Who will be duped by error-strewn
‘meta-analysis’ of e-cigarette
studies?

Done badly, meta-analysis can be a neat and scientific-
sounding way of aggregating junk to create new and
more convincing junk

[Note: backgrounder What is meta-analysis]

The Lancet Respiratory Medicine has been duped into publishing a ‘meta-
analysis’ of e-cigarette studies authored by Professor Stanton Glantz and
colleague [see Kalkhoran S, Glantz SA. E-cigarettes and smoking cessation in
real-world and clinical settings: a systematic review and meta-analysis. Lancet
Respir Med].

n "

The expert reaction has been swift and devastating: “not scientific”, “grossly
misleading”, “a major failure of the peer review system” are amongst the
comments from Professor Robert West, Professor Ann McNeill, Professor Peter
Hajek, Linda Bauld of Cancer Research UK and Roseanna O’Connor of Public
Health England. What’s behind this unusually strong condemnation?

We knew this was coming because an earlier version of this thoroughly flawed
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exercise is available on Professor Glantz’s blog: Meta-analysis of all available
population studies continues to show smokers who use e-cigs less likely to quit

smoking.

I could go on at length about this exercise... but fortunately, I don’t have to. The
U.S. anti-smoking agency, Truth Initiative has already provided an extensive and
credible critique of this meta-analysis and underlying studies in a submission to
the FDA (please note it was known as Legacy at the time of the submission). Here
is its acerbic dismissal of Professor Glantz’s meta-analysis (which is ref 73):

While the majority of the studies we reviewed are marred by poor measurement
of exposures and unmeasured confounders, many of them have been included in
a meta-analysis that claims to show that smokers who use e-cigarettes are less
likely to quit smoking compared to those who do not.73 This meta- analysis
simply lumps together the errors of inference from these correlations. As
described in detail above, quantitatively synthesizing heterogeneous studies is
scientifically inappropriate and the findings of such meta-analyses are therefore
invalid. (emphasis added)

Dismissing this and much else, the experts at Truth concluded:

Findings from the studies with the strongest methodologies suggest that e-
cigarettes are effective in helping adult smokers to quit or to reduce their
cigarette consumption and that rates of smoking cessation with e-cigarettes are
similar to rates of cessation with nicotine replacement therapy.

This is consistent with the Cochrane Review of e-cigarette studies, which

...finds emerging evidence that smokers who use electronic cigarettes can stop
or reduce their smoking.

The Cochrane Review gave a cautiously positive assessment of e-cigarettes but
stressed the weakness of the evidence base. In short, there are few RCTs because
there is little incentive for any manufacturer to conduct RCTs - and the value of
RCTs is limited in such an uncontrolled real-world behavioural eco-system as
vaping. The solution to that is not to take on lots of studies that are completely
unsuitable for addressing this question and then aggregate them, it is to draw on
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different strands of evidence to build up a picture.

We’'ll hear more from Truth later in this post. As well as the insights from this
preview of Professor Glantz’s analysis, we also know this work must be very poor
indeed because it was initially pitched to at least one US journal, which normally
publishes anything hostile to e-cigarettes, and it was even rejected by them.

Why might a journal reject this ‘meta-analysis’? Let’s go in deeper...

There are multiple challenges with interpreting the e-cigarette studies routinely
appearing in the scientific literature - and over-interpretation is all too easy or
even deliberate. To make sense of what each study is telling us, isn’t telling
us, and can’t tell us, it needs to be interrogated with questions like these (and
many others):

= Motivation. Were the e-cigarette users actually trying to quit? Several
studies include people who happen to be using e-cigarettes but who aren’t
trying to quit smoking. They simply can’t be included in an assessment of
whether e-cigarettes help with quitting smoking or be compared with
motivated people trying other approaches to quitting. But they are
included in this meta-analysis.

» The intensity of use. Were the users making just occasional use of e-
cigarettes and were the users classified sensibly? Did they find that
people using e-cigarettes just occasionally didn’t quit smoking (no
surprise) and then attribute that as a failure of e-cigarettes to help the
user stop smoking? Many of the studies classified as e-cigarette users
anyone who had ever used an e-cigarette. So if you tried one at a party
years before you were surveyed, it was counted as e-cigarette use and
expected to result in cessation years later. How does that make sense?
There has to be real, significant use to see an effect on quitting - just as is
true with NRT, or any other medication or treatment, for that matter. But
few of the studies in the meta-analysis consider this.

» Technology. Were they using modern devices? Many studies take 2 years
so are way out of date a publication, and many users progress to more
advanced devices with a higher chance of quitting as they get used to
vaping.

