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Objectives: This meta-analysis examined the association between electronic cigarette
(e-cig) use and biomarkers related to lung inflamsmation and carcinogenesis.

Methods: A systematic review of PubMed, Scopus, Web of Science, EMBASE, and
Cochrane Library (2014-April 2024) identified 16 studies including 24,079 adults.
Biomarkers from urine, saliva, and plasma—cotinine, NNAL, NAT, and
interleukins—were analyzed using one-way ANOVA and Tukey’s post-hoc tests. The
GRADE framework assessed evidence certainty and risk of bias.

Results: Among participants, 27.2% were smokers, 2.7% e-cig users, 66.0% non-
smokers, and 4.1% dual users. E-cig users showed higher salivary cotinine than non-
smokers (p = 0.033) but not smokers (p = 0.99). NNAL was significantly elevated in
smokers (p = 0.035). E-cig users had increased inflammatory markers (IL-6, TNF-a)
compared with non-smokers but lower than smokers. Carcinogenic biomarkers were
present in e-cig users at reduced concentrations versus smokers. GRADE indicated low to
high certainty with no or moderate bias.

Conclusion: E-cigarette use is associated with biomarker alterations indicating
inflammation and potential carcinogenesis, paralleling some effects of traditional
smoking. Standardized longitudinal studies are needed to establish causality and long-
term risks.

Keywords: electronic cigarette, e-cig, tobacco smokers, lung inflammation, lung cancer, carcinogenic biomarkers,
meta-analysis

HIGHLIGHTS

e Question What is the correlation between electronic cigarette consumption and the potential
risks of lung cancer or lung inflammation?

e Findings The investigation revealed no statistically significant disparities in urinary cotinine
concentrations between e-cig users and conventional smokers. Salivary cotinine levels exhibited
differences between e-cig users and non-smokers but not between e-cig users and smokers. No
substantial variations were observed in TSN levels. However, smokers demonstrated significant
differences in NNAL levels compared to non-smokers. Interleukin (IL) markers in saliva and
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META-ANALYSIS

Inflammatory and Carcinogenic Biomarker Signatures in
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GRAPHICAL ABSTRACT

plasma showed no significant variations within or between
groups, except elevated IL-8 levels in e-cig users.

e Meaning E-cig usage did not significantly impact
biomarkers in urine, saliva, and plasma, analogous to
traditional smoking. Nevertheless, both e-cig users and
smokers exhibited higher levels of certain inflammatory
markers compared to non-smokers, suggesting a potential
increased risk of pulmonary inflammation and possibly LC.
Further comprehensive research is imperative to elucidate
the long-term health implications of e-cigs.

INTRODUCTION

The global rise in the use of electronic vaping products (EVPs),
including electronic cigarettes (e-cigs), has prompted growing
public health concern [1]. Marketed as safer alternatives to
traditional tobacco smoking, these devices deliver aerosols
through battery-powered heating of e-liquids components (like
nicotine, flavouring agents, propane-1,2-diol, propane-1,2,3-triol
and water) [2]. Further, the pyrolysis decomposition of flavours at
these high temperatures could produce a large number of
unknown secondary chemical entities, raising the health risk
of each flavour [3]. In addition, the pyrolysis process within a
vaping device could transform vitamin E acetate (VEA) into ten
different substances, including the highly toxic gas ketene, which
is responsible for severe lung injuries [4]. While they are
increasingly used by young adults and former smokers, the
long-term health implications of e-cigs remain uncertain,
particularly in relation to lung health and the development of
lung cancer (LC) [5].

According to GLOBOCAN 2020 data, LC remains one of the
most prevalent and deadly malignancies worldwide, accounting
for over 2.2 million new cases and nearly 1.8 million deaths [6].
Although cigarette smoking is the established leading cause of LC,
the emergence of e-cigs has introduced new challenges to the
epidemiology of the disease [7]. Despite being viewed by some as
less harmful, accumulating evidence suggests that e-cig aerosols
may contain cytotoxic and carcinogenic compounds, including
volatile organic compounds and tobacco-specific nitrosamines
(TSNAs) [8]. These compounds have been implicated in

promoting oxidative stress, DNA damage, and inflammatory
responses in preclinical and human studies [7].

For instance, Shields et al. reported increased oxidative stress
and DNA damage in murine lung cells following e-cig exposure,
raising questions about their long-term carcinogenic potential
[7]. Likewise, studies have found sustained levels of TSNAs—such
as NNK (4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone) and
NNN (N-nitrosonornicotine)—in EVP aerosols, both of which
are known contributors to LC pathogenesis. Urinary NNAL, the
metabolite of NNK, has been widely validated as a biomarker of
tobacco-related carcinogen exposure, but its utility in assessing
e-cig exposure remains underexplored [8].

Although some investigations suggest e-cigs may be less
harmful than conventional cigarettes, findings remain
inconsistent, and data on systemic biomarkers—including
inflammatory, oxidative, immune, and platelet activation
markers—are limited in e-cig users. Furthermore, the absence
of large-scale, long-term epidemiological studies complicates the
assessment of their true health impact.

Given the increasing global prevalence of e-cig use,
particularly among younger populations, and shifting tobacco
control dynamics, it is imperative to better understand the
potential associations between e-cig use and LC or lung
inflammation. There is much current research focused on the
issues of adolescent use of e-cig’s, nicotine addiction risks
associated with vaping, general health risks, and unanswered
questions about how effective e-cigarettes are as harm reduction
tools for tobacco smokers [9].

This systematic review and meta-analysis aims to examine the
current body of evidence regarding the relationship between
e-cigarette use and the risk of developing lung cancer or lung
inflammation. Addressing this gap is critical to informing public
health strategies and regulatory frameworks that prioritize long-
term respiratory health and reduce the global burden of LC.

METHODS
Search Strategy

The present systematic review and meta-analysis were conducted
following the guidelines outlined in the Preferred Reporting Items
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for Systematic Reviews and Meta-Analyses (PRISMA) statement
and checklist [10].

A comprehensive review of the available literature was
conducted, encompassing various electronic databases such as
PubMed, Scopus, Web of Science, EMBASE, and Cochrane
Library from 2014 to April 2024. Each database was tailored with
specific keywords such as (“electronic cigarettes” OR “vaping” OR
“e-cigarette”) AND (biomarker” OR “cotinine” OR “interleukin” OR
“NNAL”) AND (“lung cancer,” AND “lung inflammation”). The
areas of focus include electronic cigarettes, e-cigs, vapes, lung cancer,
carcinogens, cotinine levels, and inflammatory markers. Additional
investigations were conducted by scrutinizing the bibliographies of
all retrieved articles from the databases.

Eligibility Criteria

Inclusion Criteria

The study focused on human subjects who had used e-cigs or
vapes and were diagnosed with LC (either by histological subtype
or lesion location). The inclusion criteria for this analysis
encompassed research articles, case reports, prospective or
retrospective cohort studies, and observational studies. Only
articles that specifically addressed saliva interleukins,
carcinogen markers, and inflammatory markers of lung
inflammation to e-cigs were selected for inclusion. All selected
studies met the inclusion criteria for the meta-analysis.

Exclusion Criteria

Exclusions were implemented for correspondence, narrative, case
series, published summaries, non-human investigations (including
in vitro and in vivo studies), systematic reviews, meta-analyses, and
review papers. The study excluded research on genetic factors,
molecular mechanisms, the microbiome, colonization of lung
bacteria, biomarkers, chemopreservation, clinical trials, Bayesian
models, and computational models. Studies with inadequate data
were also excluded from consideration.

