were signifi cantly greater 
among SLT users compared with nonusers in Add Health, both 
later in adolescence and in young adulthood. However, as sug-
gested from the propensity score analyses, baseline differences 
between SLT users and nonusers accounted for most of the vari-
ation in smoking outcomes. Results from the paired analyses 
support the conclusions reached by  O’Connor et al. (2003)  and 
researchers in Sweden ( Foulds, Ramstrom, Burke, & Fagerström, 
2003 ), reinforcing the importance of matching levels of SLT use 
on the risk factors for cigarette smoking. 

 The baseline differences in substance use and risky behav-
iors, which were observed between the SLT users and nonusers 
in Add Health, were comparable to the differences reported in 
samples of adolescents ( Coogan, Geller, & Adams, 2000 ) and 

young adults entering military training ( Lando et al., 1999 ). 
 Coogan et al. (2000)  reported that among male high school stu-
dents from Connecticut, current SLT users were much more 
likely than nonusers to smoke cigarettes, smoke cannabis, drink 
heavily, engage in fi ghting, receive failing grades, and rarely or 
never use seat belts. Air Force recruits who used SLT exhibited a 
similar pattern of risk-taking behavior, which was particularly 
prevalent among the polytobacco users. An unexpected fi nding 
in the present study was the higher prevalence of SLT use among 
female participants (1.7%). Comparable rates were observed at 
waves II and III, confi rming the reliability of the estimate and 
the necessity of including the female users in the analyses. Al-
though considered rare, SLT use does occur in women and has 
been reported in civilian and military samples ( Vander Weg 
et al., 2005 ). Coinciding with the wave I Add Health survey (1995 –
 1996),  Lando et al. (1999)  reported that 4% of female Air Force 

 Table 2.      Comparisons of baseline covariates in the sample of the never- and nonsmokers, 
before and after matching on propensity score  

  Baseline variable Scale or range

Nonpaired sample Paired sample 

 SLT users % or 
mean ( SD )

Nonusers % or 
mean ( SD ) Test statistic a 

SLT users % or 
mean ( SD )

Nonusers % or 
mean ( SD ) b 

Reduction 
in bias (%) c   

  Sample size d 498 10,322 496 pairs  
 Demographics 
     Age (years) 11 – 21 16.1 (1.6) 15.7 (1.6) 5.6 † 16.1 (1.6) 16.1 (1.6) 92.6 
     Male gender y/n 81.1% 46.2% 232 † 81.0% 78.6% 93.1 
 Race 
     White y/n 77.3% 64.2% 36.5 † 77.2% 77.0% 98.5 
     Black y/n 17.5% 25.7% 17.5% 18.1% 92.6 
     Asian or Native 
    American

y/n 5.2% 10.1% 5.2% 4.8% 91.7 

 U.S. region 
     West y/n 17.3% 24.9% 20.7 † 17.3% 16.5% 89.4 
     Midwest y/n 27.1% 23.8% 27.2% 24.2% 8.8 
     South y/n 44.2% 37.6% 43.9% 45.4% 78.6 
     Northeast y/n 11.4% 13.7% 11.5% 13.9%  – 5.6 
 Smoking exposures 
     Smoking friends 0 – 3 1.05 (0.98) .49 (0.84) 15.7 † 1.04 (0.97) 1.10 (1.12) 88.8 
     Smoking parents 0 – 2 1.12 (0.77) .97 (0.78) 4.2 † 1.12 (0.77) 1.09 (0.77) 81.0 
     Cigarettes in home y/n 33.3% 26.0% 13.1** 33.3% 31.8% 80.7 
     Smoked cigarette y/n 50.4% 26.5% 136 † 50.4% 50.0% 98.3 
     Prevention taught y/n 90.4% 92.9% 4.4* 90.3% 90.5% 92.0 
 Behavioral risks 
     Binge drink (log) 0 – 1.9 0.56 (0.70) 0.16 (0.40) 17.8 † 0.55 (0.69) 0.55 (0.67) 98.2 
     Cannabis use y/n 22.7% 6.9% 169 † 22.4% 22.4% 100 
     Repeated grade y/n 32.3% 18.5% 58.2 † 32.2% 35.9% 73.7 
     Motorcycle riding 0 – 4 0.67 (1.17) 0.26 (0.74) 10.7 † 0.66 (1.16) 0.65 (1.16) 98.0 
     Seat belt use 0 – 4 2.77 (1.27) 3.19 (1.10)  – 8.0 † 2.77 (1.27) 2.70 (1.32) 83.7 
 Scaled scores 
     Delinquency (log) 0 – 3.8 1.37 (0.91) 0.98 (0.83) 9.4 † 1.36 (0.91) 1.41 (0.90) 89.0 
     Depression (log) 0 – 3.9 2.32 (0.68) 2.21 (0.73) 3.3** 2.32 (0.68) 2.36 (0.68) 60.3  

