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Abstract

Rationale—Despite high prevalence of e-cigarette use (vaping), little is currently known 

regarding the health effects of secondhand nicotine vape exposure.

Objective—To investigate whether exposure to secondhand nicotine vape exposure is associated 

with adverse respiratory health symptoms among young adults.

Method—We investigated the effect of secondhand nicotine vape exposure on annually reported 

wheeze, bronchitic symptoms and shortness of breath in the prospective Southern California 

Children Health Study cohort. Data were collected from study participants (n=2097) with repeated 

annual surveys from 2014 (average age: 17.3 years) to 2019 (average age: 21.9). We used 
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mixed effect logistic regression to evaluate the association between secondhand nicotine vape 

and respiratory symptoms after controlling for relevant confounders.

Results—Prevalence of secondhand nicotine vape increased from 11.7% to 15.6% during the 

study period in this population. Prevalence of wheeze, bronchitic symptoms and shortness of 

breath ranged from 12.3% to 14.9%, 19.4% to 26.0% and 16.5% to 18.1%, respectively, during the 

study period. Associations of secondhand nicotine vape exposure with bronchitic symptoms (OR 

1.40, 95% CI 1.06 to 1.84) and shortness of breath (OR 1.53, 95% CI 1.06 to 2.21) were observed 

after controlling for vaping, active and passive exposure to tobacco or cannabis, and demographic 

characteristics (age, gender, race/ethnicity and parental education). Stronger associations were 

observed when analysis was restricted to participants who were neither smokers nor vapers. There 

were no associations with wheezing after adjustment for confounders.

Conclusion—Secondhand nicotine vape exposure was associated with increased risk of 

bronchitic symptoms and shortness of breath among young adults.

INTRODUCTION

The prevalence of e-cigarette use (vaping, largely with nicotine) increased from 11% to 

25.4% among 12th graders in the USA between 2017 and 2019.1 Therefore, secondhand 

nicotine vape exposure is likely to be common. Although there is increasing evidence that e-

cigarette use is associated with adverse health outcomes, there has been little study of health 

effects of secondhand nicotine vape exposure.2 A recent cross-sectional study reported an 

association between asthma exacerbation and secondhand nicotine vape exposure3; however, 

to our knowledge, there has been no longitudinal study investigating the chronic effect of 

secondhand nicotine vape exposure on respiratory health outcomes. This is an important 

question because, unlike active smoking, secondhand nicotine vape exposure is not a 

voluntary exposure. Evidence of adverse health effects of secondhand nicotine vape would 

provide a compelling rationale for reducing home exposure to secondhand nicotine vape, 

and for restricting vaping in public places, just as adverse health effects of secondhand 

smoking resulted in regulation of smoking in public places.

Parents often have more relaxed ‘vape-free’ policies at home than ‘smoke-free’ policies.4 5 

In a recent survey, smoking inside the home was allowed in 37.4% of homes of current and 

former smokers, while vaping inside the home was allowed in 60.4% of homes of vapers, 

as secondhand nicotine vape exposure was perceived to be less harmful than secondhand 

smoking.6 Although secondhand exposure to particulate matter from e-cigarettes is lower 

than from combustible cigarettes,7 the ultrafine particle concentration in e-cigarette aerosol 

can be higher than in cigarette smoke, potentially delivering toxins to the distal airways 

and alveoli.8 E-cigarette aerosol also contains volatile aldehydes and oxidant metals,9–14 

compounds that are known to cause lung toxicity.

Based on the known toxicity of vaping aerosols, we hypothesised that secondhand nicotine 

vape exposure would be associated with adverse respiratory symptoms such as wheezing, 

bronchitic symptoms and shortness of breath. We addressed this question in the Southern 

California Children’s Health Study,15 a cohort with detailed annual information on self-
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reported active vaping and secondhand nicotine vape exposure, combusted tobacco and 

cannabis smoke exposure, and self-reported respiratory health outcomes.

