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Abstract

A pair of recent case—control studies (Bittoni et al., 2024, 2026) reported that dual use of combustible cigarettes (CC) and electronic
cigarettes (EC) carries a substantially elevated risk of lung cancer relative to smoking alone, including for early-onset lung disease.
We argue that these findings are likely strongly influenced by differential exposure ascertainment. In both studies, lung cancer cases
were identified through hospital encounters, where risk-factor documentation was likely systematic, whereas EC use among controls
was ascertained from routine outpatient records, where exposure documentation may have been incomplete. The documented
prevalence of EC use among controls was several-fold lower than contemporaneous U.S. and Ohio population estimates matched by
age and geography, while cigarette smoking prevalence was high. This pattern is consistent with under-ascertainment of EC use in
controls and consequent inflation of the reported dual-use odds ratios. In contrast, the ratio of dual use to cigarette smoking among
cases was not elevated relative to comparable CDC general-population estimates. National SEER trends also do not support the
hypothesis that EC use has produced an emerging signal of early-onset lung cancer: incidence has declined across major histologic
subtypes and age strata since 2000, with the steepest declines observed among adults under 50 during the period of greatest EC
market growth. Future studies should validate electronic medical record—based EC exposure capture and more precisely characterize
EC use prevalence, timing, duration, intensity, former smoking, and exclusive EC use to clarify the associations between product use

patterns and lung cancer risk.

Keywords: Lung Cancer; Smoking; Vaping; Electronic Cigarettes;
Exposure Misclassification.

Introduction

We read with interest two case—control analyses by Bittoni and
colleagues, linking the dual use of cigarette (CC) smoking and
electronic cigarette (EC) use with a substantially elevated risk of
lung cancer relative to smoking alone. In the first study, which
included 4,975 lung cancer cases in adults of all ages and 27,294
controls, the authors reported a comorbidity-adjusted dual-use
odds ratio of 38.7 compared with 9.6 for cigarette smokers, an
approximately fourfold difference in the odds ratios [1]. In a
subsequent analysis restricted to early-onset lung cancer cases,
defined as those diagnosed before 50 years of age, the authors
reported an odds ratio of 13.8 for dual users versus 5.0 for exclusive
cigarette smokers among 257 cases and 2,921 controls. They also

reported higher odds of pulmonary adenocarcinoma among dual
users than among exclusive cigarette smokers [2]. These findings,
if valid and causal, have important implications for tobacco harm
reduction policy and EC product regulation. Specifically, such
findings suggest that dual use is not a transitional or reduced-risk
pattern of use but may instead confer greater lung cancer risk
than smoking alone [3-5]. However, both case—control analyses
raise substantial concerns regarding the differential measurement
of EC exposure between cases and controls, which could bias
the estimated association. This commentary identifies a likely
source of exposure misclassification common to both studies and
assesses the plausibility of the reported control-group prevalence
of EC use using contemporaneous U.S. and Ohio population data.
This finding contrasts with the early-onset lung cancer hypothesis
advanced in the 2026 paper, with national trends showing greater
recent reductions in pulmonary cancers in younger adults than
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in older adults. Finally, recommendations for future studies are
provided, including the need to more precisely and accurately
characterize the prevalence, timing and duration of EC use.

Differential Ascertainment of E-Cigarette Exposure

Cases in Bittoni et al. were drawn from hospital encounters
(2013-2021) at the Ohio State University Medical Center, where
pathologically confirmed lung cancer would have triggered
comprehensive case documentation, including systematic coding
of candidate risk factors. Controls, by contrast, were ascertained
from outpatient annual checkups, where documentation of EC
use depended on either the patient’s self-report or the clinician’s
asking a forced-choice response regarding current vaping and
recording the response in the electronic medical record (EMR).
These ascertainment methods are not equivalent measures of EC
exposure, and a nontrivial fraction of EC use among controls is
likely to be undocumented rather than absent. Differential exposure
ascertainment between cases and controls is a recognized source of
bias in case—control analyses, with odds ratios biased upward when
exposure is more completely recorded for cases than for controls.
In the present study, the magnitude of this bias can be assessed
by comparing documented EC prevalence among controls with
external population-based estimates.

