Actual human disease data contradicts the low assumed e-cigarette risk FDA uses to justify
an exception for “reduced risk” cigarettes in its product standard prohibiting menthol
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We generally support FDA’s proposed product standard prohibiting menthol as a
characterizing flavor in cigarettes, because, as FDA states in the preamble and supports with
good science, prohibiting menthol in cigarettes “will reduce initiation rates of smoking
cigarettes, particularly for youth and young adults, and thereby decrease the likelihood that
nonusers of cigarettes who experiment with these tobacco products would progress to regular
cigarette smoking. Additionally, the proposed tobacco product standard is anticipated to improve
the health of current smokers of menthol cigarettes by decreasing cigarette consumption and
increasing the likelihood of cessation among this population.”! However, FDA proposes
including a provision allowing applicants to seek an exemption from the product standard for
certain products, including low nicotine cigarettes and heated tobacco products, and specifically
requests public comment on this proposed provision.

FDA'’s rationale for this exemption is based on the assumption that some tobacco
products, notably e-cigarettes, are “reduced risk” products. However, the FDA’s low assumed
risks for e-cigarettes grossly underestimate the harmful health effects of e-cigarette use and dual
use. Epidemiological studies on actual disease patterns show that e-cigarettes are not
significantly less risky than cigarettes in terms of cardiovascular and oral disease and, while less
risky than cigarettes for lung diseases, e-cigarettes are still several times more dangerous than
FDA assumes. Dual use (using e-cigarettes while continuing to smoke cigarettes at the same
time) is significantly riskier than smoking for all these outcomes. Because it dramatically
underestimates the risks, FDA’s justification for the exception falls apart. FDA should not
include this provision allowing exemptions from the product standard for purported “reduced
risk” products in its proposed product standard.

1 US Food and Drug Administration, Tobacco Product Standard for Menthol in Cigarettes, May 4, 2022, Proposed
Rule, 87 FR 26454 at 26458.



Specifically, in support of its proposal to allow exemptions for certain products from the
menthol standard, FDA relies on an analysis of the effects of having e-cigarettes (which would
not be affected by the menthol rule because they are not considered “cigarettes” under the law)
based on a model published by Levy et al.> Following Levy et al, FDA assumes that e-cigarettes
are 15% as toxic as cigarettes and that dual use (using e-cigarettes while continuing to smoke
cigarettes) has similar risks to smoking. No specific evidence is cited to support these
assumptions.

FDA’s marketing granted orders for several e-cigarettes® assume that e-cigarettes are
substantially less risky than cigarettes based on the fact that some biomarkers of exposure are
lower in e-cigarettes than cigarettes.* A comprehensive 2021 review and modeling analysis of
the biomarker data estimated that e-cigarettes are likely one-third as dangerous as cigarettes.’
The difficulties with relying on biomarkers is that the number of biomarkers studied and
included in these analyses is small in comparison to the large number of toxins in cigarettes and
e-cigarettes® and the dose-response relationship between exposure and risk may not be linear.
For example, smoking even one cigarette a day generates about 53% of the risk of coronary heart
disease for men and 38% for women as smoking a pack (20 cigarettes) a day and 64% for men
and 36% for women for stroke.’

The 2018 National Academies of Science, Engineering and Medicine report, Public
Health Consequences of E-Cigarettes concluded that “whether e-cigarettes have an overall
positive or negative impact on public health is currently unknown ... More and better research
on e-cigarettes’ short- and long-term effects on health and on their relationship to conventional
smoking is needed to answer that question with clarity.”® As of July 2022, however, there has
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been substantial progress in filling the knowledge gap that the National Academies identified.
There are now at least 61 epidemiological studies that contain data that allow comparisons of e-
cigarettes and cigarettes or dual use vs. cigarettes.

In addition to studies that have directly estimated these risks to people who use e-
cigarettes available in the market, there are other studies that separately estimate the risks of e-
cigarette use and cigarette use compared to non-use of tobacco products as well as the risks of
dual use of e-cigarettes and cigarettes, generally compared to non-use of tobacco products.
These studies make it possible to conduct meta-analyses to estimate the risks of e-cigarettes
compared to cigarette use and dual use compared to cigarette smoking in the general population
for cardiovascular disease, asthma, chronic obstructive lung disease (COPD) and related
respiratory conditions, and oral disease. In addition, single studies on the association between e-
cigarette use and several other disease outcomes were identified.

This public comment presents preliminary results of a meta-analysis of 61 papers (Table
S1) assessing 66 outcomes.

The population-level risks of actual disease associated with e-cigarette use for
cardiovascular diseases and oral disease for e-cigarettes are not significantly different from
cigarettes. The risk of lung disease (asthma and chronic obstructive pulmonary disease [COPD]
and related respiratory conditions) is lower, but still much higher than the FDA assumes. There
are also single studies of several other outcomes showing similar effects. In all cases, dual use is
more dangerous than cigarettes alone.

For these reasons, the FDA’s logic for the exemption melts away. FDA should update
its analysis of e-cigarettes and other reduced risk products to focus on actual disease outcomes
rather than extrapolating from biomarkers. The exemption to the menthol rule should be
removed.

FINDINGS

The Appendix presents the details of study identification and the statistical aspects of the
analysis.

A total of 61 studies reporting 66 outcomes were included in the meta-analysis (Table
S2): cardiovascular disease (11), asthma (26), COPD/respiratory risks (13), oral disease (9) and
other outcomes (7; bone fracture, cancer, COVID, depression, general health status, metabolic
syndrome, obesity).

Most of the 61 studies were based on large ongoing US nationally representative surveys
(PATH: 20 [33%], BFRSS: 13 [21%], NHANES: 4 (7%), NHIS: 3 [5%], YRBSS: 2 [3%]). The
rest were from US state surveys (2 [3%]), national surveys outside the US (Korea: 8 [13%];
Other 4 [7%]) or data collected by the study’s authors (5 [8%]).

Table 1 and Figure 1 show the results comparing e-cigarette use with cigarette use. The
adjusted odds of cardiovascular disease (coronary heart disease, erective dysfunction,



hypertension, myocardial infarction, and stroke) (OR=0.86; 95% CI 0.64-1.15; p=0.319) and
oral disease (0.90; 0.73-1.10; p=0.294) and were not significantly different from 1.00. E-
cigarette users were less likely to report having asthma (0.81; 0.70-0.94, p=.006) and
COPD/composite respiratory endpoints than cigarette smokers (0.59; 0.43-0.81, p<001).
Among the other outcomes, COVID and general health risks for e-cigarettes and cigarettes were
comparable, although there was only one study with each outcome. Cancer risk was higher

among e-cigarette users than smokers, although the specific cancers were different.*

Because

the other outcomes were only assessed in one study each, these results were not pooled and
should be interpreted cautiously.

Table 2. Odds of disease (95% CI)

Cardiovascular

Asthma

| COPD/respiratory |

Oral disease

Versus cigarettes

E-cigarettes vs cigarettes

0.86 (0.64-1.15)

0.81 (0.70-0.94)

0.59 (0.43-0.81)

0.90 (0.73-1.10)

p=0.319 p=.006 p<.001 p=.294
Dual use vs. cigarettes 137 (1.20-1.58) | 124 (1.13-1.35) | 1.45(1.26-1.65) | 1.56(1.16-2.08)
p<.001 p<.001 p<.001 p=.003

Versus no use of either pro

duct

E-cigarette

1.36 (1.10-1.69)

1.31 (1.22-1.40)

1.57 (1.40-1.75)

1.57 (1.22-2.02)

p=0.004 p<.001 p<.001 p<.001

Cigarette 1.74 (1.42-2.13) | 1.64(1.41-1.92) | 2.77(2.02-3.81) | 2.02 (1.80-2.26)
p<.001 p<.001 p<.001 p<.001

Dual use 2.02(1.54-2.64) | 2.09 (1.54-2.83) | 5.02(3.73-6.76) | 2.04 (1.40-2.97)
p<.001 p<.001 p<.001 p<.001

Table 1 and Figure 2 shows significantly higher risks associated with dual use compared
to using cigarettes alone for all outcomes: cardiovascular disease (1.37; 1.20-1.58, p<.001),
asthma (1.24; 1.13-1.35, p<.001), COPD/respiratory (1.45; 1.26-1.65, p<.001) and oral disease
(2.04; 1.40-2.97, p<.001). Odds of some other outcomes (cancer, general health metabolic
syndrome, obesity) but not others (bone fracture, COVID) were significantly elevated compared
to cigarettes. As noted above, these results were not pooled and need to be interpreted cautiously
because there is only one study of each outcome.

Table 2 and Figures S1, S2 and S2 present the meta-analyses for e-cigarette, cigarette and
dual use vs. no product use; all show significantly elevated odds of disease compared to non-
users.



Ecig vs Cig

Study Ouicome OR (95% CI)
Cardiovascular dsease

Alzahrani (2018) Myccardial infarction ——— 0.66 (0.43, 1.02)
Berlowitz (2022) Compasite (CHD, MI, stroke, CVD) —— 0.66 (0.46, 0.84)
Bricknell (2021) Stroke ——f 0.77 (0.54, 1.10)
El-Shahawy (2022) Erectie dysfunction + 2.13(1.23,3.70)
Farsalinos (2019) CHD —— 0.76 (0.44, 1.29)
Miller (2021) Hypertension ——— 0.96 (0.37, 2.57)
Patel (2022) Stroke < 1.15(1.15, 1.16)
Parekh (2021) Stroke ——— . 0.43 (0.20, 0.63)
Subtotal (l-sguared = 79.5%, p = 0.000) C> 0.86 (0.64, 1.15)
Asthma

Alnajem (2020) Asthma el — 1.07 (0.47, 2.48)
Bayly (2019) Asthma —— 0.47 (0.30, 0.73)
Bhatta (2020) Asthma lp— 0.99 (0.57, 1.73)
Han (2020) Asthma —— 1.03(0.77, 1.38)
Kim (2017) Asthma - 0.72 (0.61, 0.85)
Les (2019) Asthma + 0.95(0.72, 1.25)
Li (2020) Wheezing'cough —— 0.61(0.48, 0.77)
Parekh (2020) Asthma —t—p— 1.17 (0.83, 1.65)
Rexddy (2021) Wheezing/cough —— 0.66 (0.43, 1.00)
Sargent (2022) Asthma B 0.45 (0.28, 0.73)
Schweitzer (2017) Asthma —— 1.20(0.86, 1.69)
Sompa (2022) Wheezing'cough S 2 0.75(0.20, 2.77)
Tackett (2020) Wheezing'cough — lo—— 1.12(0.42, 2.88)
Tanski (2022) Wheezing'cough e s 0.45(0.27,0.73)
Wills (2019) Asthma —p— 1.00(0.73, 1.37)
Wills (2020) Asthma —— 1.06 (0.78, 1.48)
Xie (2022) Wheezing'cough ——t 0.78 (0.58, 1.05)
Sublotal (lsguared = 64.1%, p = 0.000) < 0.81(0.70, 0.84)

COPD/res

tory
Bhatta (2020) COPD > 2 0.25(0.06, 1.01)
Hedman (2018) Respirstory symptoms lfp— 0.57 (0.38, 0.20)
Joshi (2021) COPOD — 0.65(0.45, 0.85)
Parekh (2020) COPD —_— 0.42(0.21,0.84)
Strong (2018) COPD —t— 0.90 (0.70, 1.16)
Wilks (2018) COPD —— 0.86 (0.46, 1.61)
Xie (2020z) COPD — 0.38(0.27, 0.88)
Sublotal (-sguared = 67.7%, p = 0.005) <> 0.56 (0.43, 0.81)
Oral disease
Akinkugbe (2018) Periodontitis/gum disease —.—- 0.74 (0.49, 1.12)
Dry mouth R e 0.73(0.33, 1.89)
sffee (2022) Loocsa/lost ioath —_— 0.71(0.37, 1.37)
Huilgol (2018) Locse/ost toath ——t 0.80 (0.61, 1.04)
Jeong (2019) Periodontitis/gum dizease —e 1.17(0.76, 1.81)
Vora (2019) Periodontitis/gum disease o . s 1.32(0.83, 2.09)
Subtotal (Fsguared = 22.1%, p = 0.268) C> 0.90(0.73, 1.10)
Other
Chidharta (2022) Cancer & 1.12(1.10, 1.15)
Gaiha (2020) coviD < 1.25(0.19, 8.33)
Wang (2022) General health il 1.22(0.88, 1.69)

NOTE: Weights are from random effects anaslysis

| L | I |
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Figure 1. E-cigarette use has similar risks as cigarette smoking for CVD, asthma/bronchitis
and dental disease; e-cigarettes have lower risk of COPD and composite respiratory
conditions. Diamonds show point estimates and 95% confidence intervals for pooled risks
from random effects meta-analysis. Results for “other” studies were not pooled.




