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Abstract

Background The popularity of e-cigarettes has risen dramatically over the last few years, particularly

among the younger population. Although the use of combustible cigarettes has established evidence to be associ-
ated with the development of several adverse cardiopulmonary diseases, the investigations regarding the prospec-
tive long-term effects of e-cigarette use on the cardiovascular system have just begun. We set to investigate if there
is an association between the history of Ml and e-cigarette use among smokers and non-smokers?

Methods The current review aims to assess the association of myocardial infarction with e-cigarette consumption.
PubMed, Google Scholar, and Cochrane Central Register of Controlled Trials (CENTRAL) were queried up to October
2022 to identify articles assessing the incidence of myocardial infarction among e-cigarette users. Data were meta-
analyzed using a random-effects model to derive odds ratios (OR) and 95% confidence intervals.

Results Nine studies involving 984,764 patients were included. The mean age of e-cigarette smokers was less than
the controls, and female participants dominated the sample size. E-cigarette users were associated with increased
odds of Ml than non-users [OR=1.44; 95% Cl (1.22, 1.74); P<0.0001]. Dual users were also associated with increased
odds of Ml with large effect when compared to non-users [OR=4.04; 95% Cl (3.40,4.81); P<0.00001].

Conclusions Dual use is associated with an increased risk of MI than e-cigarette use only. Similarly, dual and solely
e-cigarette consumption patterns of nicotine delivery are at a higher risk of MI than non-smokers.
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Background

Electronic cigarettes (e-cigs) are devices that provide a
different mechanism of nicotine delivery eliminating the
need for combustion of tobacco. They heat solutions con-
taining nicotine, flavoring, additives, propylene glycol,
and/or vegetable glycerin. First marketed in 2007, the last
10 years have seen a huge increase in e-cig use among
non-smoker populations partly because of their market-
ing as a safer alternative to traditional tobacco cigarette
smoking. An estimated 12.6% of American adults and
approximately 48.5 million EU citizens have used e-cigs
at least once [1, 2]. Combustible compounds present in
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tobacco are the main reason behind their harmful effects,
and thus, e-cigs are presented as a safer alternative.

However, the composition of e-cigs varies widely
among the different brands, and the fluids used. Acetal-
dehyde, formaldehyde, and acetone are harmful chemi-
cals normally present in tobacco smoke but have also
been found in e-cigs, considering that these chemicals
are shared between both nicotine delivery methods,
e-cigs should perhaps not be marketed as a ‘safer’ form of
smoking [3-5].

Nicotine consumption causes the release of catecho-
lamines which leads to hemodynamic effects [6] such as
increase in blood pressure and heart rate [7, 8]. E-cigs
have also been associated with oxidative stress and
endothelial dysfunction [8]. In addition, their use has also
been linked to platelet activation which might contribute
to accelerated atherosclerosis [9].

In addition, an estimated 17.9 million people died
in 2019 due to cardiovascular diseases (CVDs) which
accounted for 32% of all global deaths that year. Of these,
85% were due to MI and stroke. Some important modi-
fiable risk factors for CVD include an unhealthy diet,
tobacco use, lack of physical activity, and alcohol con-
sumption [10]. Tobacco smoking is a strong risk factor
for acute MI [11].

While the literature mentioned above describes the
adverse effects of e-cig use on cardiovascular outcomes,
our knowledge in this domain is still far from complete,
especially regarding the occurrence of MI in e-cig users.
To fill this important gap in knowledge, we conducted a
comprehensive systematic review and meta-analysis eval-
uating the association between e-cig consumption and
the risk of MI, along with other cardiovascular outcomes.

Methods

Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) guidelines were followed while
conducting this systematic review and meta-analysis
[12]. We registered our study protocol on PROSPERO,
University of York (CRD42022362625). The primary out-
come of this study was the diagnosis of MI in e-cig smok-
ers as defined by the included studies.

Literature search

Electronic search through Medline, Google Scholar
(starting 10 pages), EMBASE, Scopus, Cochrane Cen-
tral Register of Controlled Trials (CENTRAL), and Web
of Science was performed from their inception till Sep-
tember 1st, 2022, with the search string: (vape OR elec-
tronic nicotine delivery system* OR e-cig* OR electronic
cigarette*) AND (myocardial infarct* OR coronary heart
disease OR acute coronary syndrome OR angina OR
ischemic heart disease OR cardiovascular disease). A
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previously published search string was also incorporated
[13]. We also searched the included studies’ references,
related articles, and suggested results from the PubMed
database for studies that fulfilled our inclusion criteria.
Gray literature was also incorporated in our search.

