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 Abstract
Introduction
Large-scale, ongoing cohort studies may offer a complementary approach for monitoring population
patterns of e-cigarette use alongside established national surveillance systems. This study assessed
the prevalence and patterns of current and daily e-cigarette use among adults in the All of Us
Research Program from 2017 to 2023 and compared observed patterns with those from established
national surveys.

Material and methods
This repeated cross-sectional analysis included adults aged 18 years or older who completed the All of
Us Lifestyle Survey between 2017 and 2023. Current and daily e-cigarette use were ascertained
through self-reported survey items. The analytic cohort was sex-balanced through random
subsampling of female participants (1:1 ratio), and overall prevalence estimates were age-
standardized to the 2020 U.S. Census adult age distribution. All analyses were descriptive.

Results
The analytic sample included 418,772 participants. Age-standardized prevalence of current e-cigarette
use was 6.1% (95% CI: 6.0–6.2), and daily use was 2.4% (95% CI: 2.3–2.4). Prevalence was highest
among adults aged 18–24 years (13.3%), male participants (7.0%), and those with depression (7.5%).
Annual current use prevalence rose from 3.8% in 2017 to 8.5% in 2023, with a dip to 4.5% in 2020.
Among young adults reporting current e-cigarette use, the proportion reporting never combustible
cigarette use grew from 51.5% in 2017 to 65.2% in 2023.

Conclusions
E-cigarette use was most common among young adults, with patterns consistent with nationally
representative datasets. These findings support the potential of the All of Us Research Program as a
complementary resource for monitoring e-cigarette use.Prep
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Introduction: Large-scale, ongoing cohort studies may offer a complementary approach for 4 

monitoring population patterns of e-cigarette use alongside established national surveillance 5 

systems. This study assessed the prevalence and patterns of current and daily e-cigarette use 6 

among adults in the All of Us Research Program from 2017 to 2023 and compared observed 7 

patterns with those from established national surveys. 8 

 9 

Material and Methods: This repeated cross-sectional analysis included adults aged 18 years 10 

or older who completed the All of Us Lifestyle Survey between 2017 and 2023. Current and 11 

daily e-cigarette use were ascertained through self-reported survey items. The analytic cohort 12 

was sex-balanced through random subsampling of female participants (1:1 ratio), and overall 13 

prevalence estimates were age-standardized to the 2020 U.S. Census adult age distribution. 14 

All analyses were descriptive. 15 

 16 

Results: The analytic sample included 418,772 participants. Age-standardized prevalence of 17 

current e-cigarette use was 6.1% (95% CI: 6.0–6.2), and daily use was 2.4% (95% CI: 2.3–18 

2.4). Prevalence was highest among adults aged 18–24 years (13.3%), male participants 19 

(7.0%), and those with depression (7.5%). Annual current use prevalence rose from 3.8% in 20 

2017 to 8.5% in 2023, with a dip to 4.5% in 2020. Among young adults reporting current e-21 

cigarette use, the proportion reporting never combustible cigarette use grew from 51.5% in 22 

2017 to 65.2% in 2023. 23 

 24 

Conclusions: E-cigarette use was most common among young adults, with patterns 25 

consistent with nationally representative datasets. These findings support the potential of the 26 

All of Us Research Program as a complementary resource for monitoring e-cigarette use. 27 
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Introduction 31 

Electronic cigarettes (e-cigarettes) are battery-operated devices that heat a liquid to generate 32 

an inhaled aerosol, typically containing nicotine and other additives [1, 2]. E-cigarette use 33 

remains a pressing public health concern in the United States (U.S.), with adult prevalence 34 

across national surveys consistently exceeding 3% in recent years [3–7]. This sustained level 35 

of use may partly reflect continued consumption among adults who began using e-cigarettes 36 

earlier in life. 37 

 38 

Because adult e-cigarette use continues at substantial levels and the balance of potential 39 

benefits and harms remains under active investigation [8–11], ongoing monitoring is 40 

warranted. Patterns of use differ by demographic characteristics and may shift in response to 41 

changes in product availability, marketing practices, and the regulatory environment [12]. 42 

 43 

National surveillance systems, including the National Health Interview Survey (NHIS), 44 

Behavioral Risk Factor Surveillance System (BRFSS), and National Health and Nutrition 45 

Examination Survey, provide essential population-level estimates of adult e-cigarette use 46 

among other federal and state surveillance programs [5–7, 13–19]. These surveys support 47 

monitoring of population trends, assessment of demographic variation over time, and inform 48 

both policy formulation and evaluation. However, because data collection follows periodic 49 

cycles, these systems may be less well positioned to capture rapidly emerging changes in use 50 

patterns. 51 

 52 
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The All of Us Research Program is a large, ongoing U.S.-based cohort designed to reflect the 53 

diversity of the U.S. population and support a broad range of health research [20–24]. Since 54 

its national launch, the program has enrolled hundreds of thousands of participants, with 55 

large numbers contributing survey data and biospecimens. Although All of Us is not 56 

nationally representative, its large sample size and rolling data collection may permit more 57 

timely assessment of e-cigarette use patterns across demographic subgroups and calendar 58 

years, complementing established surveillance systems. 59 

 60 

The objective of this study was to assess whether the All of Us Research Program can serve 61 

as a complementary data source for monitoring population patterns of e-cigarette use among 62 

U.S. adults. To this end, the prevalence and patterns of current and daily e-cigarette use were 63 

described from 2017 to 2023. Prevalence was examined overall and by survey year, 64 

demographic characteristics, and combustible cigarette use history. Observed patterns were 65 

then compared with those reported by established national surveillance systems, including 66 

the NHIS and BRFSS. 67 
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Material and Methods 69 

Study design and data source 70 

This study used repeated cross-sectional survey data from adult participants enrolled in the 71 

All of Us Research Program. All of Us is a large, ongoing U.S.-based cohort supported by 72 

the National Institutes of Health that collects participant-provided information through 73 

standardized surveys and, for a subset of participants, linked electronic health record (EHR) 74 

data. The program is designed to support a broad range of biomedical and public health 75 

research and includes participants from a wide range of demographic backgrounds [20–22, 76 