Dual vs Cig
Study Outcome OR (85% CI)

Cardiovascular disease
Alzahrani (2018)  Myocardial infarction - 1.79 (1.20, 2.66
Berlowitz (2022) Composite (CHD, MI, stroke, CVD) -> 1.01(0.81, 1.26
Bricknell (2021)  Stroke - 1.62(1.18,2.31
El-Shahawy (2022)Erectile dysfunction —— 2.24(1.50,3.34
Farsalinos (2019) CHD —+— 1.31(0.79, 2.17
Gathright (2019) Heart failure —tp—— 1.49 (0.77, 2.88!
Mahonez (2022) Composite (CHD, MI, stroke, CVD) 4 1.28 (0.20, 8.29
Miller (2021) Hypertension -? 1.30(0.99, 1.71
Osei (20193) Composite (CHD, M|, stroke, CVD) 1.36 (1.18, 1.56,
Patsl (2022) Stroke |\ 1.14(1.14,1.15
Parekh (2021)  Stroke —— 1.83(1.08, 3.1
Subtotal (l-squared =83 8%, p=0.000) L] 1.37 (1.20, 1.58,
Asthma
Alnajem (2020)  Asthma 1.11(0.44, 2.78]
Bayly (2018) Asthma 0.90(0.71, 1.1
Bhatta (2020) Asthma - 1.56 (1.10, 2.22
Chaffes (20213)  Asthma 1.36 (0.95, 1.95
Cherian (2020)  Asthma 1.13 (0.85, 1.50,
Cho (2018) Asthma +o— 1.30(0.88, 1.96
Choi (20186) Asthma —— 1.78(1.20,2.64
Han (2020) Asthma > 1.31 (1.1, 1.54]
Kim (2017) Asthma 1.13(1.01, 1.26
Lee (2019 Asthma 0.88(0.59, 1.30
Li (2020) Wheezing/cough 1.03 (0.88. 1.20
McConnell (2017) Wheezing/cough 1.24(0.78, 1.98
Osei (2019b) Asthma L 4 1.39(1.15,1.68
Parekh (2020) Asthma L 2.11(1.72, 2.59]
Reddy (2021) Wheezing/cough 1.24(1.00, 1.55
Sargent (2022) thma 0.91(0.50, 1.66
Schweitzer (2017) Asthma L 2 1.48(1.24, 1.78,
Sompa (2022) Wheezing/cough 4 2.25(0.04, 124.26)
Tackstt (2020) Wheezing/cough — 1.35(0.63, 2.88}
Tanski (2022) Wheezing/cough —+o— 1.25(0.80, 1.96
Wang (2016) Wheezing/cough 1.15(0.81, 1.62
Wills (2019 Asthma 0.99(0.80, 1.22
Wills (2020 Asthma 1.30(1.10, 1.53
Xie (20200 Asthma 1.32(1.01,1.72
Xie (2022) ‘Mleezing"cou%h 0.91(0.87, 1.23
Subtotal (l-squared =83.2%, p=0.000) o 1.24(1.13, 1.35
COPDfresgratory
Antwi (2022) COPD —— 0.99(0.87, 1.46
Barrameda (2021) COPD L J 1.83(1.59,2.10
Bhatta (2020) COPD -r 1.44(0.79, 2.62
Hedman (2018) Res;iratoey symptoms 1.46(0.93, 2.29
Joshi (2021) COPD - 2.01(1.57, 2.80,
Ossi (2020) COPD * 1.86 (1.50, 1.84
Parekh (2020) COPD —_— 1.55 (0.40, 5.93
Perez (2019) COPD 1.43(1.12,1.85
Strong (2018) COPD 1.39(1.09,1.76
VNills ( 019§ COPD 1.32(0.98. 1.7
Xie (20203 COPD 1> 1.18 (1.05, 1.27
Xie (2020b) COPD L3 1.31(1.08, 1.59
Subtotal (l-squared =77.4%, p = 0.000) o 1.44 (1.26, 1.65
Oral disease
Akznkuqbe (2018) Periodontitis/gum disease —»— 1.11 (0.7, 1.55]
AlQobaly (2022)  Periodontitis/gum disease —— 1.38(0.97.1.9
Atuegwu (2018)  Periodontitis/gum disease —— 1.58 (1.08, 2.34
Chaffee (2021b)  Dry mouth —_— 1.40 (0.69, 2.84
Chaffes (2022)  Loose/lost tooth — 1.01(0.44,2.33
Cho (2017) Periodonttis/gum disease —— 1.00(0.72, 1.41
Huilgol (2018) Loose/lost tooth - 1.78 (1.39, 2.30
Jeong (2019) Periodonttis/gum disease —— 2.33(1.58,3.44
Vora (2019) Periodonttis/gum disease L 2 2.80(2.40,3.40
Subtotal (I-squared = 84.2%, p = 0.000) < 1.56 (1.18,2.08)
Other
Agoons (2021) Bone fracture —— 1.43(0.84,2.45
Chidharls (2022) Cancer 3 2.20(2.19, 2.30
Gaiha (2020) CoviD - 1.91(0.77.4.73
Kim (2020) Metabolic syndrome —— 1.57 (1.03, 2.40
Obisesan (2018) Depression * 2.10(1.98,2.23
Sompa 52022) Obesity —pe 2,80 (1.40, 4.80
Wang (2022) General heakh L J 139(1.22,15
NOTE: Weights are from random effects analysis
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Figure 2. Risk of all outcomes is significantly higher in dual users compared to cigarette
smokers. Diamonds show point estimates and 95% confidence intervals for pooled risks from
random effects meta-analysis. Results for “other” studies were not pooled.




Discussion

These risks are consistent with biological studies that show a wide range of adverse
cardiovascular,” pulmonary!'® and oral disease effects.!! The risks identified in the
epidemiological studies are higher than what one would predict from the biomarker studies.!?
This situation may be due to the fact that the biomarker studies focus on a small number of
biomarkers which are predominately related to carcinogens in cigarettes. E-cigarettes expose
users to thousands of different toxins than cigarettes do.!> While there is some overlap, e-
cigarettes and cigarettes together deliver a wider variety of toxins than either does alone. This
fact may explain the higher risks observed among dual users compared to cigarettes.

Sensitivity analysis shows that these findings are independent of the details of study
design, including whether the study is longitudinal or cross-sectional, whether the reference
condition is never product use or non-current product use, whether studying current or ever use,
the statistical model (multivariate or stratified) used in the analysis, whether the sample was
adults or youth and whether disease currently present (generally in last 12 months) or ever. The
results are also stable over time.

This insensitivity to study design characteristics is evidence against reverse causality. E-
cigarette findings are unlikely to be artifacts of former smoking because all the studies either
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controlled for former smoking in the statistical model or stratified on smoking, with e-cigarette
users among never smokers analyzed separately from current and former smokers. The fact that
many e-cigarette users are dual users is not a problem because dual use is one of the specific
variables in the analysis.

Most epidemiological assessments of e-cigarettes have focused on measuring absolute
risk of use vs. non-use, and these assessments are often complicated by the fact that many adult
e-cigarette users are former smokers or dual users (i.e., they use e-cigarettes while continuing to
smoke). The important question from a policy perspective, however, is how e-cigarette risks
compare to cigarette risk (i.e., the potential benefit of “switching completely”) and how the risk
of dual use compares to just smoking, because dual use is a common behavior among adults who
use e-cigarettes'* and some youth.

In contrast to conclusions drawn based on assessment of some biomarkers of exposure to
tobacco products, the available direct epidemiological evidence based on actual use of e-
cigarettes in the population suggests that, at least for some outcomes, e-cigarettes are as harmful
as cigarettes and dual use is significantly more harmful than smoking. Even for the outcomes
that were less risky than smoking disease -- asthma (OR=0.81) and COPD and composite
respiratory outcomes (OR=0.59) e-cigarettes had 4-5 times the risk the FDA assumes in the
proposed rule prohibiting menthol as a characterizing flavor in cigarettes.!> The available data is
also inconsistent with the FDA’s assumption made in its authorizations to sell Vuse Solo e-
cigarettes!® and Logic e-cigarettes and heated tobacco product!” that dual use is less dangerous
or, at most, no more dangerous than smoking, with 1.2 to 1.6 times the odds of disease among
dual users compared to smokers. These findings suggest a need for a broad reassessment of the
value of e-cigarettes as a less risky alternative to cigarettes, particularly given the fact that
many adults who use e-cigarettes continue to smoke at the same time (i.e., are dual users).

Conclusion
FDA’s proposed exception for “reduced risk™ cigarettes in its proposed product standard

prohibiting menthol in cigarettes grossly underestimates the health risks of e-cigarette use and
dual use. Analysis of 61 recently published epidemiological studies provides significant evidence

14 Osibogun O, Bursac Z, Maziak W. Longitudinal transition outcomes among adult dual users of e-cigarettes and
cigarettes with the intention to quit in the United States: PATH Study (2013-2018). Prev Med Rep 2022;26:101750
(PMC8897625).

15U.S. Food and Drug Administration. FDA Proposes Rules Prohibiting Menthol Cigarettes and Flavored Cigars to
Prevent Youth Initiation, Significantly Reduce Tobacco-Related Disease and Death. 2022 [updated April 28, 2022;
cited 2022 June 26]; Available from: https://www.fda.gov/news-events/press-announcements/fda-proposes-rules-
prohibiting-menthol-cigarettes-and-flavored-cigars-prevent-youth-initiation.

16 Food and Drug Administration. Technical Product Lead (TPL) Review of PMTAs PM0000551, PM0000553,
PMO0000560 (RJ Reynolds Vapor Co): FDA Center for Tobacco Products 2021 October 12,
2021.https://www.fda.gov/media/153017/download

17 Food and Drug Administration. Technical Product Lead (TPL) Review of PMTAs PM0000551, PM0000553,
PMO0000560 (RJ Reynolds Vapor Co): FDA Center for Tobacco Products 2021 October 12,
2021.https://www.fda.gov/media/153017/download

Food and Drug Administration. Technical Product Lead (TPL) Reivew of PMTAs PM0000529-PM0000541 (Logic
Technology) 2022 03/23/2022.https://www.fda.gov/media/157144/download



that for several adverse outcomes, e-cigarettes are as harmful as cigarettes and dual use is
significantly more harmful than smoking. Therefore, while we generally support FDA’s
proposed product standard prohibiting menthol as a characterizing flavor in cigarettes, we urge
FDA to eliminate an exception for so-called “reduced risk” products in the proposed standard.



APPENDIX: METHODS FOR META-ANALYSIS
Data
Study identification

We started by searching PubMed for studies whose PubMed records were created
between January 1, 2005 (before e-cigarettes entered the US market) and June 16, 2022. The
search for cardiovascular disease was

((e-cigarette® OR ENDS) AND (heart OR cardiac OR cardiovascular OR stroke OR
infarct* OR vascular) AND (odds OR "relative risk" OR epidemiolog*))
(("2005/01/01"[Date - Create]: "3000"[Date - Create]))

Similar searches were done for pulmonary and dental disease:

((e-cigarette* OR ENDS) AND (lung OR pulmonary OR asthma OR COPD OR
bronchitis) and (odds OR "relative risk" OR epidemiolog*)) AND (("2005/01/01"[Date -
Create] : "3000"[Date - Create]))'®

((e-cigarette® OR ENDS) AND (dental OR oral OR periodont* OR caries OR cavities
OR "oral microbiome" OR tooth OR teeth OR "dry mouth") AND (odds OR "relative
risk" OR epidemiolog*)) AND (("2005/01/01"[Date - Create] : "3000"[Date - Create]))

Population-based studies of e-cigarettes that reported the risk of a clinical outcome were
included adjusted for possible demographic confounders. The following types of studies were
excluded: prevalence and use patterns, cessation studies, biomarkers, studies of EVALI,
experimental studies and other studies used to elucidate mechanisms, reviews, meta-analyses and
commentaries. The reference lists in reviews and meta-analyses were examined to identify
studies that the PubMed searches did not identify. Relevant studies included in publication
tracking services on e-cigarettes were also included. Studies identified in one PubMed search
that were relevant to a different outcome were included in that outcome.

Several when a study had separate analyses of different outcome categories, we used
them in both. In papers that included several measures of the same outcome, we selected the
broadest measure.