Data screening and eligibility

The search results were exported to EndNote, Version 20
(Clarivate Analytics, Philadelphia, USA) for the removal
of duplicate studies. Then, the remaining results were
moved to an Excel (v2019, Microsoft, Redmond, Wash-
ington, USA) spreadsheet with general details (title,
authors, abstract, year of publication, journal). Screening
of titles and abstracts for potential studies was done by
2 independent authors (AS and MTA) and a 3rd author
(AS) was involved to resolve disagreements and discrep-
ancies. The inclusion criteria for study selection were
the following; (1) human only study that was either an
investigational (randomized or non-randomized con-
trolled trial) or an observational study (cross-sectional,
prospective, retrospective, case—control or post hoc
analysis of a cohort data) or research letters or confer-
ence abstracts containing information fulfilling our inclu-
sion criteria, (2) no restriction on the follow-up duration
and age group of participants, gender/race of the partici-
pant, country, language of the article, was followed, (3)
study with a minimum of 10 participants were selected,
(4) study that reported risk ratios, odds ratios, episodes
of MI were included. Exclusion criteria were, (1) studies
not reporting MI events, (2) books, reviews, case reports,
thesis, duplicated studies or incomplete data, animal
studies, and previous systematic reviews/meta-analyses.

Data extraction and quality assessment

Data extraction was performed by two independent
authors (NU and MKSK), the extraction sheets were
cross-matched, and disparities were resolved with the
consensus of a third author (AS). A data extraction sheet
in excel was created including the study characteris-
tics (title, author, year of publication, sample size of the
study), participants’ characteristics (age, sex, any previ-
ous history of diabetes, and hypertension race and BMI)
and outcomes (events of MI in various groups of e-cig
users and non-users, odds ratios, risk ratios). E-cig use
compared to non-users was established, which was fur-
ther divided into daily (everyday users) and someday
users. Everyday users were daily consumers. Someday
users were defined as those not consuming e-cigs daily
but at least 2 days a week, and smokers using both com-
bustible cigarettes and e-cigs (dual users) were compared
to non-users. We also analyzed former e-cig users, par-
ticipants who answered no to currently consuming any
e-cigs at the time of the survey but have used them in
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their life, to see if there was a prolonged effect. Anytime
use, defined as e-cig consumption for at least 10 days in
their life, was collected as well. Non-users were defined
to be non-active consumers of e-cigs. The quality assess-
ment of these studies included was assessed by 2 inde-
pendent authors (AK and SHAR) using the Axis Tool,
which is a scale used to assess the quality of cross-sec-
tional studies for systematic reviews and meta-analyses
[14].

Statistical analysis

Review Manager (Version 5.3, Copenhagen: The Nordic
Cochrane Centre, The Cochrane Collaboration, 2014)
was used for the statistical analyses. Dichotomous data
were pooled as odds ratio (OR) with 95% confidence
intervals (Cls) using the Mantel-Haenszel method. To
depict the outcome of the analyses, forest plots were
obtained and reported. Adjusted effect sizes were pooled
through the inverse variance weighted method using
a random-effects model. The Higgins I? statistic was
looked at to assess heterogeneity, and an I* value of > 50%
was considered to indicate significant heterogeneity. We
omitted one study at a time to assess whether the results
may be disproportionately influenced by any single study
and to check for sensitivity analysis across all the out-
comes. A p value 0of<0.05 was considered significant in
all cases.

The primary outcomes were the incidence of MI in
users of e-cigs and dual users compared to non-users.
The secondary outcomes were the incidence of Ml in eve-
ryday, someday, and former users of e-cigs compared to
non-users. Another secondary outcome was to compare
anytime users versus those who have never used e-cigs.

Results

Data of 984,764 participants were acquired from nine
studies. The literature search was conducted under the
PRISMA guidelines and the reasons for exclusion are
depicted in the PRISMA flowchart (Fig. 1). The origi-
nal results were 968 and were narrowed down to 918
after duplicates, and letters were removed. The full text
screening yielded nine studies. All selected studies were
cross-sectional analyses of different surveys conducted
in the US [15-23]. The quality assessment tables were
acquired to measure the characteristics of included stud-
ies. Seven out of nine studies included in our analysis
were of high quality as they fulfilled most of the assess-
ment criteria while the remaining 2 were graded poor
owing to the unavailability of full texts (Additional file 1).