Data Extraction

Two authors independently conducted the process of extracting
data from relevant studies. They used a predetermined template
for data extraction, which included information such as the
primary author, publication year, country, type of e-cig used,
demographic details of the patient group, LC condition, size or
stage of cancer, risk factors for LC or lung injury (such as
smoking, alcohol consumption, and bacterial infection), other
co-morbidities, and outcomes of interest. The data from selected
studies was gathered using an Excel spreadsheet prepared in
advance. Throughout the process, we alternated between data
collection and assessment to ensure the results aligned with the
analytical and interpretive framework.

Study Flow

Figure 1 presents the incorporated and excluded research studies
based on the parameters outlined in the PRISMA statement and
checklist [10]. Following the initial exploration of electronic
databases, the scrutiny of titles, abstracts, and full texts was
conducted, leading to the selection of only a limited number
of articles upon careful examination.

E-Cigarette Biomarkers Meta-Analysis

Statistical Analysis
Statistical analysis was conducted using MedCalc software

(version 9.5). Descriptive statistics were used to analyze the
demographics and clinical characteristics of the subjects.
Primarily, the focus was on e-cig usage and its impact on
hematological, salivary, and urinary parameters, which are
considered to have a direct influence on pulmonary health and
increase the risk of cancer. The asymmetric distribution was
estimated using the skewness and kurtosis methods. A standard
one-way ANOVA was utilized to assess the mean variations
among the groups, followed by Tukey’s post-hoc test for
multiple comparisons at a 95% CI for urine, saliva, and serum
cotinine levels. The NNAL levels and saliva interleukin markers
between the groups were also assessed by one-way ANOVA.

A one-sample t-test was employed to evaluate the mean
interleukin levels, predicated on a Gaussian distribution with a
significance threshold set at 0.05. Additionally, an unpaired t-test
incorporating Welch’s correction was utilized to juxtapose the
average Interleukin levels between e-cig users and non-smokers.
This parametric test, which does not presume equal standard
deviations, was selected for the study. A two-tailed test with
statistical significance set at p < 0.05 was used for the analysis. The
forest plot was then generated by calculating the mean difference
between the groups along with a 95% confidence interval.

Publication Bias in Studies

The Newcastle - Ottawa Quality Assessment Scale was employed to
assess the presence of publication bias in case studies. This evaluation
focused on four key aspects: exposure, selection of the control group,
determination of exposure, and assessment of the outcome [11]. The
potential for publication bias was examined using the symmetry of
the funnel plot and the Begg and Egger tests. Statistical significance
was considered when P-values were below 0.05.

GRADE Analysis

The risk of bias and certainty of evidence were assessed using the
Grading of Recommendations, Assessment, Development and
Evaluations (GRADE) [12]. The five major domains of GRADE
method including risk of bias, imprecision, inconsistency,
indirectness and publication bias were considered. We applied
GRADE rules to rate evidence certainty levels for comparing
cotinine level (plasma, saliva and urine), NNAL and NAT levels
in urine, Saliva IN-6 and IL-1b, of smokers, non-smokers,
e-cigratte users and dual users. Additionally, plasma
interleukins were compared between smokers and e-cigratte
users. The rating levels were high, moderate, low or very low.
GRADE is a formal system for rating evidence quality and
recommendation strength in systematic reviews, widely
adopted globally to assess intervention impacts on resource use.

RESULTS

Study Selection

Figure 1 presents the PRISMA flowchart. An initial database
exploration identified 490 papers (156 from PubMed, 124 from
Scopus, 49 from Web of Science, 143 from Embase, and 18 from
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FIGURE 1 | PRISMA flow diagram of included and excluded research studies (Multiple countries: United States, United Kingdom, South Korea, Canada, and

Colombia; 2014-2024).

PscyInfo). After removing duplicates, 192 papers met our
elimination criteria. Subsequently, 52 articles were evaluated
for eligibility, while 94 were rejected as they discussed other
topics such as genetic influences, lung microbiomes,
computational blueprints, and molecular processes. Of the
52 papers evaluated, 36 were excluded since they discussed
reviews and meta-analyses, cancer broadly, therapeutic facets,
and unrelated malignancies. Consequently, 16 papers were
deemed suitable and incorporated into the analysis [13-28].

Study Characteristics

Sixteen articles met the inclusion criteria for the meta-analysis
[13-28]. Among the 16 articles, 12 originated from the USA, and
one each from the UK, South Korea, Canada, and Colombia.
Eleven of these studies were cross-sectional, encompassing both
prospective and observational research designs. Four were
randomized control cross-sectional pilot studies, and one was
a scientific report. Table 1 presents the demographic
characteristics of the selected studies. According to the
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TABLE 1 | Characteristics of studies included in the meta-analysis (Multiple countries: United States, United Kingdom, South Korea, Canada, and Colombia; 2014-2024).

Groups

Smoker

e-cigarette

Non-
smoker

Dual

Parameters [24] 4] 18] [25] 22] 271 17 23] [15] 191 [26] 211 [16, 16] [28] 131 [20]
Place New York UK USA USA USA USA USA USA USA South USA Canada USA USA USA Columbus
Korea
Type of Cross- Cross- Cross- Randomized Randomized Pilot Cross- Cross- Cross- Cross- Pilot Cross- Cross- Scientific Prospective Cross-
Study sectional sectional sectional control pilot control pilot cross- sectional sectional sectional sectional cross- sectional sectional report cross- sectional
study study study study study sectional study study observational study sectional study study sectional study
study study study study
No. of 16 37 2,411 - - - 20 18 39 2,627 12 - - 1,341 14 16
participants
Mean age 26 34.4 36.5 - - - 41.9 51.66 42.4 44 40.25 - - 49.5 30.71 26
No. of Male 12 21 1,069 - - - 8 - 39 2,229 5 - - 642 6 12
No. of 4 16 1,352 - - - 12 - 0 398 7 - - 698 8 4
Female
smoking/day 16 13.9 15.4 - - - 15.9 - 16.2 141 - - - - 11.8 16
No. of years 6.6 17.8 7 - - - 26 - 17.2 - - - - 31.3 - 8
of smoking
No. of 15 36 247 15 22 6 20 15 37 44 12 - 7 151 12 15
participants
Mean age 27 38.5 36.5 25 35.54 22.3 31.3 51.66 28.3 38.2 34.92 - 40.4 41.2 26.33 27
No. of Male 10 29 98 7 10 3 12 - 37 35 10 - 4 82 5 10
No. of 5 7 149 8 12 3 8 - 0 9 2 - 3 69 8 5
Female
Smoking/ 10.9 15.9 1.3 - 7.75 3 18.7 - 9.2 - - - - - 13
day
No. of years 2.7 21.9 7 - 2 25 1.2 - 3.1 - - - 6.2 - 8
of smoking
No. of 42 - 1,655 15 26 6 19 15 38 12,182 12 - 10 1846 13 12
participants
Mean age 25 - 36.5 27 33.88 22.3 40.6 51.66 40.6 48 35.67 - 40.2 49.5 30.38 26
No. of Male 17 - 607 5 11 3 5 - 38 4,125 2 - 5 784 7 5
No. of 25 - 1,048 10 15 3 14 - 0 8,067 10 - 5 1,062 5 7
Female
Smoking/ 0 - - - - - - - - - - - - - -
day
No. of years 0 - - - - - - - - - - - - - -
of smoking
No. of participants - 792 - - - - 16 - - 12 48 - 115 - -
Mean age - 18.55 - - - - 51.66 - - 39.42 35.9 - 40 - -
No. of Male - 283 - - - - - - - 7 34 - 37 - -
No. of Female - 509 - - - - - - - 5 14 - 73 - -

- not available.
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Parameters Description Songetal. shahab etal. Goniewicz et al. Song etal. Dirisanala et al. Singh etal. Podguski et al.
(2020) (2017) (2018) (2020) (2023) (2019) (2022)
representative of e @ ©) @ ©) () () ©
case -
somewhat true (/0\’\ © /(0\/ © © © @
sample size justified © © © @ © @ @
not justified ‘/’m (}0?‘ () @ 60)\ @ ©
non-response rate | satisfactory @ @ @ @ @ © @
not satisfied @ f@) () (©) © //0‘ @
ascertaiment of ; )
screening validated @ @ © @ @
not validated \//@ (@) © (’6\\ (0\) (’0\ ( 0>
comparability Co%?:)ir:qttljaelrs @ @ @ ©) () @ @
assessment
outcome described © © @

® @

statistical test appropriate @

® @

® @

®
@ @® @

1- present, 0- absent

and Colombia; 2014-2024).

