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ABSTRACT

Introduction: Untreated coronal caries is coommon among adults in the United States, and electronic cigarette use has increased. Evidence
on whether e-cigarette use is associated with untreated caries independently of combustible tobacco is limited. Methods: Cross-sectional
analysis of pooled 2015-2016 and 2017-2018 National Health and Nutrition Examination Survey data from 9,042 dentate adults aged 20
years or older. Current e-cigarette use was defined as use in the past 30 days; untreated coronal caries was defined as at least one per-
manent tooth with untreated decay. Survey-weighted logistic regression with Taylor series linearization estimated odds ratios, adjusting
for sociodemographic factors, combustible tobacco use and dental visits. Results: Weighted prevalence was 5.50% for current e-cigarette
use and 19.20% for untreated coronal caries (30.20% among users and 18.50% among non-users). The odds ratio was 1.91 (95% CI 1.47-
2.48) unadjusted and 1.64 (95% Cl 1.23-2.19) after adjustment for age, sex and race/ethnicity. After full adjustment for education, income,
cigarette smoking, cigar use and dental visits, the association was no longer evident (OR 0.98, 95% CI| 0.76-1.27). Conclusions: The higher
prevalence of untreated coronal caries among e-cigarette users was explained by combustible tobacco use and sociodemographic and
dental-access factors; current e-cigarette use was not independently associated with untreated coronal caries in United States adults.

Keywords: electronic nicotine delivery systems; dental caries; adult; cigarette smoking; cross-sectional studies; nutrition surveys.

RESUMEN

Introduccion: La caries coronal no tratada es frecuente en los adultos de Estados Unidos y el uso de cigarrillos electrénicos ha aumentado.
La evidencia sobre su asociacién con caries no tratada, independiente del tabaco combustible, es limitada. Métodos: Analisis transversal
de los datos combinados de la National Health and Nutrition Examination Survey 2015-2016 y 2017-2018 de 9042 adultos dentados de
20 afos o mas. El uso actual de cigarrillos electréonicos se definié como uso en los ultimos 30 dias; la caries coronal no tratada, como al
menos un diente permanente con caries no tratada. Se estimaron odds ratios con regresion logistica ponderada y linealizacion de Taylor,
ajustando por factores sociodemograficos, tabaco combustible y visitas odontoldgicas. Resultados: Las prevalencias ponderadas fueron
5,50% para uso actual de cigarrillos electrénicos y 19,20% para caries coronal no tratada (30,20% en usuarios y 18,50% en no usuarios).
La odds ratio fue 1,91 (IC 95% 1,47-2,48) sin ajustar y 1,64 (IC 95% 1,23-2,19) tras ajustar por edad, sexo y raza/etnia. Tras ajustar ademas por
educacion, ingresos, tabaquismo, uso de cigarros y visitas odontoldgicas, la asociacion dejé de ser evidente (OR 0,98, IC 95% 0,76-1,27).
Conclusiones: La mayor prevalencia de caries coronal no tratada en usuarios de cigarrillos electrénicos se explicé por el tabaco combustible
y por factores sociodemograficos y de acceso odontoldgico; el uso actual de cigarrillos electrénicos no se asocio de forma independiente
con caries coronal no tratada en adultos de Estados Unidos.

Palabras clave: sistemas electronicos de liberacion de nicotina; caries dental; adulto; fumar cigarrillos; estudios transversales; encuestas
nutricionales.
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INTRODUCTION

Dental caries is the most prevalent noncommunicable disease worldwide, and the global
burden of untreated caries in permanent teeth is larger than that of any other oral condition.(1)
The condition affects permanent teeth across the life course and, when untreated, progresses to
pain, infection and ultimately tooth loss, which is why its presence is measured separately from
treated disease in surveillance systems.(1,2) The disease results from a prolonged imbalance be-
tween demineralization and remineralization of the tooth surface, driven mainly by fermentable
carbohydrates and mediated by acidogenic biofilms.(1,3) Untreated coronal caries, the clinical en-
dpoint of this process, indicates disease that has not been arrested or restored and therefore signals
unmet dental need. In the United States, untreated coronal caries is distributed unevenly, with
substantially higher prevalence among adults with low income, low educational attainment and
infrequent dental attendance.(4)Untreated lesions are the direct target of population oral health
surveillance because they represent disease that could have been prevented or treated, and they
correlate closely with self-reported oral health problems and with subsequent tooth loss.(1,4) Ca-
ries management has moved toward risk assessment and minimally invasive care, yet untreated
lesions remain a persistent marker of oral health inequity.(2)ldentifying the modifiable exposures
that cluster among adults with untreated caries is therefore a prerequisite for targeting prevention.

