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ABSTRACT
Introduction  The pace and scale of the COVID-19 
pandemic, coupled with ongoing efforts by health 
agencies to communicate harms, have created a 
pressing need for data to inform messaging about 
smoking, vaping, and COVID-19. We examined reactions 
to COVID-19 and traditional health harms messages 
discouraging smoking and vaping.
Methods  Participants were a national convenience 
sample of 810 US adults recruited online in May 2020. 
All participated in a smoking message experiment and 
a vaping message experiment, presented in a random 
order. In each experiment, participants viewed one 
message formatted as a Twitter post. The experiments 
adopted a 3 (traditional health harms of smoking or 
vaping: three harms, one harm, absent) × 2 (COVID-19 
harms: one harm, absent) between-subjects design. 
Outcomes included perceived message effectiveness 
(primary) and constructs from the Tobacco Warnings 
Model (secondary: attention, negative affect, cognitive 
elaboration, social interactions).
Results  Smoking messages with traditional or 
COVID-19 harms elicited higher perceived effectiveness 
for discouraging smoking than control messages without 
these harms (all p <0.001). However, including both 
traditional and COVID-19 harms in smoking messages 
had no benefit beyond including either alone. Smoking 
messages affected Tobacco Warnings Model constructs 
and did not elicit more reactance than control messages. 
Smoking messages also elicited higher perceived 
effectiveness for discouraging vaping. Including 
traditional harms in messages about vaping elicited 
higher perceived effectiveness for discouraging vaping (p 
<0.05), but including COVID-19 harms did not.
Conclusions  Messages linking smoking with COVID-19 
may hold promise for discouraging smoking and may 
have the added benefit of also discouraging vaping.

INTRODUCTION
The COVID-19 pandemic has created urgent 
and unprecedented global public health chal-
lenges. These challenges may be exacerbated by 
the persistently high rates of smoking cigarettes 
and using electronic cigarettes (e-cigarettes), also 
known as vaping. Research on COVID-19 is rapidly 
evolving. Currently available evidence suggests 
smoking could increase risk of becoming infected 
with SARS-CoV-2, the virus that causes COVID-
19, by weakening the immune system.1–3 Smoking 
could also lead to worse outcomes among those 
with COVID-19. Systematic reviews and meta-
analyses have found that smoking is associated with 
worse outcomes among those with COVID-19, 

including severe symptoms and death.4–6 One meta-
analysis found no association between smoking 
and worse COVID-19 outcomes,7 but the find-
ings have since been called into question.8 While 
potentially less harmful than smoking, vaping has 
some risks. For example, a survey of US adolescents 
and young adults (ages 13–24) conducted in May 
2020 found that those who had ever vaped were 
more likely to report having been diagnosed with 
COVID-19 compared with never vapers, though 
no association was observed between recent (past 
30 days) vaping and COVID-19 diagnosis.9 Studies 
of patients with COVID-19 have not yet reported 
vaping status; however, vaping could worsen 
COVID-19 outcomes by weakening the immune 
system,3 10–13 lung function10 12–16 or the circula-
tory system.11 17 18 Beyond potential direct associ-
ations between smoking, vaping and COVID-19, 
smoking and vaping (perhaps to a lesser extent) 
also contribute to chronic diseases including heart 
disease, type 2 diabetes, emphysema and chronic 
obstructive pulmonary disease,2 11 which contribute 
to worse COVID-19 outcomes19–22 and represent 
significant public health challenges even in the 
absence of the COVID-19 pandemic.

The COVID-19 pandemic presents an opportu-
nity to discourage smoking and vaping. Communi-
cation efforts, such as mass media campaigns, social 
media messaging and product warnings, are effec-
tive tools for discouraging smoking and vaping.23–25 
Even as research on COVID-19 risk evolves, public 
health agencies worldwide are already commu-
nicating about the potential risks of smoking and 
vaping in the context of the COVID-19 pandemic. 
Globally, the World Health Organization (WHO) 
launched a social media campaign about the poten-
tial for smoking and vaping to worsen COVID-19 
morbidity and mortality (figure  1).26 In the USA, 
entities such as the National Cancer Institute and 
state authorities have communicated to the public 
about the risks of smoking, vaping and COVID-19 
via press releases and social media.26–28

The rapid pace and global scale of the COVID-19 
pandemic, coupled with ongoing efforts by health 
agencies to communicate harms to the public, have 
created a pressing need for data to inform messaging 
campaigns to discourage smoking and vaping. If 
research finds that smoking or vaping increase 
COVID-19 risks, agencies need to know whether 
messages describing these associations are likely to 
discourage these behaviours. Even in the absence of 
the COVID-19 pandemic, addressing the continued 
burden of smoking and vaping requires developing 
generalisable principles on how to maximise the 
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impact of antismoking and antivaping messages. Prior research 
suggests two principles to examine. First, the optimal number of 
harms to include in messages remains unknown. Cigarette pack 
warnings typically include only one harm, but some research 
suggests more harms could boost impact.29–31 Second, only 
a small number of studies have examined whether particular 
harms may have more impact than others, so the specific harms 
most likely to motivate cessation remain largely unknown.31–33 
As research on the links between smoking, vaping and health 
harms (including both traditional and COVID-19 harms) 
develops further, forward-looking evidence on reactions to 
messages about particular harms can guide swift dissemination 
of effective messages.

To inform tobacco control efforts, this study examined the 
extent to which messages about traditional health harms and 
COVID-19 harms were perceived to discourage smoking and 
vaping. We focused on perceived message effectiveness (PME) 
because it is a brief, reliable and valid measure that is commonly 
used for message development and selection, and because it is 
predictive of messages’ actual effectiveness.34–36 We also assessed 
warnings’ impacts on constructs from the University of North 
Carolina (UNC) Tobacco Warnings Model37 (TWM), an empir-
ically driven model explaining how cigarette and e-cigarette 
warnings influence behaviour change, because these outcomes 
are also good proxies for actual message effectiveness.38–41 
Finally, we examined smoking and vaping warnings’ effects 
on discouragement and thinking about harms of the non-focal 
behaviour (eg, smoking warnings’ impact on discouragement 
from vaping) to evaluate whether messages about one product 
spill over to affect perceptions of the other product.

METHODS
Prior to data collection, we preregistered the sample size, 
hypotheses and analysis plan (https://aspredicted.org/ek4rk.pdf).

Participants
In May 2020, we recruited an online convenience sample of 810 
US adults (ages 18 or older) through the Qualtrics Online Panel 
platform. Online convenience samples are an efficient way to 
study message reactions and can yield highly generalisable find-
ings for experiments like those used in this study.42 Participants 
were eligible if they were established current smokers (smoked 
at least 100 cigarettes and now smoking every day or some 

days),43 44 current e-cigarette users (currently vaping every day 
or some days),45 or dual users (current smoker and current e-cig-
arette user).

Procedures
Design
We conducted two independent experiments, one to test 
smoking messages and one to test vaping messages. Both exper-
iments used the same 3 × 2 between-subjects factorial design, 
randomising participants to one of six message conditions (see 
online supplemental figures 1 and 2). The first factor varied the 
traditional health harms included in the message: three harms, 
one harm, or absent. Within the one traditional health harm 
condition, participants were randomised to view messages about 
immune function, lung damage, or heart disease. These harms 
were combined for the three traditional health harms condi-
tion. The second factor varied the COVID-19 harm included in 
the message (present or absent). Within the COVID-19 harm 
present condition, participants were randomised to see messages 
about COVID-19 infection, hospitalisation or death. We inte-
grated these message elements to create 40 messages (20 for 
each experiment; online supplemental tables 1 and 2 show the 
smoking and vaping messages, respectively) based on our prior 
experience developing cigarette and e-cigarette risk communica-
tions.31 33 37 46 47 Messages in the two experiments were identical 
except for the behaviour (smoking vs vaping). Online supple-
mental table 3 provides additional details and rationale under-
lying the experimental design.

Stimuli
We developed the smoking and vaping messages guided by 
existing scientific evidence and by messages currently in use 
by agencies such as the WHO and US Centers for Disease 
Control and Prevention (CDC). Research on the links between 
smoking, vaping, and COVID-19 harms is rapidly developing; 
the messages we used had varying levels of scientific evidence 
supporting them at the time of survey launch (see online supple-
mental table 4). Given the extraordinary pace of COVID-19 
research, we elected to create forward-looking messages (ie, 
that may have lacked strong scientific support at the time of 
the survey) so that data on messages’ effectiveness is readily 
available as clarity emerges in research on smoking and vaping 

Figure 1  Tweets with messages about COVID-19, smoking and vaping from (A) the World Health Organization and, (B) examples of experimental 
stimuli.
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harms. Control messages presented generic text about cigarette 
and e-cigarette products adapted from Wikipedia to be neutral 
and similar in length to intervention messages (eg, ‘A regular 
cigarette is a narrow cylinder that usually contains tobacco. It 
is rolled into thin paper and smoked by lighting the end of it’.).

We presented each message as a tweet from the CDC to 
provide realism and context for participants. We chose to create 
tweets because Twitter is a commonly used social media plat-
form,48 news media often embed tweets in their stories, and many 
health organisations (including the CDC) actively use Twitter to 
disseminate information. Twitter posts commonly include an 
image; thus, we added an image of the experimental message to 
the tweet, following the approach used by the WHO. A graphic 
designer created these images to closely mirror formatting from 
a WHO tweet (figure 1).26 The designer developed the 40 tweets 
with the message text and relevant image into visuals matched 
for layout, size, and colour.

Approach
Participants each completed two experiments: one for smoking 
and one for vaping. Half of participants were randomly assigned 
to complete the smoking experiment first and the other half to 
complete the vaping experiment first. Experiment order did not 
interact with the message element variables (all p>0.05). In each 
experiment, participants viewed a smoking or vaping message 
randomly assigned from one of the six conditions, then answered 
questions about that message. Message condition assignment in 
one experiment was independent of assignment in the other. At 
the conclusion of the survey, we debriefed participants, informed 
them that the messages they viewed were developed by the 
research team, and directed them to online resources with cessa-
tion support and up-to-date information about smoking, vaping, 
and COVID-19 (see online supplemental table 5 for debriefing 
language). Participants received incentives in a reward type and 
amount set by the survey vendor (eg, cash, reward points).