Evidence of e-cigarette undercount in the control samplee

In the 2024 case—control study (n=4,975 lung cancer cases of
all ages; n=27,294 controls; median control age in the mid-60s),
the documented prevalence of current cigarette smoking in the
electronic medical records among controls was 37.6%, whereas the

documented prevalence of current vaping was 0.80% [1]. The ratio
of vaping to cigarette smoking in the control group was therefore
approximately 2.1% (219/10,255). The authors describe their data
as concordant with U.S. population estimates. However, MMWR
surveillance data for the relevant calendar window (2013-2021)
and age strata indicate that the ratio of current EC use to current
cigarette use was approximately 7-13% in adults aged 65+ and
15-19% in adults aged 45-64 over that time period [6-13]. Ohio-
specific surveillance data (2017-2021) yield 9.1-11.7% and 14.6—
19.0% for these strata, respectively [14, 15]. The control sample
of Bittoni et al. (2024) therefore exhibits approximately one-tenth
to one-fourth the rate of EC use observed in age- and geography-
matched population data (Figure 1A).

This disjoint persisted in the 2026 follow-up, which was restricted
to early-onset cases, in which ~80% of the control sample was
40-50 years old and the remainder was younger [2]. In that
study, the prevalence of cigarette smoking among controls was
39.4% (1,150/2,921), while the prevalence of vaping was 1.5%
(45/2,921), yielding an EC-to-CC ratio of 3.9% (45/1,150). The
corresponding MMWR ratios are approximately 15-19% among
adults aged 45-64 and 21-52% among adults aged 25-44, with
Ohio-specific ratios of 14.6-19.0% and 35-75% for these strata,
respectively [14-16]. EC use among controls in both studies
appears to be undercounted by a factor of three to five relative
to population benchmarks (Figure 1B). Both studies reported no
exclusive EC users in the control sample, a finding more consistent
with under-ascertainment than with a true zero prevalence of
exclusive EC use.
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Figure 1: Ratio of electronic cigarette use to combustible cigarette use, 2013-2021.

(A) The EC-to-CC ratio observed in the control group of Bittoni et al. (2024) (~2.1%; outpatient medical record; median age in the
mid-60s, 40% <60 years) is approximately fivefold lower than the CDC NHIS estimates for age-comparable U.S. adults (45-64 and
65+ years) over the same period. (B) The same pattern is observed by Bittoni et al. (2026), whose control group is primarily 40-50
years old (>80%), with the remainder being under 40 years old. The observed control-group ratio (~3.9%) is again approximately
fivefold lower than the CDC NHIS estimates for the corresponding age strata (25—44 and 45-64 years). Both studies relied on passive
EMR documentation of EC use during outpatient encounters rather than a forced-choice tobacco use questionnaire, the standard NHIS
nstrument.
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If the control group exposure prevalence is depressed by a factor
of three to five, the dual-use odds ratio is correspondingly inflated.
Recovery of an unbiased estimate would require either validation
of EMR exposure capture at the annual physical encounter or
substitution of a corrected reference distribution.

Compared with the national CDC data of the general
population, the dual-use rates of the cases did not appear to
be elevated.

While the prevalence of vaping appeared artificially low in
the control group of Bittoni et al., dual use did not appear to be
elevated in the case samples relative to what was seen in the
general population in comparable age ranges in the CDC data.

In the Bittoni 2024 study, 89.3% of the case sample smoked

cigarettes (including dual use), and 6.3% vaped (only dual use
was reported). The ratio of DU to CC prevalence was thus 7.1%.
This population had a median age in the mid-60s (see Table 1).
Strikingly, the CDC data indicate that this ratio is consistent with
patterns seen in the general (noncancer) population. In 2017, this
ratio was 10% for those aged 45—64 years and 4% for those aged
65+ [17].

