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Abstract 
The “gateway” claim, that use of low-risk tobacco products causes would-be nonsmokers 
to start smoking, is increasingly being invoked in policy discussions.  However, the 
evidence cited as supporting this claim does not distinguish between this claim and 
competing hypotheses that observed associations are caused by confounding or by 
smokers attempting to employ tobacco harm reduction.  Two recent papers by Glantz and 
colleagues are claimed by the authors to demonstrate a gateway effect of e-cigarettes 
causing smoking among youth.  The present analysis demonstrates that this conclusion 
and others drawn by the authors are not supported by their results. 
 
Introduction 
The exploding popularity of electronic cigarettes (e-cigarettes) is the most important 
tobacco use phenomenon in decades.  Switching to e-cigarettes is widely credited as an 
effective method of smoking cessation for those who have found other methods 
unacceptable, or who have merely not reached the point of deciding to quit.  However, 
there is aggressive opposition to the existence of e-cigarettes, as there has been to other 
low-risk alternatives to smoking for decades.  This opposition frequently involves 
assertions of unsupported claims, including in the pages of academic journals, which calls 
into question the integrity of such forums and the trust placed in them.  Among those 
claims is the suggestion that low-risk tobacco products are a gateway to smoking. 
 
The “gateway effect” refers to a pattern of drug use or other behaviors where one 
behavioral choice causes another.  Usually the first behavior is relatively innocuous or 
even completely harmless in itself, but the other behavior it causes is harmful, and 
therefore the innocuous behavior is actually harmful if all its effects are considered.  The 
concept had its major debut in the 20th century drug wars, with the (unsubstantiated) 
claim that cannabis use is much more harmful than the relatively minor physical and 
social effects of the drug because it causes “hard drug” use (Tony Newman and Shayna 
Samuels) (Degenhardt et al. 84-97;Morral, McCaffrey, and Paddock 1493-504) 
[http://www.drugpolicy.org/news/2002/12/marijuana-gateway-theory-discredited].   
 
It is important to recognize that gateway claims are about causation, even if they avoid 
that word – i.e., that the more harmful behavior would not have occurred but for the less 
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harmful precursor.  While sometimes the language is that of mere ordering, the 
discussion about how reducing one exposure would reduce the other is a causal claim.  
The literal interpretation of the metaphor – that the first behavior is merely a portal on the 
way to a goal – is clearly not intended. 
 
Over the last 15 years, the gateway claim has been made about low-risk tobacco products 
leading to the use of cigarettes, often by influential individuals or institutions (e.g., 
(Richard 
H.Carmona)[http://www.surgeongeneral.gov/news/testimony/tobacco06032003.html 
(U.S.Department of Health and Human 
Services)http://www.cdc.gov/media/releases/2013/p0905-ecigarette-use.html 
(Most youth who use smokeless tobacco are smokers, 
too)http://www.foxnews.com/health/2013/08/09/most-youth-who-use-smokeless-
tobacco-are-smokers-too/ http://www.clivebates.com/?p=2013#more-2013 (Electronic 
Cigarettes – An Overview)http://www.dkfz.de/en/presse/download/RS-Vol19-E-
Cigarettes-EN.pdf].  The low-risk alternatives, including smokeless tobacco and 
electronic cigarettes (e-cigarettes), provide smokers with an option of reducing their risks 
almost as much as quitting tobacco entirely, but without giving up all the benefits of 
tobacco, a practice known as tobacco harm reduction (THR).  Among the most-repeated 
claims about why these products are not really low risk and why THR should not be 
promoted is the gateway claim that they cause initiation of smoking. 
 
Such claims have important real-world implications.  They influence the popular 
discourse and are used to justify policies to place burdens on the availability or use of 
low-risk tobacco products.  This includes not only policies that would tend to reduce a 
gateway effect if it existed (e.g., banning the low-risk product), but also those that would 
not seem to change the magnitude of any gateway effect (e.g., discouraging smokers from 
pursuing THR; bans on using e-cigarettes where smoking is prohibited).  Moreover, the 
gateway effect is invoked to support even those restrictions that would actually increase 
the appeal of switching to smoking (e.g., imposing punitive taxes on the low-risk 
products, capping their nicotine content, or restricting their flavors) and would thus 
increase any gateway effect.  But whatever flaws might exist in the logic of how gateway 
claims are invoked to influence policy, there is little doubt that they are influencing it. 
 