Measures
Participants rated messages on the primary outcome of PME, 
assessed using the three-item UNC PME Scale (eg, ‘How much 
does this message discourage you from wanting to smoke?’, 
Cronbach’s alpha=0.91 for smoking items and 0.92 for vaping 
items).49 Secondary outcomes from the TWM were: atten-
tion,50 cognitive elaboration (ie, thinking about quitting vaping/
smoking and health problems caused by vaping/smoking),51–53 
negative affective reactions to the messages (ie, fear, anxiety, 
sadness),50 54 55 and anticipated social interactions about the 
messages.56–58 The survey also assessed message reactance (ie, 
oppositional reaction to the message),59 60 perceived harm61 
(ie, how harmful is vaping/smoking to your health), PME for 
discouraging the non-focal behaviour (eg, discouraging vaping 
in response to the smoking message)49 and cognitive elaboration 
about the harms of the non-focal behaviour. Finally, the survey 
assessed participants’ beliefs about the risks of smoking and 
vaping, including beliefs about the harms discussed in the exper-
imental messages (eg, how smoking affects immune function). 
All measures used 5-point response scales (coded as 1 (low) 
to 5 (high)). The survey also assessed standard demographics, 
smoking, and vaping. Survey measures appear in online supple-
mental table 5.

Data analysis
We made three predictions for both the smoking and vaping 
experiments. First, we predicted that messages that describe one 

traditional health harm would elicit higher PME than messages 
that describe no traditional health harms, and lower PME than 
messages that describe three traditional health harms, based on a 
study of cigarette warnings.31 Second, we predicted that messages 
that describe COVID-19 would elicit higher PME than messages 
without discussion of COVID-19. Finally, we predicted that the 
combined effects of a traditional health harms message and a 
COVID-19 message would be less than additive (ie, diminishing 
returns from additional message elements), based on studies of 
cigarette and sugary drink warnings.62 63

We used linear models to test these predictions, assessing 
how the manipulated message elements affected the primary 
outcome of PME. The initial models included indicators for 
the manipulated message elements and their interactions. To 
ease interpretation, the final model retained only statistically 
significant interactions from the initial model. We used post hoc 
tests to compare the effect of 1 traditional harm to three tradi-
tional harms, applying a Bonferroni-adjusted critical alpha to 
account for multiple comparisons. We used the same approach 
to examine the effects of message elements on secondary and 
other outcomes. We probed interactions by calculating average 
differential effects at each level of the moderating factors.

We also examined whether messages discussing immune func-
tion, lung damage, or heart damage elicited higher PME among 
those randomised to view messages with one traditional health 
harm. These analyses used linear regression with indicator vari-
ables for each type of traditional health harm and compared 
effects of specific harms using postestimation commands. We 
used the same approach to examine whether messages discussing 
COVID-19 infection, hospitalisation, or death elicited higher 
PME among participants randomised to see messages with a 
COVID-19 harm.

Exploratory analyses examined whether eight participant 
characteristics moderated the impact of message elements on 
PME: Twitter use (ever vs never); political party identification 
(Republican vs Democrat, Independent, or other); frequency of 
smoking or vaping (every day vs less often); type of user (smoker 
only, vaper only, or dual user); negative affective reactions to 
COVID-19 (average of three items, alpha=0.70); COVID-19 
deaths per capita in respondents’ state on 6 May 2020 (day of 
survey launch, coded continuously in deaths per 100 000 resi-
dents64); presence of a health condition considered high risk for 
severe COVID-19 infection (eg, heart disease); and educational 
attainment (some college or less vs college degree or more). 
These moderation analyses used a Bonferroni-adjusted critical 
alpha.

To allow for comparisons of effects across outcomes, we stan-
dardised all dependent variables prior to analysis and report 
the resulting regression coefficients (B). Analyses used Stata MP 
V.16.1 (StataCorp LLC). Statistical tests were two tailed and 
used a critical alpha of 0.05.

RESULTS
Participants
Participants’ average age was 41.9 years (table 1). About 71% 
reported smoking every day, compared with 23% who reported 
vaping every day. Nearly one-third (29%) lived in poverty (ie, 
income <150% of the 2020 Federal Poverty Level). About 11% 
reported they probably or definitely had COVID-19 before or 
currently. Sample characteristics did not differ by experimental 
conditions in either the smoking or vaping experiments (all 
p>0.05).
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Smoking experiment
Perceived message effectiveness
Compared with control messages, messages with one (B=0.73, 
p<0.001) or three (B=0.86, p<0.001) traditional health 
harms elicited higher PME for discouraging smoking (table 2). 
Messages that included a COVID-19 harm also elicited higher 
PME compared with control messages (B=0.82, p<0.001). 
Three traditional health harms did not have a stronger impact 
on PME than one harm (p=0.45), contrary to our prediction.

Traditional health harms interacted with COVID-19 harms, 
showing diminishing returns from adding a new message element 
(p for interactions <0.001, table 2). Adding a COVID-19 harm 
to smoking messages led to higher PME only when messages 
did not include any traditional health harms (B=0.82, p<0.001) 
(figure 2). The addition of a COVID-19 harm had no benefit 
when messages already included one traditional health harm 
(B=0.06, p=0.68) or three traditional health harms (B=−0.04, 
p=0.77). (online supplemental table 6 provides means and SDs 
for each condition for all outcomes).

Of the 24 interactions between participant characteristics and 
experimental factors examined, none were statistically signifi-
cant at the Bonferroni-adjusted critical alpha (online supple-
mental table 7).

Smoking messages about immune function, lung damage, and 
heart damage elicited similar PME ratings (all p for pairwise 
comparisons>0.05, online supplemental figure 3). Smoking 
messages about dying from COVID-19 were perceived to be 
more effective than smoking messages about being hospitalised 
for COVID-19 (p=0.03, online supplemental figure 4), but were 
not different from messages about COVID-19 infection.

Secondary outcomes
The same pattern of results, including diminishing impact of 
additional message elements, emerged for attention, cognitive 
elaboration, negative affect and anticipated social interactions, 
our secondary outcomes from the TWM (table  2). For these 
outcomes, messages with one or three traditional health harms 
or with a COVID-19 harm generally outperformed control 
messages. Including additional types of harms once messages 
described either traditional health harms or a COVID-19 harm 
showed diminishing returns (ie, negative interactions).

Other outcomes
Messages with traditional health harms or COVID-19 harms 
generally led to greater perceived harm of smoking (table 2). The 
smoking messages also led to higher perceived effectiveness for 
discouraging vaping and cognitive elaboration about the harms 
of vaping, despite the smoking messages not mentioning vaping. 
None of the manipulated message elements led to more reac-
tance than control messages.

Beliefs that smoking affects COVID-19 risks (eg, infection, 
hospitalisation) did not differ across experimental conditions 
(online supplemental table 8). Message elements also did not 
affect beliefs about smoking’s effects on the immune system, 
lungs or heart. Exploratory analyses comparing participants who 
did and did not receive messages corresponding to the topic of 
the survey item showed a similar pattern of results.

Vaping experiment
Perceived message effectiveness
Messages that included one (B=0.24, p=0.005) or three 
(B=0.18, p=0.033) traditional health harms were perceived to 
be more effective for discouraging vaping than messages without 

Table 1  Participant characteristics, n=810

Characteristic N %

Demographic Characteristics

Age

 � 18–29 years 159 20%

 � 30–39 years 251 31%

 � 40–54 years 204 25%

 � 55+ years 187 23%

 � Mean (SD) 41.9 (14.6)

Gender identity

 � Man 365 45%

 � Woman 430 53%

 � Neither man nor woman or prefer to self-describe 13 2%

Transgender 40 5%

Gay, lesbian or bisexual 94 12%

Hispanic ethnicity 81 10%

Race

 � White 620 77%

 � Black or African American 97 12%

 � Asian or Pacific Islander 34 4%

 � American Indian or Alaskan Native 15 2%

 � Other race or multiracial 44 5%

Education

 � High school diploma or less 220 27%

 � Some college 201 25%

 � Bachelor’s or associate’s degree 274 34%

 � Graduate degree 114 14%

Household income, annual

 � US $0–24 999 200 25%

 � US $25 000–49 999 195 24%

 � US $50,000–74 999 148 18%

 � US $75 000–99 999 85 10%

 � US $100 000+ 182 22%

Low income (<150% of FPL) 236 29%

Political party identification

 � Democrat 357 44%

 � Republican 277 34%

 � Independent or other 176 22%

Behaviours and Health Status

Cigarette smoking frequency

 � Not at all 58 7%

 � Some days 174 21%

 � Every day 578 71%

Vaping frequency

 � Not at all 351 43%

 � Some days 276 34%

 � Every day 183 23%

Ever used Twitter 499 62%

Have health condition that increases COVID-19 risk 450 56%

Probably or definitely had COVID-19 93 11%

Knew someone who had COVID-19 328 40%

Characteristics did not differ by experimental conditions in either the vaping or 
smoking experiments (all p>0.05). Missing demographic data ranged from 0.0% 
to 1.6%. Health conditions that increase COVID-19 risk included heart disease or 
history of heart attack; stroke; hypertension or high blood pressure; asthma; cancer; 
chronic lung disease including chronic obstructive pulmonary disease; emphysema 
or chronic bronchitis; obesity (body mass index ≥30 kg/m2); diabetes; liver disease 
including cirrhosis; chronic kidney disease; or autoimmune disease including lupus, 
multiple sclerosis, rheumatoid arthritis, psoriasis, Crohn’s disease, and inflammatory 
bowel disease.
FPL, US Federal Poverty Level for 2020.
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traditional health harms (table 3, figure 2; see also online supple-
mental table 9 for mean outcomes by condition). Three tradi-
tional health harms did not have a stronger impact on PME than 
one harm (p=0.48). Vaping messages with a COVID-19 harm did 
not elicit higher PME ratings compared with messages without a 
COVID-19 harm (B=0.08, p=0.33). In addition, traditional and 
COVID-19 harms did not interact with one another in initial 
models (p>0.05), so final models removed the interaction terms 
for ease of interpretation.

None of the 16 interactions between participant characteris-
tics and experimental factors were statistically significant at the 
Bonferroni-adjusted critical alpha (online supplemental table 
10).