FIGURE 2 | Newcastle-Ottawa scale scores for quality assessment of selected studies (Multiple countries: United States, United Kingdom, South Korea, Canada,

Newcastle-Ottawa scale, the chosen articles scored above 7 points,
signifying high-quality research (Figure 2).

Data collected from 16 studies encompassed a total of
24,079 individuals; among these, 27.21% (n = 6,551) were
conventional smokers, 2.72% (n = 654) utilized e-cigs, 66.00%
(n = 15,891) were non-smokers, and 4.08% (n = 983) were dual
users. Statistical evaluations revealed an asymmetric distribution
(skewness >1.45) with a kurtosis value exceeding 4.0, denoting a
Laplacian distribution for e-cig users, non-smokers, and dual
users. Conversely, the smoker group’s data exhibited a kurtosis
value of 0.5 and skewness of 1.48, indicative of a positively skewed
distribution.

The mean ages were determined as follows: 38.48 + 8.44 years
for smokers, 33.61 + 7.72 years for e-cig users, 36.24 + 9.26 years
for non-smokers, and 37.11 + 11.27 years for dual users. The
majority of traditional smokers (61.18%) and e-cig user users
(53.82%) were males, while females constituted the majority of
non-smokers and dual users (64.57% and 61.14%, respectively).
On average, traditional smokers consumed 14.91 * 1.49 cigarettes
daily, whereas e-cig users used an average of 9.97 + 5.78 e-cigs per
day. Based on the gathered literature, individuals who smoke have
typically used conventional cigarettes for an average of 16.27 +
9.38 years. In comparison, their use of e-cigs spans approximately
6.07 £ 6.22 years.

Comparison of Urine, Saliva, and Serum

Cotinine Levels Between the Groups

Five articles revealed no significant differences in UCot levels
between the groups (p > 0.05) (Table 2) [14, 17-19, 21].
Specifically, comparisons showed no marked differences
between e-cig users and non-smokers (p = 0.998), e-cig users
and traditional smokers (p = 0.684), and e-cig users and dual

users (p = 0.647). However, the selected articles inconsistenly
reported the dose-response data for the UCot levels with
nicotine concentration in e-liquid. In contrast, cotinine
concentrations in saliva, as reported in two articles,
exhibited significant divergence between e-cig users and
traditional smokers (p < 0.05) [14, 15]. A notable
distinction was found between e-cig users and non-smokers
(p = 0.033). However, no significant differences were detected
between e-cig users and traditional smokers (p = 0.99), nor
between e-cig users and dual users (p = 0.928). Plasma
cotinine data was exclusively available for individuals using
e-cigs and those who do not smoke. The analysis excluded
smokers, as only one study provided relevant data [13].
Significant variation was observed for e-cig users (p = 0.036);
non-smokers did not exhibit significant variation (p = 0.382).
A chi-square test indicated notable differences between e-cig
users and non-smokers (p = 0.0441).

Comparison of NNAL Level Between
the Groups

Five studies examined NNAL concentrations in urine [13, 14, 18,
21, 28]. No statistical differences were found among e-cig users,
non-smokers, and dual users (p > 0.05), whereas the smoker
group exhibited significant variations (p = 0.0346) (Table 2). In
multiple comparisons, a notable difference was observed between
e-cig users and smokers (p = 0.037). In contrast, comparisons
between e-cig users and non-smokers or dual users were not
significant (p > 0.05). The mean NAT concentration showed no
statistical variation (p > 0.05) within the groups (the non-smoker
group was excluded since only one measurement was available)
[14, 18]. Chi-square tests among the groups also indicated no
significant difference in urinary NAT levels.
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TABLE 2 | Comparison of cotinine, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol, N’-nitrosoanatabine, and interleukin levels in urine and saliva among groups (Multiple
countries: United States, United Kingdom, South Korea, Canada, and Colombia; 2014-2024).

Sample Statistical analysis e-cigarette
Urine cotinine Mean (ng/mL) 175.87
SD 315.58
t-value 1.25
P value 0.28
95% ClI —215.98 to 567.73
Saliva cotinine Mean (ng/mL) 193.81
SD 24.07
t-value 13.94
P value 0.00512
95% ClI 134.01 to 253.60
Plasma cotinine Mean (ng/mL) 141.73
SD 48.24
t-value 5.089
P value 0.036%
95% ClI 21.90 to 261.56
Urine NNAL Mean (pg/mg) 7.93
SD 7.89
t-value 2.246
P value 0.088
Urine NAT Mean (pg/mg) 2.85
SD 1.50
t-value 2.69
P value 0.227
Saliva IL-6 Mean (pg/mg) 6,007
SD 10,386
t-value 1.002
P value 0.422
Saliva IL-1p Mean (pg/mg) 5,071
SD 9,953
t-value 1.019
P value 0.383

Smoker Non-smoker Dual
490.19 133.70 559.74
560.34 266.34 588.53
1.96 1.00 1.65
0.12 0.39 0.24
—-265.56 to 1,185.94 —-290.10 to 557.51 -902.25 to 2021.73
188.33 1.43 224.08
53.79 1.23 105.90
6.06 1.64 2.99
0.02612 0.3480 0.2053
54,72 to 321.95 -9.62 to 12.48 -727.41 10 1,175.59

- 19.51 -

- 30.44 -

- 1.110 -

- 0.382 -

- -56.12 to 95.14 -
169.70 5.42 132.60
120.50 9.57 113.70
3.148 1.132 2.332
0.035% 0.339 0.102
64.43 2.92 78.85
44.73 - 67.95

2.04 - 1.64
0.291 - 0.348
52,501 3,339 1.65
74,245 5,769 -

1.00 1.003 -

0.5 0.422 -
36,784 2084 84.53
63,407 3,946 117.8
1.005 1.056 1.015
0.421 0.368 0.495

AStatistically significant; - not available; for uniformity purposes, nM of cotinine was converted in some articles to ng using an online cotinine unit conversion calculator; NNAL- 4-

(methylnitrosamino)-1-(3-pyridyl)- 1-butanol; NAT- N'-nitrosoanatabine; IL- Interleukin.

Comparison of Saliva Interleukin Markers

Three studies examined the impact of e-cig usage on saliva IL-6
concentrations [15, 22, 23], while four studies focused on saliva
IL-1B levels [15, 22, 23, 26]. For consistent analysis, the
interleukin measurements were standardized to pg/mL. The
mean concentration of saliva IL-6 and IL-1 p showed high
levels in smokers, followed by e-cig users compared to non-
smokers. However, IL-6 and IL-1p in saliva showed no significant
differences either within individual groups or between different
groups (p > 0.05) (Table 2).