24]. 77 

 78 

Participants enroll through affiliated health care organizations or directly through the 79 

program and provide informed consent prior to participation. They complete standardized 80 

self-report surveys, including the Lifestyle Survey, which collects information on tobacco 81 

and nicotine product use and health-related behaviors. Sociodemographic characteristics are 82 

obtained from the Basics Survey, completed by all participants at study entry. Detailed 83 

descriptions of the overall study design and data collection procedures have been published 84 

previously [20, 23]. 85 

 86 

For this analysis, Lifestyle Survey data from the Registered Tier Curated Data Repository 87 

(CDR, version 8), collected between 2017 and 2023, were used. Because participants 88 

complete surveys at different times, annual estimates represent repeated cross-sectional 89 

samples rather than longitudinal follow-up of the same individuals. 90 

 91 
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Study population 92 

Our initial study population included adults aged 18 years or older who completed the 93 

Lifestyle Survey during the study period. We excluded participants with missing e-cigarette 94 

use, age, or sex data (n = 12,166; 2.8% of Lifestyle Survey respondents), yielding a final 95 

analytic sample of 418,772 participants. Given the small proportion excluded, these 96 

exclusions are unlikely to materially bias prevalence estimates. 97 

 98 

Measures 99 

We assessed e-cigarette use using self-reported Lifestyle Survey items and categorized it as 100 

never, former, or current use. Among those reporting current use, we further classified 101 

frequency as daily or occasional (non-daily). Our primary outcomes were current e-cigarette 102 

use and daily e-cigarette use. 103 

 104 

Combustible cigarette use history was self-reported and categorized as never, former, or 105 

current use. We used this measure to characterize combustible cigarette use history among 106 

participants reporting current and daily e-cigarette use. 107 

 108 

Demographic characteristics, including age, sex, race and ethnicity, and sexual orientation, 109 

were self-reported. We categorized age into standard adult groups. We identified chronic 110 

health conditions using linked EHR data where available; these included asthma, type 2 111 

diabetes, hypertension, cardiovascular disease, and depression. These conditions were 112 

ascertained from the linked electronic health record and were not anchored to the timing of 113 

Lifestyle Survey completion. We selected these conditions on the basis of their prevalence in 114 
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the adult population and established or hypothesized associations with tobacco and nicotine 115 

product use. EHR-derived covariates were available for participants with linked data (n = 116 

277,232); we restricted analyses involving chronic conditions to this subset. 117 

 118 

Statistical analysis 119 

All analyses were descriptive. We estimated the prevalence of current and daily e-cigarette 120 

use overall, by calendar year (2017–2023), and across demographic subgroups. Because the 121 

objective was descriptive characterization rather than hypothesis testing, we conducted no 122 

statistical comparisons, and adjustment for multiple comparisons was not applicable. 123 

 124 

Voluntary recruitment into the All of Us Research Program produced a female-predominant 125 

sample that limits direct comparability with nationally representative benchmarks. Rather 126 

than applying post-stratification weights, which require known population inclusion 127 

probabilities unavailable under this non-probability design, we used random subsampling to 128 

create a sex-balanced analytic cohort with a 1:1 male-to-female ratio by randomly sampling 129 

female participants to match the number of male participants. We selected this approach as a 130 

transparent and reproducible step intended to improve descriptive comparability with 131 

national surveillance estimates; it is not a representativeness correction, and all estimates 132 

should be interpreted as reflecting patterns within the All of Us cohort rather than population-133 

level parameters. A single fixed random subsample was used for the primary analysis; to 134 

assess sensitivity to this random selection, the subsampling was repeated across multiple 135 

independent draws, which produced consistent estimates. We age-standardized overall 136 

prevalence estimates to the 2020 U.S. Census adult age distribution to facilitate descriptive 137 
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comparison with national surveillance systems [25]. We applied age-standardization to 138 

overall prevalence estimates only; subgroup-specific estimates represent crude 139 

(unstandardized) prevalence and reflect the age composition of each subgroup. 140 

We calculated annual prevalence estimates of current and daily e-cigarette use separately for 141 

each calendar year. We calculated daily-to-current use ratios for each year by dividing the 142 

prevalence of daily use by the prevalence of current use to describe patterns in use intensity 143 

over time. Because respondents differed across years and the objective was descriptive 144 

monitoring, we conducted no statistical tests for time trends; year-to-year differences are 145 

presented as observed patterns within the All of Us cohort. Because the Lifestyle Survey is 146 

completed once near enrollment, estimates for each calendar year reflect the composition of 147 

participants enrolling in that year as well as the timing of behavior. We examined 148 

combustible cigarette use status (never, former, current) among participants reporting current 149 

or daily e-cigarette use, stratified by age group and calendar year. 150 

 151 

We conducted analyses using R version 4.3.1 in the All of Us Researcher Workbench 152 

(embedded Jupyter environment), with the dplyr, tidyr, and ggplot2 packages. 153 
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Results 155 

Study population 156 

The analytic sample included 418,772 participants. Most were aged 25–64 years (318,511 157 

[76.0%]), identified as heterosexual (357,501 [85.4%]), and were employed (242,371 158 

[57.9%]). The most frequently reported racial and ethnic identities were non-Hispanic White 159 

(222,704 [53.2%]), Hispanic (79,025 [18.9%]), and non-Hispanic Black (75,378 [18.0%]) 160 

(Table 1). 161 

 162 

Overall and annual prevalence of e-cigarette use 163 

 164 
Overall age-standardized prevalence of current and daily e-cigarette use was 6.1% (95% CI: 165 

6.0–6.2) and 2.4% (95% CI: 2.3–2.4), respectively, corresponding to a daily-to-current use 166 

ratio of 39.1% (Table 2). 167 

 168 

Annual prevalence of current e-cigarette use ranged from 3.8% (95% CI: 3.4–4.2) in 2017 to 169 