A total of 61 studies reporting 66 outcomes were included in the analysis (Table S2, full
citations in Table S1).

18 The pulmonary search was done in two segments, one from April 1, 2020 through June 16, 2022, and another
from January 1, 2005 through March 31, 2020 because the initial analysis relied on the papers identified in the
review by Wills et al. (Wills TA, Soneji SS, Choi K, Jaspers I, Tam EK. E-cigarette use and respiratory disorders: an
integrative review of converging evidence from epidemiological and laboratory studies. Eur Respir J. 2021 Jan
21;57(1):1901815. doi: 10.1183/13993003.01815-2019. PMID: 33154031; PMCID: PMC7817920). For
consistency, we later conducted our own search for the period from January 1, 2005 through March 31, 2020.
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Definitions of e-cigarette use and smoking and presence of disease

All identified studies used the same definitions for ever- and current- e-cigarette use and
smoking. Ever e-cigarette users were defined as respondents who had ever used an e-cigarette,
even 1 or 2 puffs or even one time and current e-cigarette users were respondents who used e-
cigarettes in the past 30 days. Ever smokers were defined as respondents who had smoked 100
cigarettes in their lifetime and current smokers were respondents who had smoked 100 cigarettes
in their lifetime and had smoked in the past 30 days.

Disease diagnoses were self-reported, generally using questions similar to “Has a doctor,
nurse, or other health professional told you that you had 7~

Data extraction

Many studies reported several results (Table S2). The values we used in the quantitative
meta-analysis are presented in bold italics.

When a study included multiple measures of similar outcomes, we selected the one with
the broadest scope.

When assessed different levels of exposure, we used the highest level of exposure that
was reported for both e-cigarettes and cigarettes.

When papers presented models with different numbers of potential confounders, we
selected the most highly adjusted model. Several papers included adjustment for other forms of
tobacco use and marijuana in their most-adjusted models.

Studies were categorized as multivariate, in which case e-cigarettes and cigarettes were
entered into the same logistic regression together, or stratified, in which case different categories
of e-cigarette and cigarette use were analyzed separately (e.g., e-cigarette only, cigarette only,
dual use). Some papers presented results using both approaches. When that was the case, we
selected the ORs with the smallest magnitude.

Some studies reported results based on ever and current use; we used the current use
values when both were available. When studies reported days per month used (and not all

current use), we used the most frequent use risks.

The comparison groups were sometimes never users and sometimes non-current users.
When both were available, we use the comparisons against never users.

Analysis
E-cigarette risk vs cigarette risk

We compared risks associated with e-cigarette use with risks associated with cigarette use
by computing
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OR _ ORecig
ecigvscig — OR

cig

To estimate the 95% confidence interval for this odds ratio, first take the logarithm of both sides
of this equation:

In ORecig vscig = anRecig — anRcig

We can compute the standard errors associated with each of these ORs from the associated 95%
confidence intervals:

In ORuppeT — INORpyer
2 X 1.960

S =

To get the standard error for In OR,¢;g4 vs cig We take advantage of the fact that the formula for the
variance of a difference of two independent variables is

— 2 2
Secig vscig — Secig + scig

OR,cig and OR.;4 are not independent because both use the same group of non-users of

either e-cigarettes and cigarettes as the same reference group. When the two variables are
correlated,

— 2 2 _ , ,
Secig—cig = Jsecig + Scig ZTSECLQSCLQ

where r is the correlation of the estimates of the two ORs. That correlation is not reported in the
papers, so we conducted a sensitivity analysis assuming the actual standard error of the
difference was % of the value computed assuming that the results estimates are independent.

Dual use risk vs cigarette only risk.

Because the risks associated with of e-cigarettes and cigarettes compared to no product
use are as independent in the multivariate logistic regressions, the e-cigarette risk is the marginal
risk of e-cigarette use over no product use, controlling for cigarette smoking. Therefore, it is also
an estimate of the marginal risk of dual use (e-cigarettes plus cigarettes) compared to smoking
alone.

Dual use risk is estimated directly in the stratified models. In that case,

OR guai vs cig = OR =

cig
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is computed as described above. In some cases, studies reported OR 41 vs cig directly, in which
case we recorded that value and used that value.

In studies that reported both multivariate and stratified results, we used the results with
the smallest OR in the meta-analysis

Statistical models

The odds ratios and estimated 95% confidence intervals were then used in random effects
meta-analyses with the Stata 15.1 mefan command for each outcome separately. We conducted
sensitivity analyses to see if details of study design impacted the results using metareg of the
natural logarithm of the odds ratios against study design characteristics (longitudinal vs. cross-
sectional; whether the reference condition was never use or non-current use, whether product use
was current or ever, and whether the estimate was based on multivariate or stratified estimates
coded as 0/1 dummy variables), controlling for the outcome (4 effects coded dummy variables)
and last year of data collection (continuous, centered on 2016.5, its mean). We also tested for an
effect of youth samples (minimum age <18 years) and current vs. ever presence of disease on
outcomes with metareg.
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Ecig vs Nothing

Study Outcome OR (95% CI)
Cardovascular dsease

Alzahrani (2018) Myocardial infarcton + 1.79(1.20, 266)
Barowitz (2022) Camposite (CHD, M, stroke, CVD) + 1.00 {0.89, 1.45)
Bricknall {2021) Stroke — 1.62(1.18,231)
El-Shahawy (2 Erectin dystunction —— 2.24(1.50,3.34)
Farsalinos (2019) CHD <+ 1.31(0.79,2.17)
Mitar (2021 Hypetensen —— 1.31(1.05, 1.63)
Osai (20193) Camposite (CHD, MI, stroke, CVD) _._ 1.04{0.63,1.72)
Parakh (2021) Stroka <+ 0.69 {0.34, 1.42)
Subtotal (l-squared = 55.6%, p = 0.024 - 1.35(1.10, 1.68)

Ashma
Arajem (2020) Asthmna L 1.85(1.03,3.41)
Bayly (2019) Asthena —— 0.90 {0.71, 1.15)
Bhatta (2020) Asthena ——p 1.56 (1.10,222)
Chafiea (20213) Asthma +—— 1.35 (0.95, 1.96)
Charian {2020) Asthma —p— 1.13(0.85, 1.50)
Chai (2016) Asthma B a—— 1.78(1.20,264)
Han (2020) Asthma —— 131 (1.11, 1.54)
Kim (2017) Asthma = o 1.43(1.01,1.26)
Loe (2019) Asthma — 1.23(1.00,1.52)
Li {2020) Whaezingicough —— 168 (1.32,2.14)
Osai {20150) Asthma —— 1.39 (1.15, 1.68)
Parakh (2020) Asthma ——p— 1.74(1.29,235)
Reddy (2021) Whaezingicough B . S— 147 (0.79, 1.74)
Sargant {2022) Asthma lp— 1.05 (0.67, 1.63)
Schwaitzer (2017) Asthma —— 1.48(1.24,1.78)
Whaazingicough L 1.20 (0.30, 3.80)
Whaezingicough <+ 1.35 (0,63, 2.88)

Whaazingicough

1.25 {0.80, 1.56)

Whaazingicough 1.28 (1.05, 1.56)
Asthma E 1.27 (0.95, 1.67)
Wik (2020 Asthma 1.29 (1.07,1.55)
Xie (20200) Asthma 1.32(1.01,1.72)
Wheazingicough 1.32 ({1.05, 1.65)
7%, p = 0.066 1.31(1.22,1.40)

COPQiraspiratary

Antwi ( CCoPD 1.53(1.11,2.03)
Baramada (2021) CcPD 1.83(1.59,210)
Bhatta (2020) CoPD 1.44(0.79,262)
Hedman {2018) Raspiratary symetoms 1.45 (0.93,2.29)
Jashi (2021) CoPD 2.01(1.57,280)
Farakn (2020) CoPD 1.37(0.71,263)
Parez (2019) CoPD 1.43(1.12,1.85)
Strong (2018) CoPD 1.39 (1.09, 1.76)
Wik (2019 CoPD 2.58 (1.35,4.89)

CoPD 147 (1.01,212)

CoPD 1.31(1.08,1.59)
Subtotal (l-squared = 336%, p=0.130 1.57 (1.40,1.75)

Ol cisease

Akinkugbe (2018)

Pericdonttis/gum dsasse

1.11(0.79, 1.55)

AXdobaly (2022) Pariodonttisigum dsesse 4 0.95 (0.24,3.02)
Atuagwy (2019) Pericdontitis/gum dsasse 1.58 (1.06,234)
Chaftea {2021b) Dry mouth 1.40 (0.69, 2.84)
Chaftea (2022) Locaalost tooth 1.44(0.80, 258)
Che (2017) Periodon Qum dsaase + 1.00{0.72, 1.41)
Huilgol (2018) Locaafost tooth 1.78(1.39,230)
Joorg (2019) Pariodontitis/gum dsasse 2.33(1.58,3.44)
Vora (201 Periodontitis/gum disaase 2.90 (1.90,4.50)

Subtoral (l-squan

s p=0.002

1.57 (1.22,202)

Otner

Chidnaria (2022) Cancar 2.20(2.19,230)
Gaha (2020) CoviD 1.91(0.77,4.73)
Obnisesan (2019) Daprassion 2.10(1.98,223)
Soma Obasity 2.60 {1.40, 4.60)

Viarg (2022)

NOTE: Waights an from

Ganeral heaith

randam effects analysis

1.62(1.18,223)

2 4 & 1 2 4 e
Lass dsease More disease

Figure S1. E-cigarettes vs. nothing. Diamonds show point estimates and 95% confidence intervals for
pooled risks from random effects meta-analysis. Results for “other” studies were not pooled.
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Cig vs Nothing

Study Outoome OR (95% CI)
Cardiovascular disease
Alzahrani (2018) Myocardial nfarction ->- 2.72(229,324)
Berlowitz (2022) Composite (CHD, M1, stroke, CVD) R 1.53(1.30, 1.79)
Bricknell (2021) Stroke 2 2.10(1.90, 2.40)
El-Shahawy (2022)  Erectile dysfunction + 1.05 (0.72, 1.53)
Farsalinos (2018)  CHD - 1.73(1.46, 2.05)
Mahoney (2022) Composite (CHD, ML, stroke, CVD) -—.— 1.44 (0.87, 2.39)
Pareikh (2021) Stroke —— 1.59 (1.14,2.22)
Sublotal (l-squared = 84.7%, p = 0.000) < 1.74 (1.42,2.13)
Asthma
Alnasjem (2020) Asthma ——— 1.73(1.01,3.21)
Bayly (2019) Asthma —— 1.82 (1.28, 268)
Bhatta (2020) Asthma — 1.57 (1.02, 2.42)
Chung (2020) Asthma —— 1.60 (1.10, 2.20)
Han (2020) Asthma - 1.27 (1.00, 1.81)
Kim (2017) Asthma - 1.57 (1.38, 1.77)
Lee (2019) Asthma - 1.30 (1.08, 1.56)
Li (2020) Wheezngloaugh <+ 2.75 (2.47, 3.06)
Parekh (2020) Asthma -.- 1.49(125,1.77)

ddy (2021) Wheezng'cough e 1.78 (1.56, 2.03)
Sarpant (2022) Asthma - 2.34 (1.92,2.85)
Schweitzer (2017)  Asthma —— 1.23(0.92, 1.684)
Sompa (2022) Wheezinglcough —— 1.60 (1.20, 2.20)
Tackett (2020) Wheezngloough S— '._ 1.21 (0.65, 2.25)
Tanski (2022) Wheezinglcaugh —— 2.80(2.25,3.47)
Wilks (2019) Asthma - 1.27 (1.10, 1.47)
Wilks (2020) Asthma —— 1.23 (0.92, 1.64)
Sublotal (I-sguared = 89.4%, p = 0.000) o 1.64 (1.41,192)
COPDIrespirstary
Bhatta (2020) COoPD & $ 5.79(1.64,2044)
Hedman (2018) Respiratory symploms . 2.55(2.36,2.77)
Joshi (2021) coPD —— 3.07 (2.45, 3.86)
Kim (2021) COoPD - 2.26 (1.77, 2.88)
Parekh (2020) COoPD —— 3.28 (2.62,4.12)
Strong (2018) coPD L 3 1.54 (1.43, 1.66)
Wills (2018) COPD - 2.68(2.34, 3.78)
Xie (20202) COoPD 3.80 (3.58,4.02)
Sublotal (l-sguared = 68.1%, p = 0.000) <> 2.77 (202, 381)
Oral disease
Akinkugbe (2018)  Periodontitis/gum disease —— 1.50 (1.18, 1.90)
Chaffee (2021b) Dry mouth —— 1.92 (1.38, 2.68)
Chaffee (2022) Loosefast tooth —p— 2.02 (152, 2.69)
Huilgol (2018) Loosefost tooth . 2.23(2.04,2.44)
Jeong (2019) Periodontitis/gum disease ->— 1.9 (1.69, 2.53)
Vara (2019) Periodontitis/gum disease - 2.20 (1.90, 2.60)
Subtotal (IF-sguared = 51.7%, p = 0.066) o 2.02 (1.80, 2.26)
Other
Chidharta (2022) Cancer L 3 1.96 (1.96, 1.97)
Gaiha (2020) coviD L 2 1.53 (0.2, 8.14)
Kim (2020) Metsbolic syndrome —— 1.47 (1.20, 1.82)
Wang (2022) General health E 3 1.33(1.22, 1.44)
NOTE: Weights are from random effects analysis

| [ | | |
2 4 6 81 2 4 8

Less disease More disease

Figure S2. Cigarettes use vs. nothing. Diamonds show point estimates and 95% confidence intervals for
pooled risks from random effects meta-analysis. Results for “other” studies were not pooled.
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Dual use vs Nothing