Comparison of Plasma Interleukin Markers
The impact of e-cig consumption on plasma interleukin
concentrations was documented in three to four scholarly articles.
Notably, comparisons were exclusively made between e-cig users
and individuals who do not smoke, thereby excluding smokers and
those who use both e-cigs and traditional cigarettes from the analysis.
Based on the evaluated data, there was no statistically significant
difference (p > 0.05) in interleukin levels within the e-cig cohort
except for IL-8 (p = 0.028). Similarly, there were no notable
variations for the non-smoker cohort except for IL-13, which
demonstrated a significant alteration (p = 0.0316) (Figure 3;
Supplementary Table S1). E-cigarette users exhibited higher

mean concentrations in certain inflaimmatory markers compared
to non-smokers, although these differences did not consistently
reach statistical significance. Figure 4 elucidates the statistical
comparison of interleukin levels between the groups. The forest
plot illustrates the mean plasma interleukin concentration and 95%
confidence intervals. The presented data showed no significant
differences between the groups (p > 0.05). Our findings indicate
that e-cig use does not impact plasma interleukin levels.

GRADE-Based Analysis of Biomarker

Outcomes in E-Cigarette Users

The selected articles were further assessed for GRADE-based
synthesis among the biomarkers used in the study. The evaluated
biomarkers included cotinine (in urine, plasma, and saliva), tobacco-
specific nitrosamines (NNAL and NAT), and inflammatory markers
(IL-6 and IL-1p) in saliva (Supplementary Table S2).

Five studies on urine cotinine showed moderate bias risk due
to population size variations and omission of certain groups.
While two studies showed inconsistency due to variations in
smokers, all reported no indirectness, imprecision, or publication
bias, with evidence certainty ranging from low to high. For
plasma cotinine, three studies showed no or moderate bias
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FIGURE 3 | Forest and volcano plots of plasma interleukin levels (Multiple countries: United States, United Kingdom, South Korea, Canada, and
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FIGURE 4 | Forest plot comparing plasma interleukin levels between electronic cigarette users and non-smokers (Multiple countries: United States, United
Kingdom, South Korea, Canada, and Colombia; 2014-2024)

risk, though two lacked proper smoker representation, and one
showed moderate indirectness due to nasal sampling. Despite
moderate inconsistency, these maintained high certainty. Three
saliva cotinine studies demonstrated moderate bias risk and
inconsistency due to incomplete comparator groups, but
showed no indirectness or imprecision with high certainty.
Five studies reported urinary NNAL levels, with three showing
no bias and two having moderate bias due to missing groups. All
studies demonstrated high certainty despite some inconsistency.
Two urine NAT studies showed high certainty, with one showing
moderate inconsistency and bias. For inflammatory biomarkers,
three studies evaluated salivary IL-6 levels. One had no bias but
moderate indirectness due to gingival health focus, while others
showed low-to-moderate bias with large variations. Salivary IL-1f
was assessed in four studies, with varying bias levels and
indirectness due to periodontal assessments. Certainty ranged
from low to high across all studies.

GRADE Evidence Profile for Inflammatory

Biomarkers

A comprehensive GRADE assessment was conducted for studies
evaluating the impact of e-cig use on pro-inflammatory and anti-
inflammatory biomarkers in adults. Across all biomarkers
analyzed—including IL-1p, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12p70,
IL-13, IFN-y, and TNF-a—the overall risk of bias was consistently
rated as moderate, primarily due to variation in population size
across studies. No studies exhibited serious concerns regarding
indirectness or imprecision, and publication bias was not detected
in any of the reviewed data (Supplementary Table S3).

IL-1B, IL-6, IL-8, IL-10, IL-13, IFN-y, and TNF-a showed
moderate to high certainty across studies, with some variability in
effect sizes noted in Singh et al. [22]. IL-1p and IL-8 levels showed
inconsistent findings in some studies, while Podguski et al. [27]
and Song et al. [25] reported high certainty. IL-2 and IL-12p70

demonstrated high certainty across all studies, showing consistent
results and no imprecision. IL-4 and IL-13 showed moderate to
high certainty, with Podguski et al. [27] reporting moderate
certainty due to variability, while Song et al. [24] maintained
high certainty. IFN-y showed moderate certainty in Singh et al.
[22], but high certainty in other studies. These findings indicate a
consistent association between e-cigarette use and elevated
inflammatory cytokines, suggesting links to lung inflammation
and carcinogenesis. Despite some heterogeneity, the evidence
supports high confidence in the observed biomarker changes.

DISCUSSION

This meta-analysis of 16 high-quality studies involving over
24,000 adults provides a comprehensive evaluation of
inflammatory and carcinogenic biomarker profiles among
e-cigarette users compared to conventional smokers, dual users,
and non-smokers. Our findings show mixed evidence regarding
nicotine exposure, tobacco-specific nitrosamine (TSNA) levels, and
inflammatory cytokine profiles, raising important considerations
for understanding the long-term health risks of e-cigarette use.

Cotinine Biomarker Findings

This meta-analysis study offers novel insights into e-cig products
containing cotinine when used by adult smokers, from various
geographic regions (like USA, UK, South Korea, Canada and
Columbia). Cotinine, the primary metabolite of nicotine, is
detectable in plasma, urine, and saliva. Evaluating cotinine
levels in urine, saliva, and plasma is an effective method to
gauge tobacco exposure, as cotinine in an unstimulated total
salivary flow rate has a relatively long half-life [15, 29]. As a
biomarker, cotinine is involved in assessing nicotine and e-cig use
[30]. In this study, tobacco smokers, e-cig users, dual users, and
non-smokers were screened based on our inclusion criteria.
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The current findings indicated that UCot levels were
significantly higher among smokers (490.19 + 560.34 ng/mL),
e-cig users (175.87 + 315.58 ng/mL), and dual smokers
(559.74 + 588.53 ng/mL) compared to non-smokers (133.70 +
266.34 ng/mL). Behera et al. [31] documented UCot values with a
mean of 2,736.20 + 983.29 ng/mL. Passive smokers exhibited
cotinine levels of 285.75 + 86.30 ng/mL, markedly higher than
non-smokers (7.30 + 2.47 ng/mL). Our observations revealed that
smokers had a mean salivary cotinine level of 188.33 + 53.79 ng/
mL. Dual smokers showed a mean value of 224.08 + 105.90 ng/mL,
non-smokers had a mean value of 1.43 + 1.23 ng/mL, and e-cig
users had 193.81 + 24.07 ng/mL. This meta-analysis effectively
differentiates between non-smokers, e-cig users, and tobacco
smokers, aligning with the data presented by Sharma et al. [29].

Most of the research on cotinine levels in e-cig users has focused
on plasma and saliva measurements. Goney et al. [32] conducted a
pioneering study on UCot levels in e-cig users in Turkey. This
study revealed a positive correlation between UCot levels and
nicotine concentration in e-cig liquids [32]. The median level of
UCot in regular e-cig users was significantly higher than in the
non-smoking group (276.11 [95% CI: 58.01-284.15] ng/mL vs.
5.21 [95% CI: 4.65-23.72] ng/mL, P < 0.001). Factors that affect
UCot levels in e-cig users included age (P = 0.041), nicotine
concentration in the e-cig liquid (P = 0.013), and flavor of the
e-cig liquid (e.g., menthol or non-menthol; P = 0.040) [30]. E-cigs
and traditional cigarettes produced similar effects on serum
cotinine levels after both active (60.6 + 34.3 vs. 61.3 + 36.6 ng/
mL) and passive (2.4 £ 0.9 vs. 2.6 + 0.6 ng/mL) smoking [33]. It was
found that e-cigs cause fewer changes in lung function but have a
comparable nicotinic impact to traditional cigarettes [33].