8.5% (95% CI: 8.3–8.7) in 2023. A lower observed value occurred in 2020 (4.5% [95% CI: 170 

4.3–4.7]) compared with 2019 (5.2% [95% CI: 5.1–5.4]). Annual prevalence of daily use 171 

ranged from 1.0% (95% CI: 0.8–1.2) in 2017 to 4.1% (95% CI: 3.9–4.2) in 2023. The daily-172 

to-current use ratio ranged from 25.3% in 2017 to 47.1% in 2022 and 48.0% in 2023 (Figure 173 

1). 174 

 175 

Prevalence of e-cigarette use by participant characteristics 176 

Current e-cigarette use prevalence was highest among adults aged 18–24 years (13.3% [95% 177 

CI: 12.9–13.7]), followed by adults aged 25–44 years (8.5% [95% CI: 8.4–8.6]). Daily use 178 
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followed a similar age pattern, with prevalence of 5.1% (95% CI: 4.8–5.3) among adults aged 179 

18–24 years and 3.4% (95% CI: 3.3–3.5) among adults aged 25–44 years (Table 2). 180 

Higher prevalence of current e-cigarette use was observed among male participants (7.0%), 181 

non-Hispanic White participants (6.6%), and participants identifying as bisexual (15.0%). 182 

Prevalence was also higher among those with body mass index less than 18.5 kg/m² (10.7%), 183 

participants who were students (9.3%), those who were single (8.9%), those with a high 184 

school degree or some college education (9.0%), participants with low income (8.0%), and 185 

participants with depression (7.5%) or asthma (6.0%) (Table 2). 186 

 187 

Across combustible cigarette use categories, current e-cigarette use was highest among 188 

participants reporting current combustible cigarette use (17.1% [95% CI: 16.8–17.4]), 189 

followed by those reporting former combustible cigarette use (8.3% [95% CI: 8.1–8.5]), and 190 

was lowest among those reporting never combustible cigarette use (2.1% [95% CI: 2.1–2.2]) 191 

(Table 2). 192 

 193 

Patterns of combustible cigarette use by e-cigarette use status 194 

Patterns of combustible cigarette use history varied by age among participants reporting 195 

current e-cigarette use. Among those aged 18–24 years, most reported never combustible 196 

cigarette use (59.2% [95% CI: 57.7–60.7]), while 10.6% (95% CI: 9.6–11.5) reported former 197 

use and 22.8% (95% CI: 21.6–24.1) reported current combustible cigarette use. The 198 

proportion reporting never combustible cigarette use among participants aged 18–24 years 199 

reporting current e-cigarette use ranged from 51.5% in 2017 to 65.2% in 2023 (Figure 2; 200 

Supplementary Table 1). 201 
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In contrast, among adults aged 25 years and older reporting current e-cigarette use, former or 202 

current combustible cigarette use was more common. Among those aged 25–44 years, 17.0% 203 

(95% CI: 16.4–17.6) reported never, 31.0% (95% CI: 30.3–31.8) reported former, and 48.0% 204 

(95% CI: 47.2–48.8) reported current combustible cigarette use (Supplementary Table 1). 205 

 206 

Among participants aged 45–64 years, 6.9% (95% CI: 6.3–7.6) reported never, 32.4% (95% 207 

CI: 31.3–33.6) reported former, and 57.8% (95% CI: 56.5–59.0) reported current 208 

combustible cigarette use. Adults aged 65 years and older showed a similar distribution. A 209 

comparable age-related pattern was observed among participants reporting daily e-cigarette 210 

use (Supplementary Tables 1 and 2). 211 

 212 

  213 
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Discussion 214 

In this large cohort of U.S. adults, we found that the prevalence of current e-cigarette use and 215 

the proportion reporting daily use were generally higher in later calendar years, with 216 

consistently higher values among young adults aged 18–24 years. We observed a lower 217 

prevalence in 2020 compared with 2019 that deviated from this otherwise rising pattern. 218 

Across calendar years, younger adults who used e-cigarettes were more likely to report never 219 

using combustible cigarettes, whereas older adults more often reported concurrent or former 220 

combustible cigarette use. We also found markedly higher use among participants identifying 221 

as bisexual and among those with depression, and modestly higher use among those with 222 

asthma (6.0% vs 5.4%). 223 

 224 

To assess whether alternative data sources such as All of Us can contribute to monitoring 225 

population patterns of e-cigarette use, we compared our findings with those from established 226 

national surveillance systems. The overall age-standardized prevalence of current e-cigarette 227 

use in All of Us (6.1%) was higher than NHIS estimates for most years during this period 228 

[18, 19, 26, 27]. Despite differences in absolute prevalence, both data sources showed similar 229 

patterns across calendar years. In All of Us, prevalence rose from 3.8% in 2017 to 8.5% in 230 

2023, with a lower observed value in 2020 compared with 2019 (4.5% vs 5.2%) that deviated 231 

from the otherwise rising pattern. NHIS data showed a comparable trajectory, with 232 

prevalence rising from 2.8% in 2017 to 6.5% in 2023 and a similar deviation in 2020. In both 233 

datasets, current e-cigarette use was consistently higher among male participants and most 234 

common among young adults. Differences in absolute prevalence are expected and reflect the 235 
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use of probability-based sampling designs, survey weights, and population calibration 236 

procedures in national surveillance systems. 237 

 238 

Similar patterns were also evident when comparing findings with the BRFSS, a nationally 239 

representative annual survey in which e-cigarette use was assessed in select years. Across 240 

available survey years, BRFSS estimates of current e-cigarette use were higher in later years 241 

than in earlier years, reaching 6.9% in 2021 [6], a value similar to that observed in All of Us 242 

for the same year. As in both NHIS and All of Us, BRFSS data showed a lower observed 243 

prevalence of current e-cigarette use in 2020 compared with the most proximate preceding 244 

survey year (5.1% vs 5.5%) [5]. Consistent with All of Us, BRFSS analyses from 2017 to 245 