    Note.  y/n = yes or no; SLT, smokeless tobacco. All estimates are unweighted.  
  a  Pearson’s chi-square statistic corresponds to categorical variables (y/n);  z  statistic from the Wilcoxon rank-sum test corresponds to ordinal 

variables;  t  statistic applies to mean comparisons of age, delinquency, and depressive symptoms.  
  b  None of the analogous paired tests (McNemar’s chi-square, Wilcoxon ’ s sign-rank,  t  tests) was statistically signifi cant.  
  c  Rounding of sample means accounts for differences.  
  d  Corresponds to participants with complete data at waves I and II.  
  * p    <   .05; ** p    <   .005;  †  p    <   .0001.   
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recruits had experimented with SLT and approximately 0.5% 
had a history of regular use. 

 The studies conducted in Sweden have addressed the gate-
way question from a number of perspectives (for review, see 
 Foulds et al., 2003 ). Some studies have challenged the hypothe-
sis, citing a larger proportion of former smokers who are cur-
rent snus users, as compared with the proportion of former snus 
users who are current smokers ( Furberg, Lichtenstein, Peders-
en, Bulik, & Sullivan, 2006 ;  Rodu et al., 2002 ).  Furberg et al. 
(2006)  reported that most Swedish smokers had initiated use 
prior to age 25, in contrast to male snus users who exhibited a 
later age at onset. Given the older age at onset and high preva-
lence of snus use, it is questionable whether the Swedish and 
American users of SLT are comparable. For studying gateway 
effects, one might speculate that differences in risk-taking be-
haviors are not as evident between the Swedish users and non-
users of snus. Consequently, one might argue that this would 
diminish the likelihood of observing spurious associations be-
tween use of snus and cigarette smoking in the Swedish samples. 
Yet, risky behaviors, observed in adolescent SLT users in the 
United States, also have been reported among teenagers in Swe-
den ( Galanti, Wickholm, & Gilljam, 2001 ). In a recent study, 
Swedish adolescents who initiated use of cigarettes and snus 
within the same time frame had the greatest likelihood of be-
coming current tobacco users ( Galanti, Rosendahl, & Wickholm, 
2008 ). Irrespective of culture, tobacco use in adolescence is 
probably an indicator of risk-taking behavior, having less to do 
with the use of any particular product. 

 Use of the Add Health sample was ideal in many respects for 
testing the association between SLT use and smoking. A number 
of risk factors for smoking, which were used in estimating pro-
pensity scores, were assessed at the wave I survey. The surveys at 
waves II and III provided outcome measurements in adoles-
cence and young adulthood, which corresponded, respectively, 
with periods of observation in the Project Sixteen community 
intervention and TAPS. In addition, detailed questions on 
smoking history facilitated use of more than one sample. The 

unadjusted risks for the smoking outcomes were comparable by 
wave in the two Add Health samples, the never-smokers and the 
never- and nonsmokers. Yet, the unadjusted estimates were 
highly signifi cant in the latter, but not the former, suggesting an 
increase in the power to detect statistical signifi cance for effects 
of comparable magnitude. Statistical power was insuffi cient for 
modest effects ( OR    =   1.5) in matched pairs of the exclusive never-
smokers. One might suggest that a larger paired sample of never-
smokers would yield evidence in support of the gateway 
hypothesis. But, this argument is challenged by the null effects 
of SLT estimated from the weighted, nonpaired analyses. Inclu-
sion of nonsmokers did not bias our estimates, given the near 
identical prevalence of lifetime smoking in the SLT users and 
nonusers in the paired sample. 