Vaping messages about immune function, lung damage, and 
heart damage were perceived to be similarly effective (all p for 
pairwise comparisons>0.05,online supplemental figure 5). Like-
wise, vaping messages about COVID-19 infection, hospitalisa-
tion, and death elicited similar PME ratings (all p>0.05,online 
supplemental figure 6).

Secondary outcomes
Three of our four secondary outcomes from the TWM (ie, atten-
tion, cognitive elaboration, and negative affect) showed a similar 
pattern of results as the primary outcome (table  3). For these 
outcomes, messages with one or three traditional health harms 
generally outperformed messages without traditional health 
harms, while messages with COVID-19 harms did not outper-
form messages without this message element. Vaping message 
elements did not affect anticipated social interactions.

Other outcomes
A similar pattern of results again emerged for vaping message 
elements’ effects on perceived harm of vaping, PME at discour-
aging smoking and cognitive elaboration about smoking (table 3). 
Likewise, a similar pattern emerged for beliefs about the risks of 
vaping (eg, how vaping affects immune function, online supple-
mental table 11). None of the manipulated message elements led 
to more reactance (table 3).

DISCUSSION
Public health agencies are communicating about how cigarette 
smokers may experience greater harm from COVID-19. Our 
national experiments show that US adults perceived these health 
messages as likely to discourage smoking. Further, they also 
perceived cigarette messages describing traditional health harms 

(whether one or three) to be effective. Because PME is predic-
tive of actual message effectiveness,36 our findings offer prelim-
inary support for using COVID-19-related smoking harms as 
a new topic in antismoking communication efforts. Further, 
three different COVID-19 harms (infection, hospitalisation, and 
death) all had similar impact to traditional health harms (whether 
one or three), indicating that health agencies have many viable 
options for topics to use in anti-smoking messages. Moreover, 
agencies could rotate among the varying topics in their commu-
nications to add novelty and prevent messages from becoming 
stale over time.65 66

In contrast to the findings for smoking messages, only tradi-
tional harms (and not COVID-19 harms) were perceived as 
effective for vaping messages, suggesting that health agen-
cies focus their vaping communications on traditional harms32 
rather than COVID-19 harms. The lack of effect of COVID-19 
messages on PME in the vaping experiment could be due to the 
vaping control message being more ‘active’ (see figure 2), poten-
tially reflecting that any information on vaping—even neutral 
information—is relatively novel for many adults. While we did 
not assess believability of messages, it is also possible that partic-
ipants found the vaping messages about COVID-19 less believ-
able than the smoking messages about COVID-19, and that this 
explains the lack of effect of the COVID-19 vaping messages.

The messages affected the main constructs of the TWM. The 
messages that were perceived to be effective in discouraging 
smoking and vaping also increased attention, thinking about the 
message content, negative affective reactions, and expectations 
of talking to others about the messages, consistent with previous 
studies of messages about smoking,67 chemicals in cigarettes,53 
and sugary drinks.68 The constructs in the TWM have been 
shown to be predictive of behavioural intentions and behaviour 
change,38–41 47 58 suggesting that the messages in our study hold 
promise for decreasing actual cigarette and e-cigarette use.

Some have raised concerns that antismoking and antivaping 
messages and product warnings that discourage one harmful 
behaviour (eg, vaping) might inadvertently encourage another 
harmful behaviour (eg, smoking).69 Alternatively, messages 
about one product may exert a tarnishing effect on other prod-
ucts. Importantly, we found evidence to support the tarnishing 
hypothesis: in our study, messages discouraging smoking also 
discouraged vaping and vice versa, suggesting that antismoking 
and antivaping messages may make both products unappealing. 
This finding builds on a prior study showing e-cigarette warn-
ings discouraged both vaping and smoking.47 Future research 

Table 2  Smoking message elements’ impact, n=810

Message element

Primary 
outcome Secondary outcomes from Tobacco Warnings Model Other outcomes

Perceived 
effectiveness Attention

Cognitive 
elaboration

Negative 
affect

Social 
interactions

Perceived 
harm

Perceived 
effectiveness, 
vaping

Cognitive 
elaboration, 
vaping Reactance

B B B B B B B B B

Traditional harms

 � 1 harm versus absent 0.73*** 0.33 0.67*** 0.49** 0.08 0.44* 0.60*** 0.54** 0.02

 � 3 harms versus absent 0.86*** 0.43* 0.81*** 0.58*** 0.40* 0.61*** 0.57*** 0.64*** 0.09

COVID-19 harm

 � 1 harm versus absent 0.82*** 0.55*** 0.78*** 0.66*** 0.56*** 0.46** 0.55*** 0.63*** 0.19

Traditional 1 harm × COVID-19 −0.77*** −0.30 −0.57** −0.53** −0.09 −0.41* −0.64** −0.49* −0.03

Traditional 3 harms × COVID-19 −0.86*** −0.50* −0.76*** −0.66*** −0.47* −0.61** −0.52** −0.60** −0.13

Bs are unstandardised regression coefficients on standardised dependent variables. Bold indicates statistically significant effects. *p<0.05, **p<0.01, ***p<0.001.
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Figure 2  Perceived message effectiveness by condition in (A) the smoking experiment and, (B) the vaping experiment. Error bars show 95% CIs.
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will clarify the extent to which messages have beneficial spill-
over effects on behavioural outcomes, as well as whether there 
are any circumstances in which these messages have unintended 
consequences.

Strengths of our experiments include the use of a randomised 
design, measurement of a primary outcome with strong psycho-
metric properties,49 and creation of realistic stimuli mirroring 
actual messages from public health organisations. Limita-
tions include the brief exposure to stimuli in an online study, 
precluding assessment of behaviour. We did not assess underlying 
beliefs about smoking or vaping harms or measure believability 
of messages. Additionally, we surveyed a convenience sample, so 
results’ generalisability remains to be established, though online 
convenience samples provide results for experiments that closely 
match population-based samples.42 Finally, we fielded our survey 
in early May 2020, when ‘stay-at-home’ and ‘shelter-in-place’ 
orders were active for most US states, and additional research 
will clarify whether our findings hold later in the pandemic.

Our results have actionable implications for public health 
communicators and the tobacco control field. First, our findings 
indicate that messages linking smoking cigarettes with COVID-
19-related harms could have an impact. If and when the link 
between smoking and COVID-19 is confirmed, our findings 
provide forward-looking evidence that health agencies can use 
to rapidly deploy prevetted messages leveraging COVID-19 to 
discourage smoking. Second, our findings suggest that messages 
linking vaping with traditional health harms such as lung damage 
could discourage vaping. As evidence of vaping’s harms continues 
to emerge, public health communications should include 

information about these harms in vaping messages, particularly 
because studies suggest vaping risk communication is effective at 
discouraging e-cigarette use.32 47 The lack of differences between 
messages with different traditional health harms suggests that 
those designing vaping messages have several promising options 
in terms of which harms to highlight. Third, our findings suggest 
a general principle of simplicity for public health messages. We 
observed diminishing returns from including additional message 
elements in smoking messages, similar to previous studies of 
warnings for cigarettes and sugary drinks.31 47 62 63 This ‘less 
is more’ finding70 supports use of brief messages. Given the 
pressing public health need to reduce smoking and vaping, these 
findings provide timely evidence that brief smoking and vaping 
messages may effectively discourage these behaviours.

Twitter Anna H Grummon @AnnaGrummon
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What this paper adds

	► Smoking causes many health harms, and evidence is 
accumulating that vaping also causes harms.

	► Early studies suggest that smoking may exacerbate health 
harms caused by COVID-19, but this remains a contested area 
as of this writing. Patient-level data on vaping and COVID-19 
harms is not yet available.

	► Public health agencies globally are messaging on the 
potential harms of smoking, vaping, and COVID-19.

	► Our study found benefits of messages linking smoking with 
both COVID-19 and traditional health harms.

	► Messages linking vaping and COVID-19 had limited effects, 
but messages linking vaping and traditional health harms (eg, 
lung damage) were beneficial.

Table 3  Vaping message elements’ impact, n=810

Message element

Primary 
outcome Secondary outcomes from Tobacco Warnings Model Other outcomes

Perceived 
effectiveness Attention

Cognitive 
elaboration

Negative 
affect

Social 
interactions

Perceived 
harm

Perceived 
effectiveness, 
smoking

Cognitive 
elaboration, 
smoking Reactance

B B B B B B B B B

Traditional harms

 � 1 harm versus absent 0.24** 0.20* 0.25** 0.25** 0.14 0.27** 0.28** 0.25** 0.17

 � 3 harms versus absent 0.18* 0.11 0.19* 0.20* 0.10 0.26** 0.19* 0.20* 0.13

COVID-19 harm

 � 1 harm versus absent 0.08 0.06 0.01 0.04 −0.01 −0.03 0.09 −0.03 0.14

Bs are unstandardised regression coefficients on standardised dependent variables. Two-way interactions between traditional health harms and COVID-19 harm were not 
statistically significant in initial models and so were removed from the final models. Bold indicates statistically significant effects. *p<0.05, **p<0.01, ***p<0.001.
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Supplemental Table 1. Messages used in smoking experiment 
T

ra
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n
a
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ea

lt
h

 H
a
rm

s 
 COVID-19 Harm 

Absent Infection Hospitalization Death 

Absent 

A regular cigarette is a 
narrow cylinder that 
usually contains 
tobacco. It is rolled 
into thin paper and 
smoked by lighting the 
end of it. 

Smoking increases your 
chances of COVID-19 
infection. 

Smoking increases your risk of 
being hospitalized for COVID-
19. 
 

Smoking makes 
COVID-19 more likely 
to kill you.  

One 

harm: 

Immune 

function 

Smoking weakens your 
body’s ability to fight 
off disease. 

Smoking weakens your 
body’s ability to fight off 
disease. This increases 
your chances of COVID-
19 infection. 
 

Smoking weakens your body’s 
ability to fight off disease. This 
increases your risk of being 
hospitalized for COVID-19. 

Smoking weakens your 
body’s ability to fight 
off disease. This makes 
COVID-19 more likely 
to kill you.  

One 

harm: 

Lung 

function 

Smoking damages your 
lungs. 