METHODS

Study design

A baseline (wave 1) population of 2097, 11–12th grade Children Health Study participants 

(mean age 17.3 years, SD 0.6 years), were enrolled in this study from a cohort from schools 

throughout Southern California.15 Detailed exposure and health data were collected using 

self-completed paper questionnaires in classrooms for wave 1 and online using research 

electronic data capture (REDCap)16 tools hosted at the University of Southern California 

across three additional waves of follow-up through 2019. The current analysis was limited to 

2090 participants who provided data on secondhand nicotine vape exposure in at least one of 

the four waves. The total number of participants was 2090 in wave 1 (year 2014), 1609 in 

wave 2 (year 2015), 1502 in wave 3 (year 2017) and 1637 (78.3% of the original sample) in 

wave 4 (year 2018). An initial loss of 481 participants (23%) in wave 2 occurred during the 

transition from classroom to online collection after completing high school, some of whom 

participated in later follow-up. Those who were lost to follow-up at wave- 2 were more 

likely to be male, Hispanic whites and parents not having any college education, compared 

with those who remained in the study (online supplemental table S1). The prevalence 

of secondhand nicotine vape exposure, bronchitic symptoms and wheeze did not differ 

substantially between those who were lost to follow-up in wave 2 and those who remained at 

wave 2. Additional description of the cohort has been reported previously.15 17

Measures

Respiratory symptoms—Respiratory symptoms assessed, based on prior reports of 

effects of vaping,15 18 were bronchitic symptoms, wheeze and shortness of breath during 

the previous year. Bronchitic symptoms (bronchitis, cough or phlegm bronchitic symptoms) 

were based on reported (1) bronchitis in the previous 12 months, (2) daily cough in the 

morning for 3 months in a row, (3) daily cough at other times of the day for 3 months in 

a row or (4) congestion or phlegm other than when accompanied by a cold. Participants 

were considered to have bronchitic symptoms if they responded yes to any of the four 

symptoms.15 18 Wheeze was based on a report of wheezing or whistling in the chest 

during the previous 12 months. Shortness of breath was based on a report of having been 

troubled by shortness of breath when hurrying on level ground or walking up a slight hill. 

Information on shortness of breath was collected starting in wave 2 of the study.

SECONDHAND VAPING AND SMOKING EXPOSURE

Detailed information on secondhand exposure to e-cigarette aerosol and cigarette smoke 

was collected at each wave. Secondhand nicotine vape exposure at each wave was defined 

based on participants’ reports that anyone in the household (other than the participant) used 

‘e-cigarette or other electronic nicotine delivery devices’. Secondhand smoking exposure at 

each wave was defined based on reports of secondhand exposure to combustible tobacco. 

Secondhand cannabis exposure at each wave was defined based on participants’ responses 
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that anyone in the household ‘smoked or vaped cannabis’. Information on secondhand 

cannabis was available only in waves 3 and 4.

Primary vaping or smoking was defined based on participants’ reports of any active vaping 

or smoking of nicotine or cannabis in the previous 30 days (yes/no) at each wave. Use of 

cannabis was available only in waves 3 and 4.

Sociodemographic information

Information was available on participants’ gender, ethnicity (Hispanic white, non-Hispanic 

white, Asian, African American and other (ie, Pacific Islander, native American/Alaska 

Native, multiracial or not defined)), and highest parental educational level, as previously 

described.15

Statistical analysis

Mixed effect logistic regression models were used to evaluate the association between 

secondhand nicotine vape exposure in each wave and each respiratory symptom (bronchitic 

symptoms, wheeze and shortness of breath) in that wave. All models included a participant-

level intercept (random effect) to account for multiple observations over time, with 

adjustment (fixed effect) for sex, race/ethnicity, baseline age and parental education. All 

models were additionally adjusted for primary vaping or smoking and secondhand smoking/

secondhand cannabis exposure. To assess the impact of the timing of exposure, we also fitted 

a model containing a four-level categorical exposure variable based on the joint distribution 

of 1-year lagged and current secondhand nicotine vape exposure: no secondhand nicotine 

vape exposure in the previous and current year (reference group), secondhand nicotine vape 

exposure in previous year only, secondhand nicotine vape exposure in current year only 

and secondhand nicotine vape exposure in both previous and current year. As sensitivity 

analyses, we additionally restricted the sample to participants (1) without primary vaping or 

smoking, (2) who were not lost to follow-up in wave 2 and (3) who reported no history of 

physician diagnosed asthma at wave 1. Statistical analyses were conducted using SAS V.9.4 

(SAS Institute).