There is relatively little attention to whether gateway behavior is even plausible for 
tobacco products, despite analytic arguments that it is very unlikely to happen (Carl 
V.Phillips)[http://antithrlies.com/2014/01/11/draft-regulatory-science-white-paper-2-the-
gateway-effect/].  The scientific and public discussions instead engage in theory-free 
appeals to empirical results.  However, the empirical studies that are purported to show a 
gateway effect (e.g., (Tomar SL. 561-
69)[http://www.ncbi.nlm.nih.gov/pubmed/12959794, (Haddock CK et al. 262-
67)http://www.ncbi.nlm.nih.gov/pubmed/11277684, (Bertrand Dautzenberg et al. 21-
24)http://www.scirp.org/journal/PaperInformation.aspx?PaperID=28003]) provide little 
or no support for the conclusions because the evidence does nothing to distinguish 
between the causal claim and other explanations for observed associations. 
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Discussions about causal inference in epidemiology frequently invoke non-existent 
“criteria” for determining causation and similarly baseless claims about a hierarchy of 
study types.  Overlooked is the most fundament scientific consideration about causal 
inference:  Does the observed data provide better support for the causal claim than it does 
for competing plausible hypotheses? 
 
For the smoking gateway claim, there are two compelling alternative explanations for 
why we observe an association between low-risk product use and smoking.  One is 
reverse causation:  Smoking is causing the low-risk product use.  This clearly explains 
some of the association when the low-risk products are being widely used for smoking 
cessation, as is evidenced by testimonials or other data that includes assessments of the 
causation (people’s reports of their motives) that are absent from data on behavior alone.  
Since e-cigarettes are used almost exclusively to quit or reduce smoking, and smokeless 
tobacco also in some populations (Karl E.Lund, Janne Scheffels, and Ann McNeill 162-
67)[http://onlinelibrary.wiley.com/doi/10.1111/j.1360-
0443.2010.03122.x/abstract;jsessionid=AE583B9F4280E722073110F3DAA0266D.d01t
03, (J Foulds et al. 349-59)http://tobaccocontrol.bmj.com/content/12/4/349.full], this 
alone will cause an association of the behaviors.  Data about temporality, such as from 
retrospective questions (e.g., “How long have you smoked?” “When did you first try an 
e-cigarette?”) can help distinguish between the gateway and THR hypotheses, though 
there are challenges in making such interpretations.  For example, past use of one product 
does not rule out the possibility that the other product caused the current pattern of use.  
More direct questions, asking product users about how use of one affected the use of 
another, are more promising. 
 
Temporality does nothing to address the other plausible competing hypothesis:  People 
who are attracted to the use of one tobacco product are far more likely to be attracted to 
another, as compared to people who are not attracted to any tobacco product in the first 
place.  This would be caused primarily by an appreciation of nicotine but could also be 
affected by a willingness or desire to defy social norms.  This confounding is obviously 
the cause of large portion of the association between smoking and e-cigarette use in any 
population.  Confounding is always a challenge for causal inference from non-
experimental data, and relevant data about tobacco and other drug use is necessarily non-
experimental  There is such overwhelming confounding that it is difficult to imagine it 
can be “controlled for” using standard epidemiologic methods, though attempts to do so 
have found that the associations cited as demonstrating the gateway effect disappear 
(O'Connor et al. 535-43)[http://www.ncbi.nlm.nih.gov/pubmed/12959791].  A propensity 
score approach is somewhat more promising, and has been used to show that the 
associations interpreted as gateway effects disappear (Timberlake, Huh, and Lakon 455-
62)[http://www.ncbi.nlm.nih.gov/pubmed/19307445].  Propensity-based modeling has 
been used to show that observed associations across drug categories can be explained by 
this confounding (Morral, McCaffrey, and Paddock 1493-504) 
 
Recently, two studies by Glantz and colleagues, “Electronic Cigarettes and Conventional 
Cigarette Use Among US Adolescents; A Cross-sectional Study” by Dutra and Glantz 
(Dutra LM and Glantz 
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SA)[http://archpedi.jamanetwork.com/article.aspx?articleid=1840772], and “Electronic 
Cigarette Use Among Korean Adolescents: A Cross-Sectional Study of Market 
Penetration, Dual Use, and Relationship to Quit Attempts and Former Smoking”, by Lee, 
Grana, and Glantz (Lee S, Grana RA, and Glantz 
SA.)[http://www.ncbi.nlm.nih.gov/pubmed/24274973], were declared, by the authors and 
other commentators, to show that e-cigarette use among teenagers is causing smoking.  
The following analysis shows that their study results do nothing to favor this explanation 
over either of the competing explanations. 
 