 Use of the Add Health sample and the decision to match 
individuals on propensity score entailed limitations. Lifetime 
use of SLT could not be determined among those who were not 
current users of the product. An effect of SLT use on smoking 
may have been underestimated by classifying lifetime, noncur-
rent users as nonusers in this study. The past-30-day measure of 
SLT use also was examined as a primary predictor by  Severson 
et al. (2007) . Similar to the TAPS sample ( O’Connor et al., 
2003 ), the Add Health sample included participants of variable 
age, which could have infl uenced the outcomes for smoking be-
havior. Furthermore, the lengthy interval between waves II and 
III was problematic for assessing events that typically occur in 
the latter part of adolescence. The use of propensity score 
matching is not a panacea for observational studies, particularly 
given its inability to adjust for unmeasured confounders 
( Rubin, 2004 ). Accounting for such effects, we considered the 
alternative approach of examining smoking outcomes among 
twin pairs that were discordant for SLT use in adolescence. This 
design has been used in assessing cannabis use as a gateway to 
hard drug use in Add Health siblings ( Lessem et al., 2006 ). Giv-
en the low prevalence of SLT use in adolescence, however, the 
number of discordant pairs was not suffi cient for a sibling-based 
analysis. An additional limitation of pairing individuals on 
propensity score was an inability to estimate the risk factors on 

 Table 3.      Odds of smoking outcomes by baseline use of smokeless tobacco (SLT), 
controlling for propensity scores in paired and nonpaired samples  

  Wave I sample Wave II ( ~ 1 year) Wave III ( ~ 6 years) 

 Outcome/smoking Data type a Number of subjects b Odds ratio (95%  CI ) Number of subjects Odds ratio (95%  CI )  

  Ever-daily smoking 
     Never-smokers Paired 28/189 1.33 (0.63 – 2.82) 75/165 1.59 (0.99 – 2.52) 
     Never-smokers Nonpaired 5,662 0.95 (0.30 – 3.05) 4,580 1.02 (0.57 – 1.83) 
     Never- and nonsmokers Paired 149/496 0.93 (0.68 – 1.29) 203/446 1.03 (0.78 – 1.36) 
     Never- and nonsmokers Nonpaired 10,270 1.14 (0.80 – 1.62) 8,282 1.03 (0.74 – 1.43) 
 Current smoking 
     Never-smokers Paired 25/185 1.08 (0.49 – 2.37) 60/145 1.50 (0.89 – 2.51) 
     Never-smokers Nonpaired 5,633 0.53 (0.13 – 2.11) 4,399 0.99 (0.53 – 1.86) 
     Never- and nonsmokers Paired 139/490 0.93 (0.67 – 1.30) 179/370 1.06 (0.79 – 1.42) 
     Never- and nonsmokers Nonpaired 10,176 1.12 (0.78 – 1.61) 7,702 0.99 (0.71 – 1.41)  

  Note.    a  Analyses of nonpaired data account for sampling weights and design effects, in which the propensity score and SLT use were modeled as 
predictors of the smoking outcomes (weights account for discrepant sample sizes in  Tables 2  and  3 ).  

  b  Sample sizes for paired data ( n / N ) correspond to number of discordant pairs/number of total pairs.   
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which individuals were matched, such as binge drinking. Never-
theless, the paired analyses provided sound methodology for 
testing and confi rming our hypothesis. 

 Compared with conventional regression, propensity score 
matching is particularly useful when substantial differences in 
risk factors for the outcome exist between the groups being 
compared. The fi ndings from the present study should contrib-
ute to the ongoing debate about tobacco harm reduction. 
A separate issue is whether smokers should be informed of the 
reduced harm associated with use of low-nitrosamine SLT. 
Although our results do not address this topic, they do suggest 
that SLT use in adolescence does not increase an individual’s 
likelihood of becoming a daily smoker.   
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