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Abstract

Introduction: More than 10% of U.S. young adults have smoked waterpipe tobacco in the past 

month and >25% of those who have never smoked are susceptible. We tested messages designed 

to prevent and reduce waterpipe tobacco smoking (WTS).

Methods: In 2020, we recruited 830 U.S. young adults (18-30 years) who had never smoked 

waterpipe tobacco and were susceptible or currently smoked waterpipe tobacco for an online 

study. We randomized participants to intervention messages about the risks of WTS or control 

messages unrelated to tobacco. Participants had up to four message exposures over 12 weeks and 

completed two-, four-, and six- month follow-ups. Outcomes were WTS initiation and curiosity 

(susceptible never smokers), WTS frequency, cessation, motivation to quit (those who currently 

smoked), and WTS risk perceptions.
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Results: Intervention messages increased perceived addictiveness of WTS at two months 

(β=0.27; 95% CI: 0.11, 0.43) in susceptible never smokers. There were no significant intervention 

effects in those who currently smoked. Exploratory analyses among intervention participants 

showed that higher dose of message exposure decreased WTS initiation at six months in 

susceptible never smokers (RR=0.68; 95% CI: 0.48, 0.96) and decreased WTS frequency 

(IRR=0.84; 95% CI: 0.73, 0.97) and increased cessation (RR=1.31; 95% CI: 1.07, 1.59) at six 

months in those who smoked.

Conclusions: Although the WTS intervention messages had few significant effects on outcomes 

overall, a higher dose of message exposure affected behavioral outcomes in the intervention arm. 

Findings highlight the need to identify effective message content and optimal message dose, 

especially for digital media campaigns.
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INTRODUCTION

Young adults (18-30 years) comprise most U.S. waterpipe tobacco smokers,1,2 with 11% 

reporting past 30-day use2 and >25% who have never smoked waterpipe tobacco susceptible 

to initiation (i.e., open to trying waterpipe tobacco).3 Young adults initiate and sustain 

waterpipe tobacco smoking (WTS) due to factors including appealing flavors, the social 

nature of WTS, and misperceptions that WTS is not harmful or addictive.4-8 However, WTS 

exposes young people to harmful toxicants and increases risks of negative health outcomes, 

nicotine addiction, and subsequently smoking cigarettes.9 Interventions are needed to 

prevent and reduce WTS in young adults.

The U.S. Food and Drug Administration (FDA) can use public education media campaigns 

to address young adults’ WTS as they have with cigarettes10,11 and e-cigarettes,12 but 

there is limited research on WTS messaging to guide campaigns. Studies have investigated 

messages for warning labels and point-of-sale communication for WTS.13-17 Messages 

about risks of health harms and addiction can decrease intentions to smoke in susceptible 

never smokers, increase motivation to quit in those who smoke, and increase risk 

perceptions.8,18-20 However, studies testing messages in those who have never smoked but 

are susceptible are limited,5 and others tested messages as part of cessation interventions for 

those who currently smoke.21

Media campaigns are an evidence-based intervention for preventing and reducing tobacco 

use11,22-24 and, in the past, have relied primarily on television.23 Recent campaigns have 

shifted to digital media (e.g., mobile, social media)25-27 due to the potential for high reach 

in populations such as young adults.28,29 As campaigns shift from traditional to digital 

media, the amount of message exposure (i.e., dose, or how many times a person should 

see campaign messages)needed to achieve intended effects is an important consideration. 