RESULTS

Study population

Among the 2090 study participants, about half were Hispanic white (51.8%) and male 

(50.4%; table 1). The distribution of the demographic factors of participants with respiratory 

symptoms was largely similar to that of the overall population, except that participants with 

shortness of breath were more likely to be female (shortness of breath participants: 70.2% 

female versus non-shortness of breath participants: 43.4% female, p<0.01).

Prevalence of vaping and smoking exposure

The prevalence of secondhand nicotine vape exposure increased from 11.7% to 15.6% from 

wave 1 to wave 4 in the study population (figure 1), while the prevalence of secondhand 

smoking decreased from 26.6% to 20.6%. Past 30-day use of cigarettes, e-cigarettes and 

cannabis (wave 3 to wave 4) increased over the study period. None of those changes were 
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statistically significant except for the observed increase of primary vaping or smoking from 

12.1% in wave 1 to 34.0% in wave 4 (p<0.001).

A majority of the participants (76.0%–93.1%) who had secondhand nicotine vape exposure 

during any of the study waves was also likely to have personal use of tobacco or cannabis 

products or secondhand exposure to combustible products (online supplemental table S2). 

For example, during wave 4, out of the participants who reported secondhand nicotine vape 

(n=223), only 6.9% had no other vaping or smoking related exposures, while 11.5% had 

primary vaping or smoking, but no secondhand smoking exposure, 33.2% had secondhand 

smoking, but no primary vaping or smoking exposure, and 48.4% had both secondhand 

smoking and primary vaping or smoking exposure.

Prevalence of respiratory symptoms—Over the study period, an increase in the 

prevalence of wheeze and bronchitic symptoms was observed in the study population (not 

statistically significant). The prevalence increased from 12.3% to 14.9% for wheeze and 

19.4% to 26.0% for bronchitic symptoms (figure 2). The prevalence of shortness of breath 

did not show any clear trend over time, with prevalence of 16.5% in wave 2, 18.1% in wave 

3 and 17% in wave 4.

Effect of secondhand nicotine vape exposure on respiratory symptoms: Compared with 

unexposed participants, participants with secondhand nicotine vape exposure had increased 

odds of reporting wheeze during the same year (OR 1.56, 95% CI 1.12 to 2.17), bronchitic 

symptoms (OR 1.90, 95% CI 1.48 to 2.44) and shortness of breath (OR 1.87, 95% CI 

1.33 to 2.63), after controlling for age, sex, race/ethnicity and parental education (table 

2: model 1). After additionally adjusting for secondhand smoking, secondhand cannabis, 

and primary vaping or smoking, the secondhand nicotine vape exposure associations with 

bronchitic symptoms (OR 1.40, 95% CI 1.06 to 1.84) and shortness of breath (OR 1.53, 

95% CI 1.06 to 2.21) were attenuated, and the association between secondhand nicotine 

vape exposure and wheeze was not statistically significant (table 2: model 2). We observed 

no statistically significant modifying effect of race/ethnicity, sex, and age on the association 

between secondhand nicotine vape exposure and respiratory outcomes.

Sensitivity analysis: We restricted the analysis to the participants who reported no primary 

vaping or smoking in past 30 days (n=1181) in order to reduce potential for confounding 

by personal use. A stronger association was observed between secondhand nicotine vape 

exposure and respiratory symptoms in this sub-population (table 3: sensitivity analysis 1). 