Study Outcome OR (95% CI)
Cardiovascular disease
Berlowitz (2022) Composite (CHD, MI, stroke, CVD) —_—— 1.54 (1.21,1.96)
Gathright (2019) Heart failure B — 1.76 (1.2, 2.54)
Mahoney (2022) Composite (CHD, MI, stroke, CVD) 1.85(0.78, 4.37)
Osei (2019a) Composite (CHD, MI, stroke, CVD) —— 244(2.14,278)
Parekh (2021) Stroke _— 2.91(1.62, 5.25)
Subtotal (I-squared = 69.7%, p = 0.010) _ 202 (1.54, 2.64)
Asthma
Alnajem (2020) Asthma —_—— 1.92(1.33,276)
Li (2020) Wheezing/cough —— 2.83(2.37,338)
Reddy (2021) Wheezing/cough —— 222(1.79,2.75)
Sargent (2022) Asthma —_—— 213 (1.64,2.77)
Sompa (2022) Wheezing/cough - 3.60 (1.40, 9.40)
Wills (2019) Asthma —_—— 1.26 (1.04,1.53)
Subtotal (I-squared = 87.2%, p = 0.000) _— 2.09(1.54,2383)
COPDIrespiratory
Osei (2020) COPD —— 6.89 (6.29, 7.55)
Parekh (2020) COPD —_— 5.07 (3.91, 6.56)
Wills (2019) COPD —_—— 3.92(2.82,5.44)
Xie (2020a) COPD —— 439(3.98, 4.85)
Subtotal (I-squared = 93.7%, p = 0.000) _— 5.02(3.73,6.77)
Oral disease
Chaffee (2022) Loose/lost tooth —_— 2,04 (1.40,2.97)
Subtotal (I-squared = %, p=) —_ 2.04(1.40,2.97)
Other
Agoons (2021) Bone fracture 2.41(1.28, 455)
Kim (2020) Metabolic syndrome —_— 279(1.72,453)
Wang (2022) General health —— 1.84 (1.64, 2.06)
NOTE: Weights are from random effects analysis

T T T T T T

2 4 8 1 2 4 8

Less disease More disease

Figure S3. Dual use vs. nothing. Diamonds show point estimates and 95% confidence intervals for pooled risks
from random effects meta-analysis. Results for “other” studies were not pooled.
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Table S1. Studies included in meta-analysis

Agoons (2021)

Agoons DD, Agoons BB, Emmanuel KE, Matawalle FA, Cunningham JM. Association between electronic cigarette use and fragility fractures
among US adults, American Journal of Medicine Open, Volumes 1-6, 2021, 100002, ISSN 2667-0364, https://doi.org/10.1016/j.ajmo0.2021.100002.

Akinkugbe (2019)

Akinkugbe AA. Cigarettes, E-cigarettes, and Adolescents' Oral Health: Findings from the Population Assessment of Tobacco and Health (PATH)
Study. JDR Clin Trans Res. 2019 Jul;4(3):276-283. doi: 10.1177/2380084418806870. Epub 2018 Oct 15. PMID: 30931714.

Alnajem (2020)

Alnajem A, Redha A, Alroumi D, Alshammasi A, Ali M, Alhussaini M, Almutairi W, Esmaeil A, Ziyab AH. Use of electronic cigarettes and
secondhand exposure to their aerosols are associated with asthma symptoms among adolescents: a cross-sectional study. Respir Res. 2020 Nov
16;21(1):300. doi: 10.1186/s12931-020-01569-9. PMID: 33198741; PMCID: PMC7670675.

AlQobaly (2022)

AlQobaly L, Abed H, Alsahafi Y, Sabbah W, Hakeem FF. Does smoking explain the association between use of e-cigarettes and self-reported
periodontal disease? J Dent. 2022 Jul;122:104164. doi: 10.1016/j.jdent.2022.104164. Epub 2022 May 14. PMID: 35580834.

Alzahrani (2018)

Alzahrani T, Pena I, Temesgen N, Glantz SA. Association Between Electronic Cigarette Use and Myocardial Infarction. Am J Prev Med. 2018
Oct;55(4):455-461. doi: 10.1016/j.amepre.2018.05.004. Epub 2018 Aug 22. Erratum in: Am J Prev Med. 2019 Oct;57(4):579-584. PMID:
30166079; PMCID: PMC6208321

Antwi (2022)

Antwi GO, Rhodes DL. Association between E-cigarette use and chronic obstructive pulmonary disease in non-asthmatic adults in the USA. J
Public Health (Oxf). 2022 Mar 7;44(1):158-164. doi: 10.1093/pubmed/fdaa229. PMID: 33348361.

Atuegwu (2019)

Atuegwu NC, Perez MF, Oncken C, Thacker S, Mead EL, Mortensen EM. Association between Regular Electronic Nicotine Product Use and Self-
reported Periodontal Disease Status: Population Assessment of Tobacco and Health Survey. Int J Environ Res Public Health. 2019 Apr
9;16(7):1263. doi: 10.3390/ijerph16071263. PMID: 30970567, PMCID: PMC6479961.

Barrameda (2021)

Barrameda R, Nguyen T, Wong V, Castro G, Rodriguez de la Vega P, Lozano J, Zevallos J. Use of E-Cigarettes and Self-Reported Lung Disease
Among US Adults. Public Health Rep. 2020 Nov/Dec;135(6):785-795. doi: 10.1177/0033354920951140. Epub 2020 Sep 24. PMID: 32972319;
PMCID: PMC7649986.

Bayly (2019)

Bayly JE, Bernat D, Porter L, Choi K. Secondhand Exposure to Aerosols From Electronic Nicotine Delivery Systems and Asthma Exacerbations
Among Youth With Asthma. Chest. 2019 Jan;155(1):88-93. doi: 10.1016/j.chest.2018.10.005. Epub 2018 Oct 22. PMID: 30359612; PMCID:
PMC6688978.

Berlowitz (2022)

Berlowitz JB, Xie W, Harlow AF, Hamburg NM, Blaha MJ, Bhatnagar A, Benjamin EJ, Stokes AC. E-cigarette Use and Risk of Cardiovascular
Disease: A Longitudinal Analysis of the PATH Study, 2013-2019. Circulation. 2022 May 6. doi: 10.1161/CIRCULATIONAHA.121.057369. Epub
ahead of print. PMID: 35514292.

Bhatta (2020)

Bhatta DN, Glantz SA. Association of E-Cigarette Use With Respiratory Disease Among Adults: A Longitudinal Analysis. Am J Prev Med. 2020
Feb;58(2):182-190. doi: 10.1016/j.amepre.2019.07.028. Epub 2019 Dec 16. PMID: 31859175; PMCID: PMC6981012.

Bricknell (2021)

Bricknell RAT, Ducaud C, Figueroa A, Schwarzman LS, Rodriguez P, Castro G, Zevallos JC, Barengo NC. An association between electronic
nicotine delivery systems use and a history of stroke using the 2016 behavioral risk factor surveillance system. Medicine (Baltimore). 2021 Sep
10;100(36):€27180. doi: 10.1097/MD.0000000000027180. PMID: 34516517; PMCID: PM(C8428735.

Chaffee (2021a)

Chaffee BW, Barrington-Trimis J, Liu F, Wu R, McConnell R, Krishnan-Sarin S, Leventhal AM, Kong G. E-cigarette use and adverse respiratory
symptoms among adolescents and Young adults in the United States. Prev Med. 2021 Dec;153:106766. doi: 10.1016/j.ypmed.2021.106766. Epub
2021 Aug 19. PMID: 34418439; PMCID: PMC8595821.

Chaftee (2021b)

Chaffee BW, Halpern-Felsher B, Cheng J. E-cigarette, cannabis and combustible tobacco use: associations with xerostomia among California
adolescents. Community Dent Oral Epidemiol. 2021 Dec 20. doi: 10.1111/cdoe.12721. Epub ahead of print. PMID: 34927762.

Chaftee (2022)

Chaffee BW, Lauten K, Sharma E, Everard CD, Duffy K, Park-Lee E, Taylor E, Tolliver E, Watkins-Bryant T, lafolla T, Compton WM, Kimmel
HL, Hyland A, Silveira ML. Oral Health in the Population Assessment of Tobacco and Health Study. J Dent Res. 2022 Apr 11:220345221086272.
doi: 10.1177/00220345221086272. Epub ahead of print. PMID: 35403466.

Cherian (2020)

Cherian C, Buta E, Simon P, Gueorguieva R, Krishnan-Sarin S. Association of Vaping and Respiratory Health among Youth in the Population
Assessment of Tobacco and Health (PATH) Study Wave 3. Int J Environ Res Public Health. 2021 Aug 3;18(15):8208. doi: 10.3390/ijerph18158208.
PMID: 34360499; PMCID: PMC8346152.
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2017 " | infarction, or stroke | smokers: DU with daily use di?lljlfitzs’ and heavy alcohol
’ current vs. never= of ENDS vs. &
1.36 (1.18-1.56) current smokers
Daily vs. with never use of
never=1.59 (1.20- ENDS=1.59 (1.20
2.08) -2.08)
Occasional use vs.
never = 1.30 (1.12-
1.52)
age, gender, income, and
n:79,825.US Current e-cig vs comorbidities diabete_s,
adults Wlth cig: 1.15 (1.15-1.16) cholesterol, hypertension,
Patel (2022) Sl?ilsotl:rl;g Stroke Dual vs cig: 1.14 SSE;ZS(S;?;?;;: P substance Table 3
Current ecig vs non- (1.14-1.15) . juand,
current ecig: 1.60 co.cam.e/herm.n/_methampheta
NHANES (1.60-1.61) mine, illegal injectable drug),
2015-2018 ’ ’ alcohol use, and preventive
aspirin use.
Stratified Stratified age, sex, race, ethnicity,
Stratified . Dual use vs never | Sole ecig users vs education, income, marital
n=161,529 current sole ecig Stratified use both: 2.91 never use both: status, health insurance,
Parekh US adults Stroke USe VS never use Current sole cig vs (1.62-5.25) 0.69 (0.34-1.42) census region, BMI, physical Text and
(2021) aged 18-44 b‘o th: 0.69 (0. 3 a never use both: 1.59 activity, binge drinking, Figure 1
14 2)' ) ’ (1.14-2.22) Dual use vs Sole e-cig users vs | diabetes, and hypertension,
BRFSS 2016- ’ smokers: 1.83 sole cig users: cholesterol (only available in
2017 (1.06-3.17) 0.43 (0.20-0.93) BRFSS 2017)
Asthma
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Table S2. Summary of Individual Study Results Used in Meta-analyses (plus some additional results)