Electronic cigarettes entered the United States market in the late 2000s, and both aware-
ness and use expanded rapidly over the following decade.(5,6) By 2019, e-cigarettes were the most
commonly used non-cigarette tobacco product among United States adults, with a current-use
prevalence of 4.5%, concentrated in adults aged 18 to 24 years.(7) The preceding year, current e-ci-
garette use among adults was estimated at 3.2%, which illustrates the rapid growth of the exposure
within the study window.(8)A large share of e-cigarette users also smoke combustible cigarettes:
among current e-cigarette users in 2019, roughly one third were current cigarette smokers, a pa-
ttern of dual use that complicates any attempt to attribute oral outcomes to one product rather
than the other.(7)State and local regulation of e-cigarettes was also associated with use patterns
during this period, so the population of users changed quickly.(9)Comparable exposure patterns
have been documented in national surveys outside the United States, where e-cigarette use is li-
kewise highest in younger adults.(10)E-cigarette use is also strongly patterned by smoking history:
current use is concentrated in current and former cigarette smokers, while exclusive use without
any combustible smoking is more common in younger cohorts.(6,7) This overlap between vaping
and smoking is central to the present analysis, because any study that ignores cigarette smoking
risks attributing the well-known oral consequences of combustible tobacco to e-cigarettes.

Combustible tobacco is itself an established risk factor for oral disease, and this fact is central
to interpreting any study of e-cigarettes. Meta-analytic evidence links cigarette smoking with a
higher prevalence of dental caries, and smoking reshapes the supragingival microbiome in ways
that favor cariogenic communities.(11,12) Smoking is also associated with xerostomia and with less
frequent dental attendance, two pathways that connect tobacco use to untreated disease.(13)
Because e-cigarette use so often coexists with cigarette smoking, an analysis that fails to separate
the two products cannot establish whether any observed association is attributable to e-cigarettes
or to the combustible tobacco with which they overlap.

Several lines of evidence suggest that e-cigarettes could promote dental caries. E-liquids
frequently contain sweet flavorings, and laboratory work shows that sweet-flavored aerosols increa-
se the cariogenic potential of tooth surfaces and that e-cigarette vapor promotes Streptococcus
mutans growth, adhesion and biofilm formation in vitro.(14,15) Nicotine delivery may also reduce
salivary flow, and a reduced saliva-mediated buffer is a recognized contributor to caries risk.(13)
Clinical reports and reviews have described elevated caries risk among people who vape, and sys-
tematic reviews conclude that the oral health effects of electronic nicotine delivery systems are
plausible but not yet firmly established.(16-19)The most directly comparable population study, an
analysis of the 2017-2018 National Health and Nutrition Examination Survey, reported higher odds
of untreated caries among current e-cigarette users, but it used never smokers as the reference
group and did not fully separate e-cigarette exposure from combustible tobacco use.(20)It there-
fore remains unclear whether the observed association reflects a specific effect of e-cigarettes or
confounding by combustible tobacco and by the sociodemographic and dental-access characte-
ristics that distinguish e-cigarette users from non-users. From a clinical standpoint, resolving this
question matters for risk assessment and for the counseling that dental teams provide, since vaping
status is increasingly recorded in dental histories and used to stratify patients by caries risk.(17,20)
If the association is largely explained by smoking and access, the appropriate preventive target is
different from what it would be if the aerosol itself were cariogenic.
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This study distinguished a primary outcome, untreated coronal caries defined as at least one
untreated decayed permanent tooth, from a secondary outcome, the number of untreated decayed
teeth, and from prespecified exploratory subgroup analyses. This hierarchy followed the analytic
plan so that the confirmatory estimate, the fully adjusted odds ratio for the primary outcome, was
defined before the results were inspected and analyzed. The objective was to estimate the asso-
ciation between current e-cigarette use and untreated coronal caries in a nationally representative
sample of United States adults, independent of combustible tobacco use and sociodemographic
factors. The hypothesis was that current e-cigarette use would be associated with a higher preva-
lence of untreated coronal caries after these adjustments.

METHODS

Design and data source

This cross-sectional study analyzed public-use files from two pooled cycles, 2015-2016 and
2017-2018, of the National Health and Nutrition Examination Survey (NHANES), a stratified mul-
tistage probability sample of the non-institutionalized United States civilian population.(21)The
demographics, oral health dentition examination, smoking and cigarette use, and oral health ques-
tionnaire files were downloaded programmatically from the Centers for Disease Control and Pre-
vention. NHANES combines an in-home interview with standardized physical and oral examinations
performed in mobile examination centers, and its complex sampling design produces nationally
representative estimates when the supplied examination weights and masked variance units are
applied.(21)The two cycles were pooled to increase sample size and to cover a period, 2015 through
2018, during which e-cigarette use expanded rapidly among United States adults.(7)Each cycle is
an independent, nationally representative sample, so pooling them required the construction of
combined weights and combined variance units rather than a simple concatenation of records.

The oral health component of the examination is performed by trained dental examiners
using a standardized protocol that records, tooth by tooth, the presence and coronal status of each
permanent tooth.(21)The examination is conducted in the mobile examination center, and the co-
rresponding examination weights account for non-response and for the differential probabilities
of selection produced by the oversampling of specific demographic groups.(21)The study followed
the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) recommen-
dations for cross-sectional studies. Because the data are fully de-identified and publicly available,
no ethical approval was required, and no identifying information was accessed.

Study population

Adults aged 20 years or older who completed the oral health examination and had at least
one natural permanent tooth were eligible. Participants younger than 20 years were excluded be-
cause educational attainment is not recorded in a comparable way at younger ages. Edentulous
adults were excluded because they cannot have coronal caries, and adults without a performed
oral health examination were excluded. The analytic sample was further restricted to participants
with complete data on e-cigarette use, cigarette smoking, covariates and the caries examination,
following a complete-case approach; participants with missing values on any analytic variable
were dropped.