Decisions about message dose are usually determined in the media buying process based 

on recommendations using gross ratings points, or the percent of the audience reached 

multiplied by the number of times they are exposed to the message.23 Public health agencies 
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provide recommendations for campaign dose using traditional media,23 and outcomes are 

improved (e.g., higher smoking quit attempts) when campaigns achieve adequate dose 

through repeated message exposure.30-36 One recent study tested the effects of a campaign 

communicating chemical constituents in WTS to youth and young adults at the point-of-sale 

(e.g., convenience stores),37 finding limited effects on target outcomes. The researchers 

attributed this to the low observed dose of exposure, highlighting the importance of 

additional research on dose of exposure for WTS messaging.37

Recent FDA tobacco campaigns have relied heavily on digital media but had limited impact 

on intended outcomes.25-27 Discussions about these limited effects have focused on message 

dose, specifically the lack of evidence to inform decisions about message dose for digital 

media.25-27 Examining how the dose of message exposure for WTS and other tobacco-

related messages affects intended outcomes can inform future campaign implementation 

decisions. This randomized trial addressed gaps in the WTS intervention research by 

examining the effects of WTS messaging among young adults who never smoked waterpipe 

tobacco and were susceptible or reported current WTS and by exploring message dose 

effects. We hypothesized that exposure to intervention messages would decrease WTS 

initiation among susceptible never smokers and increase cessation in those who smoked.

METHODS

This was a two-arm, parallel group randomized trial. The trial was preregistered 

(NCT04252014), all participants provided informed consent, and the participating 

institutions’ institutional review boards approved procedures.

Participants

In 2020, we recruited participants from the National Opinion Research Council (NORC) 

AmeriSpeak research panel. NORC uses probability-based sampling to recruit AmeriSpeak 

panel members using the NORC National Frame and address-based sampling frames.38 

At the time of the study, the panel included nearly 49,000 households and the household 

recruitment rate was 34%.38

NORC invited potential participants using targeted enrollment quotas based on U.S. 

population data for age, race, Hispanic ethnicity, education, and sex and accounting for 

estimated differential completion by demographic groups. Potential participants received an 

email invitation describing the study with a link to an online eligibility screener. Eligible 

participants were AmeriSpeak panel members who were young adults aged 18 to 30 

years, able to complete study procedures online in English and either: 1) reported smoking 

waterpipe tobacco in the past 30 days; or 2) had never smoked waterpipe tobacco but 

were susceptible to initiating WTS based on responses to a valid, 4-item susceptibility 

measure.5 Eligible participants provided online informed consent to complete enrollment. 

Our enrollment targets were informed by data indicating WTS initiation rates of 4%-7%39-41 

and cessation rates of 25%-47%21-40-42 in U.S. young adults. Based on these, the trial was 

positioned to detect absolute differences between arms ranging from 4%-7% for initiation 

and 11%-14% for cessation with 80% power and α=0.05.
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Procedures

Participants completed a baseline assessment online with measures of WTS and baseline 

trial outcomes. Then participants were randomized 1:1 to either an intervention arm or 

control arm. Randomization was stratified by WTS status (those who never smoked and 

were susceptible, those reporting current WTS) to ensure balance by the trial arms.

Participants received 4 message exposures for the arm to which they were randomized. 

Messages were delivered online starting 2 weeks after baseline, and participants responded 

to brief questions about the message content. The message exposures occurred 3 weeks 

apart to ensure adequate time for participants to view them. During this time participants 

received reminders to view the messages and answer the questions about message content. 

If participants did not do so after reminders were exhausted, the exposure closed, and the 

next message was delivered. We based the duration and frequency of message exposure 

on recommendations for message testing research43,44 and pragmatic considerations above 

(e.g., time for reminders).

All participants completed follow-up assessments online capturing outcomes two months, 

four months, and six months after the exposure period. Participants received reminders 

to complete each follow up. Participants received monetary incentives from NORC for 

completing each assessment.

We pretested procedures with small sample of eligible participants to ensure functionality 

and check data quality. After pretesting, we began trial recruitment. For the trial, NORC 

used several data quality control measures including removing participants who completed 

the baseline assessment in < 25% of the median completion time, who skipped > 50% of 

baseline items, and who chose the same response options for baseline question blocks (i.e., 

straight line reporting).