Smoking damages your 
lungs. This increases 
your chances of COVID-
19 infection. 

Smoking damages your lungs. 
This increases your risk of being 
hospitalized for COVID-19. 

Smoking damages your 
lungs. This makes 
COVID-19 more likely 
to kill you. 

One 

harm: 

Heart 

disease 

Smoking damages your 
heart. 

Smoking damages your 
heart. This increases your 
chances of COVID-19 
infection. 

Smoking damages your heart. 
This increases your risk of being 
hospitalized for COVID-19. 

Smoking damages your 
heart. This makes 
COVID-19 more likely 
to kill you. 

Three 

harms 

Smoking weakens your 
body’s ability to fight 
off disease and 
damages your heart 
and lungs.  

Smoking weakens your 
body’s ability to fight off 
disease and damages 
your heart and lungs. 
This increases your 
chances of COVID-19 
infection. 

Smoking weakens your body’s 
ability to fight off disease and 
damages your heart and lungs. 
This increases your risk of being 
hospitalized for COVID-19. 

Smoking weakens your 
body’s ability to fight 
off disease and damages 
your heart and lungs. 
This makes COVID-19 
more likely to kill you. 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
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Supplemental Table 2. Messages used in vaping experiment 
T

ra
d

it
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n
a
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H
ea
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h
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a
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s 
 COVID-19 Harm 

Absent Infection Hospitalization Death 

Absent 

An e-cigarette is a 
battery-powered device 
that usually contains 
tobacco-derived liquid. 
It heats the e-liquid into 
an aerosol that the user 
inhales. 

Vaping increases your 
chances of COVID-19 
infection. 

Vaping increases your risk of 
being hospitalized for COVID-
19. 
 

Vaping makes COVID-
19 more likely to kill 
you.  

One 

harm: 

Immune 

function 

Vaping weakens your 
body’s ability to fight 
off disease. 

Vaping weakens your 
body’s ability to fight off 
disease. This increases 
your chances of COVID-
19 infection. 

Vaping weakens your body’s 
ability to fight off disease. This 
increases your risk of being 
hospitalized for COVID-19. 

Vaping weakens your 
body’s ability to fight 
off disease. This makes 
COVID-19 more likely 
to kill you.  

One 

harm: 

Lung 

function 

Vaping damages your 
lungs. 

Vaping damages your 
lungs. This increases 
your chances of COVID-
19 infection. 

Vaping damages your lungs. 
This increases your risk of 
being hospitalized for COVID-
19. 

Vaping damages your 
lungs. This makes 
COVID-19 more likely 
to kill you. 

One 

harm: 

Heart 

disease 

Vaping damages your 
heart. 

Vaping damages your 
heart. This increases 
your chances of COVID-
19 infection. 

Vaping damages your heart. 
This increases your risk of 
being hospitalized for COVID-
19. 

Vaping damages your 
heart. This makes 
COVID-19 more likely 
to kill you. 

Three 

harms 

Vaping weakens your 
body’s ability to fight 
off disease and damages 
your heart and lungs.  

Vaping weakens your 
body’s ability to fight off 
disease and damages 
your heart and lungs. 
This increases your 
chances of COVID-19 
infection. 

Vaping weakens your body’s 
ability to fight off disease and 
damages your heart and lungs. 
This increases your risk of 
being hospitalized for COVID-
19. 

Vaping weakens your 
body’s ability to fight 
off disease and 
damages your heart and 
lungs. This makes 
COVID-19 more likely 
to kill you. 
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Supplemental Table 3.  

Design decisions Rationale 

Primary manipulations  

Examine traditional health 
harms (absent vs. 1 harm vs. 3 
harms)  

• Research has established that smoking and vaping contribute to “traditional” (i.e., non-COVID-19) 
health harms such as lung damage, heart damage, and weakened immune function. We selected these 
three specific harms because they could plausibly be paired with the COVID-19 manipulations (in 
contrast with harms such as e-cigarette explosions), as we elected to use a fully factorial design (see 
“additional design decisions”). 

• Product warnings, social media channels, and mass media campaigns can disseminate messages about 
smoking/vaping and traditional harms regardless of the state of the COVID-19 pandemic. 

• Previous research has suggested that messages with more harms may be more effective than messages 
with fewer harms, but other research suggests a principle of “less is more” for health warnings.  

Examine COVID-19 harms 
(absent vs. present) 

• Health agencies are already disseminating messages linking smoking and vaping to increased risk of 
poor COVID-19 outcomes, but studies have not examined reactions to these messages.  

• The salience of the COVID-19 pandemic may make COVID-19 messages more effective than those 
discussing traditional health harms, but this has not been explored.  

Additional manipulations  

Examine different types of 
traditional health harm 
(weakened immune function vs. 
heart damage vs. lung damage) 

• Because smoking and vaping contribute to many health harms, health agencies could develop 
messages linking tobacco use to a variety of poor outcomes. It remains unknown which of these 
harms is most discouraging to consumers. 

Examine different levels of 
COVID-19 severity (infection 
vs. hospitalization vs. death) 

• More severe COVID-19 outcomes may be more effective at discouraging tobacco use, but this has not 
been tested.  

• Smoking/vaping might ultimately be found to affect only some types of COVID-19 risks (e.g., 
increasing likelihood of hospitalization/death once infected, but not likelihood of becoming infected), 
making it useful to study a variety COVID-19 outcomes.   

Additional design decisions  

Examine messages that 
combine traditional and 
COVID-19 health harms 

• Consensus has emerged that heart damage, weakened immune function, and lung damage (the 
traditional health harms examined in this study) increase risk of severe COVID-19 outcomes, 
indicating the utility of studying messages linking traditional and COVID-19 harms.  

Use fully factorial design • Factorial designs are an efficient way to study multiple experimental factors simultaneously. 

Note. Evidence regarding links between smoking, vaping, and health harms is provided in Supplemental Table 4.  
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Supplemental Table 4. Evidence linking smoking and vaping to harms used in the messaging experiments 

Harm Smoking Evidence  Vaping Evidence  

Being infected with 
COVID-19 

• Peer-reviewed publications: 

o No studies identified that examine 

smoking as a risk factor for COVID-19 

infection.* 

• Health agency statements: 

o (Centers for Disease Control and 

Prevention, 2020c)  

o (World Health Organization, 2020c)  

o (World Health Organization, 2020d)  

• Peer-reviewed publications:* 

o (Gaiha, Cheng, & Halpern-Felsher, 2020) 

• Pre-prints: 

o (Li, Croft, Ossip, & Xie, 2020)  

 

Being hospitalized 
for COVID-19 

• Reviews and meta-analysis 

o (Alqahtani et al., 2020) 

o (Grundy, Suddek, Filippidis, Majeed, & 

Coronini-Cronberg, 2020) 

o (Karanasos et al., 2020) 

o (Vardavas & Nikitara, 2020) 

• Peer-reviewed publications: 

o (CDC COVID-19 Response Team, 2020)  

o (Guan et al., 2020) 

o (Hamer, Kivimäki, Gale, & Batty, 2020) 

o (Killerby et al., 2020) 

o (Soares, Mattos, & Raposo, 2020) 

• Health agency statements: 

o (World Health Organization, 2020a) 

• Peer-reviewed publications: 

o No studies identified supporting this 

association.** 

Dying from COVID-
19 
 

• Reviews and meta-analyses: 

o (Alqahtani et al., 2020)  

o (Grundy et al., 2020) 

o (Vardavas & Nikitara, 2020)  

• Peer-reviewed publications: 

• Peer-reviewed publications: 

o No studies identified supporting this 

association at the individual level.** 

• Pre-prints: 

o (Li et al., 2020)  
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Harm Smoking Evidence  Vaping Evidence  

o (Mehra, Desai, Kuy, Henry, & Patel, 

2020)  

• Health agency statements: 

o (World Health Organization, 2020d)  

Worsened immune 
function 
 

• Reviews and meta-analyses: 

o (Patanavanich & Glantz, 2020)  

o (Lawrence, Hunter, Murray, Lim, & 

McKeever, 2019)  

o (Han et al., 2019)  

o (Strzelak, Ratajczak, Adamiec, & 

Feleszko, 2018)  

o (Bauer, Morissette, & Stämpfli, 2013)  

o (Arcavi & Benowitz, 2004)  

• Peer-reviewed publications: 

o (Komiyama & Hasegawa, 2020)  

o (Nguyen, Torres, Agrawal, & Agrawal, 

2020)  

o (Bhat et al., 2018)  

o (Godoy et al., 2016)  

o (Ouyang et al., 2000)  

• Health agency statements: 

o (Centers for Disease Control and 

Prevention, 2020a)  

o (World Health Organization, 2019)  

• Reviews and meta-analyses: 

o (Gotts, Jordt, McConnell, & Tarran, 

2019)  

o (Polosa, O’Leary, Tashkin, Emma, & 

Caruso, 2019)  

o (National Academies of Sciences, 

Engineering, and Medicine, 2018)  

• Peer reviewed publications: 

o (Gómez et al., 2020)   

o (Madison et al., 2019)  

 
 
 
 
 

Lung damage • Reviews and meta analyses: 

o (Eapen, Sharma, & Sohal, 2019)  

o (Strzelak et al., 2018)  

o (Bhatnagar, 2017)  

o (Arcavi & Benowitz, 2004)  

• Reviews and meta-analyses: 

o (Gotts et al., 2019)  

o (Bals et al., 2019)  

o (Polosa et al., 2019)  

o (National Academies of Sciences, 

Engineering, and Medicine, 2018)  
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Harm Smoking Evidence  Vaping Evidence  

• Peer-reviewed publications: 

o (Komiyama & Hasegawa, 2020)  

o (Nguyen et al., 2020)  

• Health agency statements: 

o (Centers for Disease Control and 

Prevention, 2020a)  

o (World Health Organization, 2019)  

• Peer reviewed publications: 

o (Gómez et al., 2020)  

o (Madison et al., 2019)  

• Health agency statements: 

o (Centers for Disease Control and 

Prevention, 2020b)  

o (World Health Organization, 2020b)  

Heart damage  
 

• Reviews and meta-analyses:  

o (Bhatnagar, 2017)  

o (Dunbar, Gotsis, & Frishman, 2013)  

• Peer-reviewed publications: 

o  (Duncan et al., 2019)  

• Health agency statements: 

o (Centers for Disease Control and 

Prevention, 2020a)  

o (World Health Organization, 2019)  

• Reviews and meta-analyses: 

o (Darville & Hahn, 2019)  

o (National Academies of Sciences, 

Engineering, and Medicine, 2018)  

o (Bhatnagar, 2017)  

• Health agency statements: 

o (World Health Organization, 2020b)  

*Research on other coronaviruses (Brake et al., 2020; Park, Jung, Kim, & Park, 2018) and other respiratory infections (Baskaran, 
Murray, Hunter, Lim, & McKeever, 2019; Lawrence et al., 2019) suggest that smoking increases risk of those infections. Additionally, 
research on Streptococcus pneumoniae suggests that vaping may increase risk of pneumonia (McAlinden et al., 2020).  
**We are unaware of more data on vaping and COVID-19 harms at the time of this writing.
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Supplemental Table 5. Survey measures 
 

Primary Outcome* 
Secondary Outcome** 

Construct Item Response scale Source 

 COVID-19   

Prompt The novel coronavirus causes a disease called 
COVID-19. Millions of people in the world have 
had COVID-19 and many have died from it. 
Experts call it a pandemic.  
 