Variables

The primary outcome was untreated coronal caries, defined as at least one permanent tooth
among teeth 2 to 15 and 18 to 31, excluding third molars, with a coronal caries status of Z in the
NHANES dentition examination. The status Z identifies a permanent tooth with a dental carious
surface condition, that is, a tooth with untreated decay. Third molars were excluded because they
are absent or unerupted in a large proportion of adults and are not consistently scored in the
caries assessment. The secondary outcome was the number of untreated decayed permanent
teeth, ranging from O to 28, obtained by counting teeth with that same status code; this variable
captures the severity of untreated disease rather than its mere presence.

Current e-cigarette use, the exposure, was defined as self-reported use of an e-cigarette on at
least one day in the past 30 days. This definition corresponds to the standard population measure
of current use employed in national surveillance.(7)Participants who had never used e-cigarettes, or
who had not used them in the past 30 days, formed the reference group. The 30-day window was
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chosen over the alternative 5-day window because it is the measure used in surveillance reports
and because it captures intermittent as well as daily users, reducing misclassification of occasio-
nal use. Covariates were age in years, sex, race and Hispanic origin (Hispanic, non-Hispanic White,
non-Hispanic Black, non-Hispanic Asian, and other or multiracial), education (less than high school,
high school or equivalent, some college, and college graduate or above), family income-to-poverty
ratio, cigarette smoking status, current cigar use in the past 30 days, current smokeless tobacco
use in the past 30 days, and dental visit within the past year. Covariates were age in years, sex, race
and Hispanic origin (Hispanic, non-Hispanic White, non-Hispanic Black, non-Hispanic Asian, and
other or multiracial), education (less than high school, high school or equivalent, some college, and
college graduate or above), family income-to-poverty ratio, cigarette smoking status, current cigar
use in the past 30 days, current smokeless tobacco use in the past 30 days, and dental visit within
the past year. The income-to-poverty ratio was modeled as a continuous variable on its original
zero-to-five scale. Cigarette smoking status was classified as never, former or current from the
lifetime cigarette use and current smoking questions; this three-level variable was the principal
combustible tobacco adjustment. Current cigar and smokeless tobacco use were derived from the
number of days of use reported in the past 30 days and served to capture non-cigarette combus-
tible and non-combustible nicotine exposure. The dental visit variable was dichotomized as a visit
within the past year versus a visit more than one year ago or never, as a proxy for access to dental
care. The dentition examination codes each tooth independently, which allowed the primary and
secondary outcomes to be derived from the same tooth-level data without relying on self-report
of caries status.

Statistical analysis

A combined four-year mobile examination center weight was computed as the two-year
examination weight divided by two, following the standard procedure for pooling two NHANES
cycles. For variance estimation the masked variance pseudo-stratum was made unique to each
cycle and the masked variance pseudo-primary sampling unit was used as the cluster, so that the
two cycles contributed distinct design units. All point estimates and standard errors were com-
puted with Taylor series linearization for stratified cluster samples, implemented in Python; this
estimator is the survey-design analogue of the sandwich estimator and accounts for the clustering
and stratification of the NHANES design without assuming simple random sampling. Weighted
means and proportions with 95% confidence intervals described the analytic sample, and weighted
contrasts compared current e-cigarette users with non-users.

The association between current e-cigarette use and untreated coronal caries was estima-
ted with survey-weighted logistic regression, which estimates odds ratios for this common binary
outcome. Model 1was unadjusted. Model 2 added age, sex and race/ethnicity. Model 3, the primary
model, added education, income-to-poverty ratio, cigarette smoking status, current cigar use and
dental visit within the past year; cigarette smoking status was the central combustible tobacco
adjustment specified by the study question, and the remaining covariates addressed socioecono-
mic position and access to care, the two other candidate confounders identified in the literature.
(4,20) Two sensitivity analyses were prespecified: restriction to adults aged 20 to 64 years, to assess
whether inclusion of older adults,among whom e-cigarette use is rare, influenced the estimate, and
additional adjustment for current smokeless tobacco use, to test whether other nicotine products
explained any residual association. Exploratory analyses estimated the association within strata of
age group and cigarette smoking status and tested interaction terms between e-cigarette use and
each of those variables in the fully adjusted model. Two-sided tests used an alpha of 0.05, and 95%
confidence intervals are reported throughout. The secondary outcome, the number of untreated
decayed teeth, was summarized with weighted means because its distribution was skewed, and
the means were compared descriptively between exposure groups rather than modeled with a
count regression. Analyses were performed in Python 3.14 with pandas, numpy and scipy using
a purpose-written Taylor series linearization estimator; the analysis script is reproducible and the
computed metrics are stored with the manuscript. The same script was executed twice on the
same data and produced identical results, which verified that the estimates were not affected by
any stochastic components.
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RESULTS

Study population

The pooled NHANES 2015-2018 sample comprised 19,225 participants, of whom 11,288 were
aged 20 years or older (Figure 1). The two survey cycles contributed comparable numbers of adults.
After excluding 482 edentulous adults and 549 adults without a performed oral health examina-
tion, 10,257 dentate adults remained. Of these, 9,042 had complete data on exposure, covariates
and caries and formed the analytic sample; the remainder were excluded because one or more
analytic variables were missing.