2021 showed a greater proportion of individuals reporting current e-cigarette use and never 246 

combustible cigarette use in later survey years [5, 6]. Additionally, All of Us data showed a 247 

higher ratio of daily to current e-cigarette use in later calendar years, increasing from 25.3% 248 

in 2017 to 48.0% in 2023; a comparable pattern was observed in BRFSS, where this ratio 249 

increased from 34.5% in 2017 to 46.6% in 2021. 250 

 251 

The patterns observed across datasets suggest that e-cigarette use is disproportionately 252 

concentrated among young adults. The higher ratio of daily to current e-cigarette use among 253 

adults aged 18–24 years indicates more intensive patterns of use and may reflect greater 254 

potential for nicotine dependence and sustained use over time. The daily-to-current use ratio, 255 

which rose from 25.3% in 2017 to 48.0% in 2023, is a particularly informative metric 256 

because it captures intensity of use independent of overall prevalence; a rising ratio indicates 257 

that a growing share of those who currently use e-cigarettes do so daily, a shift suggestive of 258 
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more intensive use that may correspond to greater nicotine dependence and could have 259 

implications for cessation. In contrast, older adults who used e-cigarettes more often reported 260 

concurrent or former combustible cigarette use, suggesting different patterns of adoption. 261 

Consistent with this, daily e-cigarette use was slightly lower among current combustible 262 

cigarette smokers than among former smokers, pointing to more intensive use among those 263 

who no longer smoke combustible cigarettes. Whether e-cigarette use among older adults 264 

reflects attempted cessation from combustible cigarettes, concurrent use of both products, or 265 

other factors warrants further investigation. 266 

 267 

The lower observed prevalence in 2020 was evident across All of Us, NHIS, and BRFSS. 268 

The consistency of this dip across independent data sources with different sampling designs 269 

argues against a dataset-specific artifact and points instead to a shared external cause. The 270 

most plausible explanation is disruption associated with the early phase of the COVID-19 271 

pandemic, which simultaneously affected product access, daily routines, and survey 272 

participation [28]. Concurrent regulatory actions affecting certain flavored e-cigarette 273 

products may have contributed, and pandemic-related changes in survey participation could 274 

also have played a role. Because participants complete the survey near enrollment, some of 275 

the observed change over time, including the 2020 decline, could reflect shifts in the 276 

demographic and geographic composition of enrollees, such as pandemic-era changes in 277 

recruitment, rather than change in population behavior. Future studies using probability-278 

based samples could help separate the contributions of access, behavior, and survey 279 

participation. 280 

 281 
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We also observed substantially higher use among participants identifying as bisexual 282 

(15.0%), exceeding every other demographic subgroup examined except current combustible 283 

cigarette users. This is consistent with a substantial literature documenting elevated tobacco 284 

and e-cigarette use among sexual minority populations, with bisexual individuals, and 285 

bisexual women in particular, often at greatest risk [29–31]. Absolute figures vary across 286 

studies because of differences in population and design. A population-level analysis of U.S. 287 

adults reported e-cigarette prevalence of approximately 13% among lesbian, gay, bisexual, 288 

and transgender adults, nearly twice the prevalence among heterosexual adults [30], while 289 

studies of young adults report higher absolute use and the strongest disparities among 290 

bisexual women [29, 31]. Despite these differences, the overall picture is consistent, with 291 

sexual minority adults, and bisexual individuals especially, using e-cigarettes at substantially 292 

higher rates than their heterosexual counterparts. These disparities are commonly attributed 293 

to minority stress, in which stigma and discrimination contribute to higher substance use, and 294 

may be compounded by tobacco marketing directed toward sexual minority communities [30, 295 

31]. The magnitude of this disparity in a large, diverse cohort highlights the need for tailored 296 

prevention and cessation efforts. 297 

 298 

Across multiple data sources, similar patterns of e-cigarette use were observed over time. It is 299 

important to delineate what this concordance does and does not establish. Agreement in the 300 

direction and timing of trends across independent data sources increases confidence that All 301 

of Us captures real temporal signals rather than dataset-specific artifacts. However, because 302 

All of Us is a non-probability cohort, such concordance does not by itself establish that the 303 

program can substitute for probability-based, nationally representative surveillance or 304 
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generate unbiased prevalence estimates. Rather, directional agreement supports a narrower, 305 

complementary role: corroborating signals observed elsewhere, generating hypotheses, and 306 

providing timely, granular data on subgroups that periodic national surveys may sample 307 

sparsely. Absolute prevalence estimates from All of Us should continue to be benchmarked 308 

against probability-based, nationally representative sources. Within these bounds, the 309 

correspondence of patterns suggests that All of Us can complement established surveillance 310 

systems in monitoring population responses to changing contexts and policies and in 311 

identifying emerging patterns that warrant further investigation. 312 

 313 

Strengths and limitations 314 

This study used a large and diverse cohort with detailed demographic and behavioral data, 315 

enabling descriptive assessment of e-cigarette use across subgroups and calendar years. The 316 

scale and ongoing data accrual of the All of Us Research Program provide an opportunity to 317 

characterize behavioral patterns and detect emerging changes that can complement 318 

established surveillance systems and inform policy evaluation. 319 

 320 

Several limitations should be considered. All of Us is a voluntary, non-probability cohort not 321 

designed to produce nationally representative prevalence estimates; findings should not be 322 

interpreted as population-level estimates. Participation and survey completion varied across 323 

years, and respondent composition differed over time, with some demographic groups 324 

overrepresented relative to the U.S. adult population. To improve descriptive comparability 325 

with national surveillance systems, the analytic cohort was balanced by sex through random 326 

subsampling of female participants, and overall estimates were age-standardized to the 2020 327 
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U.S. Census adult age distribution. These methods were selected for transparency and 328 

reproducibility; they improve comparability but do not fully correct for differences in 329 

selection, participation, or response. Sex-balancing through random subsampling was chosen 330 

because it is straightforward to implement and interpret and removes a known source of 331 