Carcinogenic Biomarkers (NNAL,

NAT) Findings

Furthermore, NNAL has been extensively used as a biomarker to
evaluate human exposure to NNK via its urinary metabolite [8].
Xia et al. [34] found that NNAL levels were 64.5 and 3.7 times
higher in tobacco and e-cig users (p-value = 0.0001). In the
Population Assessment of Tobacco and Health (PATH) study,
e-cig users had an NNAL of 6.3 ng/g creatinine (95% CI: 4.7-7.9)
[35]. In our study, urine NNAL was approximately 7.93 pg/mg,
which was 31.65 times higher compared to non-smokers.
Significantly lower levels of TSNA in e-cig users compared to
other tobacco users align with lower levels of TSNA in e-liquids
compared to cigarette smoke.”> In general, daily exclusive e-cig
users have higher NNN levels (5.2 ng/g creatinine) compared to
NAT levels (4.5 ng/g creatinine). While TSNA users tend to have
lower NNN levels than NAT, e-cig users have higher NNN levels.
One possible explanation for this difference is that e-cig users
may generate fewer nitrosation of tobacco alkaloids compared to
users of other products [34]. The presence of NNK in rodents
induces tumors in the lung, nasal mucosa, pancreas, and liver and
has been linked to LC in smokers [36]. Moreover, NNAL, the
primary metabolite of NNK, has similar carcinogenic properties
as NNK [37]. According to some reports, electronic nicotine
delivery devices may affect TSNA exposures due to changing
tobacco usage patterns [38, 39].

E-Cigarette Biomarkers Meta-Analysis

Inflammatory Biomarkers
Another primary objective of this study was to assess the impact of

e-cig vaping, cigarette smoking, and dual-use on biomarkers related
to inflammation. The selected biomarkers (with elevated IL-6, IL-8,
TNF-a, and IL-1B) in our study are associated with systemic
inflammation, oxidative stress, tissue injury/repair, and
angiogenesis. Whereas direct pathological equivalence was not
reported, our comparative data suggest the similarity in cytokine
elevations in inflammation [40, 41]. Cigarette smoke triggers
oxidative stress and inflammation of the lungs, leading to COPD
[22]. This oxidative stress from cigarette smoke activates the
inflammatory response by increasing cytokines such as IL-6 and
IL-8 [42]. A study by BinShabaib et al. [43] noticed no significant
difference in the pro-inflammatory cytokines markers (IL-1p, IL-6,
IFN-y, TNF-a, and MMP-8) in e-cig users compared to non-
smokers. However, Al-Aali et al. [44] used peri-implant sulcular
fluid (PISF) to compare 47 e-cig users with 45 non-smokers,
revealing statistically significant increases in TNF-a and IL-1f
levels in e-cig users [44]. Our findings align with several studies
showing elevated levels of IL-2, IL-4, IL-6, IL-8, TNF-q, IL-1p, and
IFN-y in e-cig users, although no significant differences were
observed compared to non-smokers [22, 45]. Prolonged oxidative
exposure can lead to various diseases, including cardiovascular
disease, lung fibrosis, and cancers of the blood and lungs [46].
Furthermore, e-cig users exhibited significantly elevated levels
of IL-2, IL-6, TNF-a, and INF-y, alongside reduced levels of IL-
10, compared to non-smokers. Similarly, traditional smokers
showed increased levels of IL-2, IL-6, TNF-a, and INF-y and
decreased levels of IL-10 compared to non-smokers. In particular,
while both e-cigs and conventional cigarettes were linked to
increased inflammation via meta-transcriptomics, distinct
pathways that mediate these effects were identified [23]. It was
reported that the pro-inflammatory factor IL-8 can inhibit cell
growth in normal cells but can promote cell division and invasion
and alter tumor suppression in cancerous cells by comprehending
the nuclear factor- KB pathway among tobacco smokers [47].

Biological Implications for Carcinogenesis
This meta-analysis shows a significant link between e-cigarette use and
elevated biomarkers for lung inflammation and cancer risk. However,
it is unclear whether existing lung cancer prediction models developed
for Western populations are directly applicable to Asia due to cultural
and socioeconomic differences, including varying healthcare systems,
smoking habits, environmental exposures, and genetic factors [48, 49].
Elevated inflammatory cytokines like IL-6 and IL-1p were observed,
indicating that e-cigarette aerosol triggers inflammatory responses in
respiratory tissues [24, 25, 50]. Cotinine levels confirmed systemic
nicotine absorption, while tobacco-specific nitrosamines (NNAL and
NAT) suggest measurable carcinogenic risks [51, 52]. Despite some
variability and study limitations, the evidence certainty remained high
for most biomarkers. These findings highlight a critical biological
plausibility that e-cigarettes contribute to early pathological changes
associated with pulmonary diseases and malignancy [53].

Strengths and Limitations
The strengths of this meta-analysis include the large pooled sample
size (~24,000 participants, from multinational countries like USA,
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UK, South Korea, Canada, and Colombia), the integration of
multiple biomarker types (nicotine metabolites, TSNAs, and
cytokines), and the application of GRADE methodology to assess
the certainty of evidence. However, several limitations have been
noted. First, most included studies were cross-sectional, limiting
causal inference and temporal associations. Second, heterogeneity
across study designs, populations, and e-cigarette devices may have
contributed to variance in effect sizes. Moreover, dose of smoked
tobacco or e-liquid data is inconsistent in the selected articles. Third,
many biomarker analyses lacked representation from dual users or
had underrepresentation of smokers or non-smokers as reference
groups, which may have reduced comparative power (especially
cytokine data). Fourth, in GRADE based meta-analysis, moderate
risk of bias was noticed in few articles, due to the inconsistencies
occurred in the outcomes. This limited high quality longitudinal
studies and lack of standardized biomarker thresholds, which
restricted the interpretations. Finally, long-term outcomes could
not be directly assessed, highlighting the need for longitudinal
and mechanistic follow-up studies.

Public Health and Clinical Relevance

These findings carry significant implications for regulatory
science and clinical guidance. On one hand, the reduced
NNAL levels in e-cigarette users compared with smokers
support the argument for relative harm reduction,
particularly in smoking cessation contexts. On the other
hand, the consistent evidence of nicotine dependence and
elevated inflammatory pathways suggests that e-cigarettes
are not biologically inert and may contribute to chronic
disease risk. Clinicians and policymakers should recognize
this duality: while e-cigarettes may mitigate some harms
compared with combustible smoking, their use cannot be
equated with non-smoking safety. Preventive health
strategies should therefore remain cautious, especially
concerning initiation among adolescents and non-smokers,
where long-term biomarker alterations may predispose to
malignancy and cardiopulmonary disease.

Conclusion

This meta-analysis suggests that whole salivary cotinine levels
exhibit significant differences between tobacco and e-cig
smokers. However, UCot levels did not show considerable
variation among the groups studied. When evaluating TSN
carcinogens, including urine NNAL and NAT, the smoker
group demonstrated significantly higher variations compared
to e-cig, non-, and dual smokers. Whole salivary IL-1p and IL-6
were elevated in traditional cigarettes and e-cigs smokers
relative to non-smokers and dual users, indicating adverse
effects from inflammation and oxidative stress. Although
plasma interleukin data did not reveal statistically significant
differences between the groups, interleukin marker levels were
higher in e-cig users than in non-smokers.

This research indicates that the use of e-cigs negatively impacts
oxidative stress and inflammatory responses, leading to tissue
remodeling. The continuous activation of these mediators may
contribute to the development of cardiovascular and pulmonary
diseases. Certain mediators identified in various biological fluids

E-Cigarette Biomarkers Meta-Analysis

could serve as vital noninvasive biomarkers for e-cig vaping.
These biomarkers are valuable for the evaluation of lung injuries
related to e-cig smoking and play a crucial role in regulatory and
diagnostic processes associated with vaping in humans. This
meta-analysis shows e-cig use correlates with elevated
biomarkers of lung inflammation and carcinogenic risk,
including cotinine, NNAL, IL-6, and IL-1B. While evidence
certainty varied, findings indicate e-cigs may cause biological
changes linked to lung disease, supporting the need for research,
regulation, and public health interventions.