Figure 1. Flow diagram of participant selection from the pooled NHANES 2015-2018 adult sample.

NHANES 2015-2016 and 2017-2018

participants with examination data
n=19225

!

Adults aged 20 years or older
n=11,288

!

Edentulous excluded
(at least one natural tooth)
(n = 482)
n=10,806

'

Oral health examination performed
No examination (n = 549)

n=10,257

|

Complete data on exposure and covariates
(analytic sample)
n=9,042

Note: NHANES = National Health and Nutrition Examination Survey. Source: Own elaboration.

Current e-cigarette users differed from non-users across sociodemographic and behavioral
characteristics (Table 1). A larger proportion of users than of non-users were male, were current
cigarette smokers, and reported current cigar or smokeless tobacco use. Users were younger, had
a lower mean income-to-poverty ratio, and a smaller proportion reported a dental visit within the
past year. Current e-cigarette use was concentrated in adults aged 20 to 39 years and in current
cigarette smokers. The mean number of untreated decayed teeth was also higher in e-cigarette
users than in non-users (Table 1).

Primary outcome

The weighted prevalence of current e-cigarette use was 5.50%, based on 417 users, and the
weighted prevalence of untreated coronal caries was 19.20% overall, based on 2,071 affected adults.
Untreated coronal caries was more prevalent among current e-cigarette users than among non-
users, at 30.20% versus 18.50% (Table 2). The prevalence also rose with cigarette smoking status, from
the lowest value in never smokers to the highest value in current smokers, a gradient consistent
with the combined-category pattern described below.

Prevalence rose across combined tobacco use categories, from 15.50% among adults who
used neither product to 18.60% among exclusive e-cigarette users, 32.10% among exclusive com-
bustible tobacco users and 36.60% among dual users (Figure 2). The highest prevalence was obser-
ved among adults who used both product types, and the prevalence among exclusive e-cigarette
users was closer to the prevalence among users of neither product than to the prevalence among
combustible tobacco users.
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Table 1. Characteristics of US adults aged 20 years and older by current e-cigarette use, NHANES 2015-

2018.

Characteristic All (n =9042) No e-cigarette (n = 8625) | E-cigarette (n = 417) P
Age, mean (SD) 479 (17.1) 485 (17) 37.3 (14.5) <0.001
Age 20-39 36.5 35.0 62.2 <0.001
Age 40-64 43.6 442 339 <0.001
Age 65 or more 19.9 209 39 <0.001
Male 481 474 60.4 <0.001
Female 519 52.6 39.6 <0.001
Hispanic 14.3 14.5 n3 0.030
Non-Hispanic White 651 65.0 66.9 0.538
Non-Hispanic Black 1.0 1.0 10.5 0.657
Non-Hispanic Asian 5.4 515 2.6 <0.001
Other/multiracial 42 4.0 8.7 0.017
Less than high school 12.0 LES) 17.4 0.003
High school or equivalent 239 233 34.6 <0.001
Some college 32.0 31.8 36.6 0.072
College graduate or above 321 333 N4 <0.001
Income-to-poverty ratio, mean (SD) 3.0 (1) 31(1.6) 25(16) <0.001
Never smoker 571 595 159 <0.001
Former smoker 255 255 26.8 0.603
Current smoker 17.4 15.1 573 <0.001
Current cigar use 6.1 51 237 <0.001
Current smokeless tobacco use 37 32 10.6 <0.001
Dental visit within past year 591 597, 48.0 <0.001
Untreated decayed teeth, mean (SD) 0.5 (1.5) 0.5 (1.5) 11(2.6) <0.001

Note: Values are weighted percentages or weighted mean (SD). p values are from survey-weighted linear contrasts with Taylor series
linearization. Source: Own elaboration from the National Health and Nutrition Examination Survey (NHANES) 2015-2018.

Figure 2. Weighted prevalence of untreated coronal caries by tobacco use category.

50 A

40 -

30 A

20 A

15.5
T
1

Untreated coronal caries (%)

10 A

T
Neither

E-cigarette only

i

T
Combustible only

Dual use

Note: Error bars indicate 95% confidence intervals. E-cigarette and combustible tobacco use refer to the past 30 days. Source: Own
elaboration.
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Table 2. Weighted prevalence of untreated coronal caries by e-cigarette use and cigarette smoking
status, NHANES 2015-2018.

Group Prevalence (%)
Overall 19.2
Current e-cigarette use 30.2
No current e-cigarette use 18.5
Never smoker 15.7
Former smoker 16.4
Current smoker 347

Note: Untreated coronal caries was defined as at least one permanent tooth with untreated decay. Source: Own elaboration from the
National Health and Nutrition Examination Survey (NHANES) 2015-2018.

In survey-weighted logistic regression, the unadjusted odds of untreated coronal caries were
1.91 times higher (95% CIl 1.47-2.48) among current e-cigarette users than among non-users (Table
3). Adjustment for age, sex and race/ethnicity attenuated the estimate to 1.64 (95% Cl 1.23-2.19).
After full adjustment for education, income-to-poverty ratio, cigarette smoking status, cigar use
and dental visits, the association was no longer evident, with an odds ratio of 0.98 (95% CI 0.76-1.27).