. Where to find
. ENDS risk Cigarettes risk . Sole ENDS or sole .
Study Population Outcome (95%CT) (95%CT) Dual Use risk Cig Covariates reported
results
n=1.565 exposure to household
a dofescents secondhand smoke, exposure
(aged 16-19 to household secondhand
£ . aerosols from electronic
years) Current ecig vs Current smoker vs Current dual use .
. . . . cigarettes, and exposure to
Alnajem Current asthma never ecig & never never ecig & never Vs never ecig secondhand smoke and/or Table 2
(2020) a school- smoker: 1.85 (1.03— | smoker: 1.73 (1.01- never smoker: secondhand acrosols from
based cross- 3.41) 3.21) 1.92 (1.33-2.76) L . .
sectional electronic cigarettes in public
study in places
Kuwait
sex, age
_ risk for asthma
nﬁl;ﬁiﬁ Us attack: Risk for asthma attack:
current vs. never= current vs. .
(11-17 years 0.90 (0.71-1.15) never=1.92 (1.28- Cigar, hookah, second smoke,
old with former vs 2.68) secondhand aerosol
Bayly asthma) Past year asthma : it
never=1.01 (0.81- former vs. never=1.23 .. Table 2
(2019) attack age, sex, race/ethnicity,
1.25) (0.99-1.52) . .
The 2016 metropolitan status, housing
Florida Youth secondhand ENDS secondhand
orida You 1 —1.19 (1.05- type
Tobacco aerosol exposure exposure=1.19 (1.
urve (ym)=1.27 (1.11- 1.35)
survey 1.47)
Longitudinal
23 760 current vs. never = current vs. never age, sex, race/ethnicity,
Bhatta (18-65 years) | incident 1.56 (1.10-2.22) =1.57 (1.02-2.42) poverty level, BMI, high Appendix
(2020) PATH Waves | asthma former vs. never = former vs. never blood pressure, high Table 6
1-3 2013- 1.23 (0.90-1.69) =0.87(0.53-1.42) cholesterol, diabetes
2016
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. . . Where to find
Study Population Outcome Egg/i élls)k Clg(i;;eozecsl;lsk Dual Use risk Sole ENCDIE or sole Covariates reported
results
Risk for Asthma
6-30 days vs.
never=1.36 (0.95-
1.95)
1-5 days vs. never
=1.27(0.91-1.77)
ever vs. never =
0.99 (0.85-1.15)
n=10,483 (13- Risk for Bronchitis fj‘s; 330‘3;1 combustible
21 years old) . 6-30 days vs.
Adverse respiratory never= 1.56 (1.37-
symptoms: ’ ’ gender, race/ethnicity, school
Chaffee Pooled data bronchiti h 1.77) lunch ticinati Fi 1
(2021a) from 4 ronchitis, asthma , | " days vs. never = unch program participation igure
ongoing and shortness of 111 (0.94-131) (adolescent studies only),
. breath ) ’ - personal income (young adult
studies 2018- ever vs. never = studies only), age, past 30-day
2020 1.07 (0.93-1.22) cannabis use’ ’
Risk for Shortness
of Breath:
6-30 days vs. never
=1.68 (1.35-2.08)
1-5 days vs. never
=1.27(0,95-1.17)
ever vs. never =
1.08 (0.93-1.26)
Asthma diagnosis
ENDS in last year
vs no, controlling tobacco used by other
for combustible household members, rules
n=9750 . . tobacco use in last about combustible tobacco
adolescents %&?ii‘;?;sg?éﬁfggﬁz year: 1.13 (0.85- product use inside home,
Cherian (aged 12-17) . 1.50) lifetime number of cigarettes
in chest past 12 o Table 2
(2020) months used, and lifetime number of

PATH W3
2015-2016

ENDS in last year
vs no, controlling
for combustible
tobacco use in last
year: 1.37 (1.11-
1.71)

cigars used

age, sex, race/ethnicity, parent
education
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Where to find
. ENDS risk Cigarettes risk . Sole ENDS or sole .
Study Population Outcome (95%CT) (95%CT) Dual Use risk Cig Covariates reported
results
second hand smoke exposure
= 35904
" Age (high school grade),
(10th—12th o ,
graders) Gender, city size, student’s
current vs. never = current vs. never = DU vs. sole economic status, residential
Cho (2016) The 2014 Pa;t year Dx with ? 77 (1.31-5.85) - 1f.4 7 (1.05-2.06) ~ smokers = 1.30 type, multzcul.turaI tI"Famlly Table 5-6
Korean Youth | 2sthma ormer vs. never = ormer vs. never = (0.86-1.96) status, academic performance,
Risk Behavior 0.96 (0.42-2.19) 0.99 (0.75-1.31) over_welght status, stress,
Surve atopic dermatitis history,
y RPN
allergic rhinitis history,
asthma history, attempt to quit
smoking,
n=36,085 .. .
positive social norm toward
Oth-12th smoking, exposure to
graders) Risk for asthma secon dhgz;n d Is) moke
Choi (2016) asthma attack in attack: Fioure 1
The2012 | past 12 mo current (y/n)=1.78 soe. sex. race/ethnicit gur
Florida Youth (1.20, 2.64) 8¢, SeX, | Y
metropolitan status, housing
Tobacco tvpe
Survey yp
111:60’040 Asthma Asthma Table 4
orean Asthma Current cig vs never Current dual vs exposure to secondhand (asthma) and
students (aged ! o s uar v P Table 3
13-18) Asthma (past 12 na cig never ecig: 1. never ecig never smoke (allergic
(1.1-2.2) cig: 1.2 (0.80-2.0) L C
Chung months) . s . rhinitis)
(2020) Korea Youth Allergic Rhinitis age, sex, body mass index,
Risk Behavior | Allergic rhinitis Current ecig never Allergic rhinitis Allergic rhitinis residential area, regular Model 2 results

Survey (June
2018)

cig vs nothing: 1.0
(0.4-2.2)

Current cig vs never
cig never ecig: 1.3
(1.1-1.6)

Current dual use vs
never cig never
ecig: 1.6 (1.2-2.2)

exercise, sedentary time,
socioeconomic status

Data for never
HTP users
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Table S2. Summary of Individual Study Results Used in Meta-analyses (plus some additional results)

. . . Where to find
Study Population Outcome Eg;?,/s élls)k Clg(i;;eo;tecsl;lsk Dual Use risk Sole ENCDiS or sole Covariates reported
° ° g results
In model
including ecigs,
cigs, marijuana . .
>10 days/mo cigs vs II} moc!el 1nclufl.1ng
none:1.31 (L11- ecigs, cigs, marijuana
15 4)' ’ ’ >10 days/mo cigs vs
1=21.532 <'10 days/mo vs none:1.27 (1.00-1.61)
’ . <10 days/mo vs none: ..
respondents none: 1.13 (0.97- 1.03 (0.85-1.25) age, sex, race/ethnicity,
(9th -12th o 1.31) ’ ’ ’ overweight or obesity, and at Table 1 (Model
Han (2020) Asthma (lifetime) D
grade) In model just least 1 dental office visit in 4)
YRBSS 2015 ilxl:cll:ll(c)l(ilsl J:csit s including cigs the previous year
& 2017 >10 days%mo gigs vs | 210 days/mo cigs vs
N none:1.65 (1.31-2.08)
none:1.25 (1.09- g
1.45) <10 days/mo vs none:
<10 days/mo vs 1..24 (1.05-1.47)
none: 1..25 (1.09-
1.45)
n=216,056
(12-18 yrs
old in Korea) >= 20 days/month = hysical .
The 2011- urrent (yes v: 1.57(1.38-1.77) a%e, li Y:IC? Exelf (;;S?ase&
. Past year Dx with | <%/t (yes vs- 6-19 day/month = 0besity, reglon OTresiaence, -1 rop1e 3 (Model
Kim (2017) 2013 Korea asthia no)=1.13 (1.01- 132 (1.08-1.61) economic level, educational 3)
Youth Risk 1.26) 1'_5 da ’ S /moﬁth ~139 level of father, education level
Behavior 120 i] 62 ) of mother
Web-based (120-1.62)
Survey
_ e 1 Stratified:
n=58,336 Stratified: DU vs. Sole ENDS vs.
(12-18 yro never tobacco use never tob use=
Korean) Past vear Dx with Multivariate: Multivariate: =1.14 (0.84-1.54) 1.42 (0.8 6_‘2 34) age, sex, obesity, residential
Lee (2019) as thn};a ever vs. never = ever vs. never = 1.32 ’ ’ ) area, family economic status, | Tables 3-4
The 2018 1.23 (1.00-1.52) (1.12-1.55) (DU + HTP) vs. sole ciarettes v and physical activity
Korean Youth never tob use = noefeili)‘;);cceo ui.e
Rlslgfrilgwor 1.59 (1.17-2.15) = 1.30 (1.08-1.56)
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Table S2. Summary of Individual Study Results Used in Meta-analyses (plus some additional results)

Where to find
. ENDS risk Cigarettes risk . Sole ENDS or sole .
Study Population Outcome (95%CT) (95%CT) Dual Use risk Cig Covariates reported
results
current vapers vs
non-users: 1.68 current smokers vs
n=28.171 (1.32-2.14) non-users: 2.75 (2.47- second-hand smoke exposure,
a du’lt s 3.06) dual users vs non- duration of e-cigarettes use
Current vapers vs. users: 2.83 (2.37- Current vapers
Wheezing or current smokers: current smokers vs 3.38) who never smoked | age, sex, race/ethnicity
PATH W > OF ’
Li (2020) 2 Oct obzre whistling in chest 0.61(0.48-10.77) never smokers: 3.33 vs. Never- income level, BMI categories, %ZE{Z § and
2014 to in past 12 months (2.87,3.85) dual users vs Smokers: 1.49 self-reported asthma, self-
October 2015 Current vapers who current smokers: (0.84 - 2.67) perception of physical health,
were ex-Smokers Ex-smokers vs. Never- | 1.03 (0.88 — 1.20) self-perception of mental
vs. Ex-smokers: Smokers: 1.43 (1.26, health
1.54 (1.20, 1.98) 1.63)
, wheeze:
Risk for wheeze: among never
current vs. never= o kj; o
12,086 (high 1.24 (0.78, 1.98) current vs. never
schoolers) Risk for bronchitis: szgs=1' 32(0.89, Wheeze:
current vs. never= ’ sex, ethnicity, parental Figure 4 and
McConnell The 2014 wheeze past 1.41(0.92, 2.17) - Bronchitits: education, community, text
(2017) Southern 12 months former vs. never = among never secondhand smoke, and
California 1.71 (1.20, 2.43) kg . lifetime number of cigarettes Bronchitis:
Children’s SIMOKCTS: smoked Figure 1-3
current vs. never
Health 1-2 days vs. never ENDS=1.52 (0.89 Table E1
Study =1.37(0.79, 2.37) 2.61) ) T
>=3 days vs. former vs. never
never= 1.64 (0.88, ENDS=1.70 (1.1
3.05) 2.59) ’
n=402,822
nfs::;le(zsgsﬂt Ever Dx with current vs. never = Age, sex, race, income, level
Osei asthma and still 1.39 (1.15, 1.68) 8¢, SeX, Tace, >
(>18 years) of education and body mass text
(2019b) have asthma (past among never- index
BRFSS 2016 12 mo) smokers
& 2017
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Table S2. Summary of Individual Study Results Used in Meta-analyses (plus some additional results)

. . . Where to find
. ENDS risk Cigarettes risk . Sole ENDS or sole .
Study Population Outcome (95%CT) (95%CT) Dual Use risk Cig Covariates reported
results
Current e-cigarette Current e-
users with history cigarette users
of combustible without history of
cigarette smoking combustible
1=131.965 vs never users of cigarette smoking
It anything: 1.33 . vs never users of
childbearing (0.95-1.86) Current combustible Current dual users nvthine: 1.74
age women ) ) cigarette smokers (e-cigarette + ‘(ll J; 9_ Zé; 5) : age, race/ethnicity, marital
Parekh (18-44 years asthma (current) Current e-cigarette w.tthout history of e- C?mbustlble status, education household Table 4
(2020) old) users without cigarette use vs never | cigarette) vs never Former e-cioarette | 2COMEs health insurance,
h;'s tc;ry of users of anything: users of anything: Lsers wi thoft BMI, binge drinking
BRFSS combustible 1.49 (1.25-1.77) 2.11 (1.72-2.59) history of
2016-2017 cigarette smoking combustible
vs never users of cigarette smoking
anything = 1.74 vs never users of
(1.29-2.35) anything: 1.14
(0.98-1.32)
Longitudinal
n=20.882 incident respiratory DU vs. none
participants Ezvlll:géggs or Daily vs. someday= | sole smokers vs. Z";: nzt ;;v)e= 2.22 In the main analysis: age, sex,
without past whistlin gin the 0.88 (0.52-1.50) noncurrent use=1.78 VT race/ethnicity
Redd 12-month | %1 Orga (1.56-2.03) DU vs. sole cie= | 571 ENDS vs.
(2021}; respiratory noctu,rnal dry cough sole ENDS vs. 1.24 (1 00-1 5‘§) noncurrent use= In the sensitivity analysis: Table 2
symptoms at & | noncurrent use= Daily vs. ’ ST 1.17 (0.79-1.74) history of asthma, COPD,
ry