compositional difference from the general adult population; direct standardization to an 332 

external sex distribution is a reasonable alternative that retains all participants. This 333 

procedure reduces the number of female participants included in the analysis and the 334 

precision of sex-specific comparisons. 335 

 336 

Analyses were descriptive and based on repeated cross-sectional samples rather than 337 

longitudinal follow-up. Formal statistical tests for time trends were not conducted; observed 338 

year-to-year differences should be interpreted as descriptive patterns that may reflect 339 

sampling variability and changes in respondent composition rather than true population-level 340 

change. Estimates for the earliest years (2017–2018) were based on smaller numbers of 341 

respondents and had correspondingly wider confidence intervals, and some subgroup 342 

estimates, particularly in earlier years, were less stable owing to smaller sample sizes; year-343 

to-year comparisons involving these years should be interpreted with caution. Estimates 344 

based on very small cell sizes were suppressed. 345 

 346 

E-cigarette use and combustible cigarette use history were self-reported and may be subject 347 

to misclassification. EHR-derived covariates were available for only 277,232 of 418,772 348 

participants (66%). Because EHR linkage occurs through participating health care provider 349 

organizations, the linked subset is likely more engaged with the health care system and may 350 
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differ in age and comorbidity burden from the unlinked subset; estimates of chronic-351 

condition prevalence and their association with e-cigarette use should therefore be interpreted 352 

with caution and not generalized to the full cohort. Because these conditions were ascertained 353 

from electronic health record data not anchored to survey completion, the temporal 354 

relationship between the conditions and e-cigarette use cannot be established, and the 355 

condition-specific prevalences should not be interpreted as causal or directional. 356 

Conclusions 357 

In this large cohort of U.S. adults, e-cigarette use was most common among young adults and 358 

varied by demographic characteristics and combustible cigarette use history. Across survey 359 

years, descriptive patterns in current and daily e-cigarette use, including age-specific 360 

variation, the distribution of never combustible cigarette use among younger adults, and the 361 

higher ratio of daily to current use in this age group, were consistent with those reported in 362 

established surveillance systems and may carry implications for nicotine dependence and 363 

sustained use. 364 

 365 

Although the All of Us Research Program is not designed to generate nationally 366 

representative prevalence estimates, and enrollment and survey participation varied across 367 

survey years, the correspondence of observed patterns with well-validated, nationally 368 

representative datasets supports the potential of All of Us as a complementary data source for 369 

monitoring population patterns of e-cigarette use. The scale, diversity, and ongoing data 370 

accrual of the program may be particularly useful for surfacing emerging signals and 371 

generating hypotheses for subsequent validation in nationally representative datasets, and for 372 
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providing contextual and subgroup-level information to inform future research and policy 373 

evaluation. 374 

  375 

Prep
rin

t



E-cigarette use in All of Us 

19 

Acknowledgments 376 

We gratefully acknowledge All of Us participants for their contributions, without whom this 377 

research would not have been possible. We also thank the National Institutes of Health’s All 378 

of Us Research Program for making available the participant data examined in this study. 379 

 380 

The All of Us Research Program is supported by the National Institutes of Health, Office of 381 

the Director: Regional Medical Centers: 1 OT2 OD026549; 1 OT2 OD026554; 1 OT2 382 

OD026557; 1 OT2 OD026556; 1 OT2 OD026550; 1 OT2 OD 026552; 1 OT2 OD026553; 1 383 

OT2 OD026548; 1 OT2 OD026551; 1 OT2 OD026555; IAA #: AOD 16037; Federally 384 

Qualified Health Centers: HHSN 263201600085U; Data and Research Center: 5 U2C 385 

OD023196; Biobank: 1 U24 OD023121; The Participant Center: U24 OD023176; Participant 386 

Technology Systems Center: 1 U24 OD023163; Communications and Engagement: 3 OT2 387 

OD023205; 3 OT2 OD023206; and Community Partners: 1 OT2 OD025277; 3 OT2 388 

OD025315; 1 OT2 OD025337; 1 OT2 OD025276. The content is solely the responsibility of 389 

the authors and does not represent the official views of the National Institutes of Health. 390 

 391 

Funding 392 

This study was supported in part by grants 5U54HL120163 and 5K01HL154130-05 (A.C. 393 

Stokes) from the National Heart, Lung, and Blood Institute. The design and conduct of the 394 

study were independent of any involvement from the NIH and FDA. 395 

 396 

 397 

Prep
rin

t



E-cigarette use in All of Us 

20 

Conflict of interest 398 

The authors declare no conflict of interest. 399 

 400 

Data availability statement 401 

This study used data from the All of Us Research Program’s Registered Tier Curated Data 402 

Repository (version 8), available to authorized users on the Researcher Workbench. For more 403 

information on requesting access, please visit https://www.researchallofus.org/. 404 

  405 

Prep
rin

t



E-cigarette use in All of Us 

21 

References 406 

1. Brown CJ, Cheng JM. Electronic cigarettes: product characterisation and design 407 

considerations. Tob Control 2014; 23 Suppl 2: ii4-10. 408 

2. Pinto MI, Thissen J, Hermes N, et al. Chemical characterisation of the vapour emitted 409 

by an e-cigarette using a ceramic wick-based technology. Sci Rep 2022; 12: 16773. 410 

3. Cornelius M, Loretan C, Wang T, Jamal A, Homa D. Tobacco product use among 411 

adults – United States, 2020. MMWR Morb Mortal Wkly Rep 2022; 71: 397-405. 412 

4. Cornelius M, Wang T, Jamal A, Loretan C, Neff L. Tobacco product use among 413 

adults – United States, 2019. MMWR Morb Mortal Wkly Rep 2020; 69: 1736-42. 414 

5. Boakye E, Osuji N, Erhabor J, et al. Assessment of patterns in e-cigarette use among 415 

adults in the US, 2017-2020. JAMA Netw Open 2022; 5: e2223266. 416 

6. Erhabor J, Boakye E, Obisesan O, et al. E-cigarette use among US adults in the 2021 417 

Behavioral Risk Factor Surveillance System Survey. JAMA Netw Open 2023; 6: 418 

e2340859. 419 

7. Obisesan O, Osei A, Uddin S, et al. Trends in e-cigarette use in adults in the United 420 

States, 2016-2018. JAMA Intern Med 2020; 180: 1394-8. 421 

8. Centers for Disease Control and Prevention. Health effects of vaping. 422 

https://www.cdc.gov/tobacco/e-cigarettes/health-effects.html (accessed 10 Jan 2026). 423 