Analysis 
 
Study methods 
The two studies are quite similar, and thus the same analysis applies to both.  Dutra-
Glantz uses the 2011-2012 U.S. National Youth Tobacco Survey (NYTS).  Lee-Grana-
Glantz uses the 2011 Korean Youth Risk Behavior Web-based Survey.  Both are cross-
sectional studies of middle-school and high-school age populations that include data 
about smoking and e-cigarette use.  NYTS contains some temporal data, but Dutra-Glantz 
did not consider it in their analysis; it contains no self-reporting of how use of one 
products influence the choice to use another.  No data about either of these was reported 
by Lee-Grana-Glanz. The reported statistics include no controlling for confounding. 
 
The authors’ claims 
The authors’ main conclusions for Dutra-Glantz: 

 
“Use of e-cigarettes does not discourage, and may encourage, conventional 
cigarette use among US adolescents.” (from the abstract) 
 
“E-cigarettes are likely to be gateway devices for nicotine addiction among youth, 
opening up a whole new market for tobacco” (from the authors’ press release 
(Elizabeth Fernandez)[http://www.ucsf.edu/news/2014/03/112316/e-cigarettes-
gateway-nicotine-addiction-us-teens-says-ucsf-study]) 

 
for Lee-Grana-Glantz: 
 

“Adolescents who tried to quit smoking are more likely to use e-cigarettes but less 
likely to no longer smoke, which suggests that e-cigarettes inhibit rather than 
promote cessation.” (from the Implications and Contributions sidebar) 

 
for both: 
 

“In combination, the two studies suggest that ‘e-cigarettes may contribute to 
nicotine addiction and are unlikely to discourage conventional cigarette smoking 
among youths,’ said the scientists.” (From the Dutra-Glantz press release) 
 

Note that what the authors call “use” is really trialing, further compounding the 
misleading nature of the conclusions. 



 5 

 
Study results 
The main results for the studies are as follows, quoting all the multivariate results from 
the abstracts (with parentheticals and quantifications omitted for clarity; the authors made 
no reference to the magnitude of associations in drawing their conclusions).  The 
abstracts presumably reflect the authors’ own beliefs about the evidence that best 
supports their claims, and a review of the text finds no other stated results that would tend 
to bolster their claims.  Because the present exercise is to demonstrate that the 
conclusions do not even follow from the stated results, no attempt has been made at 
forensic examination of the accuracy of the claimed results or methodology choices, nor 
to provide additional results from the data that the authors chose not to report.  It is 
possible that forensic examination of the analytic choices made by the authors (e.g., the 
odd choice of definition for “current smoker” by Glantz-Dutra (Rodu 
B.)[http://rodutobaccotruth.blogspot.com/2014/04/ucsf-redefines-youth-smoking-
journals.html]) could challenge the reported results themselves. 
 
Points 1-6 are the abstract results from Dutra-Glantz.  The category terms they use are 
non-intuitive and internally inconsistent, so it is important to attend to their definitions: 
“cigarette experimenter” means took one puff ever; “ever e-cigarette user” means took 
one puff ever; “ever smoker” means cumulatively smoked at least 100 cigarettes ever; 
“current smoker” means cumulative consumption of 100 cigarettes plus took at least one 
puff in the last 30 days; “current e-cigarette use” means took one puff in the last 30 days; 
“abstinence” refers to not smoking a cigarette within the specified period.  
 