Secondary outcome

The weighted mean number of untreated decayed teeth was 0.52 overall, 1.15 among current
e-cigarette users and 0.49 among non-users (Table 1). The mean was higher in e-cigarette users
than in non-users.

Table 3. Association between current e-cigarette use and untreated coronal caries, survey-weighted
logistic regression.

Model OR 95% ClI p

Unadjusted 1.91 1.47-2.48 <0.001

Adjusted for age, sex and race/ethnicity 1.64 1.23-2.19 <0.001

Fully adjusted 0.98 0.76-1.27 0.896

Sensitivity: adults aged 20-64 years 0.99 0.78-1.27 0.963

Sensitivity: additionally adjusted for

0.96 0.74-124 0.744
smokeless tobacco

Note: OR = odds ratio; Cl = confidence interval. The fully adjusted model includes age, sex, race/ethnicity, education, income-to-poverty
ratio, cigarette smoking status, current cigar use and dental visit within the past year. Source: Own elaboration from the National Health
and Nutrition Examination Survey (NHANES) 2015-2018.

Sensitivity and exploratory analyses

The primary result was stable in sensitivity analyses. Restricting the sample to adults aged 20
to 64 years produced an odds ratio of 0.99 (95% Cl 0.78-1.27), and additional adjustment for current
smokeless tobacco use produced an odds ratio of 0.96 (95% CI 0.74-1.24) (Table 3).

In subgroup analyses the fully adjusted odds ratio was 1.13 (95% CIl 0.83-1.55) among adults
aged 20 to 39 years, 0.85 (95% CI 0.55-1.32) among those aged 40 to 64 years and 0.39 (95% CI 0.07-
2.02) among those aged 65 years or older. By cigarette smoking status the odds ratio was 1.02 (95%
Cl 0.56-1.84) in never smokers, 0.85 (95% Cl 0.37-1.92) in former smokers and 0.97 (95% CI 0.71-1.33)
in current smokers. The interaction of e-cigarette use with age group and with cigarette smoking
status was not statistically significant (p = 0.128 and p = 0.977, respectively). None of the subgroup
point estimates departed from the null by a meaningful margin, and the subgroup in which the
exposure is least common, adults aged 65 years or older, had the widest confidence interval.
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DISCUSSION

In this nationally representative sample of United States adults, current e-cigarette users had
a higher prevalence of untreated coronal caries than non-users, but the association disappeared
once combustible tobacco use and sociodemographic and dental-access factors were taken into
account. The crude odds ratio of 1.91 fell to 1.64 with demographic adjustment and to 0.98, close
to the null, in the fully adjusted model. This pattern indicates that the elevated caries prevalence
observed among e-cigarette users is explained largely by their concurrent cigarette smoking and
by the socioeconomic and dental-care characteristics that accompany e-cigarette use, rather than
by an independent effect of the aerosol itself.

These findings refine the emerging literature on vaping and caries. Vemulapalli and collea-
gues, analyzing the 2017-2018 NHANES, reported higher odds of untreated caries among current
e-cigarette users, but their reference group was never smokers, so their estimate could not distin-
guish an e-cigarette effect fromn combustible tobacco exposure.(20)A clinic-based study of more
than 13,000 patients likewise found a higher caries risk level among people who vaped, although
it relied on record-based risk assessment and did not control for smoking and socioeconomic
position in the same way.(17)The present analysis, which explicitly adjusted for cigarette smoking
status and other combustible tobacco, is consistent with the direction of those earlier reports in
unadjusted terms but attributes the excess risk to confounding. Scoping and systematic reviews
have repeatedly concluded that the evidence linking e-cigarettes to caries is suggestive rather
than conclusive, a caveat that this result supports.(18,19,22,23)

The discrepancy with earlier reports is best understood through the composition of the e-ci-
garette-using population. In this sample, more than half of e-cigarette users were current cigare-
tte smokers, and a further quarter were former smokers, so the group carried a heavy burden of
combustible tobacco exposure that is itself an established caries risk factor.(11)When the combined
categories were examined, untreated caries prevalence rose from 15.50% among users of neither
product to 32.10% among combustible tobacco users and 36.60% among dual users, while exclu-
sive e-cigarette users had a prevalence close to that of users of neither product. This gradient, in
which combustible tobacco drives most of the excess, mirrors the demographic pattern described
in national surveillance, where a large share of e-cigarette users also smoke cigarettes.(7)It also
explains why studies that compare e-cigarette users with never smokers, without separating dual
use, observe associations that attenuate once combustible tobacco is entered into the model.(20)

The mechanistic literature offers reasons why an independent association might exist but
also why it could be modest. Sweet e-liquid flavorings increase the cariogenic potential of aerosols,
and e-cigarette vapor promotes Streptococcus mutans growth, adhesion and biofilm formation in
vitro.(14,15) E-cigarette users show compositional shifts in the supragingival and salivary microbiome
that resemble, in part, the shifts described in combustible tobacco users, and aerosol exposure
has broad effects on the oral environment.(24,25) However, combustible tobacco has a well-docu-
mented association with dental caries,(11)Jand smoking alters the supragingival microbiome in ways
directly relevant to caries.(12)Because a majority of e-cigarette users in this sample also smoked
cigarettes, the independent contribution of vaping to caries, if any, is difficult to detect above the
strong signal of combustible tobacco. Xerostomia and reduced salivary buffering, proposed inter-
mediaries between vaping and caries, are reported for e-cigarette use but are less pronounced
than with smoking, and the toxicological evidence indicates that, although e-cigarette aerosol is
not harmless, its oral burden is lower than that of combustible smoke.(13,26)