= Confounding. Did some other factor explain why people using e-cigarettes
appeared to quit less? For example, were the users of e-cigarettes more



nicotine dependent? Maybe users that have tried everything else or really
want to keep using nicotine are drawn to e-cigarettes rather than
complete quitting?

» Selection bias. Were users who had already quit smoking with e-
cigarettes excluded? Studies that recruit smokers at baseline can be very
misleading: they include smokers who tried e-cigarettes but carry on
smoking and exclude those that tried e-cigarettes and quit - i.e. the
sample is pre-sorted to include failures and exclude successes, and is,
therefore, unrepresentative. The problem rarely arises for other forms of
help like NRT because people tend not to use them after they fail, but
vaping appears to be different with extended periods of dual use being
common.

» Appeal and acceptability. Is a higher proportion of users willing to try e-
cigarettes? E-cigarettes may be more effective at the population level if a
higher proportion of smokers is willing to try them, even if the
effectiveness per user is the same. We are dealing with a behaviour, not a
medicine.

» Outcome measure. What counts as success? Did an arbitrary cut-off point
distort the findings? Were vapers who were still smoking progressing
towards quitting at the study end point? Supposing smokers using NRT
set a quit date, become abstinent and then typically relapse as time
passes. Supposing vapers approach quitting differently: gradually
weaning themselves off smoking and on to vaping through a period of
dual use. An early cut off will make NRT (quit and relapse) look better
and make vaping (gradual transition) look worse.

Deep methodological flaws

These questions are designed to tease out problems of selection
bias, confounding and study design including the outcome and exposure measure.
From these questions, it should be evident that great care must be taken with
interpreting results and making comparisons within and between e-cigarette
studies. Even greater care is required if these studies are then going to be
aggregated in a ‘meta-analysis’. Meta-analysis is legitimate when several small
studies of almost identical design can be pooled to create the equivalent of a
larger study with better statistical power and greater confidence in the pooled
result. For example, when several trials of a drug are made on patients with the
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same illness, pooling the results is legitimate and useful. But if they are totally
different studies in design - and the ones in this meta-analysis are - then they
cannot legitimately be pooled. To be aggregated, it should obvious the studies
must be almost identical in design - if they are not, then they are summing
oranges and bananas.

Carl V Phillips provides a high-quality discussion of the methodological issues
afflicting this ‘meta-analysis’

= The bright side of new Glantz “meta-analysis”: at least he left aerospace

engineering
= What is “meta-analysis”? (and why was Glantz’s inherently junk?)

An example of just how poor this is

Let’s take one example to highlight the kind of studies being used in this
analysis: Al-Delaimy WK, Myers MG, Leas EC, et al. E-cigarette use in the past
and quitting behavior in the future: a population-based study. Am J Public Health
2015;105:1213-9. [link] cited at ref 36 and included in the ‘meta-analysis’.

In this study, the authors divided a sample of smokers at baseline into those who
had ever used e-cigarettes (even just one) and those who said they never would
use e-cigarettes. Amazingly, this was somehow regarded as a reliable proxy for
trying to quit with and without e-cigarettes. They then measured smoking
behaviour 12 months later and drew conclusions about the impact of e-cigarettes
on quitting behaviour. They didn’t check whether e-cigarettes actually had been
used during the 12 months or whether the smokers were actually trying to quit.
So we (and the authors) have no idea who was actually using e-cigarettes, and
how much, if at all, or whether they were trying to quit, and if they were, whether
they were using e-cigarettes in the attempt. Apart from that, it is perfect!!

But this has found its way into an analysis of studies that purportedly tell us
something about whether e-cigarettes help people to quit. Then it has been
aggregated with studies with completely different designs, with different but
equally misleading inferences drawn from them.

More on understanding what’s gone wrong here

In a hilarious and desperate effort to counter the criticism in this blog and
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mirrored elsewhere, the UCSF press release states: People who carefully read our
paper, particularly the sensitivity analysis (Table 2), will see that we anticipated
and dealt with his [i.e. my] predictable criticisms. Really? These criticisms are
nothing to do with ‘sensitivity analysis’ - they are to do with deep flaws related to
selection bias, confounding and study design - and, above all, the preposterous
idea of aggregating studies that are completely different in design, exposure, user
characterisation and outcome measure.

Rather than try to explain all this myself, I thought it would be useful and
educational - not least for the editor and peer reviewers at The Lancet RM - to
provide a longer extract of Truth Initiative’s critique which elaborates on these
arguments in more formally. This is set out in the box below. Access to the
original and referencing is here from page 8.