Baseline characteristics
The standard characteristics of the population pool
across the selected studies are shown in Table 1. Female
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respondents dominated the respondent pool in most of
the studies. The mean age for e-cig consumers was lower
in all surveys. The ethnicity forming the bulk of the pool,
as reported by two surveys, was Caucasian, followed by
Hispanic, African American, and then Asian. The mean
BMI was similar across all participants.

Primary outcomes

Users vs non-users

Users of e-cigs were found out to be associated with
increased odds of MI [OR=1.44; 95% CI (1.22, 1.74);
P<0.0001] (Fig. 2). In users and non-users, removing
Ndunda et al. [20] and Vindhyal et al. [18] reduced heter-
ogeneity to 8% from 55%, primarily because these studies
were conference abstracts.

Dual users vs non-users

There was a large, 304%, increase in the occurrence of MI
in dual users [OR=4.04; 95% CI (3.40, 4.81); P<0.00001]
(Fig. 3).

Secondary outcomes

E-cigs everyday vs non-users

The findings in this subgroup are calculated to distin-
guish if everyday consumption carries the greater weight
of the earlier comparison. An insignificant association
was established with MI history [OR=1.67; 95% CI (0.60,
4.59); P=0.32] (Fig. 4). For everyday and non-users, the
value was reduced significantly by deselecting either Vin-
dhyal (7%) et al. or Rodu et al. (14%)[23], from 57%, how-
ever, only deleting Rodu helped in switching the OR to be
significant [OR=2.62; 95% CI (1.07, 6.37); P=0.03].

E-cigs somedays vs non-users

Those who occasionally took up e-cigs occasionally were
considered for this subgroup. There was an insignificant
relationship between occasional use and MI [OR=1.12;
95% CI (0.54, 2.31); P=0.76] (Fig. 5). Among someday
users, the only study in the funnel plot with any signifi-
cant deviation was Rodu et al. (Additional file 1: Fig. S1).
Once Rodu et al. [23] are eliminated from somedays vs
non-user, the heterogeneity approaches zero while also
rendering the results significant [OR=1.48; 95% CI (1.07,
2.04); P=0.02].