Throughout the survey, we will refer to this as the 
COVID-19 pandemic. 

 Adapted from 
WHO 
 

Had COVID Have you had COVID-19? 1=Definitely not (a test showed I 
haven’t had it) 
2=Probably not (I haven’t had 
symptoms) 
3=Not sure  
4=Probably yes (I had symptoms, 
but I never had a test) 
5=Definitely yes (a test showed that 
I had it) 

Adapted from 
WHO 

Contacts with 
COVID 

How many people do you know personally who 
have had COVID-19?  

0=0 
1=1 
2=2 to 4 
3=5 to 9 
4=10 or more 

Adapted from 
PhenX 

 Cigarette and E-Cigarette Use   

Prompt The next questions are about cigarettes.  - 

Cigarette use: 
lifetime 

Have you smoked at least 100 cigarettes in your 
entire life? 

1=Yes 
0=No 

BRFSS 

Cigarette use: days Do you now smoke cigarettes…  2=Every day 
1=Some days 

PATH 
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0=Not at all 

Cigarette use: # of 
cigs  

On average, on the days you smoked, how many 
cigarettes did you usually smoke each day? A pack 
usually has 20 cigarettes in it. 

____  
 

Adapted from 
PATH 

Prompt  The next questions are about e-cigarettes. People 
also call them vape pens, mods, pods, and JUULs. 
The picture below shows examples of e-cigarettes. 
 
[insert image] 

 Adapted from 
PATH 
 

E-cigarette: ever 
use 

Have you ever vaped, even one or two times?  1=Yes 
0=No  
 

New item 

E-cigarette: past 
30-day use 

In the past 30 days, have you vaped even one or 
two times? 

1=Yes 
0=No  

Adapted from 
PATH 
 

E-cigarette: 
current use 
 

Do you now vape…  2=Every day 
1=Some days 
0=Not at all  

Adapted from 
PATH 
 

 Vaping Message Experiment    

Prompt  Please carefully read the tweet below. 
 
[Insert randomized image, see Supplemental Table 
1 for full list of messages.] 
 
[If 2nd image is vaping, use this prompt: Here is 
another tweet about a different tobacco product. 
Please carefully read the tweet below.] 

 New item 

Prompt The next questions are about the message that the 
tweet conveys. 

 New item 

Perceived message 
effectiveness* 

How much does this message…? 
 
Make you concerned about the health effects of 
vaping 

1=Not at all 
2=Very little 
3=Somewhat 
4=Quite a bit 

UNC PME Scale 
(Baig et al., 
2018) 
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 5=A great deal 

Perceived message 
effectiveness* 

Make vaping seem unpleasant to you 1=Not at all 
2=Very little 
3=Somewhat 
4=Quite a bit 
5=A great deal 

UNC PME Scale 
(Baig et al., 
2018) 

Perceived message 
effectiveness* 

Discourage you from wanting to vape 1=Not at all 
2=Very little 
3=Somewhat 
4=Quite a bit 
5=A great deal 

UNC PME Scale 
(Baig et al., 
2018) 

Perceived message 
effectiveness*, 
opposite behavior 

How much does this message discourage you from 
wanting to smoke? 

1=Not at all 
2=Very little 
3=Somewhat 
4=Quite a bit 
5=A great deal 

UNC PME Scale 
(Baig et al., 
2018) 

Attention** 
 
 

How much does this message grab your attention? 1=Not at all 
2=Very little 
3=Somewhat 
4=Quite a bit 
5=A great deal 

Adapted from 
Nonnemaker et 
al., 2010 

Negative affect** How much does this message make you feel…? 
 
Anxious 

1=Not at all 
2=A little 
3=Somewhat 
4=Very 
5=Extremely 

Adapted from 
Nonnemaker et 
al., 2010 

Negative affect** Sad 1=Not at all 
2=A little 
3=Somewhat 
4=Very 
5=Extremely 

Adapted from  
Watson, 1988 
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Negative affect** Scared 1=Not at all 
2=A little 
3=Somewhat 
4=Very 
5=Extremely 

Adapted from 
Nonnemaker et 
al., 2010 

Cognitive 
elaboration** 

How much does this message make you think 
about…? 
  
The health problems caused by vaping 

1=Not at all 
2=A little bit 
3=Somewhat 
4=Quite a bit 
5=Very much 

Adapted from  
Moodie, 2011 
 
 

Cognitive 
elaboration** 

Quitting vaping 
 
 

1=Not at all 
2=A little bit 
3=Somewhat 
4=Quite a bit 
5=Very much 

Adapted from 
Brewer et al., 
2018 

Cognitive 
elaboration**, 
opposite behavior 

 The health problems caused by smoking 1=Not at all 
2=A little bit 
3=Somewhat 
4=Quite a bit 
5=Very much 

Adapted from  
Moodie, 2011 

Reactance** How much does this message annoy you? 1=Not at all 
2=A little bit 
3=Somewhat 
4=Quite a bit 
5=Very much 

Adapted from 
Hall et al., 2016; 
2017 

Anticipated social 
interaction about 
the messages** 

How likely are you to talk about this message with 
others in the next week? 

1=Not at all likely 
2=A little likely 
3=Somewhat likely 
4=Very likely 
5=Extremely likely 

Brewer et al., 
2019  

Perceived harm** 
 

How harmful is vaping to your health? 1=Not at all 
2=A little bit 
3=Somewhat 

Adapted from 
PATH;  
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4=Quite a bit 
5=Very much 

Wackowski et 
al., 2017 

Beliefs** How do you think that vaping affects your chances 
of COVID-19 infection? 

1=Reduces my chances a lot 
2=Reduces my chances a little 
3=Has no effect 
4=Increases my chances a little 
5=Increases my chances a lot 

New item 
adapted from 
Brewer 2016 and 
Brewer 2018 
 

Beliefs** How do you think that vaping affects your chances 
of being hospitalized for COVID-19? 

1=Reduces my chances a lot 
2=Reduces my chances a little 
3=Has no effect 
4=Increases my chances a little 
5=Increases my chances a lot 

New item 
adapted from 
Brewer 2016 and 
Brewer 2018 
 

Beliefs** How do you think that vaping affects your chances 
of dying from COVID-19? 

1=Reduces my chances a lot 
2=Reduces my chances a little 
3=Has no effect 
4=Increases my chances a little 
5=Increases my chances a lot 

New item 
adapted from 
Brewer 2016 and 
Brewer 2018 
 

Beliefs** How do you think that vaping affects your immune 
system? 
 
 

1=Makes it a lot stronger 
2=Makes it a little stronger 
3=Has no effect 
4=Makes it a little weaker 
5=Makes it a lot weaker 

New item 
adapted from 
Brewer 2016 and 
Brewer 2018 

Beliefs** How do you think that vaping affects your lungs? 
 

1=Makes them a lot healthier 
2=Makes them a little healthier 
3=Has no effect 
4=Makes them a little less healthy 
5=Makes them a lot less healthy 

New item 
adapted from 
Brewer 2016 and 
Brewer 2018 
 

Beliefs**                    How do you think that vaping affects your heart? 
 

1=Makes it a lot healthier 
2=Makes it a little healthier 
3=Has no effect 
4=Makes it a little less healthy 
5=Makes it a lot less healthy 

New item 
adapted from 
Brewer 2016 and 
Brewer 2018 
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Beliefs** How do you think that nicotine in vapes affects 
your chances of COVID-19 infection? 
  
 

1=Reduces my chances a lot 
2=Reduces my chances a little 
3=Has no effect 
4=Increases my chances a little 
5=Increases my chances a lot 
 

New item 
adapted from 
Brewer 2016 and 
Brewer 2018 
 

 Cigarette Message Experiment    

Prompt  Please carefully read the tweet below.  
 
[Insert randomized image, see Supplemental Table 
1 for full list of messages.] 
 
 
[If 2nd image is smoking, use this prompt: Here is 
another tweet about a different tobacco product. 
Please carefully read the tweet below.] 

 New item 

Prompt The next questions are about the message that the 
tweet conveys. 

 New item 

Perceived message 
effectiveness* 

How much does this message…? 
 
Make you concerned about the health effects of 
smoking 
 

1=Not at all 
2=Very little 
3=Somewhat 
4=Quite a bit 
5=A great deal 

UNC PME Scale; 
Baig et al., 2018 

Perceived message 
effectiveness* 

Make smoking seem unpleasant to you 1=Not at all 
2=Very little 
3=Somewhat 
4=Quite a bit 
5=A great deal 

UNC PME Scale; 
Baig et al., 2018 

Perceived message 
effectiveness* 

Discourage you from wanting to smoke 1=Not at all 
2=Very little 
3=Somewhat 
4=Quite a bit 
5=A great deal 

UNC PME Scale; 
Baig et al., 2018 
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Perceived message 
effectiveness, 
opposite 
behavior* 

How much does this message discourage you from 
wanting to vape? 