State of the Science: Impacts on Current
Users of Tobacco Products
(Cessation/Dual Use/Exclusive Use)

Here we turn to patterns of use among current users of tobacco, especially the
most harmful combustible products, and in particular, the current state of
knowledge on the impact of e-cigarettes on cessation and dual use behavior. In
our view, the current state of the scientific literature is inadequate to draw
significant conclusions about this issue. This is because most of the current
literature is based on cross-sectional observations that have significant flaws
making them of limited or no value in assessing this question.

Sources of concern include:

» Approach is blind: vulnerable to heterogeneous studies that lack
sufficient commonality of measures, methods, rigor

» Poor exposure measures: inappropriate/insufficient duration (e.g. ever
used an e-cigarette; no duration indicated; no reason for use, type of
product, or co-use with other quit aids indicated)

 Selection, indication bias: cannot rule out25

» Replication myth: multiple uninformative studies create a false negative
impression and are over
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Evidence to Assess the Effect of E-cigarette Use
on Smoking Cessation

Below we detail our concerns regarding the state of the evidence of e-cigarettes
on smoking cessation and expand the presentation of Dr. Jennifer Pearson at
FDA'’s third e-cigarette workshop.

We conducted a review of the scientific evidence related to the effect of e-
cigarette use on smoking cessation. We identified 42 studies that purport to
report on the relationship between e-cigarette use and smoking cessation. We
present the strengths and weaknesses of these studies, and highlight the best
available evidence. Take-home points for each section are noted in bold.

Most existing observational studies related to the effect
of e-cigareite use on smoking cessation are
uninformative and are marred by poor measurement of
exposures and unmeasured confounders.

We established a hierarchy to organize studies according to their
methodological strengths. Studies that “fall out” of this hierarchy towards the
top are weaker - and uninformative - compared to those that “fall out” towards
the bottom. Figure 7 illustrates this hierarchy. We found that most of the
existing studies related to the effect of e-cigarette use on smoking cessation are
uninformative. An assessment of the included studies is outlined in detail below.
Information about specific studies can be found in Table 2 (included at the end
of this section). We include three randomized, controlled trials published on
this topic in the flowchart for completeness, while noting that their design
preempts some of the categories listed in Figure 7.

Figure 7. Hierarchy of Methodological Consideration and
Evidence. Studies included towards the bottom of the
flowchart have the strongest methodologies and provide
the best evidence.
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It is important to note that the existing observational studies do not constitute
reliable scientific evidence and therefore, meta-analyses of these studies are
inappropriate for several reasons. First, as noted above and detailed below, the
majority of studies that purport to address the relationship between e-cigarette
use and smoking cessation do not provide evidence to answer that question.

Second, as noted in the Cochrane Handbook for Systematic Reviews of
Interventions,26 the use of meta-analysis is not appropriate in all reviews and
the first step to deciding whether to undertake a meta-analysis is to evaluate
the similarity of studies with respect to population, intervention, comparison
group, and outcome. The initial determination of heterogeneity should be
evaluated qualitatively by the authors and evidence of statistical heterogeneity
in the model should be presented ONLY after it is determined that the studies
are comparable enough to warrant pooling of data. The observational studies
identified in our review were determined to be sufficiently heterogeneous that
they should not be pooled in such an analysis. The recent Cochrane review on
the use of e-cigarettes for smoking cessation reached a similar conclusion. The
Cochrane reviewers examined data from both randomized controlled trials and
cohort studies, but conducted limited meta-analyses using data from only the
two randomized controlled trials where the designs and populations were




deemed sufficiently similar to compare.27 Third, non-randomized studies which
use “different study designs (or which have different design features)...should
not be combined in a meta-analysis” (p. 422).26 A key issue related to pooling
non-randomized studies is adjustment for confounding which is not captured in
simple numerators and denominators or means and standard errors. The
Cochrane Handbook warns: “Meta-analyses of studies that are at risk of bias
may be seriously misleading. If bias is present in each (or some) of the
individual studies, meta-analysis will simply compound the errors, and produce
a ‘wrong’ result that may be interpreted as having more credibility” (p.
247). 26 As detailed below, the existing observational studies suffer from
measurement bias, selection bias, and confounding that render meta-analysis
inappropriate at this time.

Hierarchy of Methodological Considerations and Evidence (top to bottom):

(1) Studies must examine the outcome of interest (i.e.,
cigarette smoking abstinence or reduction).