E-cigs former vs non-users

This comparison was undertaken to understand if the
use of e-cigs, prior to the conductance of these surveys,
displayed any relevance. An insignificant association
was observed [OR=0.62; 95% CI (0.37, 1.04); P=0.07]
(Fig. 6). Side-lining Rodu et al.[23] for the former users’
analysis, the heterogeneity value turns zero from 88%,
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Fig. 1 PRISMA flowchart
Table 1 Table of baseline characteristics
Study Database used Sample size Gender Age Mean (SD)
Male N (%) Female N (%) E-cigarette Non-E-cigarette
Farsalinos [15] NHIS 2016-17 59,579 26,984 (45.3) 32,595 (54.7) 421 50.8
Critcher [16] NHIS 2014, 2016-19 175,546 80,742 (46.0) 94,804 (54.0)
Vindhyal [17] NHIS 2014, 2016-17 96,467 329 404
Alzahrani [18] NHIS 2014, 2016 69,046 30,837 (44.7) 38,209 (55.3) 424(833) 51.6(18.48)
Ndunda [19] BRFSS 2016 410,651 211,485 (51.5) 199,166(48.5) 44 57
Falk [20] NHIS 2014, 2016-18 84,553
Wang [21] HHS 2013-17 39,747 12,047 (30.3) 27,600 (69.4)
Vindhyal [22] NHIS 2014, 2016-18 16,855 10,669 (63.3) 6,156 (36.5) 267 44
Rodu [23] Path 1 wave 32,320 15,546 (48.1) 16,774 (51.9)
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Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Vindhyal 2019 1.4085 05887 2.4% 4.09[1.29,12.97)
Falk 2022 -0.0161 0.2922 8.2% 0.98 [0.55,1.74] S
Alzahrani 2018 05878 0.2198 12.4% 1.80[1.17,2.77) —
Farsalinos 2019 0.239 01701 17.0% 1.27(0.91,1.77) e
Wang 2018 0.2151 01253 22.7% 1.24[0.97,1.59) -
Ndunda 2019 0.4637 0.0196 37.3% 1.59[1.53,1.65) o
Total (95% Cl) 100.0%  1.44[1.20, 1.74] &
Heterogeneity: Tau®= 0.02; Chi*= 11.06, df=5 (P = 0.05); F= 55% 50 05 0%2 é 20!
Test for overall effect: Z= 3.90 (P < 0.0001) Favours [e-cig users] Favours [non-users]
Fig. 2 E-cigarette users vs non-users
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% Cl
Falk 2022 1.3452 00878 851% 3.84 [3.23, 4.56]
Vindhyal 2019 1.6938 0.3 7.5% 5.44(2.90,10.21) —
Vindhyal 2020 1.6938 0321 7.5% 5.44(2.90,10.21) —_—
Total (95% CI) 100.0% 4.04 [3.40, 4.81] E:3
Heterogeneity: Tau®= 0.00; Chi*= 2.05, df= 2 (P = 0.36), IF= 3% ?0 05 012 é 20:
Test for overall effect: Z=15.81 (P < 0.00001) ’ Favou}s [dual users] Favours [non-users]
Fig. 3 Dual users vs non-users
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Critcher 2021 05008 05991 32.9% 1.65[0.51,5.34) =
Rodu 2020 -0.3711 05832 33.7% 0.69[0.22, 2.16) =
Vindhyal 2020 1.4085 05887 334%  4.09([1.29,12.97) =
Total (95% Cl) 100.0% 1.67 [0.60, 4.59] -—’——
Heterogeneity: Tau®= 0.46; Chi*= 4.61, df=2 (P=0.10); F=57% ‘L.' 05 052 ] é 20=
Testfor overall effect: 2= 0.99 (P = 0.32) Favours [e-cig everyday] Favours [non-users]
Fig. 4 E-cigarettes everyday vs non-users
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Alzahrani 2018 05423 0.2616 31.5% 1.72[1.03, 2.87) -
Critcher 2021 09361 0611 185% 2.55(0.77, 8.45)
Farsalinos 2019 01989 0.2282 32.7% 1.22[0.78,1.91) T
Rodu 2020 -1.7148 06535 17.2% 0.18[0.05, 0.65)
Total (95% CI) 100.0% 1.12[0.54, 2.31] ,
Heterogeneity: Tau®= 0.37; Chi*= 11.59, df= 3 (P = 0.009); F=74% 0 =05 052 1 é 2#0

Test for overall effect. Z=0.31 (P = 0.76)

Fig. 5 E-cigarettes Somedays vs non-users

Favours [e-cig some days] Favours [non-users)
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Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Alzahrani 2018 -0.1885 0.071 38.0% 0.82[0.71, 0.94) g
Critcher 2021 -0.2744 0.2562 28.6% 0.76 [0.46, 1.26) —
Rodu 2020 -09676 01744 33.4% 0.38[0.27,0.53) ——
Total (95% CI) 100.0% 0.62[0.37, 1.04] e
Heterogeneity: Tau®= 0.18; Chi*=16.70, df= 2 (P = 0.0002); F= 88% ?0 1 052 055 é é 10‘

Test for overall effect: Z=1.80 (P = 0.07)

Fig. 6 E-cigarettes former vs non-users

Favours [e-cig former] Favours [non-users]

E-cigarette use anytime Never users Odds Ratio Odds Ratio

Study or Subgroup Events Total Events  Total Weight IV, Random, 95% CI IV, Random, 95% CI
Alzahrani 2018 333 9352 2309 60100 51.5% 0.92[0.82, 1.04]
Critcher 2021 25 5025 2393 150573 48.5% 0.31[0.21, 0.46] ——
Total (95% CI) 14377 210673 100.0% 0.54 [0.19, 1.59]
Total events 358 4702

ity: 2 = ; Chiz = = - 12 = 96Y I t t 1 t } {
Heterogeneity: Tau? = 0.58; Chi? = 27.06, df = 1 (P < 0.00001); I = 96% 01 02 05 1 5 : 10

Test for overall effect: Z=1.11 (P = 0.27)

Fig. 7 E-cigarettes anytime users vs never users

while also turning the result significant [OR=0.82; 95%
CI(0.71, 0.93); P=0.003].