The odds of reporting wheeze, bronchitic symptoms and shortness of breath were 2.27 (95% 

CI 0.74 to 6.95), 3.10 (95% CI 1.52 to 6.35) and 2.05 (95% CI 1.01 to 4.19), respectively, 

among those who reported past 30-day exposure to secondhand nicotine vape, compared 

with those not reporting current secondhand nicotine vape exposure, after adjusting for 

demographic factors and secondhand smoking/secondhand cannabis. To assess the potential 

influence of lost to follow-up in wave 2, we removed those participants from the analysis 

(table 3: sensitivity analysis 2). The estimates of association between secondhand nicotine 

vape exposure and respiratory symptoms were similar to those in the corresponding table 2: 

model 2. To address the possibility that the effect of secondhand nicotine vape exposure was 

largely among participants with asthma, we restricted the analysis to participants without 
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any history of physician diagnosed asthma at wave 1 (table 3: sensitivity analysis 3). The 

effect estimate remained largely unchanged from table 2: model 2.

Among ever reporters of secondhand nicotine vape exposure, 75.5% reported secondhand 

nicotine vape in at least two consecutive waves (eg, waves 1 and 2; waves 2 and 3 

or waves 3 and 4). Therefore, we investigated whether the timing and consistency of 

exposure (previous, current and both) had different effects on respiratory symptoms in a 

subpopulation (n=1609) who had exposure and respiratory symptom information in at least 

two consecutive waves (online supplemental table S3). After adjusting for demographic 

factors, primary vaping or smoking, secondhand smoking and secondhand cannabis, no 

substantial difference was observed in the strength of association of secondhand nicotine 

vape exposure, based on timing and consistency of exposure, with respiratory symptoms 

(online supplemental table S3).

Discussion

To our knowledge, this is the first report of effects of secondhand nicotine vape exposure 

on respiratory symptoms among adolescents and young adults from a prospective study. 

We show associations of exposure to secondhand nicotine vape with bronchitic symptoms 

and shortness of breath, after controlling for sociodemographic characteristics, past 30-day 

active vaping and smoking of tobacco or cannabis products, and secondhand cigarette 

or cannabis smoke exposure. These results have important public health implications 

for the population exposed to secondhand nicotine vape. Unlike active vaping and 

smoking, secondhand nicotine vape exposure is not a voluntary exposure. Therefore, if 

the associations we observed are causal, prohibiting e-cigarette use in public places is 

warranted, just as secondhand tobacco smoke exposure has been prohibited in public spaces 

for decades, and reducing use indoors would reduce the burden of respiratory illness in 

the households of e-cigarette users. Further epidemiological study is needed to assess the 

replicability and generalisability of these findings to other age groups. Experimental studies 

are needed to help determine whether the effects are causal.

secondhand nicotine vape exposure reported at the time of symptom reporting was 

associated with statistically significant 40% greater odds of bronchitic symptoms and 53% 

greater odds of shortness of breath, but not with wheeze, compared with individuals with no 

currently reported secondhand nicotine vape exposure, after controlling for confounders and 

coexposures. Because this is the first study of effects of secondhand nicotine vape exposure 

on wheeze, bronchitic symptoms and shortness of breath, we cannot directly compare our 

results to previous findings. The observed association between secondhand nicotine vape 

exposure and wheeze (OR 1.21, 95% CI 0.84 to 1.72) in the current study was similar to the 

association between secondhand nicotine vape exposure and asthma exacerbation in a recent 

cross-sectional study (OR 1.27, 95% CI 1.11 to 2.47).3 The estimated effects of secondhand 

nicotine vape exposure on bronchitic symptoms in this study were similar in magnitude to 

those of secondhand smoking. For example, in a recent study of bronchitic symptoms among 

Chinese adolescents, the OR for secondhand smoking, compared with adolescents with no 

secondhand smoking exposure, was 1.53 (95% CI 1.25 to 1.87).19 Bronchitic symptoms are 
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a response to irritant exposures such as secondhand smoking, active smoking and ambient 

particulate matter, among others.