9. Drummond MB, Upson D. Electronic cigarettes: potential harms and benefits. Ann 424 

Am Thorac Soc 2014; 11: 236-42. 425 

10. Travis N, Knoll M, Cadham CJ, et al. Health effects of electronic cigarettes: an 426 

umbrella review and methodological considerations. Int J Environ Res Public Health 427 

2022; 19: 9054. 428 

Prep
rin

t



E-cigarette use in All of Us 

22 

11. Yao Z, Tasdighi E, Dardari ZA, et al. Use of e-cigarettes, traditional combustible 429 

cigarettes, and high sensitivity C-reactive protein: the Cross Cohort Collaboration. 430 

Am Heart J 2025; 280: 1-6. 431 

12. Ali FRM, Seidenberg AB, Crane E, et al. E-cigarette unit sales by product and flavor 432 

type, and top-selling brands, United States, 2020-2022. MMWR Morb Mortal Wkly 433 

Rep 2023; 72: 672-7. 434 

13. Boakye E, Erhabor J, Obisesan O, et al. Comprehensive review of the national 435 

surveys that assess e-cigarette use domains among youth and adults in the United 436 

States. Lancet Reg Health Am 2023; 23: 100528. 437 

14. Rodu B, Plurphanswat N. E-cigarette use among US adults: Population Assessment 438 

of Tobacco and Health (PATH) Study. Nicotine Tob Res 2018; 20: 940-8. 439 

15. Levy DT, Yuan Z, Li Y, et al. An examination of the variation in estimates of e-440 

cigarette prevalence among U.S. adults. Int J Environ Res Public Health 2019; 16: 441 

3164. 442 

16. Pacek L, Sawdey M, Gross A, et al. Nicotine-containing electronic nicotine delivery 443 

systems (ENDS) use in the United States, stratified by age, National Survey on Drug 444 

Use and Health, 2021. Subst Use Misuse 2025; 60: 342-50. 445 

17. Center for Behavioral Health Statistics and Quality. 2023 National Survey on Drug 446 

Use and Health (NSDUH): Methodological Summary and Definitions. Rockville, 447 

MD: SAMHSA; 2024. 448 

18. Dai H, Leventhal A. Changes in electronic cigarette use among U.S. adults by 449 

cigarette smoking status, sociodemographics, and subjective depression, 2019-2020. 450 

Prev Med Rep 2022; 30: 102048. 451 

Prep
rin

t



E-cigarette use in All of Us 

23 

19. Dai H, Leventhal A. Prevalence of e-cigarette use among adults in the United States, 452 

2014-2018. JAMA 2019; 322: 1824-7. 453 

20. Denny J, Rutter J, Goldstein D, et al. The “All of Us” Research Program. N Engl J 454 

Med 2019; 381: 668-76. 455 

21. National Institutes of Health. All of Us Research Program Protocol. 456 

https://allofus.nih.gov/article/all-us-research-program-protocol (accessed 11 Jan 457 

2026). 458 

22. Cronin R, Jerome R, Mapes B, et al. Development of the initial surveys for the All of 459 

Us Research Program. Epidemiology 2019; 30: 597-608. 460 

23. Mayo KR, Basford MA, Carroll RJ, et al. The All of Us Data and Research Center: 461 

creating a secure, scalable, and sustainable ecosystem for biomedical research. Annu 462 

Rev Biomed Data Sci 2023; 6: 443-71. 463 

24. Ramirez AH, Sulieman L, Schlueter DJ, et al. The All of Us Research Program: data 464 

quality, utility, and diversity. Patterns 2022; 3: 100570. 465 

25. U.S. Census Bureau. 2020 Census: Redistricting File (Public Law 94-171) Dataset. 466 

Washington, DC: U.S. Census Bureau; 2021. 467 

26. Centers for Disease Control and Prevention. Tobacco product use among adults – 468 

United States, 2022: 2022 NHIS Highlights. 2024. 469 

27. Centers for Disease Control and Prevention. QuickStats: percentage distribution of 470 

cigarette smoking status among current adult e-cigarette users, by age group – NHIS, 471 

United States, 2021. MMWR Morb Mortal Wkly Rep 2023; 72: 270. 472 

Prep
rin

t



E-cigarette use in All of Us 

24 

28. Kreslake JM, O’Connor KM, Liu M, Vallone DM, Hair E. A resurgence of e-473 

cigarette use among adolescents and young adults late in the COVID-19 pandemic. 474 

PLoS One 2023; 18: e0282894. 475 

29. Struble CA, Bauer SJ, Lundahl LH, et al. Electronic cigarette use among sexual 476 

minority and heterosexual young adults in a U.S. national sample: exploring the 477 

modifying effects of advertisement exposure. Prev Med 2022; 155: 106926. 478 

30. Al Rifai M, Mirbolouk M, Jia X, et al. E-cigarette use and risk behaviors among 479 

lesbian, gay, bisexual, and transgender adults: the Behavioral Risk Factor 480 

Surveillance System (BRFSS) Survey. Kans J Med 2020; 13: 318-21. 481 

31. Romm KF, Cohn AM, Wang Y, et al. Disparities in trajectories of cigarette and e-482 

cigarette use across sexual orientation groups of young adult men and women in the 483 

US. Addict Behav 2023; 145: 107763. 484 

485 

Prep
rin

t



E-cigarette use in All of Us 

25 

Figure legends 486 
 487 

Figure 1. Patterns of current and daily e-cigarette use in the All of Us Research Program, 488 