To provide information regarding whether e-cigarettes can be used as an
effective tool for smoking cessation, a study must appropriately operationalize
the outcome of interest (smoking cessation). We considered smoking abstinence
and cigarette reduction to be the most relevant/highest-quality outcomes. Of
the 42 studies we reviewed, seven did not examine the outcome of
interest.28-34 These studies assessed outcomes that are related to smoking
cessation, such as intention to smoke,28 withdrawal-related
symptoms,28 nicotine levels,31 reason for e-cigarette use,30 and other
descriptive information about people who use e-cigarettes for cessation.33,34

(2) Studies must assess e-cigarette use for smoking
cessation as the exposure of interest.

For observational studies, it is crucial to confirm that participants are using e-
cigarettes for the purpose of cessation. People use e-cigarettes for a multitude
of reasons, e.g., because they are cheaper than cigarettes, they are less
harmful, or they are only experimenting with the product. If smokers are not
using e-cigarettes to help them quit it does not make sense that we should
expect them to help smokers quit. Pearson et al. addressed this issue by asking,
“What quit methods have you used in the past 3 months?”35 Participants who



used an e-cigarette as a quit method were classified as “exposed” and those
who did not were classified as “unexposed” regardless of other e- cigarette use.

For randomized controlled trials (RCTs), where participants are assigned by the
researchers to either use e-cigarettes or abstain and followed for the cessation
outcomes of interest, reasons for use are balanced across the exposed and
unexposed study groups through randomization. As such, reason for use is
unlikely to confound the relationship between e-cigarette exposure and
cessation and, similar to studies of NRT on cessation, does not need to be
directly assessed in order for study findings to be generalizable.

Of the remaining 35 studies in the hierarchy, three were RCTs.36-38 Of the
other 32 studies in the hierarchy, 26 did not assess the reason for e-cigarette
use as an exposure.39-64

(3) Studies must employ strong study designs.

Apart from RCTs, the strongest epidemiologic studies examining whether e-
cigarette use leads to smoking abstinence or cigarette reduction should be
longitudinal and have appropriate comparison groups. Of the nine remaining
studies in the hierarchy, seven did not have appropriate study
designs.35,37,65-69 Four of these studies were cross-sectional65,66,68,69 and
one was a case series.66 One study was longitudinal;35 however, in its
assessment of the association between e-cigarette use and smoking cessation
outcomes, it only employed cross-sectional data. One study randomly assigned
participants to e-cigarette use or control during the initial lab phase of the
study, but then provided the control group with e-cigarettes during the follow-
up period.37 Since there was no longer an unexposed control group during the
phase of the study in which the smoking cessation outcomes were obtained, this
study was excluded at this point as well.

After considering whether studies assessed the outcome of interest, e-cigarette
use for smoking cessation as an exposure, and study design, only two studies -
both RCTs - remain in the hierarchy.36,38 These studies met all of the
additional criteria described below.

(4) Studies must precisely measure the exposure of



interest (i.e., e-cigarette use).

In order to precisely measure the exposure of interest (e-cigarette use), studies
should:

(a) Establish temporality by ensuring that the exposure preceded the
outcome

Some studies report ever or past 30-day use of e-cigarettes at
baseline.44,46,49,54,62 As measures, neither ever use nor past 30-day use
accurately capture individuals who regularly use e-cigarettes. Amato et al.
investigated this measurement issue in a 2014 survey of over 9,300
participants and found that, among current smokers who reported past 30
day e- cigarette use, 59% were infrequent e-cigarette users (use on 5 or
fewer of the past 30 days), 28.7% were intermediate users (use between 6
and 29 (inclusive) of the past 30 days), and 12.3% were daily users (use 30
out of the past 30 days).30 Based on this finding, the authors concluded that
defining adult prevalence as any e-cigarette use in the past 30 days may
include individuals who are experimenting with e-cigarette and are unlikely
to progress to regular use.

(b) Measure dose of e-cigarette use

One study, conducted by Biener and Hargraves, illustrates the importance
of measuring e- cigarette dose for studies investigating smoking cessation
outcomes.45 They measured e- cigarette dose and found that intensive e-
cigarette use (daily use for at least one month) was associated with a 6.07
(95% CI: 1.11 - 33.18) increase in the odds of smoking abstinence, while
there was no significant difference in cessation for intermittent users (e-
cigarette use more than 1-2 times but not daily for a month) or for
individuals who had never used e-cigarette or who had used e-cigarette only
once or twice.45 Studies using weaker measures of ever or past 30-day e-
cigarette use at baseline do not provide sufficient information on exposure
to e-cigarettes to understand the relationship between e-cigarette use and
cessation.