W3 (>12 yro)

PATH W3-
W4

not associated with
a cold or chest
infection in the past
12 months)

1.17 (0.79-1.74)

someday=1.81 (1.46—
2.26)

DU vs. sole
ENDS=1.90
(1.23-2.93)

chronic bronchitis, or

emphysema
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. . . Where to find
Study Population Outcome Egg/i élls)k Clg(i;;eozecsl;lsk Dual Use risk Sole ENCDIE or sole Covariates reported
results
Cross-sectional
association (Tab
2):
Sole ENDS vs.
never=1.05
(0.67,1.63); Cross-sectional
Cross-sectional association (Tab
ORs were ass0c1%1t10n (Tab 2): 2: Adults reported their lifetime
attenuated by Sole cig vs. DU vs. never= and past 30 d £
adjustment for never=2.34 (1.92- 2.13 (1.64,2.77) nd past SU day use ot
. cigarettes, cigars (traditional
cigarette pack-years | 2.85) . L
. cigars, cigarillos, and filtered
from unadjusted There was a . e tob hookah
Composite score OR=1.53 significant linear post hoc testing cigars), plﬁe 0 é‘lcco’ 012 la i
P (0.98,2.40) to increase in % with indicated that risk STUS POUCHES, OTRCT SMOKCICSS
based on seven . - . . . tobacco, secondhand smoke
1216295 US | wheezine/couch adjusted OR=1.05 functionally-important | ratios for K ’ £ Kine hist ’
dult e th ZIng f & h (0.67,1.63); respiratory symptoms dual use of . pack years of smoking history
Sareent adults without | questions from the ¢ toff of >3) with oarettes-He Sole cig vs.
& COPD International Stud (at a cutoff of 23) wi cigarctieste =2.34 ici
y . . . . never=2.34 (1.92- age, sex, race/ethnicity, Table 2
(2022) . There was also an higher intensity of cigarettes were o ..
of Allergies and increase in smoking never different 2.85) education, income, urbanicity,
PvézTgomz-_ élslilllcliillil)(l)lzi respiratory compared to - (Ot\'/ervlvqelgrltltf)"?“hn;la’ rt
2016: (ISAAC) symptoms with Each additional 5 exclusive cigarette C?tnglis é\']eb fa atlure, hea ¢
’ higher pack-years: aOR=1.13 | use attack, ciabetes, cancer, use o

intensity of e-
cigarette use, but the
trend did not reach
statistical
significance (p =
0.12)

Longitudinal
association (Tab 3):
Sole ENDS vs.
never= 1.58 (0.84,
2.96)

(1.09-1.16)

Longitudinal
association (Tab 3):
Sole cig vs. never=
2.80(2.08, 3.76)

Longitudinal
association (Tab
3):

Dual use vs.
never=2.64 (1.88,
3.70)

antihypertensives known to
cause coughing or wheezing
(beta blockers, angiotensin
receptor blockers, and ace
inhibitors), marijuana use
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Where to find
. ENDS risk Cigarettes risk . Sole ENDS or sole .
Study Population Outcome (95%CT) (95%CT) Dual Use risk Cig Covariates reported
results
g};gﬁg?h Risk for current Risk for current
raders) asthma (vs. never asthma (vs. never have
Schweitzer y Ever Dx with have asthma) asthma) Age, sex. race/ethnicit
asthma; still have current (y/n) =1.48 | current (y/n) =1.23 £€, SCX. . Y, Table 3
(2017) The 2015 h overwight, marijuana
Hawaii Youth | 2Sthma (1.24, 1.78) (0.92, 1.64)
. . ever (y/n)=1.22 ever (y/n)=1.25
Risk Behavior
Survey (1.01, 1.47) (1.05, 1.54)
n=2,270
Swedish
young adults
(aged 22-25) snus use, waterpipe use,
Breathi s . N ki Dual use second-hand tobacco
The the reathing ole e-cig current Current sole smoking ecigs+cigs vs. non- exposure, any tobacco use at
S : difficult - t - t EVTCIES VS. posure, any
ompa ifficulties or use vs. non-curren VS. non-current users
Swedish . e e _ current users of 12, and any tobacco use at 16 | Table 4
(2022) . wheeze in the past users of ecig-cig- of ecig-cig-snus=1.6 L
population- 12-month snus= 1.2 (0.3-3.8) (1.2-2.2) ecig-cig-snus: 3.6
based s - (1.4-9.4) gender, educational level,
prospective occupational status
birth cohort
BAMSE in
2018-2020
Longitudinal Ecig use w1.th1n past Combustible tobacco
___vsno ecig use in .
the past year or use in past 30 days vs traditional cigars, cigarillos
n=7,049 ) not: 1.21 (0.65-2.25) . 2 ’
youth without never use: filtered cigars, pipes, hookahs,
Tackett asthma (aged past 12-month combustible tob bidis, and kreteks, secondhand
. Past 30d 1.35 ) . smoke Table 2
(2020) 12-17) wheezing (0.63-2.88) included cigarettes,
o traditional cigars, -
PATH Waves Past 7d 0.74 (0.28- cigarillos, filtered Age, sex, rgce/ethmclty,
1.97) . . household income
3-4 cigars, pipes, hookahs,

Pat year 1.37 (0.91-
2.05)

bidis, and kreteks
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. . . Where to find
Study Population Outcome Egg/i élls)k Clg(i;;eozecsl;lsk Dual Use risk Sole ENCDIE or sole Covariates reported
results
Presence of
functionally
ig;i?g?:;y Current age, sex, }race/ethnicity,
symptoms noncombstible use Current combustible asthma diagnosis (based on
n=21,054 was defined by only vs never use of | use only vs never use self-report of “have you been
Tanski youth/young questions regarding anything: 0.87 of anything: 1.52 told by a doctor, nurse or Table 2 Model
(2022) adults aged wheezing and (0.67-1.13) (1.29-1.80) other health professional that 1
12-24) S you have asthma”) and Tab 2 Model 2
nighttime , . .
cough at a cutoff Daily use vs. never | Daily use vs. never QbCSIty (based on body mass
PATH Wave score (>=3) use=1.25 (0.80, use=2.80 (2.25, 3.47) index [BMI]), SHS, marijuana
4 (2016-2017) associated with 1.96) use
poorer functional
health status.
Multivariate
current (y/n) = 1.28
(1.06-1.56)
Stratified Table (no
n=45,128 Cough or phlegm among ever smoker: Stratified Stratified secondhand smoke exposure number)
Wang Chinese for 3 consecutive 1.39 (1.14-1.70) DU vs. sole sole ENDS vs. aOR for
(2016) adolescents in months in past vear | 27°N8 former smoker =1.15 never tob user = age, perceived family ENDS reported
Hong Kong pasty smoker: 1.40 (1.02- (0.81-1.62) 2.06 (1.24-3.42) affluence by smoking
1.91) status
among
experimental
smoker: 1.09 (0.66-
1.80)
current (y/n)=1.27
n=8,087 (0.96 — 1.67) among | current (y/n) =1.27 DU vs. neither =
adults total sample (1.10- 1.47) 1.26 (104 1.53) Secondhand smoke
Wills (18-79 yro) current (y/n)=1.33 among overall sample DU vs. sole cig = .
asthma (current) (1.00-1.77) among age, gender, educational level, | Table 2
(2019) . 0.99 (0.80-1.22) =0 .
The 2016 nonsmokers current cig vs. current DU vs. sole ENDs ethnicity, BMI, financial
Hawaii current (y/n)= 0.92 ENDS=1.00 (0.74, ~1.00 ('0 73-135) stress
BRFSS (0.73 —1.15) among | 1.35) ' ’ ’

smokers
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. . . Where to find
Study Population Outcome Egg/i élls)k Clg(i;;eozecsl;lsk Dual Use risk Sole ENCDiS or sole Covariates reported
g results
current ENDS (y/n, C ‘
Tab 3)=1.30 (1.10, urrentvs.
n=14,765 1 ‘;-3)) s current Cig (y/n)= neither=1.62
(9th—12th ) 1.24 (1.03, 1.51) (1.32, 1.99) .
graders) demographics (age, gender,
Wills Ever DX with sole hEN DTS . Sole cig vs. ever vs. neither = | 300 ENDS. vs. race/ethnicity), overweight Tables 3-4 and
(2020) The2017 | asthma neither (Ta neither=1.23 (0.92 113 (097, 131) | Soke Cig=1.06 status, obesity status, ¢
_ . .92, . 97, 1. .. ext
Youth Risk 4)=1.29 (1.07, 1.55) 1.64) (0.76, 1.46) marijuana use (ever or any
Behavior ever (y/m)=1.16 ever (y/n)=1.01 DU vs. sole past-30-day use).
Survey (101, 1.33) ' (0.81, 1.25) Cig=1.32 (0.95,
T 1.84)
Longitudinal other combustible products
(ie, pipe, cigar, cigarillo, or
alsizlzt;’fllg " current vs. never: hookah)
. IRR=1.32 (1.01- .
yro) without 1.72) for asthma age, sex, and race/ethnicity, Table 2 (Model
Xie (2020b) preyalent Incident asthma ever vs. never=1.24 educatlona.l attainment, US d; ﬁJ Iy
respiratory (1.01-1.53) census region, ever use of adjusted
conditions fo.rmer .vs never= illicit substances (ie, heroin, model)
1.19 (0.9 5‘_1 50) inhalants, or hallucinogens),
PATH W1- ’ ’ ’ BMI, and hypertension,
W4 2013- cholesterol, heart failure,
2018 stroke, diabetes
Incident respiratory Amotllg: the total
Lonigitudinal | symptoms sample:
including: 1) C””‘”itlvg'z 106 sole ENDS vs.
n= 6,378 wheezing or never=1.32 (1.06- none=1.62 (1.23— | current use of other tobacco
sl 1.65) DU vs. none . .
young adults | whistling 2.12) product (cigar, cigarillo
(18-24 yro) in the chest; 2) former vs. current use of filtered cigar. i)ipe hool;ah
th hest ded never=1.20 (1.04— both=1.88 (1.41- . ’ ’ ’
_ without chest sounde 1.39) sole cig vs. none=2.07 | 2.51) sole cig vs. smokeless, or snus exposure, Tabless 2-3
Xie (2022) prevalent wheezy during ) 1752 . ’ ’ none=2.07 (1.75- | secondhand smoke .
respiratory | or after exercise; (1.75-2.46) DU le ci 2.46) Figure 24
. 3 b at vs. sole cig=
discase ili’;ht) dry coughat |\ ne never 0.91 (0.67 1o ENDS vs. sole. | LE0s55% 1ace, Blt\ﬁl’
PATH W MR iated wih smokers: _1.23) sole vs. sole | marijuana use, other
- w1 current vs. never= cig=0.78 (0.58— recreational drug use,
W5 2014- a cold or chest 1.86 (1 3;258) 1.05)
2019 infection. : i

former vs. never=
1.22 (1.00-1.49)

COPD or composite respiratory symptoms
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Where to find
. ENDS risk Cigarettes risk . Sole ENDS or sole .
Study Population Outcome (95%CT) (95%CT) Dual Use risk Cig Covariates ri[e)so:lttesd
Multivariate .
Model Stratified Stratified
ecig use controlling Daily ecig vs none mcl)<ng 1‘1ever
2018 BRFSS for cig use vs no use . among current SMOKCTS:
excluding of either: Multivariate model smokers: 0.99 Daily ecig use vs age, gender, race/ethnicity
Antwi eople with a Daily user 1.53 Current smokers vs 0.67-1 46) never: 3.17 (1.04- ma;ital Statl’lS educational,
peop COPD ) never controlling for : : 9.63) > - . Tables 2 and 3
(2022) history of (1.11-2.03) 8 level, past month leisure time
Y . ecig use: 4.75 (4.11- . Some days vs » past mo
asthma. Some days 1.43 5.49) Some day ecig vs never 1.61 (0.87— physical activity and BML
N=177,209 (1.13-1.80) : none among 3.09) ’ ’
Former user 1.46 current smokers: F;)rmer Vs never:
1.28-1.6 — '
( 7) 0.99 (0.67-1.46) 1.55 (1.01-2.38)
Single multvariate
model including
ecigs and cigs
Every day vs never:
1.83 (1.59-2.10) Among current Among never .
Some-da never: moker moker tobacco chewing
ome-day VS ICVET: | Gingle multvariate smoxers - smoxers
2.33 (2.07-2.62) . . . Every day ecig vs Every day vs ..
. model including ecigs . . age, sex, race/ethnicity,
2016 BRFSS | COPD Former vs never: and cis never: 1.47 (1.13- never: 4.36 (1.76- annual household income
Barrameda ’ 1.92 (1.82-2.03) & 1.92) 10.77) . ’
(2021) age 18+ emphysema, or Every day vs never: Some-day vs Some-day vs health insurance, personal Tables 2 and 3
n=459,098 | chronic bronchitis 5.71 (5.39-6.05) e e physician, health status, body
Among former . never: 1.82 (1.56- never: 1.27 (0.77- . . .
smokers Former vs never: 3.87 2.14) 2.08) mass index, education, marital
(3.65-4.10) ; ; status, exercise, alcohol use,
Every day vs never: Former vs never: Former vs never: metropolitan status
1.46 (1.23-1.88) 1.65 (1.48-1.84) 1.58 (1.24-2.02) p
Some-day vs never:
2.05 (1.42-2.94)
Former vs never:
2.05(1.78-2.37)
Longitudinal
n=23,760 current vs, never = current vs. never=5.79 age, sex, race/ethnicity,
Bhatta (18-65 years) incident COPD 1.44 (.79- 2.62) (1.64-20.44) poverty level, BMI, high Appendix
(2020) PATH Waves former vs. never = former vs. never=1.47 blood pressure, high Table 6
1-3 2013- 1.82(1.23- 2.69) (0.42-5.20) cholesterol, diabetes
2016
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Table S2. Summary of Individual Study Results Used in Meta-analyses (plus some additional results)