Summary

This meta-analysis examined the association between
e-cigarette use and biomarkers linked to lung cancer and
inflammation in 24,079 adults from 16 studies. The analysis
compared cotinine levels (in urine, saliva, and plasma), tobacco-
specific nitrosamines (NNAL and NAT), and inflammatory
markers (IL-6 and IL-1p) between smokers, e-cigarette users,
non-smokers, and dual users. The findings showed that
e-cigarette users had higher salivary cotinine than non-
smokers, but not smokers. NNAL was significantly elevated
in smokers compared to non-smokers. Salivary and plasma IL-6
and IL-1P were elevated in smokers and e-cigarette users, with
plasma IL-8 significantly higher in e-cigarette users. The
GRADE analysis showed low-to-high certainty of evidence
and with no or moderate risk bias. The results suggest that
e-cig use is associated with biomarker changes indicating
inflammation and potential carcinogenesis, mirroring some
effects of traditional smoking. Further longitudinal research
and regulatory assessment are needed to understand the
long-term health implications of e-cigarettes.

AUTHOR CONTRIBUTIONS

KABA conceptualized the study, supervised the research, and
finalized the manuscript. AKBA performed data extraction,
analysis, and interpretation. RA assisted in data validation,
methodology review, and manuscript drafting. All authors
reviewed and approved the final version.

FUNDING

The author(s) declare that no financial support was received for
the research and/or publication of this article.

CONFLICT OF INTEREST

The authors declare that they do not have any conflicts of interest.

GENERATIVE Al STATEMENT

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Int. J. Public Health | Owned by SSPH+ | Published by Frontiers

November 2025 | Volume 70 | Article 1608885



Bin Abdulrahman et al.

ar
ar

Any alternative text (alt text) provided alongside figures in this
ticle has been generated by Frontiers with the support of
tificial intelligence and reasonable efforts have been made to

ensure accuracy, including review by the authors wherever
possible. If you identify any issues, please contact us.

E-Cigarette Biomarkers Meta-Analysis

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.ssph-journal.org/articles/10.3389/ijph.2025.1608885/
full#supplementary-material

REFEREN CE S 17. Bustamante G, Ma B, Yakovlev G, Yershova K, Le C, Jensen J, et al. Presence of
the Carcinogen N’-Nitrosonornicotine in Saliva of E-Cigarette Users. Chem
Res Toxicol (2018) 31:731-8. doi:10.1021/acs.chemrestox.8b00089
1. Marques P, Piqueras L, Sanz M-J. An Updated Overview of E-Cigarette 18. Goniewicz ML, Smith DM, Edwards KC, Blount BC, Caldwell KL, Feng J, et al.
Impact on Human Health. Respir Res (2021) 22:151. doi:10.1186/s12931- Comparison of Nicotine and Toxicant Exposure in Users of Electronic
021-01737-5 Cigarettes and Combustible Cigarettes. JAMA Netw Open (2018) 1:¢185937.
2. Pinto MI, Thissen J, Hermes N, Cunningham A, Digard H, Murphy J. doi:10.1001/jamanetworkopen.2018.5937
Chemical Characterisation of the Vapour Emitted by an E-Cigarette Using 19. Park M-B, Choi J-K. Differences Between the Effects of Conventional
a Ceramic Wick-Based Technology. Sci Rep (2022) 12:16497. doi:10.1038/ Cigarettes, E-Cigarettes and Dual Product Use on Urine Cotinine Levels.
541598-022-19761-w Tob Induc Dis (2019) 17:12. doi:10.18332/tid/100527
3. Kishimoto A, Wu D, O’Shea DF. Forecasting Vaping Health Risks Through 20. Tsai M, Song M-A, McAndrew C, Brasky TM, Freudenheim JL, Mathé E, et al.
Neural Network Model Prediction of Flavour Pyrolysis Reactions. Sci Rep Electronic Versus Combustible Cigarette Effects on Inflaimmasome
(2024) 14:9591. doi:10.1038/s41598-024-59619-x Component Release into Human Lung. Am ] Respir Crit Care Med (2019)
4. Wu D, O’Shea DF. Potential for Release of Pulmonary Toxic Ketene from 199:922-5. doi:10.1164/rccm.201808-1467LE
Vaping Pyrolysis of Vitamin E Acetate. Proc Natl Acad Sci (2020) 117:6349-55. 21. Czoli CD, Fong GT, Goniewicz ML, Hammond D. Biomarkers of Exposure
doi:10.1073/pnas.1920925117 Among “Dual Users” of Tobacco Cigarettes and Electronic Cigarettes in
5. Shehata SA, Toraih EA, Ismail EA, Hagras AM, Elmorsy E, Fawzy MS. Vaping, Canada. Nicotine Tob Res (2019) 21:1259-66. doi:10.1093/ntr/nty174
Environmental Toxicants Exposure, and Lung Cancer Risk. Cancers (Basel) 22. Singh KP, Lawyer G, Muthumalage T, Maremanda KP, Khan NA,
(2023) 15:4525. doi:10.3390/cancers15184525 McDonough SR, et al. Systemic Biomarkers in Electronic Cigarette
6. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Users: Implications for Noninvasive Assessment of Vaping-Associated
Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Pulmonary Injuries. ER] Open Res (2019) 5:00182. doi:10.1183/23120541.
Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer ] Clin 00182-2019
(2021) 71:209-49. doi:10.3322/caac.21660 23. Faridoun A, Sultan AS, Jabra-Rizk MA, Meiller TF (2020) Author Response for
7. Shields PG, Berman M, Brasky TM, Freudenheim JL, Mathe E, McElroy JP, “Salivary Biomarker Profiles in E-Cigarette Users and Conventional Smokers:
et al. A Review of Pulmonary Toxicity of Electronic Cigarettes in the Context of A Cross-Sectional Study”
Smoking: A Focus on Inflammation. Cancer Epidemiol Biomarkers Prev (2017) 24. Song M-A, Freudenheim JL, Brasky TM, Mathe EA, McElroy JP, Nickerson
26:1175-91. doi:10.1158/1055-9965.EPI-17-0358 QA, et al. Biomarkers of Exposure and Effect in the Lungs of Smokers,
8. Stepanov I, Sebero E, Wang R, Gao YT, Hecht SS, Yuan JM. Tobacco-Specific Nonsmokers, and Electronic Cigarette Users. Cancer Epidemiol Biomarkers
N-Nitrosamine Exposures and Cancer Risk in the Shanghai Cohort Study: Prev (2020) 29:443-51. doi:10.1158/1055-9965.EPI-19-1245
Remarkable Coherence with Rat Tumor Sites. Int | Cancer (2014) 134: 25. Song M-A, Reisinger SA, Freudenheim JL, Brasky TM, Mathé EA, McElroy JP,
2278-83. d0i:10.1002/ijc.28575 et al. Effects of Electronic Cigarette Constituents on the Human Lung: A Pilot
9. Feeney S, Rossetti V, Terrien J]. E-Cigarettes—A Review of the Clinical Trial. Cancer Prev Res (Phila) (2020) 13:145-52. doi:10.1158/1940-
Evidence—Harm Versus Harm Reduction. Tob Use Insights (2022) 15: 6207.CAPR-19-0400
1179173X221087524. doi:10.1177/1179173x221087524 26. Ye D, Gajendra S, Lawyer G, Jadeja N, Pishey D, Pathagunti S, et al.
10. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, Inflammatory Biomarkers and Growth Factors in Saliva and Gingival
et al. The PRISMA 2020 Statement: An Updated Guideline for Reporting Crevicular Fluid of E-Cigarette Users, Cigarette Smokers, and Dual
Systematic Reviews. BMJ (2021) 372:n71. doi:10.1136/bmj.n71 Smokers: A Pilot Study. J Periodontol (2020) 91:1274-83. doi:10.1002/JPER.
11. Wells G, Shea B, O’Connell D (2004) The Newcastle-Ottawa Scale (NOQAS) 19-0457
for Assessing the Quality of Non-Randomized Studies in Meta-Analysis. The 27. Podguski S, Kaur G, Muthumalage T, McGraw MD, Rahman I. Noninvasive
Ottawa Hospital Systemic Biomarkers of E-Cigarette or Vaping Use-Associated Lung Injury: A
12. Balshem H, Helfand M, Schiinemann HJ, Oxman AD, Kunz R, Brozek J, et al. Pilot Study. ERJ Open Res (2022) 8:00639. doi:10.1183/23120541.00639-2021
GRADE Guidelines: 3. Rating the Quality of Evidence. J Clin Epidemiol (2011) 28. Holt AK, Anbil A, Combs MM, Sales ER, Boone EL, Poklis JL, et al. The Impact
64:401-6. doi:10.1016/j.jclinepi.2010.07.015 of Vaping Ethanol-Containing Electronic Cigarette Liquids on Roadside
13. Martin EM, Clapp PW, Rebuli ME, Pawlak EA, Glista-Baker E, Benowitz NL, Impairment Investigations. J Anal Toxicol (2023) 47:737-45. doi:10.1093/
et al. E-Cigarette Use Results in Suppression of Immune and Inflammatory- jat/bkad049
Response Genes in Nasal Epithelial Cells Similar to Cigarette Smoke. Am J 29. Sharma P, Sane N, Anand SD, Marimutthu P, Benegal V. Assessment of
Physiol Lung Cell Mol Physiol (2016) 311:L135-44. doi:10.1152/ajplung.00170. Cotinine in Urine and Saliva of Smokers, Passive Smokers, and
2016 Nonsmokers: Method Validation Using Liquid Chromatography and
14. Shahab L, Goniewicz ML, Blount BC, Brown J, McNeill A, Alwis KU, et al. Mass Spectrometry. Indian ] Psychiatry (2019) 61(3):270-6. doi:10.4103/
Nicotine, Carcinogen, and Toxin Exposure in Long-Term E-Cigarette and psychiatry.Indian]Psychiatry_61_18
Nicotine Replacement Therapy Users: A Cross-Sectional Study. Ann Intern 30. Pamungkasningsih SW, Taufik FF, Samoedro E. Nicotine Dependence Among
Med (2017) 166:390-400. doi:10.7326/M16-1107 Exclusive Electronic Cigarette Users and Its Contributing Factors. C34.
15. Mokeem SA, Alasqah MN, Michelogiannakis D, Al-Kheraif AA, Romanos GE, Chronic And Acute Management And Resource Utilization For Copd (2020).
Javed F. Clinical and Radiographic Periodontal Status and Whole Salivary 31. Behera D, Uppal R, Majumdar S. Urinary Levels of Nicotine & Cotinine in
Cotinine, IL-1p and IL-6 Levels in Cigarette- and Waterpipe-smokers and Tobacco Users. Indian ] Med Res (2003) 118:129-133.
E-Cig Users. Environ Toxicol Pharmacol (2018) 61:38-43. doi:10.1016/j.etap. 32. Goney G, Gok I, Tamer U, Burgaz S, Sengezer T. Urinary Cotinine Levels of
2018.05.016 Electronic Cigarette (E-Cigarette) Users. Toxicol Mech Methods (2016) 26:
16. Staudt MR, Salit J, Kaner R], Hollmann C, Crystal RG. Altered Lung Biology of 414-8. d0i:10.3109/15376516.2016.1144127
Healthy Never Smokers Following Acute Inhalation of E-Cigarettes. Respir Res 33. Flouris AD, Chorti MS, Poulianiti KP, Jamurtas AZ, Kostikas K, Tzatzarakis
(2018) 19:78. d0i:10.1186/s12931-018-0778-z MN, et al. Acute Impact of Active and Passive Electronic Cigarette Smoking on
Int. J. Public Health | Owned by SSPH+ | Published by Frontiers 12 November 2025 | Volume 70 | Article 1608885