2017–2023. Panel A shows annual prevalence estimates with 95% confidence intervals. 489 

Panel B shows the annual daily-to-current e-cigarette use ratio. 490 

 491 

Figure 2. Proportion of never combustible cigarette use among adults aged 18–24 reporting 492 

current or daily e-cigarette use, 2017–2023. Error bars represent 95% confidence intervals. 493 

Estimates for 2017 and 2018 are based on small numbers of respondents and have 494 

correspondingly wide confidence intervals; they should be interpreted with caution. 495 
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Table 1. Characteristics of the analytic sample and participants reporting current and daily e-cigarette use, All 497 
of Us Research Program, 2017–2023 498 

Participant characteristics Total (N=418,772) Current (n=25,441) Daily (n=9,936) 

 N (%) n (%) n (%) 

Sex    

  Male 210,076 (50.2) 14,598 (57.4) 6,022 (60.6) 

  Female 208,696 (49.8) 10,843 (42.6) 3,914 (39.4) 

Age (years)    

  18–24 31,530 (7.5) 4,187 (16.5) 1,603 (16.1) 

  25–44 170,902 (40.8) 14,514 (57.0) 5,759 (58.0) 

  45–64 147,609 (35.2) 6,136 (24.1) 2,324 (23.4) 

  ≥65 68,731 (16.4) 604 (2.4) 250 (2.5) 

Race and ethnicity    

  Non-Hispanic White 222,704 (53.2) 14,715 (57.8) 6,833 (68.8) 

  Non-Hispanic Black 75,378 (18.0) 4,014 (15.8) 979 (9.9) 

  Non-Hispanic Asian 20,441 (4.9) 947 (3.7) 390 (3.9) 

  Hispanic 79,025 (18.9) 4,084 (16.1) 1,183 (11.9) 

  Other 10,939 (2.6) 914 (3.6) 335 (3.4) 

Sexual orientation    

  Heterosexual 357,501 (85.4) 18,953 (74.5) 7,085 (71.3) 

  Lesbian/gay 18,478 (4.4) 1,649 (6.5) 706 (7.1) 

  Bisexual 23,446 (5.6) 3,512 (13.8) 1,583 (15.9) 

  Other 10,750 (2.6) 873 (3.4) 413 (4.2) 

Transgender    

  No 417,212 (99.6) 25,260 (99.3) 9,845 (99.1) 

  Yes 1,560 (0.4) 181 (0.7) 91 (0.9) 

Body mass index (kg/m²)    

  <18.5 4,489 (1.1) 480 (1.9) 212 (2.1) 

  18.5–24.9 92,390 (22.1) 5,974 (23.5) 2,070 (20.8) 

  25–29.9 106,975 (25.5) 5,378 (21.1) 1,887 (19.0) 

  ≥30 141,779 (33.9) 7,847 (30.8) 3,065 (30.8) 

Marital status    

  Single 154,238 (36.8) 13,686 (53.8) 5,053 (50.9) 

  Married 183,846 (43.9) 5,894 (23.2) 2,691 (27.1) 

  Divorced 61,407 (14.7) 4,710 (18.5) 1,835 (18.5) 

  Widowed 9,849 (2.4) 446 (1.8) 148 (1.5) 

Highest education level    

  < High school 111,225 (26.6) 9,510 (37.4) 3,270 (32.9) 

  High school or some college 108,309 (25.9) 9,726 (38.2) 4,062 (40.9) 

  College graduate 190,999 (45.6) 5,683 (22.3) 2,384 (24.0) 

Income status    
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  Low (<$50k) 64,902 (15.5) 5,184 (20.4) 2,279 (22.9) 

  Lower middle ($50–<100k) 81,761 (19.5) 4,215 (16.6) 2,056 (20.7) 

  Middle ($100–<150k) 45,853 (10.9) 1,468 (5.8) 701 (7.1) 

  Upper middle ($150–<200k) 22,434 (5.4) 557 (2.2) 252 (2.5) 

  High (≥$200k) 30,622 (7.3) 591 (2.3) 267 (2.7) 

Employment status    

  Employed 242,371 (57.9) 14,114 (55.5) 6,127 (61.7) 

  Unemployed 85,163 (20.3) 7,669 (30.1) 2,516 (25.3) 

  Retired 57,176 (13.7) 649 (2.6) 271 (2.7) 

  Student 22,866 (5.5) 2,128 (8.4) 782 (7.9) 

Combustible cigarette use    

  Never 253,060 (60.4) 5,401 (21.2) 1,527 (15.4) 

  Former 87,050 (20.8) 7,200 (28.3) 4,728 (47.6) 

  Current 68,869 (16.4) 11,754 (46.2) 3,289 (33.1) 

Asthma    

  No 242,588 (87.5) 13,036 (86.2) 4,677 (85.8) 

  Yes 34,644 (12.5) 2,092 (13.8) 771 (14.2) 

Type 2 diabetes    

  No 239,378 (86.3) 13,876 (91.8) 5,018 (92.1) 

  Yes 37,854 (13.7) 1,252 (8.2) 430 (7.9) 

Hypertension    

  No 194,213 (70.1) 12,190 (80.6) 4,423 (81.2) 

  Yes 83,019 (29.9) 2,938 (19.4) 1,025 (18.8) 

Cardiovascular disease    

  No 252,687 (91.1) 14,457 (95.6) 5,243 (96.2) 

  Yes 24,545 (8.9) 671 (4.4) 205 (3.8) 

Depression    

  No 217,318 (78.4) 10,660 (70.5) 3,605 (66.2) 

  Yes 59,914 (21.6) 4,468 (29.5) 1,843 (33.8) 
Note. Values are presented as n (%). The Total column reflects the full analytic sample (N=418,772); Current and Daily 499 
columns reflect participants reporting current (n=25,441) and daily (n=9,936) e-cigarette use, respectively. Percentages 500 
represent the proportion within each column and may not sum to 100 due to missing data or rounding. Participants 501 

with less than a high school education are over-represented relative to the U.S. adult 502 

population, consistent with the program’s emphasis on enrolling groups historically 503 

underrepresented in biomedical research. 504 
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Table 2. Prevalence of current and daily e-cigarette use by participant characteristics, All of Us Research 506 
Program, 2017–2023 507 