Intervention Arm

Intervention messages communicated the risks of health harm and addiction of WTS, 

targeted young adults’ beliefs about the risks of WTS, and addressed flavors and social 

use, major factors contributing to the appeal of WTS.45,46 We developed message text and 

imagery using an iterative process of expert feedback and revision, and we pretested the 

text and imagery in studies capturing self-report and psychophysiological outcomes.45,46 

Using these data, we identified 4 messages for the intervention arm from the set of messages 

tested.47 Each message consisted of evidence-based risk information in lay language with 

background imagery relevant to the message content, including a waterpipe, a social 

waterpipe smoking setting, a smoke cloud, and a smoke ring.45-47 The Supplementary 

Figure shows the intervention messages. The order of the messages was randomized across 

the exposures.

Control Arm

Participants randomized to the control arm viewed messages about skin cancer prevention 

at each brief survey based on prior work demonstrating it is an appropriate contact-matched 

control arm.48 Messages communicated skin cancer risks from sun exposure and indoor 
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tanning.48 They were consistent with intervention messages with respect to font, text, and 

visuals. The order of messages was randomized across the exposures.

Measures

Baseline characteristics from participants’ AmeriSpeak profiles included sex, age, race, 

ethnicity, educational attainment, and household income. Baseline measures captured 

current cigarette smoking and past 30-day use of electronic cigarettes, cigars, little cigars, 

cigarillos, and smokeless tobacco.49 We summarized these as any other tobacco use to 

characterize participants. We also captured past 30 day use of alcohol and marijuana at 

baseline (yes/no).49

At eligibility screening, we measured if participants had ever smoked waterpipe tobacco 

and, among those who endorsed lifetime WTS, past 30-day use.20 Among those who never 

smoked, we measured susceptibility with a valid four item measure.5 At baseline, among 

those who reported WTS we measured past 30-day frequency of WTS1 and administered the 

six item Waterpipe Tobacco Dependence Scale (score range 0-25).50

The primary outcomes were WTS initiation among those who never smoked and were 

susceptible and WTS cessation and frequency among those reporting current WTS. 

Secondary outcomes were WTS curiosity (susceptible never smokers) and motivation to 

quit (those reporting current WTS). Other outcomes were WTS risk perceptions among all 

participants. These were measured at all follow-ups.

Among participants who never smoked and were susceptible, we measured initiation by 

assessing if participants had ever smoked waterpipe tobacco1 and we measured curiosity 

about WTS on a 1 (not at all) to 7 (very) scale.8,19 Among participants reporting current 

WTS, we measured if they quit WTS by asking if they had smoked waterpipe tobacco 

since the last assessment and, among those responding no, if they had completely stopped 

smoking waterpipe tobacco (yes/no).21 Among those who had not quit, we captured WTS 

frequency in the past 30 days and motivation to quit on a 1 (not at all) to 7 (very) scale.21

We captured perceived harm of WTS relative to cigarettes (1 = much less harmful to 5 

= much more harmful), perceived likelihood of harm from WTS (1 = no chance to 7 = 

certain to happen), worry about harm (1 = not at all, 7 = very much), perceived addictiveness 

relative to cigarettes (1 = much less addictive to 5 = much more addictive), perceived 

likelihood of addiction (1 = no chance to 7 = certain to happen), and worry about addiction 

(1 = not at all to 7 = very much).20,21

Statistical Analysis

We completed statistical analyses using Stata/SE version 17 (College Station, TX). We 

stratified all analyses by WTS status. First, we calculated descriptive statistics overall and 

according to intervention assignment. Next, we evaluated the pattern and predictors of 

missing data due to attrition by WTS status. The missing data pattern was not monotone 

(i.e., participants were permitted to miss a follow-up but complete a later follow-up). 