Where to find
. ENDS risk Cigarettes risk . Sole ENDS or sole .
Study Population Outcome (95%CT) (95%CT) Dual Use risk Cig Covariates reported
results
Obstructive
Lung Disease
in Northern sole smokers vs.
Sweden study | long-standing sole liNDS V- none=2.55 (2.36-
none=1.46 (0.93-
and West cough, sputum 2.77)
. . 2.29) _ Table 3 and
Hedman Sweden production, chronic DU vs. none=4.03 sex, age group, survey, Supplement
(2018) Asthma Study | productive cough, ENS with former Former smoker (3.23-5.02) educational level dggp ¢
n=6519 and | wheeze (past 12 smoking vs. none= without ENDS
23,753 mo) L (0%1_2‘ 3) vs.non=1.27 (1.19-
(2075 years) ’ ’ ’ 1.36)
Two Sweden
surveys, 2016
Canadian
Longitudinal
Study on
Aging
(CLSA)
participants
45-85 years at Model 1 IIV;(_)‘_del 3k . i\f’[oglel ! ”
the time of Obstructive lung E-cigarette ever use pack years cig “cigarette ever
. recruitment function Vs e-cigarette never and no e-cig vs none: | use vs e-cigarette
Joshi (2021) o . . 3.07 (2.45-3.86) never use Table 2
(2012-2015); | impairment (current | use (controlling for .
. . 15+ pack years and (controlling for
spirometry measure) smoking): 2.10 . .
ever ecig vs none: 7.43 | smoking): 2.10 .
measures (1.57-2.80) (5.30-10.38) (1.57-2.80) Age, sex, ethnic background,
were available ’ ’ ’ ’ education status, total annual
for 20,347 household income, urban/rural
participants area of residence, number of
(cross individuals living in
sectional household, number of chronic
analysis) conditions
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. . . Where to find
. ENDS risk Cigarettes risk . Sole ENDS or sole .
Study Population Outcome (95%CT) (95%CT) Dual Use risk Cig Covariates reported
results
2013-2018
Korea
National
Eﬁ?ﬁg:ﬁd Current smokers vs
Examination COPD by never smokers: 2.26 age, sex, residence,
S - of 1 functi (1.77-2.88) Dual users vs -
Kim (2021) urvey; o pulmonary function never smokers: gducatlonal level, household Table 3
them, 12,919 test (current Former smokers vs 2.83 (1.64-4.86) income, BMI, high-risk
participants measure) Kers: 1.6 ’ ’ ) drinking
aged > 40 never smokers: 1.67
who (1.31-2.12)
underwent
spirometry,
n=12,919
current vs. never=
1.75 (1.25-2.45) for
the total sample
Among never
smokers: DU vs. never
current vs. t0b=6.89 (6.29-
never=1.75 (1.25- 7.55)
2.45)
705,159 daily vs. DU vs. sole cig=
(>18 years) never=2.64 (1.43- 1.66 (1.50-1.84)
the 2016- ever Dx with 4.89) federal
. 2017 bronchitis, occasionally vs. DU with daily age, sex, race, federal poverty | 1105 4nd
Osei (2020) Behavioral emphysema or never=1.51 (1.03- vaping vs. sole line-adjusted income level, main text
Risk Factor | COPD 223) cigp: L64 (1.34- educational status
Surveillance 2.00)
System Among former

smokers:

current vs. never=
2.13 (1.82-2.50)
daily vs.
never=2.05 (1.72,
2.44)

occasionally vs.
never=2.30 (1.71,
3.08)

DU with
occasional vaping
vs. sole cig = 1.67
(1.50-1.86)
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. . . Where to find
Study Population Outcome Egg/i élls)k Clg(i;;eozecsl;lsk Dual Use risk Sole ENCDIE or sole Covariates reported
results
Current e-cigarette Current e-
users with history of ctgarette nsers
combustible without I.ustory of
cigarette smoking i?";f:t‘::ll;ffw kin
BRFSS 2016- VS never users of vsgnever users ofg
2017 131.965 anything: 2.65 Current dual users anything: 1.37
’f (1.53-4.58) (e-cigarette + 0.71-2 6 3) ) age, race/ethnicity, marital
Parekh women o combustible (©. : status, education household
childbearing COPD . . . . Table 4
(2020) 1844 Former e-cigarette cigarette) vs never G ‘ income, health insurance,
age ( 1 users without users of anything: urrent BMI, binge drinking
years old). history of 5.07 (3.91-6.56 | combustible
n=131,965 combustible ctgarette s'mokers
cigarette smoking vs w1tl'wut history of
never users of e-cigarette use vs
anything: 1.67 never users or
(121-2.30) anything: 3.28
(2.624.12)
current (y/n)=1.43
(1.12-1.85) in the childhood and current home
propensity-matched SHS exposure, ever use of
sample cigars, little cigars, pipe,
hookah, oral tobacco
current (y/n)=1.47
3,642 ever Dx with (1.21-1.79) for total t ecie (Wi Age, sex, race/ethnicity,
Perez (18-64 years) | bronchitis, sample ilg;in f%{f;;’) poverty level, census region, Main text
(2019) PATH Wave | emphysema or =2.94 (1. X -99) education, BMI, asthma, high | section 3.2
1 2013-2014 | COPD Daily vs. for nonsmokers blood pressure, high
never=1.59 (1.06— cholesterol, congestive heart
2.37), someday vs. failure, stroke, heart attack,
never=1.97 (1.55— and diabetes, history of
2.49) exposure to heroin, marijuana
Former vs. never= use (as blunts with cigars)
1.73 (1.46-2.06)
PATH Wave | ever Dx with . cigar, hookah, smokeless
Strong 12013-2014 | COPD, chronic Sole ENDS vs. non- | Cig only vs. non- DUvs. non- ¢ Main text
(2018) n=32,320 bronchitis, asthma current users=1.39 | current users=1.54 current users= age, sex, race/ethnicity section 3.5
18 ’ i (1.09-1.76) (1.43-1.66) 2.07 (1.71-2.51) PR ’ ’
>18 years) | or emphysema marijuana
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. . . Where to find
Study Population Outcome Egg/i élls)k Clg(i;;eozecsl;lsk Dual Use risk Sole ENCDIE or sole Covariates reported
results
risk for COPD: : ever (v/n)=2.58
8,087 ever (y/n) = 2.58 DU vs. neither = | (2.34-3.78) rs Secondhand smoke
g YV 3.92(2.82-5.44)
Wills (18-79 yro) Ever Dx with (1.36 — 4.89) for the ever (y/n)=2.98 (2.34 | DU vs. Cig=1.32 ever ecig vs ever .
(2019) The 20.1.6 COPD total sample ~3.78) (0.98—1.77) cig: 0.86 (0.46- age, _gc?nder, educatlongl level, | Table 3
Hawaii ever (y/n)=1.29 _ . ethnicity, BMI, financial
BRFSS (0.94 -1.77) for DU vs. ENDS= 1.61) [ever glg VS | Ciress
smokers 1.52(0.81 -2.87) | ever ENDS =1.16
(0.62 -2.17)]
Current ecig vs
never among never
smokers: 1.47
(1.01-2.12)
f}:;’:;;ee(:ivs <8 Dual users vs
2016 and smokers: 0.39 never smokers: age, sex, race/ethnicity,
2017 BRESS (0.27-0, 5 6) Current smokers vs 4.39 (3.98-4.85) marital status, employment
Xie (2020a) ave 18+ COPD : : never users: 3.80 status, education level, Table 1
nz% 87182 Current ecig vs (3.58-4.02) Dual users vs income level, body mass

never among ex-
smokers: 3.24 (2.78-
3.78)

Curren ecig vs cig
among ex-smokers:
0.85 (0.73-0.99)

current smokers:
1.16 (1.05-1.27)

index, and general health
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ENDS risk

Cigarettes risk

Sole ENDS or sole

Where to find

Study Population Outcome (95%CT) (95%CT) Dual Use risk Cig Covariates reported
results
Any respiratory
condition for the
total sample:
current vs. never Any respiratory other combustible products
=1.31 (1.08-1.59) condition among (ie, pipe, cigar, cigarillo, or
ever vs. never= 1.28 non smokers: hookah)
Longitudinal (1.10-1.48) current ENDS vs.
21,618 (18+ former vs. never =1.35 (0.87- | age, sex, and race/ethnicity,
. yro) o never=1.28 (1.09- 2.09) educational attainment, US Table 2
Xie (20200) PATH W1- incident COPD 1.51) ever ENDS vs. census region, ever use of eTable
W4 2013- never=1.37 (1.05- | illicit substances (ie, heroin,
2018 For COPD: 1.79) inhalants, or hallucinogens),
current vs. never = former ENDS vs. BMI, and hypertension,
1.57 (1.15-2.13) never= 1.38 (1.03- | cholesterol, heart failure,
ever vs. never= 1.84) stroke, diabetes
1.62 (1.28-2.04)
former vs. never=
1.66 (1.29-2.12)
Oral disease
Past year dental
Past year dental problems:
problems: Past year dental Current dual vs
Current ecig vs problems: never: 1.72 (1.24 -
13,650 never: 1.11 (0.79- Current cig vs never: 2.38)
adolescents dental health issues, 1.55) ' 1.50 (1..1 8-1.90) Ever dual vs
aged 12to 17 such as cavities Ever ecig vs never: Ever cig vs never: 1.34 | never:1.43 (1.22-
Akinkueb y in PATH & ? 1.12 (0.90-1.38) (1.13 -1.58) 1.67) age, sex, diabetes, race,
inkugbe gum disease or o
(2018) Wave 1 dental stains (ever ethn1c1.ty and parental Tables 4 and 5
(September . Ever dental Ever dental Ever dental educational level
2013 to or in past 12 roblems: roblems: roblems:
months) P . P . P
December Current ecig vs Current cig vs Current dual vs
2014) never: 1.27 (0.95- never:1.47 (1.17-1.83) | never: 1.59 (1.20 -

1.70)
Ever ecig vs never:
1.28 (1.07 -1.54)

Ever cig vs never: 1.29
(1.10 -1.51)

2.09)

Ever dual vs
never: 1.45 (1.24-
1.68)
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. . . Where to find
. ENDS risk Cigarettes risk . Sole ENDS or sole .
Study Population Outcome (95%CT) (95%CT) Dual Use risk Cig Covariates reported
results
Periodontal
Stratified (among disease
i;r;:).don.t :‘ I disease Periodontal disease smokers) Stratified
wilvarite Multivarite . Nonsmokers:
Current vs never: . Periodontal
1.38 (0.97-1.97) Current vs never: 1.72 disease Current vs never:
Ever VS. never: 1.43 (1.47-2.02) Current eci 0.95 (0.24-3.02)
NHANES . . T s Ever vs never: 0.94 .
Al Periodontal disease | (1.18-1.73) (dual) vs never: age, gender, education, Tables 2 and 3
Qobaly 2015-6 and (0.48-1.42) =0 .
(2022) 2017-8 Bone loss 1.65 (1.03-2.64) ethnicity, poverty income (Model 2) and
_ ; Bone loss Bone loss oo ratio, diabetes and dental visit | 4 (stratified)
n=8129 o Multivariate Bone loss
Multivariate C 275 Bone loss
Current v never: urrent v never: 2. Current ecig (dual)
(2.17-3.40) ) Stratified
1.80 (1.30-2.49) vs never: 0.13
. Ever v never: 0.92 Nonsmokers:
Ever v never: 0.92 (0.01-1.30)
(0.65-1.29) . Current vs never:
(0.65-1.29) Ever vs never: 2.41 0.13 (0.01-1.30
(1.50-3.70) ; 01-1.30)