The same pattern of attenuation appears in the periodontal literature. A national study of
Korean adults reported associations between e-cigarette use and periodontal disease that weake-
ned markedly once conventional cigarette smoking was accounted for.(27)The parallel between
that result and the present one suggests that, at least in populations where vaping and smoking
overlap heavily, unadjusted oral disease estimates for e-cigarettes overstate any product-specific
effect. This is not to say that e-cigarettes are benign for the oral cavity; it means that, in cross-sec-
tional data with substantial dual use, their independent signal is smaller than the signal of the
combustible tobacco with which they co-occur.

An important caveat is that the failure to detect an independent association should not be
read as definitive proof that e-cigarette aerosols cannot promote caries. The analytic sample con-
tained 417 current e-cigarette users, and the fully adjusted confidence interval of 0.76-1.27 could
not exclude a modest association. If an independent effect exists but is small, it would require
larger samples or better-separated exposure groups to detect. In vitro data show that sweetened
aerosols can be cariogenic,(14)so the appropriate conclusion is that any independent effect in the
general adult population is modest relative to combustible tobacco and to diet and access, not
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that the mechanism is irrelevant.

Diet and oral hygiene are the dominant proximal determinants of coronal caries and may
further explain the null independent result. Dietary patterns and diet quality are associated with
caries in United States adults, and untreated caries is strongly patterned by income, education and
dental attendance.(4,28,29)In this sample e-cigarette users reported fewer dental visits, a known
correlate of untreated disease, and lower income, which supports the interpretation that access
and behavior, rather than the aerosol itself, account for the observed disparity.(30)Because e-ciga-
rette users in this sample were also more often current cigarette smokers, the confounding was
largely positive, inflating the crude estimate relative to the adjusted one; the attenuation seen
across models is therefore the expected signature of confounding by tobacco use and access.
International studies of adult caries confirm that untreated lesions track socioeconomic gradients
even in populations with low e-cigarette use.(31)The ecological plague model remains the reference
framework for understanding how diet and salivary factors, rather than any single product, drive
caries initiation.(3)

This study has strengths. It used a large, nationally representative sample with a standardized
clinical examination, an exposure definition based on the past 30 days, and explicit adjustment for
cigarette smoking, the principal confounder identified in earlier work. The prespecified hierarchy
separated the primary outcome from secondary and exploratory analyses, and two sensitivity analy-
ses produced estimates consistent with the primary model. The combined four-year design more
than doubled the sample available to earlier single-cycle analyses and improved the precision of
the subgroup estimates in younger adults, the group in which e-cigarette use is most common.(7)
The use of masked variance units with a Taylor series linearization estimator respected the com-
plex survey design rather than treating the sample as if it were a simple random sample, and the
reporting of unadjusted, partially adjusted and fully adjusted models allowed the contribution of
each covariate group to be traced as the estimate moved toward the null.

Several limitations require consideration. First, the design is cross-sectional, so temporality
between e-cigarette use and caries cannot be established, and longitudinal studies would be nee-
ded to rule out reverse causation or shared antecedents; a cohort design that measures incident
caries after documented e-cigarette initiation would be the most direct test. Second, exposure
was self-reported and captured only the past 30 days, which may misclassify intermittent users,
so future work would benefit from biomarker confirmation of exposure. Third, the recall windows
of the tobacco questionnaires could not reconstruct lifetime duration or intensity of vaping, and
cohort studies that measure cumulative exposure would strengthen causal inference. Fourth, diet
and oral hygiene were not directly measured, leaving residual confounding, and a future analysis
with dietary recall data could address this gap; sugar intake in particular is a strong determinant
of coronal caries that NHANES measures only through separate dietary modules.(28)Fifth, because
e-cigarette use is concentrated in young adults and among smokers, subgroup estimates, parti-
cularly in older adults, were imprecise, and larger pooled cycles would improve precision. Sixth,
the complete-case approach excluded participants with missing data, and although the analytic
sample remained large, a multiple-imputation analysis would test the sensitivity of the estimates to
missingness. Seventh, the results apply to dentate adults in the United States and may not generali-
ze to populations with different patterns of dual tobacco use or different caries epidemiology.(10,31)

For clinical practice, these findings do not diminish the importance of asking about vaping,
because e-cigarette users in this sample carried a substantial burden of untreated caries and of
combustible tobacco use. Dental teams can use vaping status as a marker of elevated caries risk and
as an opening to address concurrent smoking, which remains the stronger and better-documented
oral health threat. The finding that the association attenuates after adjustment also reinforces the
value of a complete risk assessment that records smoking status, socioeconomic circumstances
and dental attendance alongside vaping, since these factors jointly determine caries risk.(2,4) Public
health messaging about the oral effects of e-cigarettes should avoid overstating an independent
cariogenic effect while continuing to emphasize cessation of all tobacco products. The absence
of an independent association in this population does not license complacency about e-cigarette
marketing to young adults, whose initiation of any nicotine product carries its own risks.(7,9) Finally,
because the exposure and the outcome are both measurable in routine dental and survey settings,
the analytic approach used here can be replicated in other national surveys to monitor whether
the association changes as the product market and dual-use patterns evolve over time.(10)
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CONCLUSIONS