1=Not at all 
2=Very little 
3=Somewhat 
4=Quite a bit 
5=A great deal 

UNC PME Scale; 
Baig et al., 2018 

Attention** 
 
 

How much does this message grab your attention? 1=Not at all 
2=Very little 
3=Somewhat 
4=Quite a bit 
5=A great deal 

Adapted from 
Nonnemaker et 
al., 2010 

Negative affect** How much does this message make you feel…? 
 
Anxious 

1=Not at all 
2=A little 
3=Somewhat 
4=Very 
5=Extremely 

Adapted from 
Nonnemaker et 
al., 2010 

Negative affect** Sad 1=Not at all 
2=A little 
3=Somewhat 
4=Very 
5=Extremely 

Adapted from 
Watson, 1988 

Negative affect** Scared 1=Not at all 
2=A little 
3=Somewhat 
4=Very 
5=Extremely 

Adapted from 
Nonnemaker et 
al., 2010 

Cognitive 
elaboration** 

How much does this message make you think 
about…? 
  
The health problems caused by smoking 

1=Not at all 
2=A little bit 
3=Somewhat 
4=Quite a bit 
5=Very much 

Adapted from  
Moodie, 2011 
 
 

Cognitive 
elaboration** 

Quitting smoking 1=Not at all 
2=A little bit 
3=Somewhat 

Adapted from 
Brewer et al., 
2018  
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4=Quite a bit 
5=Very much 

Cognitive 
elaboration**, 
opposite behavior 

The health problems caused by vaping 1=Not at all 
2=A little bit 
3=Somewhat 
4=Quite a bit 
5=Very much 

Adapted from  
Moodie, 2011 

Reactance** How much does this message annoy you? 1=Not at all 
2=A little bit 
3=Somewhat 
4=Quite a bit 
5=Very much 

Adapted from 
Hall et al., 2016; 
2017 

Anticipated social 
interaction about 
the messages** 

How likely are you to talk about this message with 
others in the next week? 

1=Not at all likely 
2=A little likely 
3=Somewhat likely 
4=Very likely 
5=Extremely likely 

Brewer et al., 
2019  

Perceived harm** 
 

How harmful is smoking cigarettes to your health? 1=Not at all 
2=A little bit 
3=Somewhat 
4=Quite a bit 
5=Very much 

Adapted from 
PATH;  
Wackowski et 
al., 2017 

Beliefs** How do you think that smoking affects your 
chances of COVID-19 infection? 

1=Reduces my chances a lot 
2=Reduces my chances a little 
3=Has no effect 
4=Increases my chances a little 
5=Increases my chances a lot 

New item 
adapted from 
Brewer 2016 and 
Brewer 2018 
 

Beliefs** How do you think that smoking affects your 
chances of being hospitalized for COVID-19? 

1=Reduces my chances a lot 
2=Reduces my chances a little 
3=Has no effect 
4=Increases my chances a little 
5=Increases my chances a lot 

New item 
adapted from 
Brewer 2016 and 
Brewer 2018 
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Beliefs** How do you think that smoking affects your 
chances of dying from COVID-19? 

1=Reduces my chances a lot 
2=Reduces my chances a little 
3=Has no effect 
4=Increases my chances a little 
5=Increases my chances a lot 

New item 
adapted from 
Brewer 2016 and 
Brewer 2018 

Beliefs** How do you think that smoking affects your 
immune system? 
 
 

1=Makes it a lot stronger 
2=Makes it a little stronger 
3=Has no effect 
4=Makes it a little weaker 
5=Makes it a lot weaker 

New item 
adapted from 
Brewer 2016 and 
Brewer 2018 

Beliefs** How do you think that smoking affects your lungs? 
 

1=Makes them a lot healthier 
2=Makes them a little healthier 
3=Has no effect 
4=Makes them a little less healthy 
5=Makes them a lot less healthy 

New item 
adapted from 
Brewer 2016 and 
Brewer 2018 
 

Beliefs** How do you think that smoking affects your heart? 
 

1=Makes it a lot healthier 
2=Makes it a little healthier 
3=Has no effect 
4=Makes it a little less healthy 
5=Makes it a lot less healthy 

New item 
adapted from 
Brewer 2016 and 
Brewer 2018 
 

Beliefs** How do you think that nicotine in cigarettes affects 
your chances of COVID-19 infection? 

1=Reduces my chances a lot 
2=Reduces my chances a little 
3=Has no effect 
4=Increases my chances a little 
5=Increases my chances a lot 

New item 
adapted from 
Brewer 2016 and 
Brewer 2018 
 

 Demographics   

Prompt 
 

We are asking the questions in the next section to 
better understand who completed our survey. 

 New item 

Frequency of 
Twitter 

How often do you visit or use Twitter? 0=Never 
1=Less than once a week  
2=1-2 days a week 
3=3-5 days a week 
4=About once a day 

Adapted from 
Pew Omnibus 
survey 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Tob Control

 doi: 10.1136/tobaccocontrol-2020-055956–9.:10 2020;Tob Control, et al. Grummon AH



5=Several times a day 

Gender 
 

Select the option that best describes your gender. 1=Woman 
2=Man 
3=Neither woman nor man 
4=Prefer to self-describe:_____ 
5=Prefer not to say 

New item, 
adapted from 
Williams 
Institute 

Transgender Do you identify as transgender, non-binary, or 
gender nonconforming? 

1=Yes 
0=No 
2=Prefer not to say 

New item, 
adapted from 
Williams 
Institute 

Age How old are you? _____ 2010 Census 

Hispanic ethnicity Are you of Hispanic, Latino, or Spanish origin? 1=Yes 
0=No 

2010 Census 

Race 
 

What is your race? (Check all that apply). [Check all that apply] 
1=White 
2=Black or African American  
3=American Indian or Alaska Native  
4=Asian 
5=Native Hawaiian or Other Pacific 
Islander 
6=Some other race: 

2010 Census 

Education What is the highest degree or level of school you 
have completed? 

1=Less than high school  
2=High school graduate (or GED) 
3=Some college or technical school 
4=Associate’s degree 
5=Bachelor’s degree 
6=Graduate or professional degree 

Adapted 2010 
Census 

Sexual Orientation 
 

The next question is about your sexual orientation. 
Do you consider yourself to be… 

1=Straight or heterosexual 
2=Gay or lesbian 
3=Bisexual 
4=Prefer to self 
describe:______________ 

Adapted from 
Williams 
Institute 
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Health conditions 
that increase 
COVID risk 

The next question is about general health 
conditions. 
 
Has a doctor, nurse, or other health care provider 
told you that you currently have any of the 
following health conditions… (Check all that 
apply). 
 

[Check all that apply] 
1=Any heart disease or history of 
heart attack  
2=Stroke 
3=Hypertension or high blood 
pressure 
4=Asthma 
5=Cancer 
6=Chronic lung disease, including 
COPD (chronic obstructive 
pulmonary disease), emphysema or 
chronic bronchitis 
7=Obesity 
8=Diabetes (high blood sugar) 
9=Liver disease, including cirrhosis 
10=Chronic kidney disease 
11=Autoimmune disease (including 
lupus, multiple sclerosis, rheumatoid 
arthritis, psoriasis, Crohn’s disease, 
inflammatory bowel disease) 
12=None of the above 

Adapted from 
PhenX and 
BRFSS 
 
 

Household How many people are in your household, including 
you? 

# of people  USDHHS 2016 

Party 
identification 
 

Do you consider yourself a Democrat, a 
Republican, an Independent, or something else? 

1=Strong Democrat 
2=Moderate Democrat 
3=Lean Democrat 
4=Independent 
5=Lean Republican 
6=Moderate Republican 
7=Strong Republican 
8=Something else:____ 

Adapted from 
NORC 
AmeriSpeak 
TESS 

State Where are you currently living? Please select the 
state. 

1=Alabama 
2=Alaska 

BRFSS 
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… 
50=Wyoming 

Income Which of the following categories best describes 
your total household income in the last 12 months? 

1=Less than $10,000 
2=$10,000 to $14,999 
3=$15,000 to $24,999 
4=$25,000 to $34,999 
5=$35,000 to $49,999 
6=$50,000 to $74,999 
7=$75,000 to $99,999 
8=$100,000 to $149,999 
9=$150,000 to $199,999 
10=$200,000 or more 

Item from PATH 

Income in Poverty 
Line %s 

[Ask only if household size=1] 
Which of the following categories best describes 
your total household income in the last 12 months? 
 
 

1=Less than $19,140 
2=Between $19,140 and $25,519 
3=Between $25,520 and $31,899 
4=Between $31,900 and $38,279 
5=$38,280 or more 

2020 FPL, 
USDHHS 

Income in Poverty 
Line %s 

[Ask only if household size=2] 
Which of the following categories best describes 
your total household income in the last 12 months? 
 

1=Less than $25,860 
2=Between $25,860 and $34,479 
3=Between $34,480 and $43,099 
4=Between $43,100 and $51,719 
5=$51,720 or more 

2020 FPL, 
USDHHS 

Income in Poverty 
Line %s 

[Ask only if household size=3] 
Which of the following categories best describes 
your total household income in the last 12 months? 
 

1=Less than $32,580 
2=Between $32,580 and $43,439 
3=Between $43,440 and $54,299 
4=Between $54,300 and $65,159 
5=$65,160 or more 

2020 FPL, 
USDHHS 

Income in Poverty 
Line %s 

[Ask only if household size=4] 
Which of the following categories best describes 
your total household income in the last 12 months? 
 

1=Less than $39,300 
2=Between $39,300 and $52,399 
3=Between $52,400 and $65,499 
4=Between $65,500 and $78,599 
5=$78,600 or more 

2020 FPL, 
USDHHS 
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Income in Poverty 
Line %s 

[Ask only if household size=5] 
Which of the following categories best describes 
your total household income in the last 12 months? 
 

1=Less than $46,020 
2=Between $46,020 and $61,359 
3=Between $61,360 and $76,699 
4=Between $76,700 and $92,039 
5=$92,040 or more 

2020 FPL, 
USDHHS 

Income in Poverty 
Line %s 

[Ask only if household size=6] 
Which of the following categories best describes 
your total household income in the last 12 months? 
 

1=Less than $52,740 
2=Between $52,740 and $70,319 
3=Between $70,320 and $87,899 
4=Between $87,900 and $105,479 
5=$105,480 or more 

2020 FPL, 
USDHHS 

Income in Poverty 
Line %s 

[Ask only if household size=7] 
Which of the following categories best describes 
your total household income in the last 12 months? 
 