E-cigs anytime use vs never users

The use of e-cigs at some point in the participants’ life
for a significant duration was evaluated to check if e-cig
ingredients may leave an effect and have some associa-
tion with the occurrence of MI. This category involved
everyday, someday and former consumers. No significant
association was established between the exposure and
outcome [OR=0.54; 95% CI (0.18, 1.62); P=0.27] (Fig. 7).

Discussion

For our meta-analysis, we pooled results from nine dif-
ferent cross-sectional analyses based on surveys. We
compared e-cig users, dual users including those that also
consumed combustible cigarettes and non-users to find
out which group(s) experienced an increased associa-
tion of ML Our study deduced that e-cig users including
users that smoked everyday as well as those that smoked
occasionally had a higher incidence of MI as compared to
non-users. Dual users, however, appeared to have a sub-
stantial (304%) increase in the occurrence of MI as com-
pared to non-users.

Our primary outcome showed that the incidence of MI
was higher in individuals that smoked e-cigs currently as
compared to non-users. This outcome is supported by
another published meta-analysis by Sharma et al. [13]
which also concluded that the risk of MI was higher in
e-cig users as compared to non-users, however, the risk

Favours [e-cig anytime] Favours [never users]

imposed by e-cigs was half of that of the risk caused by
smoking traditional combustible cigarettes. This could be
attributed to the fact that nicotine is used in e-cigs [24]
and that has traditionally been established to be a major
risk factor for MI in people who have consumed combus-
tible tobacco smokes or e-cigs [25, 26].

In addition, our study yielded no significant asso-
ciation between the incidence of MI and different e-cig
usage frequencies which included non-users, occasional
users, and former users. The incidence of MI in everyday
e-cig users vs non-users was not significantly associated,
which could possibly point toward the indication that
the greater the consumption of e-cigs, the more likely it
is to be involved in a MI event, due to the toxic chemi-
cals in the vaping liquid being consumed at a much larger
frequency. Similar insignificant results were obtained
when the occurrence of MI was evaluated in people who
consumed e-cigs occasionally versus non-users and in
people who formerly used e-cigs versus non-users. This
could be theorized to be due to the major organs recover-
ing from the chemicals that might have accumulated or
caused disruption, and now the organs have regenerated
healthier tissues. An additional category of all time e-cig
users which included everyday users, former users and
occasional users was compared with non-users to evalu-
ate for an increased risk for MI; the results for this com-
parison were also insignificant. Former users could have
potentially skewed the analysis and as already seen; occa-
sional users were not found to be at significant risk.

The link between e-cigs and an increased risk of MI
is further supplemented by recent evidence which has
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showed that e-cigs have a contribution in causing sig-
nificant mortality and morbidity, especially through the
generation of oxidative stress which can lead to atheroscle-
rosis [10]. In addition, e-cig use has been directly linked
with increased platelet aggregation [11]. Furthermore, a
National Health Interview Survey cross-sectional analy-
sis revealed e-cigarette usage was linked to an increased
risk of MI, circulatory derangements, and stroke [22]. The
liquid in an e-cig which is heated to generate the aero-
sol includes solvent, water, and nicotine [24]. Nicotine
together with the solvents like formaldehyde, acrolein and
acetaldehyde has been found to have additional jeopard-
izing health effects [25]. In some animal studies, nicotine
has been found to cause an acutely increased activation of
platelets, presumably through the release of epinephrine
[26]. The smoking of e-cigs has also been linked to poor
general systemic health including cardiac inflammation
which leads to cardiovascular disease [27].

A few reasons attributing to why the heterogeneity
is high in a few analyses could be that not all the stud-
ies operated with the same surveys and carried out their
analyses in the same manner to each other. Essentially,
the methodology of the studies is different and since
these were cross-sectionals the method of acquiring data
from the original participants was found to be slightly
different in a few of the cross-sectional studies. The fun-
nel plot (Additional file 1: Fig. S1) represents Rodu et al.
to be the farthest away due to publication bias, which
could be as a result of reporting bias since significant
findings are more likely to be reported.

The risk appears dose-dependent with everyday use
showing a non-significant 67% increase in MI, while former
use was not significantly associated. This implies daily expo-
sure has the strongest association. The findings challenge
perceptions of e-cigarettes being harmless alternatives and
highlight the lack of long-term safety data. Regulation needs
to account for potential population health impacts.