Missingness was associated with several baseline variables, indicating data were missing 

at random, and there was a small (<4%) proportion of item missingness within otherwise 
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complete surveys. We completed multiple imputation by chained equations creating 25 

imputed data sets for each WTS user status group.51 We used logistic regression to impute 

binary outcomes and truncated linear regression to impute continuous outcomes maintaining 

imputed values within the range of the item’s response options. We completed imputation 

at each timepoint sequentially and included variables associated with missingness for each 

WTS status group as well as intervention assignment.52,53

After completing multiple imputation, we examined the effect of intervention assignment on 

study outcomes, combining results across the 25 datasets using Rubin’s rule.54 Separate 

models estimated associations between intervention assignment and outcomes at each 

follow-up. We estimated risk ratios (RRs) and 95% confidence intervals (CIs) for binary 

outcomes using Poisson regression with robust standard errors,55 mean differences and 

95% CIs for continuous outcomes using linear regression, and incidence rate ratios (IRRs) 

and 95% CIs for the count of days participants smoked waterpipe using negative binomial 

regression.

Finally, exploratory analyses examined the effect of dose on study outcomes among 

participants randomized to the intervention arm. We used similar models but included dose 

as a continuous predictor ranging from 0-4 exposures. We checked linearity of dose in each 

model using fractional polynomials.

RESULTS

Sample Characteristics

We invited 8125 individuals to screen for eligibility, and 2080 (25.6%) completed screening 

(Figure 1). Of those, 830 were eligible, completed baseline, and were randomized (414 

to the control arm, 416 to the intervention arm). A total of 692 (83.4%) participants 

completed the two-month follow-up, 663 (79.9%) completed the four-month follow-up, 

and 657 (79.2%) completed the six-month follow-up. Retention did not differ significantly 

by intervention assignment (two months: χ2 (1)=0.001; p=0.98; four months: χ2 (1)=0.55; 

p=0.46; six months: χ2 (1)=0.21; p=0.64).

A total of 301 participants had never smoked waterpipe and were susceptible, and 529 

participants reported current WTS (Table 1). Among those who never smoked and were 

susceptible, 60.8% were female, 78.7% attended some college or earned a bachelor’s degree, 

and 58.8% had an annual household income <$50,000. Approximately half (46.8%) were 

18- to 24-years-old, two-thirds (68.2%) drank alcohol in the past 30 days, 39.4% used 

marijuana, and 26.5% used other tobacco or e-cigarettes. At baseline, those who never 

smoked and were susceptible had low curiosity about WTS (M=2.75, SD=1.68).

In those reporting current WTS, 61.1% were female, 67.7% attended some college or earned 

a bachelor’s degree, and 64.1% had an annual household income below $50,000. Roughly 

one-third (37.5%) were 18- to 24-years-old, 82.9% reported drinking alcohol in the past 

30 days, 73.1% used marijuana, and 62.2% used other tobacco or e-cigarettes. On average, 

they reported WTS 4.02 of the past 30 days (SD=5.57), and had moderate motivation to 
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quit WTS (M=4.33, SD=2.31) and WTS dependence (M=2.69, SD=2.11). All participant 

characteristics were balanced by randomization (Table 1).

Intervention effects on WTS perceptions and behavior

Among those who never smoked and were susceptible, random assignment to the WTS 

intervention messages was not associated with a decrease in WTS initiation at six months 

(RR=0.51; 95% CI: [0.25, 1.02]), but was associated with greater perceived addictiveness 

of WTS relative to cigarette smoking at two months (β=0.27; 95% CI: [0.11, 0.43]; 

Table 2). There were no other associations between intervention assignment and WTS 

curiosity, perceptions, or behavior in never smokers who were susceptible. Among those 

reporting current WTS, there were no associations between intervention assignment and 

WTS frequency, cessation, motivation to quit, or perceptions (Table 2).