In this nationally representative sample of United States adults, current e-cigarette users had
a higher prevalence of untreated coronal caries than non-users, but this excess was explained by
combustible tobacco use and by sociodemographic and dental-access factors. After adjustment
for these confounders, current e-cigarette use was not independently associated with untreated
coronal caries, and the result was consistent across sensitivity analyses, age strata and cigarette
smoking strata. The higher number of untreated decayed teeth observed among e-cigarette users
followed the same pattern and was likewise attributable to concurrent combustible tobacco use
and to the characteristics of the population that uses e-cigarettes.

https://doi.org/10.62486/dent202337 10


https://doi.org/10.62486/dent202337

Escalante Freitez et al. SAP Dentistry. 2023;1:37

REFERENCES

1. Pitts NB, Zero DT, Marsh PD, Ekstrand K, Weintraub JA, Ramos-Gomez F, et al. Dental caries. Nat Rev Dis
Primers. 2017;3(1):17030. doi: 10.1038/nrdp.2017.30

2.Cheng L, Zhang L, Yue L, Ling J, Fan M, Yang D, et al. Expert consensus on dental caries management. Int
J Oral Sci. 2022;14(1):17. doi: 10.1038/541368-022-00167-3

3. Kilian M, Chapple ILC, Hannig M, Marsh PD, Meuric V, Pedersen AML, et al. The oral microbiome —an update
for oral healthcare professionals. Br Dent J. 2016;221(10):657-666. doi: 10.1038/sj.bdj.2016.865

4. Gupta N, Vujicic M, Yarbrough C, Harrison B. Disparities in untreated caries among children and adults in
the U.S., 2011-2014. BMC Oral Health. 2018;18(1):30. doi: 10.1186/512903-018-0493-7

5.King BA, Alam S, Promoff G, Arrazola R, Dube SR. Awareness and Ever-Use of Electronic Cigarettes Among
U.S. Adults, 2010-2011. Nicotine &amp; Tobacco Research. 2013:15(9):1623-1627. doi: 10.1093/ntr/ntt013

6. Delnevo CD, Giovenco DP, Steinberg MB, Villanti AC, Pearson JL, Niaura RS, et al. Patterns of Electronic
Cigarette Use Among Adults in the United States. NICTOB. 2016;18(5):715-719. doi: 10.1093/ntr/ntv237

7. Cornelius ME, Wang TW, Jamal A, Loretan CG, Neff LJ. Tobacco Product Use Among Adults — United States,
2019. MMWR Morb Mortal Wkly Rep. 2020;69(46):1736-1742. doi: 10.15585/mmwr.mm6946a4

8. Creamer MR, Wang TW, Babb S, Cullen KA, Day H, Willis G, et al. Tobacco Product Use and Cessation Indi-
cators Among Adults — United States, 2018. MMWR Morb Mortal Wkly Rep. 2019;68(45):1013-1019. doi: 10.15585/
mmwr.mmo6845a2

9.DuY, Liu B,Xu G, Rong S, Sun'Y, Wu Y, et al. Association of Electronic Cigarette Regulations With Electronic
Cigarette Use Among Adults in the United States. JAMA Netw Open. 2020;3(1):e1920255. doi: 10.1007/jamane-
tworkopen.2019.20255

10. Pan L, Morton J, Mbulo L, Dean A, Ahluwalia IB. Electronic cigarette use among adults in 14 countries: A
cross-sectional study. eClinicalMedicine. 2022;47:101401. doi: 10.1016/j.eclinm.2022.101401

1. Jiang* X, Jiang* X, Wang<sup>#</sup> Y, Huang<sup>#</sup> R. Correlation between tobacco smoking and
dental caries: A systematic review and meta-analysis. Tob Induc Dis. 2019;17(April):34-34. doi: 10.18332/tid/106117
12. Al-Marzooq F, Al Kawas S, Rahman B, Shearston JA, Saad H, Benzina D, et al. Supragingival microbiome
alternations as a consequence of smoking different tobacco types and its relation to dental caries. Sci Rep.
2022:12(1):2861. doi: 10.1038/s41598-022-06907-z

13. Chaffee BW, Halpern-Felsher B, Cheng J. E-cigarette, cannabis and combustible tobacco use: associations
with xerostomia among California adolescents. Commm Dent Oral Epid. 2023;51(2):180-186. doi: 10.1111/cdoe. 12721
14. Kim SA, Smith S, Beauchamp C, Song VY, Chiang M, Giuseppetti A, et al. Cariogenic potential of sweet flavors
in electronic-cigarette liquids. PLoS ONE. 2018:13(9):e0203717. doi: 10.1371/journal.pone.0203717

15. Rouabhia M, Semlali A. Electronic cigarette vapor increases Streptococcus mutans growth, adhesion, biofilm
formation, and expression of the biofilm-associated genes. Oral Diseases. 2021;27(3):639-647. doi: 10.1111/0di.1356 4
16. Irusa KF, Vence B, Donovan T. Potential oral health effects of e-cigarettes and vaping: A review and case
reports. J Esthet Restor Dent. 2020:32(3):260-264. doi: 10.1111/jerd. 12583