Ever vs never: 0.80
(0.27-2.35)
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Where to find
. ENDS risk Cigarettes risk . Sole ENDS or sole .
Study Population Outcome (95%CT) (95%CT) Dual Use risk Cig Covariates ri[e)so:lttesd
Longitudinal
PATH from
September Ecig use at all three
2013 to times vs no ecig use
December controlling for cig
2014 (wave and other tobacco
;glgiLOber use: other tobacco product,
October 2015 Any periodontal secondhand smoke exposure
(wave 2), and . . disease (either of .
Atuegwu October 2015 peridontal disease previous two): 1.58 Age, gender, race, education, Table 2
(2019) to October (past 12 mo) (1.06-2.34) income, prescription drug
2016 (wave 3) : : abuse, stomach, duodenal or
New gum disease: peptic ulcer, marijuana,
No history of 176 (1.12-2.76) alcohol, illicit drug use

gum disease
at Wave 1 and
had teeth
cleaned by
Wave 3

n=18,259

Bone loss around
teeth: 1.67 (1.06-
2.63)
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. . . Where to find
. ENDS risk Cigarettes risk . Sole ENDS or sole .
Study Population Outcome (95%CT) (95%CT) Dual Use risk Cig Covariates reported
results
Dry mouth
Current e-cig use
(6-30 days in past
30) vs nonuse: 1.40
(0.69-2.84)
Current ecig use (1-
adolescents 5 days in past 30) vs Dry mout.h .
recruited from nonuse: 1.22 (0.84- Current cig use: vs
ublic hich Xerostomia 1.78) T ’ nonuse: 1.92 (1.38-
P ‘& (subjective ’ 2.68) gender, race/ethnicity, asthma,
Chaffee schools in .
experience of dry physical activity, alcohol, Table 4
(2021b) rural Northern . .
California mouth) (past 30 Xerostomia Xerostomia cannabis
(2020-21) days) Current e-cig use (6- g:;r:? ilgl ; s(g :;S9
n=976 30 days in past 30) use: 1.12 (8.7
1.29)
vs nonuse: 0.96
(0.90-1.01)
Current ecig use (1-
5 days in past 30) vs
nonuse: 1.05 (0.99-
1.11)
PATH Wave pgck-year smoking _
4(2016-2018) history,pack-year smoking
age 18+ e-cig only vs never history, cigars, smqkeless
n=18.753 in tobacco: Cig only vs never Dual vs nevet tobacco, hookah, pipe,
Chaffee last 12 H:;;iiﬁ;)(li?;slez Last 12 months: tobacco: 2.02 (1.52- ijoc 020;5)'04 secondhand smoke Tables 4 and 5
ths. 1.44 (0.80-2.58) 2.69) e . e
(2022) oo teeth Ever: 1.78 (1.37- age, sex, race/ethnicity
24,967 for Ever: 1.32 (0.93- Ever: 1.59 (1.31-1.93) ) 0. ’ ' > . ’
ever loose 1.87) .50) educational attalmpent, and
teeth ’ annual household income,

BMI diabetes, alcohol,
marijuana
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. . . Where to find
. ENDS risk Cigarettes risk . Sole ENDS or sole .
Study Population Outcome (95%CT) (95%CT) Dual Use risk Cig Covariates ri[e)so:lttesd
gingival pain
and/or bleeding
Daily ecig vs
never:1.00 (0.72-
1.41)
1-29 days vs never:
Twelfth 0.88 (0.74-1.05) attempt to quit smoking, and
gﬂf%ne 1:;222; ﬁigfgilg?ﬁﬁgﬁd/or :;_ztcll:e d or broken second hand smoking at home
Web-based and/or inside-cheek . . . age, gender, school grade, Tables 5, 6 and
Cho (2017) . daily ecig vs never: . Lo
Survey pain, cracked or 1.65 (1.19-2.27) economic status, city size, 7 (Model 3)
(KYRBWS) | broken tooth in past ) . ) . carbonated drink, overweight
nondaily vs never:
2016 12 months status, stress, alcohol,
7 1.26 (1.06-1.51) . .
n=33,309 vigorous sports activity,
tongue and/or
inside-cheek pain,
Daily ecig vs never:
1.54 (1.05-2.26)
Nondaily vs never:
1.08 (0.88-1.33)
smokeless tobacco (e.g. snuff)
Poor oral health Daily ecig vs
defined by having nonusers: 1.78 . age, sex, race, education,
Huilgol 2016 BRFSS | at least one (1.39-2.30) Current smoking income, US region, alcohol
- . ) O/n): 2.231 (2.041- P i .. Table 2
(2018) n=456 343 perminant tooth due | Nondaily vs 2.438) use, soda intake, dental visit
to non-traumatic nonuser: 1.78 (1.39— | ™ history, physical health status,
cause 2.30) depression and diabetes
mellitus
Ecigatette vs no Gi
Korean tobacco: tolbg:g:g-e Vs no d ital statu
National [both]2.33 (1.58- : age, gender, martta’ status,
Health and periodontal discase | 3.44)% [both] 1.99 (1.69- gducatlon, region, hou_sehold
L. . 2.53)* income level, occupation,
Jeong Nutrition (periodontal lcohol statu ber of Table 2
(2019) Examination | pockets) (past 12 [male] 2.34 (1.52— alcono’ status, number o able
Survey (2013 | mo) 3.59) [male] 2.17 (1.76— walking days in a week, self-
2015) age 19+ [female] 2.27 (0.89— 2.68) reported health status, stress
1=13.551 5.80) [female] 1.73 (1.32— level

2.27)
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Where to find
. ENDS risk Cigarettes risk . Sole ENDS or sole .
. t ted
Study Population Outcome (95%CT) (95%CT) Dual Use risk Cig Covariates r?e)::]tes
Gum disease
. diagnosis
gum dlsease current multiple
1agno:1s , Gum disease prod vs never
. current acig vs diagnosis tobacco: 2.8 (2.4-
Gum disease never tobacco: 2.9 current cig vs never 3.4)
diagnosis (N = (1.9-4.5) tobacco: 2.2 (1.9-2.6)
32,223) . Gum disease -
Gum disease Gum disease treatment Age, sex, race/ethnicity,
PATH Wave | Gum disease treatment tr:a tment current multiple education, income,
Vora (2019) 1 (2013-4) treatment (N = current ecig vs current ciz vs never rod vs nevellrj employment, diabetes, visit to | Table 4
n=32,300 32,187) never tobacco: 2.3 g p the dentist in past 12 months,
’ ’ tobacco: 1.5 (1.3-1.7) tobacco: 1.6 (1.4- .
(1.3-4.1) 1.9) medical health coverage
Pre-cancerous Pre-cancerous lesion
lesion diagnosis (N | Pre-cancerous diagnosis: Pre-cancerous
=32,230) lesrlr()elllltdézlisgn\(;:ls: current cig vs never lesion diagnosis:
cu g tobacco: 2.0 (0.9-4.1) current multiple
never tobacco: 2.4 prod vs never
(0.5-12.4) tobacco: 3.6 (1.7-
7.7)
Other outcomes
Current vs never
ecig users: 1.43
(0.84-2.45)
N?—?i?ﬁ-lés E . Current smoker vs Dual use vs never age, gender, race, level of
Agoons 5569 fragility bone u:;rs‘vi Iizv(e lr f;l_g never smoker never smoker never ecig education, BMI, physical Tables 2 and 3,
(2021) ticipant fractures ) 89)‘ ’ ’ ecig user 1.63 (1.18- user: 2.41 (1.28- activity, steroid use, and text
pa;glgg)gf i ' 2.25) 4.55) family history of osteoporosis

Former ecig vs
never users: 1.46
(1.10-1.94)
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Where to find
. ENDS risk Cigarettes risk . Sole ENDS or sole .
Study Population Outcome (95%CT) (95%CT) Dual Use risk Cig Covariates reported
results
US NHANES
in 2015-2018 Hypertension, diabetes
n=154,856 mellitus,
participants hypercholesterolemia,
. 18+ years old . Current vs not current coronary heart disease, stroke,
(Czlggg)a rla diagnosed history of cancer gvgrgvi )never. 2.2 (probably) 1.96 (1.96- Marijuana or hashish, Table 3
with cancer e 1.97) cocaine/heroin/methampheta
and complete mine, illegal drug use, alcohol
data on use disorder, anemia,
smoking and depression
ecig use
online
national
survey of Age, sex, race/ethnicity,
adolescents . . , , .
. current ecigs only current cigs vs no cigs | dual use vs never LQBTQ, mother's education,
Gaiha and young . . . . . . . o
(2020) adults (n = COVID diagnosis Vs no cigs no ecigs: | no ecigs: 1.53 (.29, ecigs never cigs: BMI, state percent positive Table 2
s 1.91(.77,4.73) 8.14) 6.84 (2.40, 19.55) COVID tests, complying with
4,351) aged shelter-in-place
13-24 years P
conducted in
May 2020
Korean age, educational level
National DU vs. never g¢, educal .
. household income, residence
Health and smokers without . .
o . location, occupational status,
Nutrition diaenosis of past-month use of | sole cig vs. never marital status. perceived hich
Examination metgabolic ENDS=2.79 smokers without stress depres;ilzf e mood &
Kim (2020) Survey syndrome (MetS) (1.72-4.53) past—mo_nth use of suicidal thoughts, self-rated Table 4
(2013-2017) ENDS =1.47
(current) . health status, alcohol
DU vs. cigarette- (1.20-1.82) .
_ _ consumption, BMI,
07,505 only smokers = comorbidities and famil
Korean 1.57 (1.03-2.40) . . Y
history of disease
adult males
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Study

Population

Outcome

ENDS risk
(95%CI)

Cigarettes risk
(95%CI)

Dual Use risk

Sole ENDS or sole
Cig

Covariates

Where to find
reported
results

Obisesan
(2019)

2016 and
2017 BRFSS
n=892,394

depression

Diagnosis of
depression
Current ecig vs
never: 2.10 (1.98-
2.23)

Daily vs never: 2.39
(2.19-2.61)
Nondaily vs never:
1.96 (1.82-2.10)

Subjective poor
mental health
Current vs never:
1.67 (1.58-1.76)
Daily vs never: 1.57
(1.44-1.70)
Nondaily vs never:
1.73 (1.61-1.85)

Current dual user
vs never use: 2.11
(1.94-2.30)

current e-cig
among never
smokers 2.16
(1.87-2.49)

age, sex, race/ethnicity,
marital status, education,
employment status, alcohol
use

Tables 2 and 3

Sompa
(2022)

Longitudinal
Swedish
BAMPSE in
2018-2020,
age around
24,2270
respondents

obesity (current)

Current ecig use vs
never controlling for
smoking:

Body fat (>33% for
women and >20%
for men): 2.6 (1.4-
4.6)

BMI (=25 kg/m2):
1.8 (1.0-1.32)

Waist circumference
(=80 cm for women
and >93 cm for
men): 1.9 (1.0-3.4)

snus use, waterpipe use,
second-hand tobacco
exposure, any tobacco use at
12, any tobacco use at 16

gender, educational level,
occupational status

Table 6
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. . . Where to find
Study Population Outcome Egg/i élls)k Clg(i;;eozecsl;lsk Dual Use risk Sole ENCDIE or sole Covariates reported
results
exclusive ecig vs.
never tob user =
109,133 (18+ Current dualuse | ; ¢» 7 18 3 23)
’ 0) vs never tobacco ace Jethnicit
yr - use: 1.84 (1.64- . g€, sex, race/ethnicity,
pooled 2015— | ordered logistic 2.06) current sole cig vs | education, income level,
Wang 2018 NHIS regression on health ’ never tobacco use: | marital status, region of Communicatio
(2022) and Medical | status (1= excellent, Current dual use 1.33 (1.22-1.44) residence, alcohol n with author
Expenditure | 5=poor) consumptiion, BMI, health
Panel Survey vs Cl]l:"l’el?t exclusive ecig vs insurace coverage
(MEPS) data soAin: 71'39 smoker: 1.22
(1.22-1.57) (0.88-1.69)
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