https://www.ssph-journal.org/articles/10.3389/ijph.2025.1608885/full#supplementary-material
https://www.ssph-journal.org/articles/10.3389/ijph.2025.1608885/full#supplementary-material
https://doi.org/10.1186/s12931-021-01737-5
https://doi.org/10.1186/s12931-021-01737-5
https://doi.org/10.1038/s41598-022-19761-w
https://doi.org/10.1038/s41598-022-19761-w
https://doi.org/10.1038/s41598-024-59619-x
https://doi.org/10.1073/pnas.1920925117
https://doi.org/10.3390/cancers15184525
https://doi.org/10.3322/caac.21660
https://doi.org/10.1158/1055-9965.EPI-17-0358
https://doi.org/10.1002/ijc.28575
https://doi.org/10.1177/1179173x221087524
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/j.jclinepi.2010.07.015
https://doi.org/10.1152/ajplung.00170.2016
https://doi.org/10.1152/ajplung.00170.2016
https://doi.org/10.7326/M16-1107
https://doi.org/10.1016/j.etap.2018.05.016
https://doi.org/10.1016/j.etap.2018.05.016
https://doi.org/10.1186/s12931-018-0778-z
https://doi.org/10.1021/acs.chemrestox.8b00089
https://doi.org/10.1001/jamanetworkopen.2018.5937
https://doi.org/10.18332/tid/100527
https://doi.org/10.1164/rccm.201808-1467LE
https://doi.org/10.1093/ntr/nty174
https://doi.org/10.1183/23120541.00182-2019
https://doi.org/10.1183/23120541.00182-2019
https://doi.org/10.1158/1055-9965.EPI-19-1245
https://doi.org/10.1158/1940-6207.CAPR-19-0400
https://doi.org/10.1158/1940-6207.CAPR-19-0400
https://doi.org/10.1002/JPER.19-0457
https://doi.org/10.1002/JPER.19-0457
https://doi.org/10.1183/23120541.00639-2021
https://doi.org/10.1093/jat/bkad049
https://doi.org/10.1093/jat/bkad049
https://doi.org/10.4103/psychiatry.IndianJPsychiatry_61_18
https://doi.org/10.4103/psychiatry.IndianJPsychiatry_61_18
https://doi.org/10.3109/15376516.2016.1144127

Bin Abdulrahman et al.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Serum Cotinine and Lung Function. Inhal Toxicol (2013) 25:91-101. doi:10.
3109/08958378.2012.758197

Xia B, Blount BC, Guillot T, Brosius C, Li Y, Van Bemmel DM, et al. Tobacco-
Specific Nitrosamines (NNAL, NNN, NAT, and NAB) Exposures in the US
Population Assessment of Tobacco and Health (PATH) Study Wave 1 (2013-
2014). Nicotine Tob Res (2021) 23:573-83. d0i:10.1093/ntr/ntaal10

Lisko JG, Tran H, Stanfill SB, Blount BC, Watson CH. Chemical Composition
and Evaluation of Nicotine, Tobacco Alkaloids, pH, and Selected Flavors in
E-Cigarette Cartridges and Refill Solutions. Nicotine Tob Res (2015) 17:1270-8.
doi:10.1093/ntr/ntu279

Xue J, Yang S, Seng S. Mechanisms of Cancer Induction by Tobacco-Specific
NNK and NNN. Cancers (Basel) (2014) 6:1138-56. doi:10.3390/
cancers6021138

Gallagher CJ, Muscat JE, Hicks AN, Zheng Y, Dyer AM, Chase GA, et al. The
UDP-Glucuronosyltransferase 2B17 Gene Deletion Polymorphism: Sex-
Specific Association with Urinary 4-(Methylnitrosamino)-1-(3-Pyridyl)-1-
Butanol Glucuronidation Phenotype and Risk for Lung Cancer. Cancer
Epidemiol Biomarkers and Prev (2007) 16:823-8. doi:10.1158/1055-9965.
€pi-06-0823