17. Irusa KF, Finkelman M, Magnuson B, Donovan T, Eisen SE. A comparison of the caries risk between patients
who use vapes or electronic cigarettes and those who do not. The Journal of the American Dental Association.
2022;153(12):1179-1183. doi: 10.1016/j.adaj.2022.09.013

18. Camoni N, Conti G, Esteves-Oliveira M, Carvalho TS, Roccuzzo A, Cagetti MG, et al. Electronic Cigaret-
tes, Heated Tobacco Products, and Oral Health: A Systematic Review and Meta-Analysis. Applied Sciences.
2023:13(17):9654. doi: 10.3390/appl3179654

19. Zhang Q, Wen C. The risk profile of electronic nicotine delivery systems, compared to traditional cigarettes,
on oral disease: a review. Front Public Health. 2023:11:1146949. doi: 10.3389/fpubh.2023.1146949

20. Vemulapalli A, Mandapati SR, Kotha A, Aryal S. Association between vaping and untreated caries. The
Journal of the American Dental Association. 2021;152(9):720-729. doi: 10.1016/j.adaj.2021.04.014

21. Centers for Disease Control and Prevention (CDC), National Center for Health Statistics (NCHS). National
Health and Nutrition Examination Survey 2015-2016 and 2017-2018 public use data files (demographics, oral
health, smoking) [Internet]. 2020. Available from: https:/Mwwwn.cdc.gov/nchs/nhanes/continuousnhanes/de-
fault.aspx

22. Gaur S, Agnihotri R. The Role of Electronic Cigarettes in Dental Caries: A Scoping Review. Scientifica.
2023:2023:1-9. doi: 10.1155/2023/9980011

23. Fatima M, Muhammad Ali F, Ullah R. Popular Trend of Electronic Cigarettes and Their Adverse Effects on
Oral Health. Cureus. 2023;15(12):e50808-e50808. doi: 10.7759/cureus.50808

24. Chopyk J, Bojanowski CM, Shin J, Moshensky A, Fuentes AL, Bonde SS, et al. Compositional Differences
in the Oral Microbiome of E-cigarette Users. Front Microbiol. 2021;12:599664. doi: 10.3389/fmicb.2021.599664
25. Almeida-da-Silva CLC, Matshik Dakafay H, O'Brien K, Montierth D, Xiao N, Ojcius DM. Effects of electronic
cigarette aerosol exposure on oral and systemic health. Biomedical Journal. 2021;44(3):252-259. doi: 10.1016/].
bj.2020.07.003

26. Gordon T, Karey E, Rebuli ME, Escobar YNH, Jaspers |, Chen LC. E-Cigarette Toxicology. Annu Rev Pharmacol
Toxicol. 2022:62(1):301-322. doi: 10.1146/annurev-pharmtox-042921-084202

27.Jeong W, Choi D, Kim YK, Lee HJ, Lee SA, Park E, et al. Associations of electronic and conventional cigarette
use with periodontal disease in South Korean adults. Journal of Periodontology. 2020;91(1):55-64. doi: 10.1002/
jper19-0060

28. Blostein FA, Jansen EC, Jones AD, Marshall TA, Foxman B. Dietary patterns associated with dental caries
in adults in the United States. Comm Dent Oral Epid. 2020;48(2):119-129. doi: 10.1111/cdoe.12509

https://doi.org/10.62486/dent202337 il


https://doi.org/10.62486/dent202337

Escalante Freitez et al. SAP Dentistry. 2023;1:37

29. Kaye EA, Sohn W, Garcia RI. The Healthy Eating Index and coronal dental caries in US adults. The Journal
of the American Dental Association. 2020;151(2):78-86. doi: 10.1016/j.adaj.2019.09.009

30.Shi L, Zhu Z, Tian Q, He L. Association of Interdental Cleaning and Untreated Root Caries in Adults in the
United States of America. International Dental Journal. 2023;73(6):819-827. doi: 10.1016/j.ident].2023.04.004
31. Rgdseth SC, Hgvik H, Schuller AA, Bjertness E, Skudutyte-Rysstad R. Dental caries in a Norwegian adult
population, the HUNT4 oral health study; prevalence, distribution and 45-year trends. Acta Odontologica
Scandinavica. 2023;81(3):202-210. doi: 10.1080/00016357.2022.2117735

https://doi.org/10.62486/dent202337 12


https://doi.org/10.62486/dent202337

Escalante Freitez et al.

FUNDING

No financing

CONFLICT OF INTEREST

None

AUTHORSHIP CONTRIBUTIONS

Drafting — original draft: Maria Fernanda Escalante Freitez.
Writing-review and editing: Maria Fernanda Escalante Freitez.

https://doi.org/10.62486/dent202337

SAP Dentistry. 2023;1:37


https://doi.org/10.62486/dent202337

	Current electronic cigarette use and untreated coronal caries in United States adults: a cross-sectional study
	INTRODUCTION
	METHODS
	Design and data source
	Study population
	Variables
	Statistical analysis

	RESULTS
	Study population
	Primary outcome
	Secondary outcome
	Sensitivity and exploratory analyses

	DISCUSSION
	CONCLUSIONS
	References
	Funding
	Conflict of interest
	Authorship contributions