1=Less than $59,460 
2=Between $59,460 and $79,279 
3=Between $79,280 and $99,099 
4=Between $99,100 and $118,919 
5=$118,920 or more 

2020 FPL, 
USDHHS 

Income in Poverty 
Line %s 

[Ask only if household size=8] 
Which of the following categories best describes 
your total household income in the last 12 months? 
 

1=Less than $66,180 
2=Between $66,180 and $88,239 
3=Between $88,240 and $110,299 
4=Between $110,300 and $132,359 
5=$132,360 or more 

2020 FPL, 
USDHHS 

Income in Poverty 
Line %s 

[Ask only if household size=9] 
Which of the following categories best describes 
your total household income in the last 12 months? 
 

1=Less than $72,900 
2=Between $72,900 and $97,199 
3=Between $97,200 and $121,499 
4=Between $121,500 and $145,799 
5=$145,800 or more 

2020 FPL, 
USDHHS 

Income in Poverty 
Line %s 

[Ask only if household size=10] 
Which of the following categories best describes 
your total household income in the last 12 months? 
 

1=Less than $79,620 
2=Between $79,620 and $106,159 
3=Between $106,160 and $132,699 
4=Between $132,700 and $159,239 
5=$159,240 or more 

2020 FPL, 
USDHHS 

Income in Poverty 
Line %s 

[Ask only if household size=11] 
Which of the following categories best describes 
your total household income in the last 12 months? 

1=Less than $86,340 
2=Between $86,340 and $115,119 
3=Between $115,120 and $143,899 

2020 FPL, 
USDHHS 
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 4=Between $143,900 and $$172,679 
5=$172,680 or more 

Income in Poverty 
Line %s 

[Ask only if household size=12] 
Which of the following categories best describes 
your total household income in the last 12 months? 
 

1=Less than $93,060 
2=Between $93,060 and $124,079 
3=Between $124,080 and $155,099 
4=Between $155,100 and $186,119 
5=$186,120 or more 

2020 FPL, 
USDHHS 

Income in Poverty 
Line %s 

[Ask only if household size=13] 
Which of the following categories best describes 
your total household income in the last 12 months? 
 

1=Less than $99,780 
2=Between $99,780 and $133,039 
3=Between $133,040 and $166,299 
4=Between $166,300 and $199,559 
5=$199,560 or more 

2020 FPL, 
USDHHS 

Income in Poverty 
Line %s 

[Ask only if household size=14] 
Which of the following categories best describes 
your total household income in the last 12 months? 
 

1=Less than $106,500 
2=Between $106,500 and $141,999 
3=Between $142,000 and $177,499 
4=Between $177,500 and $212,999 
5=$213,000 or more 

2020 FPL, 
USDHHS 

Income in Poverty 
Line %s 

[Ask only if household size=15] 
Which of the following categories best describes 
your total household income in the last 12 months? 
 

1=Less than $113,220 
2=Between $113,220 and $150,959 
3=Between $150,960 and $188,699 
4=Between $188,700 and $226,439 
5=$226,440 or more 

2020 FPL, 
USDHHS 

Income in Poverty 
Line %s 

[Ask only if household size=16] 
Which of the following categories best describes 
your total household income in the last 12 months? 
 

1=Less than $119,940 
2=Between $119,940 and $159,919 
3=Between $159,920 and $199,899 
4=Between $199,900 and $239,879 
5=$239,880 or more 

2020 FPL, 
USDHHS 

Income in Poverty 
Line %s 

[Ask only if household size=17] 
Which of the following categories best describes 
your total household income in the last 12 months? 
 

1=Less than $126,660 
2=Between $126,660 and $168,879 
3=Between $168,880 and $211,099 
4=Between $211,100 and $253,319 
5=$253,320 or more 

2020 FPL, 
USDHHS 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Tob Control

 doi: 10.1136/tobaccocontrol-2020-055956–9.:10 2020;Tob Control, et al. Grummon AH



Note. Cognitive elaboration items used a skip pattern based on smoking and vaping behavior. All participants were shown the items 
about thinking about the harms of smoking and vaping. Only participants who reported they smoked/vaped were shown items about 
thinking about quitting smoking/vaping. In analyses of cognitive elaboration, we averaged responses to the two cognitive elaboration 
items (thinking about harms and thinking about quitting) for participants who responded to both items and used only the thinking 
about harms item for participants who did not respond to the thinking about quitting item. Analyses using only responses to the 
thinking about harms item for all participants revealed the same pattern of results.  

 
 

Income in Poverty 
Line %s 

[Ask only if household size=18] 
Which of the following categories best describes 
your total household income in the last 12 months? 
 

1=Less than $133,380 
2=Between $133,380 and $177,839 
3=Between $177,840 and $222,299 
4=Between $222,300 and $266,759 
5=$266,760 or more 

2020 FPL, 
USDHHS 

Income in Poverty 
Line %s 

[Ask only if household size=19] 
Which of the following categories best describes 
your total household income in the last 12 months? 
 

1=Less than $140,100 
2=Between $140,100 and $186,799 
3=Between $186,800 and $233,499 
4=Between $233,500 and $280,199 
5=$280,200 or more 

2020 FPL, 
USDHHS 

Income in Poverty 
Line %s 

[Ask only if household=20] 
Which of the following categories best describes 
your total household income in the last 12 months? 
 

1=Less than $146,820 
2=Between $146,820 and $195,759 
3=Between $195,760 and $244,699 
4=Between $244,700 and $293,639 
5=$293,640 or more 

2020 FPL, 
USDHHS 

End of survey Messages in this study were developed by the 
research team and not by the CDC. Research on 
tobacco products and COVID-19 is very new and 
the messages that you saw may not have strong 
scientific evidence for or against them yet. Visit the 
CDC website for current information on: COVID-
19 smoking, and vaping.  
 
You have now finished this survey. Thank you for 
your participation! 

[Hyperlinks: 
COVID-19: 
https://www.cdc.gov/coronavirus/20
19-ncov/index.html 
Smoking link: 
https://www.cdc.gov/tobacco/index.
htm 
Vaping link: 
https://www.cdc.gov/tobacco/basic_i
nformation/e-cigarettes/index.htm] 

New item 
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Supplemental Table 6. Outcomes by condition in smoking experiment 

 COVID Harm 

Absent Present 

 Mean (SD) Mean (SD) 

Perceived message effectiveness    

Traditional health harms 
Absent 2.31 (1.33) 3.33 (1.26) 
One harm 3.22 (1.11) 3.29 (1.28) 
Three harms 3.38 (1.03) 3.33 (1.15) 

Attention    

Traditional health harms 
Absent 2.88 (1.46) 3.59 (1.29) 
One harm 3.30 (1.20) 3.61 (1.23) 
Three harms 3.44 (1.26) 3.50 (1.28) 

Cognitive elaboration    

Traditional health harms 

Absent 2.36 (1.38) 3.35 (1.27) 
One harm 3.22 (1.17) 3.48 (1.24) 
Three harms 3.39 (1.13) 3.42 (1.23) 

Negative affect    

Traditional health harms 

Absent 2.06 (1.28) 2.89 (1.29) 
One harm 2.68 (1.23) 2.84 (1.26) 
Three harms 2.80 (1.17) 2.79 (1.24) 

Social interactions    

Traditional health harms 

Absent 2.09 (1.38) 2.90 (1.48) 
One harm 2.20 (1.37) 2.87 (1.45) 
Three harms 2.66 (1.37) 2.79 (1.41) 

Perceived Harm    

Traditional health harms 

Absent 3.51 (1.33) 4.03 (1.14) 
One harm 4.02 (1.12) 4.07 (1.10) 
Three harms 4.21 (0.97) 4.04 (1.13) 

Perceived effectiveness, vaping    

Traditional health harms 

Absent 2.46 (1.56) 3.27 (1.51) 
One harm 3.35 (1.42) 3.21 (1.46) 
Three harms 3.29 (1.33) 3.34 (1.44) 
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 COVID Harm 

Absent Present 

 Mean (SD) Mean (SD) 

Cognitive elaboration, vaping    

Traditional health harms 

Absent 2.34 (1.50) 3.22 (1.43) 
One harm 3.09 (1.37) 3.29 (1.35) 
Three harms 3.24 (1.20) 3.27 (1.38) 

Reactance    

Traditional health harms 

Absent 2.25 (1.48) 2.53 (1.47) 
One harm 2.27 (1.27) 2.51 (1.47) 
Three harms 2.38 (1.30) 2.47 (1.41) 

Increases chances COVID-19 infection    

Traditional health harms 

Absent 3.79 (1.00) 3.66 (1.14) 
One harm 3.79 (0.90) 3.80 (1.06) 
Three harms 3.74 (1.05) 3.82 (1.09) 

Increases chances hospitalized for COVID-19    

Traditional health harms 

Absent 3.81 (1.05) 3.82 (1.16) 
One harm 3.83 (0.97) 3.91 (1.15) 
Three harms 3.87 (1.11) 3.84 (1.04) 

Increases chances death from COVID-19    

Traditional health harms 

Absent 3.87 (1.04) 3.78 (1.15) 
One harm 3.86 (0.96) 3.88 (1.10) 
Three harms 3.90 (1.02) 3.89 (1.04) 

Nicotine increases chances COVID-19 infection    

Traditional health harms 

Absent 3.59 (1.17) 3.69 (1.10) 
One harm 3.59 (1.05) 3.86 (1.09) 
Three harms 3.74 (1.02) 3.65 (1.16) 

Weakens immune system    

Traditional health harms 

Absent 3.88 (1.09) 3.88 (1.12) 
One harm 3.76 (0.91) 3.94 (1.05) 
Three harms 4.07 (1.00) 3.99 (1.04) 

Makes lungs less healthy    

Traditional health harms Absent 4.28 (0.94) 4.09 (1.17) 
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 COVID Harm 

Absent Present 

 Mean (SD) Mean (SD) 

One harm 4.11 (0.96) 4.21 (1.04) 
Three harms 4.24 (0.96) 4.18 (0.99) 