1. Among cigarette experimenters, ever e-cigarette use was associated with higher odds 
of ever smoking cigarettes and current cigarette smoking. 
2. Current e-cigarette use was positively associated with ever smoking cigarettes and 
current cigarette smoking. 
3. In 2011, current cigarette smokers who had ever used e-cigarettes were more likely to 
intend to quit smoking within the next year. 
4. Among experimenters with conventional cigarettes, ever use of e-cigarettes was 
associated with lower 30-day, 6-month, and 1-year abstinence from cigarettes. 
5. Current e-cigarette use was also associated with lower 30-day, 6-month, and 1-year 
abstinence. 
6. Among ever smokers of cigarettes, ever e-cigarette use was negatively associated with 
30-day, 6-month, and 1-year abstinence from conventional cigarettes.  Current e-cigarette 
use was also negatively associated with 30-day, 6-month, and 1-year abstinence. 
 
Points 7-10 are the abstract results from Lee-Grana-Glantz.  The definitions of terms are 
not clearly presented in the paper, but can be inferred.  They differ from those used in 
Dutra-Glantz.  “Current smoker” means took one puff in the last 30 days (the more 
standard definition in the literature, though still not the intuitive meaning of the phrase); 
“e-cigarette user” apparently means took one puff ever; “current e-cigarette user” means 
took one puff in the last 30 days. 
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7. After adjusting for demographics, current cigarette smokers were much more likely to 
use e-cigarettes than were nonsmokers.  
8. Among current cigarette smokers, those who smoked more frequently were more likely 
to be current e-cigarette users.  
9. The odds of being an e-cigarette user were...higher among students who had made an 
attempt to quit than for those who had not.  
10. It was rare for students no longer using cigarettes to be among current e-cigarette 
users. 
 
Alternative hypotheses 
To illustrate the extent to which the stated conclusions are not supported by the results 
consider extreme versions of the two alternative hypotheses; these contradict the gateway 
hypothesis and thus the stated conclusions: 
 
Scenario 1:  There is no causation in either direction between e-cigarette use and 
smoking, but there are common causes.  Under this scenario, the common causes are not 
merely a major contributor to the association, but account for all of it.  Glantz et al. 
ignore confounding; they give no indication they understand its importance and indeed do 
not even use the word.  
 
Scenario 2:  E-cigarette use never causes smoking in these populations, and a large 
portion of e-cigarette use consists of attempted THR.  That is, the causal relationship 
between smoking and e-cigarette use flows entirely in the direction that Glantz et al. seek 
to deny is occurring, and not at all in the direction claimed.  This scenario can even be 
extended to the extreme that any non-smoker who adopts e-cigarette use (if there are any 
such – recall that the data is just about trialing, not using) does so as a substitute for 
would-be smoking, though this is not necessary.  Without loss of generality, the 
hypothesis could also be that much e-cigarette use is caused by smoking and no smoking 
is caused by e-cigarette use (i.e., there is also confounding). 
 
If one of these extreme scenarios are compatible with the empirical results, then so is a 
more realistic less extreme version or hybrid.  In particular, keep in mind the following 
hybrid:  “Most of the association is due to the confounding, but there is some affirmative 
evidence of THR; it is possible that there are some gateway cases, but there is no 
affirmative evidence to support that.” 
 
Which hypotheses are supported? 
Under all three hypotheses, results 1, 2, 7, and 8 would obviously be inevitable, and so 
they offer no discrimination.  (To the extent that 8 is less obvious, it can be added to the 
next group.) 
 
Results 4, 5, 6, and 9 are presumably the authors’ main basis for their declarations that 
there is a gateway effect.  While perhaps not so obvious as the previous four, these too 
are fully compatible with the alternative hypothesis.  The effects of confounding by 
common causes inevitably have magnitude and not just direction (i.e., it is not merely the 
case that there are common causes that make use of both products more likely, but that 
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the more intense these causal factors are, the more likely use of each product is).  Thus, 
for individuals with high levels of the common cause factors, like wanting to consume 
nicotine, the more likely non-abstinence from smoking is (due to the confounding cause) 
and the more likely use of other tobacco products is.  Thus these results would be 
inevitable under Scenario 1.   
 