Increased risk of shortness of breath has also been associated with secondhand smoking.20 

The interpretation of shortness of breath associated with secondhand nicotine vape exposure 

is not clear, but shortness of breath is a central feature of bronchiolitis obliterans that has 

been reported in workers heavily exposed to diacetyl and 2, 3-pentanedione, which are 

flavourings that have also been measured in e-cigarette liquids.9 13 21–24 There is a growing 

body of evidence that vaping is associated with a number of pulmonary diseases, including 

bronchiolitis obliterans,25 acute respiratory distress syndrome26 and acute eosinophilic 

pneumonia.27 A recently published report described a case of hypersensitivity pneumonitis 

with secondhand nicotine vape exposure.28 While only 3 years of data were collected in the 

current analysis to assess the effect of secondhand nicotine vape exposure on shortness of 

breath, the observed associations were both moderately strong and robust to confounders. 

Further study is warranted to determine potential causes of shortness of breath associated 

with secondhand nicotine vape exposure.

Many study participants with secondhand nicotine vape exposure were also exposed 

to a variety of other tobacco and cannabis products (online supplemental table S2). 

Disentangling the effect of secondhand nicotine vape exposure on respiratory symptoms 

from effects of other products was challenging. However, the models provided stable 

estimates of secondhand nicotine vape effects after adjustment for coexposures. We also 

observed stronger effects of secondhand nicotine vape exposure on respiratory symptoms 

among study participants who reported no past 30-day use of e-cigarette or combustible 

products (comparing table 3, sensitivity analysis 1 with table 2, model 2).

A potential explanation for the observed association between secondhand nicotine vape 

exposure and respiratory symptoms is selection bias due to the lost to follow-up of 481 

participants following high-school graduation (at wave 2). However, those who remained in 

the study at wave 2 and those who were lost to follow-up had similar secondhand nicotine 

vape exposure and respiratory symptoms (online supplemental table S1). There were some 

modest differences in sociodemographic characteristics between those retained and those 

lost to follow-up, but all analyses were adjusted for those factors. Furthermore, secondhand 

nicotine vape exposure effect estimates in analyses restricted to participants not lost to 

follow-up at wave-2 (table 3, model 2) were similar to the estimates in the entire population 

(table 2). Therefore, selection bias is not likely to explain the associations with secondhand 

nicotine vape exposure we observed.

We also assessed whether the associations between secondhand nicotine vape exposure 

and respiratory symptoms were due to secondhand nicotine vape exposure induced asthma 

exacerbation.3 However, when we restricted the analysis to participants without any history 

of asthma at study entry, the secondhand nicotine vape exposure effect estimates (table 3, 

sensitivity analysis 3) were similar to effects in the entire sample (table 2, model 2). Asthma 

status of the subjects did not substantially affect the effect estimates observed between 

secondhand nicotine vape exposure and the respiratory outcomes (online supplemental table 

S4).
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Measurement error due to self-reported exposure and respiratory outcomes could have 

occurred. Because respiratory health outcomes were reported for last 12 months, it is 

possible that the participants under-reported symptoms occurring many months back. 

Exposure misclassification was likely to be small as exposure was assessed for the previous 

30 days and seems unlikely to have been substantially differential with respect to outcome 

that could have biased the estimated effects of exposure.

CONCLUSION

We observed associations of secondhand exposure to e-cigarettes in the home with 

bronchitic symptoms and shortness of breath, after accounting for coexposures to other 

tobacco and cannabis products. The study satisfies several criteria of causation, including 

prospective assessment of the temporal relationship, relatively strong associations and 

biological plausibility. However, these findings need to be replicated in other study 

populations and in study designs including secondhand nicotine vape exposure challenge 

studies, and merit study in animal models, to establish a causal association between 

secondhand nicotine vape exposure and respiratory symptoms. If causal, reduction of 

secondhand e-cigarette exposure in the home would reduce the burden of respiratory 

symptoms and would provide a compelling rationale for regulation of e-cigarette use in 

public places.
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Key message

What is the key question?