Similarly, in the case sample of the Bittoni 2026 study, 77.7%
smoked cigarettes (including dual use), and 7.8% vaped. The ratio
of DU to CC prevalence was thus 10.0%. This population was
primarily 40-50 years old, with <20% being under 40 years old.
In the corresponding CDC data, this ratio was 10% for those aged
45-64 years and 14% for those aged 2544 years.

Sample Age range CC use prevalence Dual use prevalence Ratio of DU to CC
NHIS, US Population, 2017 25-44 13.9% 1.9% 14%
45-64 14.7% 1.5% 10%
65+ 7.5% 0.3% 4%
Bittoni 2024, Cases Median mid-60’s 89.3% 6.3% 71%
Bittoni 2026, Cases Primarily 40-50 77.7% 7.8% 10.0%

Table 1: The ratio of dual-use to smoking prevalence was comparable in the case samples of Bittoni et al. and in the general population.

Population trends indicate that the incidence of lung cancer
has declined, particularly in younger populations

If EC use was a meaningful contributor to lung carcinogenesis
at the magnitudes implied by Bittoni et al. (2024), with dual-
use increasing risk by ~40-fold across the full adult age range, a
measurable inflection in U.S. lung cancer incidence should have
begun to emerge as EC market penetration accelerated after the
mid-2010s. The 2026 follow-up further advances the specific
hypothesis that EC use contributes to an increase in early-onset
pulmonary adenocarcinoma. National surveillance data are not
consistent with either claim. SEER incidence rates have declined

steadily across all four major histologic subtypes (adenocarcinoma,
squamous cell, large cell, and small cell) and across all three age
strata (under 50, 50—65, and 65 and older) from 2000 through 2023,
with the steepest declines observed in the stratum under 50 years of
age (Figure 2). Pulmonary adenocarcinoma in adults under age 50
declined from approximately 2.0 to 1.2 per 100,000 between 2000
and 2022, with the average annual percentage change accelerating
from —1.2% during 20002012 to —3.9% during 2013-2022 [18].
The acceleration of the decline during the period of greatest EC
market penetration, in every age stratum and every cell type, is the
opposite of what a population-level carcinogenic signal from EC
use would be expected to produce.
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Figure 2: Pulmonary carcinoma incidence in the United States, 2000-2023 (SEER, NIH).

(A) Incidence relative to the year 2000 (indexed to 100%) for adenocarcinoma, squamous cell, large cell, and small cell carcinoma,
stratified by age group (65+, 50—65, and <50 years). (B) Corresponding age-stratified incidence rates per 100,000 people plotted on a log
scale. Across all four histologic subtypes and all three age strata, the incidence declines steadily over the observation window, with the
steepest declines observed in the stratum under 50 years (red, dotted).
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Limited exposure characterization: absence of exclusive EC
use and former smoking in the database

Beyond the question of the validity of EC use metrics in the
outpatient sample, an important limitation of both studies is
the limited characterization of EC use exposure, which was
acknowledged by the authors. Lung cancer risk from cigarette
smoking is strongly related to cumulative exposure, including
duration and intensity of use (i.e., cigarette pack-years), age at
initiation, and time since cessation. The same principles would be
expected to apply when evaluating lung cancer risk from EC use
[19, 20]. Without information on cumulative EC exposure, it was
not possible to determine whether the duration of exposure to EC
toxicants was sufficient to be biologically plausible, or whether EC
use occurred too recently to have meaningfully exacerbated lung
cancer development.

These exposure details are important because lung cancer risk
reflects cumulative exposure over time. If EC use was recent,
intermittent, or initiated in response to smoke-related illness, it
would be unlikely to explain incident lung cancer and could instead
reflect reverse causation or attempts to quit smoking [21]. Similarly,
without a separate analysis of exclusive EC users, these studies
cannot determine whether EC use contributes independently to
lung cancer risk or whether the observed associations among dual
users reflect residential confounding by cigarette smoking history.
There was also a notable absence of information about former
smoking, which is critical for fully understanding the impact of
tobacco use on lung cancer.