(c) Assess the e-cigarette product type

E-cigarettes are diverse .70 They vary by device



type,71 performance,71 flavor52 and other characteristics.70 It is important
to assess the e-cigarette product type because products may have different
levels of effectiveness when used for smoking cessation. This phenomenon
was seen by Hitchman et al., who examined differences between cigalike
and tank e-cigarettes and found differential results based on product
type.55

Many of the observational studies that “fall out” of the hierarchy before
reaching the bottom report negative correlational findings between e-cigarettes
and smoking cessation.
29,35,3941,43,50,52,53,55,56,61,63-65,67-6944,46,54,62,72 These studies are
uninformative and do not tell us how e-cigarette use affects cessation due to
their inherent methodological limitations. To make inferences about the impact
of e-cigarette use on cessation based on these studies would be akin to
repeating well-documented errors regarding the negative effect of nicotine
replacement therapy on smoking cessation that is the result of confounding
with dependence. That is, more dependent individuals are more likely to try
multiple cessation treatments, and they are also more likely to fail because of
their higher dependence.25 Similarly, e- cigarette users may be more likely to
try any number of cessation treatments and to fail because of the influence of a
third variable, such as dependence. This does not imply that the treatments are
ineffective overall, but rather that other, extra-treatment factors need to be
taken into account when highly dependent smokers try to quit and that perhaps
treatment dose was insufficient to address their needs. Like the observational
studies of use of nicotine replacement therapies (NRT), selection and indication
bias are important considerations and very difficult to eliminate from analysis of
the negative correlation between NRT use and cessation outcomes.25 Research
indicates smokers who used e- cigarettes consume more cigarettes per day, are
more nicotine dependent, make more quit attempts, make longer quit attempts,
and use more cessation aids than otherwise similar smokers who have not used
e-cigarettes to quit. Most of these characteristics are associated with poor
cessation outcomes in observational studies of NRT.25,26 So, it’s not surprising
that smokers who use e-cigarettes to quit have worse outcomes due to selection
and indication bias in observational studies.

While the majority of the studies we reviewed are marred by poor measurement
of exposures and unmeasured confounders, many of them have been included in



a meta-analysis that claims to show that smokers who use e-cigarettes are less
likely to quit smoking compared to those who do not.73 This meta- analysis
simply lumps together the errors of inference from these correlations. As
described in detail above, quantitatively synthesizing heterogeneous studies is
scientifically inappropriate and the findings of such meta-analyses are therefore
invalid.

A Cochrane systematic review published in 2014, which used the highest
methodological standards, examined the efficacy of e-cigarettes for smoking
cessation and reduction.74 Of the 594 records screened, only two randomized
trials were included in the meta-analysis.36,38 We also identified these two
studies as the only ones that met all of the methodological specifications
described in our hierarchy.

Findings from the studies with the strongest
methodologies suggest that e-cigarettes are effective in
helping adult smokers to quit or to reduce their cigarette
consumption and that rates of smoking cessation with e-
cigarettes are similar to rates of cessation with nicotine
replacement therapy.

One of many weaknesses of the peer review system is that allows authors to keep
presenting a paper to journals until someone says ‘yes’: just keep going until you
find editors and reviewers with either too little understanding or too much
ideological bias that they will nod it through. And there it is: a peer-reviewed
paper ready to be cited by its own authors every other unscrupulous academic,
official and activist trying to prove that something much safer is somehow more
dangerous.

Who was duped?

V important meta-analysis in Lancet by @ProfGlantz E-cigs REDUCE quitting by
28% Key policy messages in discussion https://t.co/DVA3PWBfld

— Martin McKee (@martinmckee) January 14, 2016
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#Vapers 28 % LESS likely to quit #Smoking@Thelancet

MetaAnalysishttps://t.co/kTibyC8UZA#quit#eCigs#ProtectOurKids@theBMA@rob
INHEG

— Simon Capewell (@SimonCapewell99) January 14, 2016

How shaky are the twin pillars of the case for #ecigarettes? My
@ConversationEDU column https://t.co/7aRnhaP37T

— Simon Chapman AO (@SimonChapman6) January 14, 2016

Or is ‘duped’ just too generous?

Discussion

= BBC’s More or Less statistics programme discusses this study (note: this
suggests that one Lancet Respiratory Medicine peer reviewer

recommended rejection)
= BBC article - Do e-cigarettes make it harder to stop smoking?
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