Participant characteristics Current e-cigarette use Daily e-cigarette use 

 % (95% CI) % (95% CI) 

Overall 6.1 (6.0–6.2) 2.4 (2.3–2.4) 

Sex   

  Male 7.0 (6.8–7.1) 2.9 (2.8–2.9) 

  Female 5.2 (5.1–5.3) 1.9 (1.8–1.9) 

Age (years)   

  18–24 13.3 (12.9–13.7) 5.1 (4.8–5.3) 

  25–44 8.5 (8.4–8.6) 3.4 (3.3–3.5) 

  45–64 4.2 (4.1–4.3) 1.6 (1.5–1.6) 

  ≥65 0.9 (0.8–1.0) 0.4 (0.3–0.4) 

Race and ethnicity   

  Non-Hispanic White 6.6 (6.5–6.7) 3.1 (3.0–3.1) 

  Non-Hispanic Black 5.3 (5.2–5.5) 1.3 (1.2–1.4) 

  Non-Hispanic Asian 4.6 (4.4–4.9) 1.9 (1.7–2.1) 

  Hispanic 5.2 (5.0–5.3) 1.5 (1.4–1.6) 

  Other 8.4 (7.8–8.9) 3.1 (2.8–3.4) 

Sexual orientation   

  Heterosexual 5.3 (5.2–5.4) 2.0 (1.9–2.0) 

  Lesbian/gay 8.9 (8.5–9.3) 3.8 (3.6–4.1) 

  Bisexual 15.0 (14.5–15.4) 6.8 (6.4–7.1) 

  Other 8.1 (7.6–8.7) 3.8 (3.5–4.2) 

Transgender   

  Yes 11.6 (10.1–13.3) 5.8 (4.7–7.1) 

  No 6.1 (6.0–6.1) 2.4 (2.3–2.4) 

Body mass index (kg/m²)   

  <18.5 10.7 (9.8–11.6) 4.7 (4.1–5.4) 

  18.5 to <25 6.5 (6.3–6.6) 2.2 (2.1–2.3) 

  25 to <30 5.0 (4.9–5.2) 1.8 (1.7–1.8) 

  ≥30 5.5 (5.4–5.7) 2.2 (2.1–2.2) 

Marital status   

  Single 8.9 (8.7–9.0) 3.3 (3.2–3.4) 

  Married 3.2 (3.1–3.3) 1.5 (1.4–1.5) 

  Divorced 7.7 (7.5–7.9) 3.0 (2.9–3.1) 

  Widowed 4.5 (4.1–5.0) 1.5 (1.3–1.8) 

Highest education level   

  Less than high school 8.6 (8.4–8.7) 2.9 (2.8–3.0) 

  High school or some college 9.0 (8.8–9.2) 3.8 (3.6–3.9) 

  College graduate 3.0 (2.9–3.1) 1.3 (1.2–1.3) 
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Income status   

  Low (<$50k) 8.0 (7.8–8.2) 3.5 (3.4–3.7) 

  Lower middle ($50–<100k) 5.2 (5.0–5.3) 2.5 (2.4–2.6) 

  Middle ($100–<150k) 3.2 (3.0–3.4) 1.5 (1.4–1.7) 

  Upper middle ($150–<200k) 2.5 (2.3–2.7) 1.1 (1.0–1.3) 

  High (≥$200k) 1.9 (1.8–2.1) 0.9 (0.8–1.0) 

Employment status   

  Employed 5.8 (5.7–5.9) 2.5 (2.5–2.6) 

  Unemployed 9.0 (8.8–9.2) 3.0 (2.8–3.1) 

  Retired 1.1 (1.1–1.2) 0.5 (0.4–0.5) 

  Student 9.3 (8.9–9.7) 3.4 (3.2–3.7) 

Combustible cigarette use   

  Never 2.1 (2.1–2.2) 0.6 (0.6–0.6) 

  Former 8.3 (8.1–8.5) 5.4 (5.3–5.6) 

  Current 17.1 (16.8–17.4) 4.8 (4.6–4.9) 

Asthma   

  Yes 6.0 (5.8–6.3) 2.2 (2.1–2.4) 

  No 5.4 (5.3–5.5) 1.9 (1.9–2.0) 

Type 2 diabetes   

  Yes 3.3 (3.1–3.5) 1.1 (1.0–1.3) 

  No 5.8 (5.7–5.9) 2.1 (2.0–2.2) 

Hypertension   

  Yes 3.5 (3.4–3.7) 1.2 (1.2–1.3) 

  No 6.3 (6.2–6.4) 2.3 (2.2–2.3) 

Cardiovascular disease   

  Yes 2.7 (2.5–3.0) 0.8 (0.7–1.0) 

  No 5.7 (5.6–5.8) 2.1 (2.0–2.1) 

Depression   

  Yes 7.5 (7.3–7.7) 3.1 (2.9–3.2) 

  No 4.9 (4.8–5.0) 1.7 (1.6–1.7) 

Note. Values are presented as prevalence (%) with 95% confidence intervals (CI), 508 

representing row percentages. Overall prevalence is age-standardized to the 2020 U.S. 509 

Census adult age distribution; subgroup-specific estimates are crude (not age-standardized). 510 

Estimates are unweighted and are not intended to be nationally representative. 511 
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Figure 1. Patterns of current and daily e-cigarette use in the All of Us Research Program,
2017–2023. Panel A shows annual prevalence estimates with 95% confidence intervals.
Panel B shows the annual daily-to-current e-cigarette use ratio.
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Figure 2. Proportion of never combustible cigarette use among adults aged 18–24 reporting
current or daily e-cigarette use, 2017–2023. Error bars represent 95% confidence intervals.
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