Discussion

The internal validity of a case—control study rests on the equivalent
measurement of exposure across the case and control samples.
Across both Bittoni et al.’s analyses, EC use in cases was likely
captured through systematic risk-factor coding accompanying a
cancer diagnosis, whereas EC use in controls was captured through
routine outpatient documentation. The resulting control-group
prevalence is implausibly low relative to age- and geography-
matched population estimates. This differential is consistent with
the inflation of the reported odds ratios for the dual-use category
in both the 2024 and 2026 reports, with the larger 2024 dataset
accounting for the more striking absolute effect sizes.

In the literature, the strongest apparent evidence for a multiplicative
effect of smoking and vaping comes from a recent pair of
population-based meta-analyses [22, 23]. A close look at their
methods, however, reveals a critical circularity of logic. For 55 of
the references, the disease odds ratios (ORs) for dual use were not
measured but imputed: the authors multiplied the CC-use OR by
the EC-use OR reported in each original study. A key figure then
plots the ratio (OR_DU)/(OR_CC). Because OR_DU was defined

as OR_CC x OR_EC, this ratio is algebraically forced to equal
the EC odds ratio. The figure therefore circularly reproduces an
assumption rather than testing one. A recent reanalysis revealed
that this approach overstates the effect of dual use by as much as
fourfold because multiplying the component ORs presupposes that
the EC and CC use patterns are independent-an assumption that
does not hold [19, 20, 24]. Furthermore, many of the underlying
references did not quantify duration and intensity of use across all
tobacco products, which limited the accuracy and interpretability
of the results.

A recent longitudinal study from Korea also reported findings
suggesting that switching from cigarettes to e-cigarettes may be
associated with higher lung cancer incidence than smoking cessation
without e-cigarette use [25]. Although its large sample size and
prospective design could have made it an important complement to
the Bittoni studies, its exposure definitions and temporal resolution
limit causal interpretation and warrant more precise replication.
Key concerns include misclassification of heated tobacco product
use as e-cigarette use, limited characterization of e-cigarette
duration and intensity, and reliance on a single past-30-day measure
of product use at baseline to represent behavior across both the
preceding 5-year interval and the subsequent prospective follow-
up. Likewise, duration of smoking cessation was not precisely
quantified. Moreover, the reported estimates were also highly
sensitive to covariate adjustment: crude incidence patterns were
directionally reversed after adjustment, and some models produced
implausible findings in which continued dual use appeared less
risky than complete switching for over 5 years. Several analyses
were based on very sparse outcome counts relative to the number
of covariates. Thus, rather than corroborating the Bittoni findings,
the Korean study underscores the same methodological issues:
exposure misclassification, residual confounding, and reverse
causation. Without precise, validated, and temporally ordered
measurement of cigarette, e-cigarette, and other nicotine-product
use, observational estimates of lung cancer risk among dual users
or switchers remain difficult to interpret. These studies highlight
the need for stronger exposure measurement and confounding
control before drawing broader conclusions about the lung cancer
risks of e-cigarette use, dual use, or switching from combustible
cigarettes.

These observations should not be read as exoneration of EC use as
a health concern. EC use clearly has pulmonary and cardiovascular
effects relative to nonuse, and prevention of initiation in nicotine
nonusers is an important and relevant goal. The proliferation of
unregulated EC products outside the FDA premarket review
framework warrants continued surveillance, and the question of
absolute and relative cancer risk attributable to EC use, particularly
among long-term initiators, remains open and clinically important.
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However, if ECs are risk reducing for those who switch away from
smoking, that message could benefit millions of adults who still
smoke [19, 20]. The authors are encouraged to undertake a valid-
ation study of EMR exposure capture, ideally by comparing forced-
choice EC use questions administered through a researchgrade
intake against the corresponding annual-physical EMR coding for
the same individuals. Such validation would permit reestimation
of the relevant odds ratios under a corrected exposure distribution
and would materially strengthen the inference base for regulatory
and clinical recommendations.
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