These results would also be predicted under Scenario 2.  Smokers who want to quit and 
are happy to be abstinent simply quit (which is why unaided quitting is responsible for 
most successful smoking cessation).  This alone means that pursuit of THR will skew 
toward those who find quitting more unappealing, and thus are less likely to quit over any 
short period.  If THR always consisted of immediate complete switching, we would 
expect different results  But we know that THR frequently involves a transition period, 
even among adults who adopt it aggressively.  Bear in mind that the study subjects were 
young, and so all their behavior could be considered transitional.  This is further 
compounded by the calendar time of these surveys, with e-cigarette use being novel in 
the population.  Thus more of those who will eventually switch would still be 
transitioning as compared to a future older population where e-cigarette trialers have had 
ample time to complete the transition.  Additionally, to the extent that dedicated smokers 
among the subjects were using e-cigarettes as a THR substitute to cut down on smoking, 
but who did not seek to give up taking an occasional puff on a cigarette, these are the 
results we would expect.  A former heavy smoker who successfully employed THR to cut 
down to one cigarette a month would contribute to the observed associations.  Thus, 
results 4, 5, 6, and 9 serve only as evidence against a straw man version of THR (that 
complete switching always occurs immediately), but provide little discrimination among 
the three hypotheses. 
 
The same observations apply to result 10, though it requires a bit more unpacking.  The 
empirical result is not actually what is stated in the prose, but rather is properly described 
as “e-cigarette use was much more likely among subjects who had puffed a cigarette in 
the last 30 days as compared to those who had puffed a cigarette at least once, but not in 
the last 30 days.”  Once it is phrased accurately, it is clear the observation fits perfectly 
with the observations about results 4, 5, 6, and 9:  It is the inevitable result of common 
causes (those who tried a cigarette but did not like it would be unlikely to use e-
cigarettes) as well as THR attempts (those who long ago stopped smoking would have no 
reason to pursue THR).  As for the “rare” claim, this is obviously technically true, since 
e-cigarette use in general was rare in this population, but the claim as stated is 
misleading.  The authors could have reported what portion of current e-cigarette users 
were former smokers (they reported many similar statistics in Table 2), but did not. 
 
Finally, result 3 provides evidence that favors Scenario 2 (or a less extreme hypothesis 
about THR, like the hybrid example that was offered) over the other hypotheses.  This is 
true also for the similar result in Lee-Grana-Glantz, which was omitted from the abstract 
though it is mentioned in the conclusions section and press release, and presented as part 
of the same sentence in the text that contained abstract result 10: “Although attempt [sic] 
to quit smoking conventional cigarettes was associated with current e-cigarette use….”  
These observations are not incompatible with the gateway hypothesis or Scenario 1, but 
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they would not be actively predicted by them; an all-gateway or all-confounding scenario 
would not be expected to find this association. 
 
In summary, there is very little in the empirical results that discriminates among the 
hypothesis that the authors declared to be true (gateway), the one they declared to be false 
(THR), and the one they seem unaware of (confounding).  To the extent that there is any 
discrimination from the results among the three extreme scenarios, it favors the THR 
hypothesis.  Background knowledge tells us that confounding is a likely explanation for 
most of the observed association even in the presences of causation (that is, the extreme 
version of either of the other hypotheses not plausible).  But result 3 still provides active 
support to conclude that THR is occurring. There is nothing at all in the results that tends 
to support the hypothesis that there is a gateway effect over the competing hypotheses.   
 
It should be noted that the most frequently cited claim for why the conclusions from these 
studies do not follow from the results – that cross-sectional data cannot demonstrate 
temporal ordering of trying cigarettes vs. trying e-cigarettes – is incorrect.  This error 
may be the result of the red herring claim in each paper’s statements of study limitations 
(which omit any reference to confounding or alternative causal hypotheses), citing the 
cross-sectional data as the main limitation.  This claim is wrong at two levels.  First, 
cross-sectional surveys can and often do measure temporal ordering of behaviors; they 
just need to ask the right questions (e.g., “Which tobacco product did you use first?”).  
Indeed, the NYTS includes data that could show, albeit imperfectly, that most subjects 
tried a cigarette before they tried an e-cigarette.  Second, knowing temporality is neither 
necessary nor sufficient for establishing causation.  The mere precedence of one behavior 
obviously does not mean it caused a later behavior, even if they are associated.  
Moreover, someone trying a cigarette first does not rule out the gateway effect, because 
use of e-cigarettes still could have caused her to become a smoker.  Smoking, not trialing, 
is the outcome of interest, and it can be caused by an event subsequent to initial trialing.  
The reason the conclusions do not follow from the results is that contrary hypotheses are 
equally or more compatible with the results, not the lack of temporality data.  
 