Effects of intervention message dose on WTS perceptions and behavior

Of those randomized, 97 (11.7%) viewed 0 intervention (12.9%) or control messages 

(10.4%), 124 (14.9%) viewed 1 message (14.2% intervention, 15.7% control), 117 (14.1%) 

viewed 2 messages (12.9% intervention, 15.2% control), 143 (17.2%) viewed 3 messages 

(16.4% intervention, 18.2% control), and 349 (42.1%) viewed all four intervention (43.5%) 

or control messages (40.6%). There was no difference in the number of messages seen based 

on intervention assignment (χ2(4)=3.05; p=0.55) or demographic and tobacco use variables 

assessed. Associations between intervention message dose (i.e., count of intervention 

exposures) and study outcomes among participants randomized to the intervention arm are 

shown in Table 3.

Among those who never smoked and were susceptible, a one-unit increase in message dose 

was associated with a 32% decrease in risk of WTS initiation at six months (RR=0.68; 

95% CI: [0.48, 0.96]; p=0.03). There were similar associations between increasing dose 

with WTS initiation at four months (RR=0.69; 95% CI: [0.46, 1.05], p=0.09) and perceived 

harm of WTS compared to cigarette smoking at six months (β=0.08; 95% CI: [−0.01, 0.16]; 

p=0.08), but these were not statistically significant.

Among those who reported current WTS, a one-unit increase in intervention message 

dose was associated with smoking on 16% fewer days of the past 30 days at six months 

(IRR=0.84; 95% CI: [0.73, 0.97]; p=0.02). Higher dose was associated with a 31% increase 

in likelihood of cessation at six months (RR=1.31; 95% CI: [1.07, 1.59]; p=0.008). There 

was a similar association between message dose and cessation at four months that was not 

statistically significant (RR=1.16; 95% CI: [0.99, 1.35]; p=0.06). A one-unit increase in 

message dose was associated with increased perceived likelihood of harm from WTS at four 

months (β=0.16; 95% CI: [0.02, 0.30]; p=0.02).

DISCUSSION

In this trial examining the effects of public education messages for preventing and reducing 

WTS among over 800 U.S. young adults, there were modest messages effects on perceptions 

of the addictiveness of WTS compared to cigarettes at the first follow-up among those 

who never smoked and were susceptible and no effects on outcomes capturing WTS 
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behavior, motivation, and perceptions among those reporting current WTS. These findings 

did not follow our hypotheses about message effects. Examination in the intervention 

arm supported dose-dependent message effects on WTS behaviors, with a higher dose of 

exposure associated with reduced WTS initiation in those who never smoked and were 

susceptible and less frequent WTS and a higher likelihood of quitting in those reporting 

WTS. The limited message effects are consistent with findings from recent digital media 

campaigns targeting cigarette use in youth and young adults25-27 and with a recent study 

testing point-of-sale messaging for WTS.37 However, these findings differ from one of the 

only other WTS intervention trials demonstrating that personally tailored, risk-based mobile 

text messaging reduced WTS frequency and increased cessation in young adults who smoke 

waterpipe.21 Together, these studies highlight that message content and dose for digital 

media are critical to examine further.

Our WTS messages were carefully pretested using a multi-method approach to identify 

those that performed optimally on self-report and psychophysiological assessment.45-47 

Messages communicated about risks of health harm and addictiveness of WTS and conveyed 

these risks in the context of social use and with reference to flavored waterpipe tobacco. 

Messages addressed misperceptions about risk, WTS in social settings, and flavors – 

factors associated with WTS among young adults.4-8 Despite this, the message effects 

were modest overall. This suggests a need to test different message content to identify 

effective communication strategies for WTS public education campaigns. For example, we 

used imagery depicting aspects of WTS because it performed well in pretesting, but some 

research suggests such imagery could act as smoking cues.56,57 Other research shows that 

messaging communicating the risks of WTS using vivid imagery depicting health effects can 

increase young adults’ risk perceptions, decrease curiosity in those who have never smoked 

and are susceptible, and increase motivation to quit, reduce WTS frequency, and increase 

cessation in young adults who currently smoke waterpipe.5,16-21 This messaging strategy, 

used in pictorial warning labels for cigarette and other tobacco packaging globally,58 is 

based on evidence of effectiveness, similar to recent mass media campaigns (e.g., Tips from 

Former Smokers),22 and another potential communication strategy to test for WTS public 

education messaging.