Public health messaging should make clear that e-ciga-
rettes substantially increase MI risk, especially with daily
use. Claims of safety require re-evaluation. Stricter regu-
lations on e-cigarette manufacturing, labeling, marketing
and sales to minors may be indicated based on mount-
ing cardiovascular safety concerns. Patients should be
screened for e-cigarette use and counseled about potential
CV and other health risks. Discouraging dual use should
be a priority. More longitudinal research is required to
establish temporal relationships and eligibility criteria for
CV outcomes should be standardized across studies.

Limitations

Our study had some considerable limitations. Firstly, all
included studies are cross-sectional analyses. Secondly,
former users could not be accurately differentiated
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based on prior usage as the studies restricted them to
those who were not active consumers anymore, with no
data on previous usage. This study also could not com-
pare e-cig users to combustible cigarette smokers due
to unavailability data. In addition, combustible ciga-
rette smokers could not be eliminated from the data
provided by some studies so slight inaccuracy may have
been introduced.

This meta-analysis includes the largest sample size
and outcome measures as compared to other meta-
analyses of its kind. This is the first review to analyze
the association of MI with dual users and how dou-
ble consumption is related to MI. All studies contrib-
ute healthy sample sizes maintaining heterogeneity at
acceptable levels.

This is a meta-analysis that attempts to identify expo-
sure outcome relationships between e-cig use and ML
It incorporates studies that reported probability of MI
with exposure to electronic cigarettes, however, not
all of them accounted for time varying use of combus-
tible tobacco which is a dominant risk factor and con-
founder. At the same time, the quality assessment yields
most of these studies to be good quality. Sharma et al.
[13] analyze these studies in the same manner, while
our review has greater variations and more studies in
most comparison. This review also assesses greater
degrees of frequency of e-cigarette consumption to
allow greater margins to be drawn.

Conclusions

The risk of MI in e-cig users and dual users is higher
as compared to non-users. Simultaneously, those who
were formerly accustomed to e-cigs or have used it
at some point in their lives did not display increased
risk for MI. This represents the phenomenon that the
greater the frequency of e-cigarette consumption, the
more likely it is to be linked to MI.

Abbreviations

@ Confidence interval

CVD Cardiovascular disease
E-cigs  Electronic cigarettes

M Myocardial infarction

OR Odds ratio

RCT Randomized controlled trial

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/543044-023-00426-6.

Additional file 1. e-Appendix 1. AXIS quality assessment tool for obser-
vational studies. Figure 1: Funnel plot for some-days users vs non-users.



https://doi.org/10.1186/s43044-023-00426-6
https://doi.org/10.1186/s43044-023-00426-6

Ashraf et al. The Egyptian Heart Journal (2023) 75:97

Acknowledgements
None.

Author contributions

MTA, MKSK, SHAR, AsS, and NU were responsible for study conceptualiza-

tion. MTA, SJS, HK, NU, and AfS designed the study methods. SJS, AK, and HK
conducted the literature search. MKSK, NU, and AsS extracted the data. MTA,
SHAR and HK performed the formal analysis. AK, SHAR, and AsS carried out the
quality assessment. AfS and SJS wrote the first draft. AfS, MKSK, and AK wrote
the revised draft. All authors contributed to the interpretation of data, critical
revision of the manuscript and approved the final manuscript. MTA had full
access to all of the data in the study and takes responsibility for the integrity of
the data and the accuracy of the data analysis.

Funding
None.

Availability of data and materials
Available on request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

The authors declare that they have no known competing financial interests
or personal relationships that could have appeared to influence the work
reported in this paper.

Received: 14 July 2023 Accepted: 26 November 2023
Published online: 30 November 2023

References

1. Schoenborn CA, Gindi RM (2015) Electronic cigarette use among adults:
United States, 2014. NCHS Data Brief 217:1-8

2. Farsalinos KE, Poulas K, Voudris V, Le Houezec J (2016) Electronic cigarette
use in the European Union: analysis of a representative sample of 27 460
Europeans from 28 countries. Addiction 111(11):2032-2040. https://doi.
org/10.1111/add.13506

3. Goniewicz ML, Knysak J, Gawron M et al (2014) Levels of selected car-
cinogens and toxicants in vapour from electronic cigarettes. Tob Control
23(2):133-139. https://doi.org/10.1136/tobaccocontrol-2012-050859

4. Kosmider L, Sobczak A, Fik M et al (2014) Carbonyl compounds in
electronic cigarette vapors: effects of nicotine solvent and battery output
voltage. Nicotine Tob Res 16(10):1319-1326. https://doi.org/10.1093/ntr/
ntu078