Other claims that do not follow from the data 
Several ancillary conclusions stated by the authors would be unsupported even if the data 
supported the main conclusions: 
 

Some Korean adolescents may be responding to advertising claims that e-
cigarettes are a cessation aid (from the Lee-Grana-Glantz abstract) 

 
There is no reported data, nor any analysis, that addresses whether the subjects are 
responding to advertising claims. 
 

“We are witnessing the beginning of a new phase of the nicotine epidemic and a 
new route to nicotine addiction for kids,” according to senior author Stanton A. 
Glantz, PhD, UCSF professor of medicine and director of the Center for Tobacco 
Control Research and Education at UCSF. (from the Lee-Grana-Glantz press 
release (Elizabeth 
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Fernandez)[http://www.ucsf.edu/news/2013/11/110416/electronic-cigarettes-new-
route-smoking-addiction-adolescents]) 
 

There is nothing in the study that assesses addiction, let alone evidence that e-cigarettes 
cause it (even setting aside the ambiguity about what that would mean).  The main results 
show that e-cigarettes are mostly a redundant route to nicotine use.  They are a “new 
route” only in the sense that each new production batch of cigarettes is a new route; in 
both cases, they are used mostly by the same people who were consuming the product 
that existed prior to that. 
 

“Our paper raises serious concern about the effects of the Wild West marketing of 
e-cigarettes on youth,” said Glantz. (ibid) 

 
The paper provides no information about marketing or its effects. 
 

Sungkyu Lee, PhD, lead author of the paper and a UCSF postdoctoral fellow at 
the time that he conducted the study, noted that e-cigarette use has skyrocketed in 
Korea: less than 1 percent of youths had tried the product in 2008 when the device 
was first introduced, compared to more than 9 percent in 2011. (ibid) 

 
It is difficult to imagine how there could not be a substantial increase in lifetime ever-
trialing rates, measured in relative terms, when the baseline is “when the product was first 
introduced”.  This might be the source of concern referred to in the previous quote, but is 
unrelated to what appears in the article. 
 

“It looks to me like the wild west marketing of e-cigarettes is not only 
encouraging youth to smoke them, but also it is promoting regular cigarette 
smoking among youth,” said senior author Stanton A. Glantz, PhD, UCSF 
professor of medicine and director of the Center for Tobacco Control Research 
and Education. (from the Dutra-Glantz press release) 

 
There is nothing in that study about marketing, let alone demonstrating its effects (there 
is one unsupported assertion in the introduction and no further mention).  The unrelated 
second half of the sentence is, of course, the gateway claim that is debunked above. 
 
And finally, 

 
“Despite claims that e-cigarettes are helping people quit smoking, we found that 
e-cigarettes were associated with more, not less, cigarette smoking among 
adolescents,” said lead author Lauren Dutra, a postdoctoral fellow at the UCSF 
Center for Tobacco Control Research and Education. (ibid) 

 
This is a restatement of the authors’ main claim, concisely phrased so that it should be 
obvious to the speaker and everyone else that the claim is unsupported.  Contrary to the 
implied logic, if e-cigarettes are used exclusively to quit smoking, their use obviously will 
be associated with smoking. 
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Discussion 
 
Conclusions that do not follow from the analysis are common in peer-reviewed public 
health journals and are widely believed by naïve non-scientists.  Much of this results 
from nothing more complicated than misplaced trust.  The scientific process trusts 
authors to be honest, making it very easy for those whose goals diverge from furthering 
scientific understanding to game the system.  The only checks on this are journal editors 
and reviewers (there are no checks on press releases), but they are frequently inattentive, 
making acceptance of a paper with erroneous conclusion no worse than a dice roll for the 
authors.  Moreover, gatekeepers who share the authors’ political goals can be 
intentionally selected, and no one custodiet ipsos custodes. 
 
A deeper understanding of the failure of public health analyses comes from recognizing 
the importance of implicit theorizing.  Data and statistics never “speak for themselves” 
and conclusions from them are always based on a host of ancillary beliefs.  Thorough 
scientists state their most important ancillary theories explicitly, but in public health 
science they are seldom stated and often apparently not even recognized by the authors.  
In many cases, if the key implicit theories were even vaguely explained by the authors – 
perhaps if journals forced them to do it – they would be immediately recognized as 
problematic. 
 