Our findings also highlight the importance of the dose of message exposure as a critical 

factor in planning WTS public education efforts. These findings are consistent with research 

on cigarette smoking messaging indicating that campaigns with higher doses of exposure 

achieve better outcomes (e.g., more quit attempts).30-36 Although we did not manipulate 

the dose of exposure, it ranged from 0 to 4 messages and a higher dose of exposure was 

associated with reduced WTS initiation in those who never smoked and were susceptible, 

and reduced WTS and a higher likelihood of cessation those who currently smoked 

waterpipe. Our message content was designed for use in digital media (e.g., social media) 

that are popular among young adults. Tobacco public education campaigns are increasingly 

shifting from traditional (e.g., television) to digital (e.g., social, mobile) media because of 

the popularity and high potential reach of digital media among young people.25-27 Although 

there are evidence-based recommendations for how to achieve an adequate dose of exposure 

for traditional media, there are no such recommendations for digital media.23 In future 

studies, it will be critical to systematically examine message dose for digital media on 
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intended behavioral outcomes and hypothesized mediators,25-27 for which the optimal dose 

may vary.59

This study has several important strengths. We recruited participants from a nationally 

representative consumer research panel, used a rigorous design, had adequate subsamples of 

those who never smoked and were susceptible and those reporting current WTS, and had 

high retention. However, the findings should be interpreted based on study limitations. We 

focused on those who never smoked and were susceptible and those reporting current WTS 

but excluded those who had tried WTS and did not report current WTs. The exposure was 

limited to a total of 4 messages, and we did not systematically vary the exposure dose. While 

our analyses of message dose are exploratory and do not rule out participation effects (e.g., 

participants retained were less likely to initiate/more likely to quit), the findings highlight 

the importance of identifying and delivering digital media campaigns at a sufficient dose to 

impact target outcomes. We delivered messages online, but not using a digital (e.g., mobile, 

social) media platform. Future studies should examine message effects when delivered via 

digital platforms. Behavioral outcomes were based on self-report, as it was not possible 

to collect biospecimens or to biochemically verify WTS separate from other nicotine or 

tobacco use.60 We assessed outcomes 2 to 6 months post-exposure; shorter-term follow ups 

capturing immediate effects could help understand if message effects wore out over time.

Our findings indicate few message effects in the full sample, though among those in the 

intervention condition, a higher dose of message exposure was associated with reduced WTS 

initiation in those who never smoked and were susceptible and less frequent WTS and a 

higher likelihood of cessation in those reporting current WTS. Our results highlight the 

need to examine other message content (e.g., risk-based messages using vivid imagery) to 

increase the effects of WTS public education campaigns. Our findings also indicate the dose 

of exposure is critical to achieving effects for WTS public education messages and highlight 

the need for research to examine optimal message dose, especially to inform campaigns 

using digital media.
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Highlights

• Waterpipe tobacco smoking is prevalent in young adults and poses significant 

risks

• There is little research on digital media risk messaging for waterpipe smoking

• This study tested the effects of messaging communicating the risks of 

waterpipe tobacco

• Higher dose of message exposure decreased initiation in those who never 

smoked and were susceptible to initiation

• Higher dose of message exposure increased cessation in those who currently 

smoked waterpipe tobacco

• Evidence is needed on the effective dose of exposure for digital media 

campaigns

Keller-Hamilton et al. Page 14

Addict Behav. Author manuscript; available in PMC 2024 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. Flow diagram for randomized trial of a waterpipe tobacco messaging intervention for 
young adults: United States, 2020.
a Attrition at the two or four month time points did not make participants ineligible at 

later time points. All randomized participants were retained in analyses using multiple 

imputation.
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