• Is secondhand vape exposure detrimental to respiratory health in young 

adults?

What is the bottom line?

• Secondhand vape exposure was associated with increased risk of bronchitic 

symptoms and shortness of breath in young adults, even after accounting for 

active smoking and vaping.

Why read on?

• Primary and secondhand exposure to vaping is highly prevalent among the 

adolescents and young adults but there has been little research investigating 

the effects of secondhand vape exposure on respiratory health.
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Figure 1. 
Prevalence of personal and secondhand tobacco and cannabis smoking and nicotine vaping 

during the study period (waves 1–4). CurrEcig, e-cigarette use in past 30 days; CurrMj, 

smoking or vaping cannabis in past 30 days; CurrSmk, smoking cigarette, cigar or cigarillos 

in past 30 days; PVS, personal vaping or smoking of nicotine or cannabis products in the 

previous 30 days; SHNV, secondhand vape exposure (nicotine); SHS, secondhand smoke 

exposure (tobacco); SHC-secondhand cannabis (vape or smoke) exposure.
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Figure 2. 
Prevalence of wheeze, bronchitic symptoms (BCP) and shortness of breath (SOB) during 

the study period (waves 1–4). BCP, Bronchitic symptoms reported in previous 12 months; 

Currwhz, wheeze reported in 12 months; SOB, shortness of breath reported in previous 12 

months.
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Table 2

Effect of past 30-day secondhand nicotine vape exposure on wheeze, bronchitic symptoms and shortness of 

breath; N=2090*

Wheeze Bronchitic symptoms Shortness of breath

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

Model 1† 1.56 (1.12 to 2.17) 1.90 (1.48 to 2.44) 1.87 (1.33 to 2.63)

Model 2‡ 1.21 (0.84 to 1.72) 1.40 (1.06 to 1.84) 1.53 (1.06 to 2.21)

*
Model 1: OR and 95% CI is based on mixed-effect logistic regression with person-specific random intercept and adjustment (fixed effect) for 

wave, age, sex, race and parental education.

†
Model 2: OR and 95% CI is based on mixed-effect logistic regression similar to model 1 with additional adjustment (fixed effect) for primary 

smoking or vaping of nicotine or cannabis, and secondhand smoking or cannabis smoking or vaping exposure.

‡
The OR and 95% CI for wheeze, bronchitic symptoms and shortness of breath is based on mixed-effect logistic regression models.

Thorax. Author manuscript; available in PMC 2022 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Islam et al. Page 16

Table 3

Effect of past 30-day secondhand nicotine vape exposure on wheeze, bronchitic symptoms and shortness of 

breath in sensitivity analyses restricted to participants with no past 30-day primary vaping or smoking of 

nicotine or cannabis§

Wheeze Bronchitic symptoms Shortness of breath

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

Sensitivity analysis 1* 2.27 (0.74 to 6.95) 3.10 (1.52 to 6.35) 2.05 (1.01 to 4.19)

Sensitivity analysis 2† 1.30 (0.90 to 1.87) 1.39 (1.05 to 1.84) 1.56 (1.08 to 2.26)

Sensitivity analysis 3‡ 1.15 (0.74 to 1.80) 1.63 (1.16 to 2.31) 1.47 (0.93 to 2.32)

*
Sensitivity analysis 1: Analysis was restricted to participants without any reported primary vaping or smoking of nicotine or cannabis in the past 

30 days (primary vaping or smoking) (n=1181).

†
Sensitivity analysis 2: Participants were included if they participated in both wave 1 and wave 2 (n=1609), adjusted additionally for primary 

vaping or smoking.

‡
Sensitivity analysis 3: Participants who reported no history of physician diagnosed asthma at wave 1 (n=1463), adjusted additionally for primary 

vaping or smoking.

§
OR and 95% CI are based on mixed-effect logistic regression model with person-specific random intercept and adjustment (fixed effect) for wave, 

age, sex, race, parental education and secondhand smoking or cannabis (smoking or vaping secondhand cannabis) exposure.
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