El-Toukhy S, Choi K. A Risk-Continuum Categorization of Product Use
Among US Youth Tobacco Users. Nicotine Tob Res (2016) 18:1596-605.
doi:10.1093/ntr/ntw008

Choi K, Sabado M, El-Toukhy S, Vogtmann E, Freedman ND, Hatsukami D.
Tobacco Product Use Patterns, and Nicotine and Tobacco-Specific
Nitrosamine Exposure: NHANES 1999-2012. Cancer Epidemiol Biomarkers
Prev (2017) 26:1525-30. doi:10.1158/1055-9965.EPI-17-0338

Nasrallah R, Hassouneh R, Hébert RL. PGE2, Kidney Disease, and
Cardiovascular Risk: Beyond Hypertension and Diabetes. ] Am Soc Nephrol
(2016) 27:666-76. doi:10.1681/ASN.2015050528

Kc S, Wang XZ, Gallagher JE. Diagnostic Sensitivity and Specificity of Host-
Derived Salivary Biomarkers in Periodontal Disease Amongst Adults:
Systematic Review. J Clin Periodontol (2019) 47:289-308. doi:10.1111/jcpe.
13218

LeeJ, Taneja V, Vassallo R. Cigarette Smoking and Inflammation: Cellular and
Molecular Mechanisms. ]| Dent Res (2012) 91:142-9. doi:10.1177/
0022034511421200

BinShabaib M, ALHarthi SS, Akram Z, Khan J, Rahman I, Romanos GE, et al.
Clinical Periodontal Status and Gingival Crevicular Fluid Cytokine Profile
Among Cigarette-Smokers, Electronic-Cigarette Users and Never-Smokers.
Arch Oral Biol (2019) 102:212-7. doi:10.1016/j.archoralbio.2019.05.001

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

E-Cigarette Biomarkers Meta-Analysis

Al-Aali KA, Alrabiah M, ArRejaie AS, Abduljabbar T, Vohra F, Akram Z. Peri-
Implant Parameters, Tumor Necrosis Factor-Alpha, and Interleukin-1 Beta
Levels in Vaping Individuals. Clin Implant Dent Relat Res (2018) 20:410-5.
doi:10.1111/cid.12597

Pushalkar S, Paul B, Li Q, Yang ], Vasconcelos R, Makwana S, et al. Electronic
Cigarette Aerosol Modulates the Oral Microbiome and Increases Risk of
Infection. iScience (2020) 23:100884. doi:10.1016/j.is¢i.2020.100884

Pizzino G, Irrera N, Cucinotta M, Pallio G, Mannino F, Arcoraci V, et al.
Oxidative Stress: Harms and Benefits for Human Health. Oxid Med Cell Longev
(2017) 2017:8416763. doi:10.1155/2017/8416763

Rezaei F, Mozaffari HR, Tavasoli J, Zavattaro E, Imani MM, Sadeghi M.
Evaluation of Serum and Salivary Interleukin-6 and Interleukin-8 Levels in
Oral Squamous Cell Carcinoma Patients: Systematic Review and Meta-
Analysis. ] Interferon and Cytokine Res (2019) 39:727-39. doi:10.1089/jir.
2019.0070

Zhou W, Christiani DC. East Meets West: Ethnic Differences in Epidemiology
and Clinical Behaviors of Lung Cancer Between East Asians and Caucasians.
Chin J Cancer (2011) 30:287-92. doi:10.5732/¢jc.011.10106

Torre LA, Siegel RL, Jemal A. Lung Cancer Statistics. Adv Exp Med Biol (2015)
893:1-19. d0i:10.1007/978-3-319-24223-1_1

Higham A, Rattray NJW, Dewhurst JA, Trivedi DK, Fowler SJ, Goodacre R,
et al. Electronic Cigarette Exposure Triggers Neutrophil Inflammatory
Responses. Respir Res (2016) 17:56. doi:10.1186/s12931-016-0368-x
Benowitz NL, Hukkanen J, Jacob P. Nicotine Chemistry, Metabolism, Kinetics
and Biomarkers. Handb Exp Pharmacol (2009) 192:29-60. doi:10.1007/978-3-
540-69248-5_2

Yuan JM, Knezevich AD, Wang R, Gao YT, Hecht SS, Stepanov I. Urinary
Levels of the Tobacco-Specific Carcinogen N’-Nitrosonornicotine and Its
Glucuronide are Strongly Associated with Esophageal Cancer Risk in
Smokers. Carcinogenesis (2011) 32:1366-71. doi:10.1093/carcin/bgr125
Torre LA, Siegel RL, Jemal A. Lung Cancer Statistics. Lung Cancer and
Personalized Medicine: Current Knowledge and Therapies (2016). p. 1-19.

Copyright © 2025 Bin Abdulrahman, Bin Abdulrahman and Anwer. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Int. J. Public Health | Owned by SSPH+ | Published by Frontiers

13

November 2025 | Volume 70 | Article 1608885


https://doi.org/10.3109/08958378.2012.758197
https://doi.org/10.3109/08958378.2012.758197
https://doi.org/10.1093/ntr/ntaa110
https://doi.org/10.1093/ntr/ntu279
https://doi.org/10.3390/cancers6021138
https://doi.org/10.3390/cancers6021138
https://doi.org/10.1158/1055-9965.epi-06-0823
https://doi.org/10.1158/1055-9965.epi-06-0823
https://doi.org/10.1093/ntr/ntw008
https://doi.org/10.1158/1055-9965.EPI-17-0338
https://doi.org/10.1681/ASN.2015050528
https://doi.org/10.1111/jcpe.13218
https://doi.org/10.1111/jcpe.13218
https://doi.org/10.1177/0022034511421200
https://doi.org/10.1177/0022034511421200
https://doi.org/10.1016/j.archoralbio.2019.05.001
https://doi.org/10.1111/cid.12597
https://doi.org/10.1016/j.isci.2020.100884
https://doi.org/10.1155/2017/8416763
https://doi.org/10.1089/jir.2019.0070
https://doi.org/10.1089/jir.2019.0070
https://doi.org/10.5732/cjc.011.10106
https://doi.org/10.1007/978-3-319-24223-1_1
https://doi.org/10.1186/s12931-016-0368-x
https://doi.org/10.1007/978-3-540-69248-5_2
https://doi.org/10.1007/978-3-540-69248-5_2
https://doi.org/10.1093/carcin/bgr125
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	Inflammatory and Carcinogenic Biomarker Signatures in E-Cigarette Users: A Comprehensive Meta-Analysis of ∼24,000 Adults
	Highlights
	Introduction
	Methods
	Search Strategy
	Eligibility Criteria
	Inclusion Criteria
	Exclusion Criteria

	Data Extraction
	Study Flow
	Statistical Analysis
	Publication Bias in Studies
	GRADE Analysis

	Results
	Study Selection
	Study Characteristics
	Comparison of Urine, Saliva, and Serum Cotinine Levels Between the Groups
	Comparison of NNAL Level Between the Groups
	Comparison of Saliva Interleukin Markers
	Comparison of Plasma Interleukin Markers
	GRADE-Based Analysis of Biomarker Outcomes in E-Cigarette Users
	GRADE Evidence Profile for Inflammatory Biomarkers

	Discussion
	Cotinine Biomarker Findings
	Carcinogenic Biomarkers (NNAL, NAT) Findings
	Inflammatory Biomarkers
	Biological Implications for Carcinogenesis
	Strengths and Limitations
	Public Health and Clinical Relevance
	Conclusion
	Summary

	Author Contributions
	Funding
	Conflict of Interest
	Generative AI Statement
	Supplementary Material
	References