5. Hutzler C, Paschke M, Kruschinski S, Henkler F, Hahn J, Luch A (2014)
Chemical hazards present in liquids and vapors of electronic cigarettes.
Arch Toxicol 88(7):1295-1308. https://doi.org/10.1007/500204-014-1294-7

6. Liberman J,Wann S (2017) E-Cigarettes-What a Practicing Cardiologist
Needs to Know. Am J Cardiol 119(4):681-686. https://doi.org/10.1016/j.
amjcard.2016.11.011

7. Benowitz NL, Fraiman JB (2017) Cardiovascular effects of electronic
cigarettes. Nat Rev Cardiol 14(8):447-456. https://doi.org/10.1038/nrcar
dio.2017.36

8. Carnevale R, Sciarretta S, Violi F et al (2016) Acute impact of tobacco vs
electronic cigarette smoking on oxidative stress and vascular function.
Chest 150(3):606-612. https://doi.org/10.1016/j.chest.2016.04.012

9. HomS, Chen L, Wang T, Ghebrehiwet B, Yin W, Rubenstein DA (2016)
Platelet activation, adhesion, inflammation, and aggregation potential
are altered in the presence of electronic cigarette extracts of variable
nicotine concentrations. Platelets 27(7):694-702. https://doi.org/10.3109/
09537104.2016.1158403

Page 8 of 8

10. Cardiovascular diseases (CVDs) [Internet]. [cited 2022 Nov 26] Available
from: https//www.who.int/en/news-room/fact-sheets/detail/cardiovasc
ular-diseases-(cvds)

11. Oliveira A, Barros H, Maciel MJ, Lopes C (2007) Tobacco smoking and
acute myocardial infarction in young adults: a population-based case-
control study. Prev Med 44(4):311-316. https://doi.org/10.1016/j.ypmed.
2006.12.002

12. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group (2009) Preferred
reporting items for systematic reviews and meta-analyses: the PRISMA
statement. PLoS Med. 6(7):e1000097. https://doi.org/10.1371/journal.
pmed.1000097

13. Sharma A, Gupta |, Venkatesh U, Singh AK, Golamari R, Arya P (2022)
E-cigarettes and myocardial infarction: a systematic review and meta-
analysis. Int J Cardiol. https://doi.org/10.1016/j.jcard.2022.09.007

14. Downes MJ, Brennan ML, Williams HC, Dean RS (2016) Development of a
critical appraisal tool to assess the quality of cross-sectional studies (AXIS).
BMJ Open 6(12):e011458. https://doi.org/10.1136/bmjopen-2016-011458

15. Farsalinos KE, Polosa R, Cibella F, Niaura R (2019) Is e-cigarette use associ-
ated with coronary heart disease and myocardial infarction? Insights from
the 2016 and 2017 National Health Interview Surveys. Ther Adv Chronic
Dis. 10:2040622319877741. https://doi.org/10.1177/2040622319877741

16. Critcher CR, Siegel M (2021) Re-examining the association between
E-cigarette use and myocardial infarction: a cautionary tale. Am J Prev
Med 61(4):474-482. https://doi.org/10.1016/j.amepre.2021.05.003

17. Vindhyal MR, Ndunda P, Munguti C, Vindhyal S, Okut H (2019) Impact on
cardiovascular outcomes among e-cigarette users: a review from national
health interview surveys. J Am Coll Cardiol 73(9):11. https://doi.org/10.
1016/50735-1097(19)33773-8

18. AlzahraniT, Pena |, Temesgen N, Glantz SA (2019) Association Between
Electronic Cigarette Use and Myocardial Infarction. Am J Prev Med.
55(4):455-461. https://doi.org/10.1016/j.amepre.2018.05.004

19. Ndunda PM, Muutu TM (2019) Abstract 9: electronic cigarette use is
associated with a higher risk of stroke. Stroke. https://doi.org/10.1161/str.
50.suppl_1.9

20. Falk GE, Okut H, Vindhyal MR, Ablah E (2022) Hypertension and cardiovas-
cular diseases among electronic and combustible cigarette users. Kans J
Med. 15:226-230. https://doi.org/10.17161/kjm.vol15.16752