Makes heart less healthy    

Traditional health harms 

Absent 4.19 (0.95) 3.99 (1.15) 
One harm 4.00 (1.04) 4.12 (0.99) 
Three harms 4.13 (0.96) 4.08 (1.01) 

Note. Means are unadjusted (i.e., raw). All measures used 5-point response scales (coded as 1 [low] to 5 [high]). 
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Supplemental Table 7. Moderation analysis p-values for interactions between experimental factors and participant characteristics, smoking 
experiment 

Moderator 

Traditional harms 

´ moderator 

COVID -19 harm 

´ moderator 

Traditional harms 

´ COVID -19 harm 

´ moderator 

p for interaction p for interaction p for interaction 

Twitter use (ever vs. never) 0.36 0.87 0.81 

Political party identification (Republican vs. Democrat, 
Independent or other)  0.65 0.18 0.30 

Frequency of smoking (every day vs. less often) 0.44 0.11 0.28 

Type of tobacco user (smoker only vs. vaper only vs. dual-user) 0.65 0.28 0.27 

Report having a health condition considered high risk for severe 
COVID-19 (yes vs. no) 0.27 0.03 0.36 

Educational attainment (some college or less vs. college degree 
or more) 0.78 0.48 0.66 

Negative affective reactions to COVID-19 0.22 0.32 0.49 

Total COVID-19 deaths at survey launch in respondent’s state, 
per 100,000 residents 0.20 0.36 0.31 

Note. p for interaction is for t-tests of the coefficient on the interaction term for interactions of moderators with experimental factors with two levels 
and for Wald tests of the joint significance of the coefficients across interaction terms for interactions of moderators with experimental factors with 
more than two levels. We examined 24 total interactions (3 interactions per moderator times 8 moderators); analyses applied a Bonferroni-adjusted 
critical alpha of 0.05/24=0.002 to adjust for multiple comparisons. We report unadjusted p-values. Bold indicates statistical significance at the 
Bonferroni-adjusted critical alpha.  
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Supplemental Table 8. Smoking message elements’ impact on beliefs about harms of smoking 

 

Increases 

chances 

COVID-19 

infection 

Increases 

chances 

hospitalized 

for COVID-19 

Increases 

chances death 

from COVID-

19 

Nicotine 

increases chances 

COVID-

19infection 

Weakens 

immune 

system 

Makes 

lungs less 

healthy 

Makes 

heart less 

healthy 

Message Element B B B B B B B 

Traditional harms               

1 harm vs. absent -.01  .02  -.004  .002  -.12  -.17  -.18  

3 harms vs. absent -.06  .05  .03  .13  .18  -.04  -.06  

COVID-19 harm               

1 harm vs. absent -.12  .01  -.08  .09  <.001  -.18  -.19  

Traditional 1 harm ´ COVID-19 .14  .05  .10  .15  .17  .28  .31  

Traditional 3 harms ´ COVID-19  .21  -.04  .07  -.17  -.08  .12  .14  

Note. Bs are unstandardized regression coefficients on standardized dependent variables. Bold indicates statistically significant effects, p<0.05. *p<0.05, 

**p<0.01, ***p<0.001.  
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Supplemental Table 9. Outcomes by condition in vaping experiment 

 COVID Harm 

Absent Present 

 Mean (SD) Mean (SD) 

Perceived message effectiveness    

Traditional health harms 
Absent 2.98 (1.35) 3.34 (1.26) 
One harm 3.51 (1.32) 3.58 (1.23) 
Three harms 3.58 (1.19) 3.46 (1.31) 

Attention    

Traditional health harms 
Absent 3.25 (1.47) 3.38 (1.22) 
One harm 3.39 (1.45) 3.67 (1.24) 
Three harms 3.62 (1.14) 3.44 (1.31) 

Cognitive elaboration    

Traditional health harms 

Absent 2.96 (1.39) 3.22 (1.36) 
One harm 3.61 (1.34) 3.48 (1.30) 
Three harms 3.48 (1.34) 3.39 (1.39) 

Negative affect    

Traditional health harms 

Absent 2.50 (1.24) 2.55 (1.28) 
One harm 2.80 (1.40) 2.89 (1.30) 
Three harms 2.77 (1.30) 2.80 (1.30) 

Social interactions    

Traditional health harms 

Absent 2.82 (1.51) 2.56 (1.40) 
One harm 2.69 (1.47) 2.87 (1.48) 
Three harms 2.75 (1.48) 2.77 (1.48) 

Perceived Harm    

Traditional health harms 

Absent 3.31 (1.27) 3.57 (1.26) 
One harm 3.97 (1.33) 3.81 (1.23) 
Three harms 4.00 (1.12) 3.78 (1.25) 

Perceived effectiveness, smoking    

Traditional health harms 

Absent 2.80 (1.48) 2.93 (1.32) 
One harm 3.02 (1.43) 3.37 (1.37) 
Three harms 3.23 (1.36) 3.13 (1.36) 
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 COVID Harm 

Absent Present 

 Mean (SD) Mean (SD) 

Cognitive elaboration, smoking    

Traditional health harms 

Absent 3.02 (1.44) 3.12 (1.31) 
One harm 3.44 (1.38) 3.43 (1.34) 
Three harms 3.54 (1.28) 3.31 (1.42) 

Reactance    

Traditional health harms 

Absent 2.19 (1.42) 2.33 (1.36) 
One harm 2.30 (1.33) 2.61 (1.47) 
Three harms 2.38 (1.49) 2.51 (1.42) 

Increases chances COVID-19 infection    

Traditional health harms 

Absent 3.45 (1.05) 3.65 (1.07) 
One harm 3.74 (0.91) 3.79 (1.14) 
Three harms 3.88 (1.02) 3.95 (1.00) 

Increases chances hospitalized for COVID-19    

Traditional health harms 

Absent 3.35 (1.16) 3.67 (1.11) 
One harm 3.69 (1.04) 3.75 (1.19) 
Three harms 3.89 (1.15) 3.85 (1.07) 

Increases chances death from COVID-19    

Traditional health harms 

Absent 3.31 (1.13) 3.71 (1.03) 
One harm 3.84 (0.97) 3.78 (1.15) 
Three harms 3.97 (1.07) 3.88 (1.07) 

Nicotine increases chances COVID-19infection    

Traditional health harms 

Absent 3.38 (1.06) 3.52 (1.13) 
One harm 3.89 (0.90) 3.69 (1.19) 
Three harms 3.82 (1.06) 3.79 (1.11) 

Weakens immune system    

Traditional health harms 

Absent 3.58 (1.10) 3.75 (1.05) 
One harm 3.92 (0.94) 3.91 (1.12) 
Three harms 3.89 (1.13) 3.97 (1.01) 

Makes lungs less healthy    

Traditional health harms Absent 3.63 (1.13) 3.84 (1.15) 
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 COVID Harm 

Absent Present 

 Mean (SD) Mean (SD) 

One harm 4.05 (0.92) 3.95 (1.18) 
Three harms 4.06 (1.06) 4.07 (1.05) 

Makes heart less healthy    

Traditional health harms 

Absent 3.65 (1.05) 3.79 (1.08) 
One harm 4.03 (1.00) 3.90 (1.10) 
Three harms 4.06 (1.13) 4.04 (0.98) 

Note. Means are unadjusted (i.e., raw). All measures used 5-point response scales (coded as 1 [low] to 5 [high]). 
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Supplemental Table 10. Moderation analysis p-values for interactions between experimental factors and participant characteristics, vaping 
experiment 

 

Moderator 

Traditional harms 

´ moderator 

COVID -19 harm 

´ moderator 

p for interaction p for interaction 

Twitter use (ever vs. never) 0.60 0.26 

Political party identification (Republican vs. Democrat, Independent or 
other)  

0.05 0.32 

Frequency of e-cigarette use (every day vs. less often) 0.04 0.20 

Type of tobacco user (smoker only vs. vaper only vs. dual-user) 0.28 0.61 

Report having a health condition considered high risk for severe COVID-
19 (yes vs. no) 

0.12 0.81 

Educational attainment (some college or less vs. college degree or more) 0.72 0.35 

Negative affective reactions to COVID-19 0.73 0.54 

Total COVID-19 deaths at survey launch in respondent’s state, per 100,000 
residents 

0.58 0.42 

Note. p for interaction is for t-tests of the coefficient on the interaction term for interactions of moderators with experimental factors with two levels 
and for Wald tests of the joint significance of the coefficients across interaction terms for interactions of moderators with experimental factors with 
more than two levels. We examined 16 total interactions (2 interactions per moderator, times 8 moderators); analyses applied a Bonferroni-adjusted 
critical alpha of 0.05/16=0.003 to adjust for multiple comparisons. We report unadjusted p-values. Bold indicates statistical significance at the 
Bonferroni-adjusted critical alpha.
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Supplemental Table 11. Vaping message elements’ impact on beliefs about harms of vaping 

 

Increases 

chances 

COVID-19 

infection 

Increases 

chances 

hospitalized 

for COVID-19 

Increases 

chances death 

from COVID-

19 

Nicotine 

increases chances 

COVID-

19infection 

Weakens 

immune 

system 

Makes lungs 

less healthy 

Makes 

heart less 

healthy 

Message Element B B B B B B B 

Traditional harms               

1 harm vs. absent .17  .12  .16  .22 ** .18 * .16  .17  

3 harms vs. absent .31 *** .24 ** .27 ** .27 ** .22 * .25 ** .28 ** 

COVID-19 harm               

1 harm vs. absent .11  .10  .08  -.02  .07  .04  -.003  

Note. Bs are unstandardized regression coefficients on standardized dependent variables. Two-way interactions between traditional health harms and COVID-19 harm 

were not statistically significant in initial models and so were removed from the final models. Bold indicates statistically significant effects, p<0.05. *p<0.05, **p<0.01, 

***p<0.001. 
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Supplemental Figure 3. Perceived effectiveness of smoking messages by traditional health 

harm, n = 271. Bars show 95% confidence intervals. 
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Supplemental Figure 5. Perceived effectiveness of vaping messages by traditional health harm, 

n = 270. Error bars show 95% confidence intervals. 
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Supplemental Figure 6. Perceived effectiveness of vaping messages by severity of COVID-19 

harm, n = 619. Error bars show 95% confidence intervals. 
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