In the present case and many like it, the authors seem to be operating under a theory that 
might be called a faith-based Bayesianism:  Their prior probabilities for one particular 
hypothesis (that e-cigarettes cause smoking) are extremely high, at a level that rivals 
religious belief, as suggested by Glantz’s statements [e.g., 
(Tavernise)[http://www.nytimes.com/2014/02/23/health/a-hot-debate-over-e-cigarettes-
as-a-path-to-tobacco-or-from-it.html?emc=edit_tnt_20140222&tntemail0=y, (Glantz 
SA)https://tobacco.ucsf.edu/more-evidence-big-tobacco-harm-reduction-efforts-are-
designed-protect-cigarette-sales, ].  Their prior probability that e-cigarettes are used for 
THR are comparably low (again, supported by previous writings 
[https://tobacco.ucsf.edu/more-evidence-ecigarettes-are-not-reducing-smoking, 
http://www.tobacco.ucsf.edu/more-evidence-e-cigs-inhibit-quitting-conventional-cigs-
real-world]) as is the probability that co-use is simply caused by personal preference 
(there is no evidence in the papers, and none apparent in Glantz’s other writings, that they 
are even aware of this possibility).  While the authors reported frequentist statistics, their 
conclusions are all phrased in terms of worldly probabilities (i.e., are Bayesian).  In the 
presence of these ancillary assumptions, any empirical evidence that does not flatly rule-
out the gateway hypothesis (and it is difficult to imagine what would), no matter that it is 
more compatible with a competing hypothesis, will leave the authors with a high 
posterior probability for their favored claim. 
 
To illustrate, consider an example of updating of Bayesian priors.  Consider someone 
whose prior beliefs are that there is a 50% chance that e-cigarettes cause smoking, a 1% 
chance that e-cigarettes are used for THR, a 1% chance that there is a strong association 
caused by confound, with the remaining probability that there is no association.  (This is 
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obviously a simplified example, based on the extreme pure hypotheses, but it serves to 
illustrate.)  Further assume the beliefs that there is an 80% probability a study will show 
an association (again simplified – the magnitude matters) under the first three hypotheses 
and a 5% chance under the last.  The posterior probabilities, applying the Bayes Theorem 
after the observation of association, would be .91, .02, .02, and .05, which is strong 
support for the first hypothesis.  But, of course, the observation increased the 
probabilities of all of the first three hypotheses by the same ratio, at the expense of the 
fourth, and so the overwhelming support for the first compared to the second and third is 
just an echo of the prior beliefs. 
 
Note that this is the most charitable interpretation of the conclusions.  Offering such an 
explanation does not rule out the alternative interpretation that the authors had no theory 
whatsoever, and just wrote the conclusions they politically preferred and juxtaposed them 
with the study results without even believing they were related.  Moreover, the explicit 
claims by the authors that the empirical results support their conclusion, when at best 
they merely let them preserve their strong priors, are false regardless of the ancillary 
assumptions. 
 
Those who are genuinely interested in discriminating among competing hypotheses have 
ways of doing so.  Temporal data can be used to partially test whether gateway or THR is 
a more plausible conclusion (with the above caveat that it is not definitive unless the 
retrospective data is very rich).  The confounding hypothesis can be tested using data that 
is rich with covariate, though not in the naïve way usually employed in epidemiology 
(choose one particular statistical model and pretend it “controls for” all the confounding).  
Rather, the researcher should examine whether the association is robust across many 
different multivariate models that are potentially confounding-controlled.  If the 
association survives robust attempts to “make it go away”, the plausibility of causation is 
support (though the direction of causation remains ambiguous).  Additionally, 
hypothetico-deductive tests can be run (e.g., if there is a gateway, there should be certain 
statistical similarities across different populations (Degenhardt et al. 84-97)). 
 
While the datasets used in these papers were not optimal for discriminating among the 
competing hypotheses, there are ways that they could be better used to do so.  (Exploring 
how to better discriminate is beyond the present scope and is being pursued as a separate 
project.)  But there is no evidence the authors even attempted this.  To the extent that they 
did try to discriminate, they apparently failed to find any support for their preferred 
hypothesis because there is simply nothing in the analyses that tends to support it over the 
pure-confounding or almost-all-THR hypotheses where there is zero gateway effect. 
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