21. Wang JB, Olgin JE, Nah G et al (2018) Cigarette and e-cigarette dual use
and risk of cardiopulmonary symptoms in the Health eHeart Study. PLoS
ONE 13(7):e0198681. https://doi.org/10.1371/journal.pone.0198681

22. Vindhyal MR, Okut H, Ablah E, Ndunda PM, Kallail KJ, Choi WS (2020)
Cardiovascular outcomes associated with adult electronic cigarette use.
Cureus. 12(8):€9618. https://doi.org/10.7759/cureus.9618

23. Rodu B, Plurphanswat N (2020) A re-analysis of e-cigarette use and heart
attacks in PATH wave 1 data. Addiction 115(11):2176-2179. https://doi.
org/10.1111/add.15067

24. MacDonald A, Middlekauff HR (2019) Electronic cigarettes and car-
diovascular health: what do we know so far? Vasc Health Risk Manag.
15:159-174. https://doi.org/10.2147/VHRM.S175970

25. Qasim H, Karim ZA, Rivera JO, Khasawneh FT, Alshbool FZ (2017) Impact
of electronic cigarettes on the cardiovascular system. J Am Heart Assoc
6(9):2006353. https://doi.org/10.1161/JAHA.117.006353

26. Benowitz NL, Fraiman JB (2017) Cardiovascular effects of electronic
cigarettes. Nat Rev Cardiol. 14(8):447-456. https://doi.org/10.1038/nrcar
dio.2017.36

27. Moshensky A, Brand CS, Alhaddad H et al (2022) Effects of mango and
mint pod-based e-cigarette aerosol inhalation on inflammatory states of
the brain, lung, heart, and colon in mice. Elife 11:e67621. https://doi.org/
10.7554/elife.67621

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1111/add.13506
https://doi.org/10.1111/add.13506
https://doi.org/10.1136/tobaccocontrol-2012-050859
https://doi.org/10.1093/ntr/ntu078
https://doi.org/10.1093/ntr/ntu078
https://doi.org/10.1007/s00204-014-1294-7
https://doi.org/10.1016/j.amjcard.2016.11.011
https://doi.org/10.1016/j.amjcard.2016.11.011
https://doi.org/10.1038/nrcardio.2017.36
https://doi.org/10.1038/nrcardio.2017.36
https://doi.org/10.1016/j.chest.2016.04.012
https://doi.org/10.3109/09537104.2016.1158403
https://doi.org/10.3109/09537104.2016.1158403
https://www.who.int/en/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds
https://www.who.int/en/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds
https://doi.org/10.1016/j.ypmed.2006.12.002
https://doi.org/10.1016/j.ypmed.2006.12.002
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1016/j.ijcard.2022.09.007
https://doi.org/10.1136/bmjopen-2016-011458
https://doi.org/10.1177/2040622319877741
https://doi.org/10.1016/j.amepre.2021.05.003
https://doi.org/10.1016/s0735-1097(19)33773-8
https://doi.org/10.1016/s0735-1097(19)33773-8
https://doi.org/10.1016/j.amepre.2018.05.004
https://doi.org/10.1161/str.50.suppl_1.9
https://doi.org/10.1161/str.50.suppl_1.9
https://doi.org/10.17161/kjm.vol15.16752
https://doi.org/10.1371/journal.pone.0198681
https://doi.org/10.7759/cureus.9618
https://doi.org/10.1111/add.15067
https://doi.org/10.1111/add.15067
https://doi.org/10.2147/VHRM.S175970
https://doi.org/10.1161/JAHA.117.006353
https://doi.org/10.1038/nrcardio.2017.36
https://doi.org/10.1038/nrcardio.2017.36
https://doi.org/10.7554/eLife.67621
https://doi.org/10.7554/eLife.67621

	Association between e-cigarette use and myocardial infarction: A systematic review and meta-analysis
	Recommended Citation
	Authors

	Association between e-cigarette use and myocardial infarction: a systematic review and meta-analysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Literature search
	Data screening and eligibility
	Data extraction and quality assessment
	Statistical analysis

	Results
	Baseline characteristics
	Primary outcomes
	Users vs non-users
	Dual users vs non-users

	Secondary outcomes
	E-cigs everyday vs non-users
	E-cigs somedays vs non-users
	E-cigs former vs non-users
	E-cigs anytime use vs never users


	Discussion
	Limitations
	Conclusions
	Anchor 26
	Acknowledgements
	References


