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Abstract

Objectives: The purpose of this study was to select a health warning message location on a 

waterpipe (WP) that both attracted visual attention and conveyed the risks associated with WP 

smoking.

Methods: During June through November 2019, we conducted a within-subjects randomized 

experiment (N = 74) using eye tracking equipment to examine visual attention to 3 placements of a 

health warning on the WP (stem, water bowl, hose). We asked young adult ever WP users 3 

questions about WP harm perceptions. We used generalized linear mixed models to examine the 

amount of fixation time spent on the placement locations; we used repeated measures ANOVA to 

model changes in harm perceptions.

Results: There were statistically significant differences across all 3 placement locations; 

regardless of place, all HWLs attracted a comparable amount of visual attention. Absolute WP 

harm perceptions significantly increased following the experiment and remained significantly 

higher at the one-week follow-up, compared to baseline.

Conclusions: Warnings on WPs attracted visual attention and increased harm perceptions, and 

those harm perceptions remained high one week after the experiment. Findings indicate the value 
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of including a warning on the WP device, and underscore the necessity and effectiveness of those 

health warnings to combat WP harm misperceptions.
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Waterpipe (WP) tobacco usage has become a global epidemic; in the United States (US); 

evidence demonstrates that WP use is widespread, especially among young adults with 44% 

of US young adults reporting ever use, and 11% reporting daily use.1 This tobacco product 

is demonstrated to be harmful, addictive, and may serve as a gateway to cigarette smoking,2 

and a barrier to tobacco cessation.3 Although WP use is more often intermittent than daily, 

relative to a cigarette smoking, WP tobacco smoking yields similar or higher nicotine 

exposure and 56-fold greater inhaled smoke volume;4 in the short term, WP use can impair 

lung function, and serious long-term health risks include bronchitis, emphysema, coronary 

artery disease, and cancers.5

Health warning labels (HWLs) on tobacco products perform several key functions to inform 

users about health risks of use; they increase awareness of health risks, support cessation, 

and deter initiation of use.6,7 Pictorial images with text messages further increase smokers’ 

intentions to quit.8,9 Under current regulation by the US Food and Drug Administration 

(FDA) all packages of waterpipe (WP) tobacco sold in the US must include the following 

text-only warning message: “WARNING: This product contains nicotine. Nicotine is an 

addictive chemical.”10 The FDA warning on nicotine may increase knowledge, as young 

adult WP users perceive WP smoking is less addictive and contains less nicotine than 

cigarettes.11 Yet, misperceptions extend beyond nicotine; both WP users and non-users 

erroneously believe that WP use is less harmful than cigarettes, and this misperception is 

associated with current use.12,13

HWLs are an opportunity to correct known misperceptions of WP use as a low-risk behavior 

that is safer than cigarette use.14,15 However, a HWL can only perform this function if the 

messages are visible to users and potential users. As the current regulations only require a 

HWL on the WP tobacco package, and most WP users in the US smoke in a café 

environment where the WP tobacco is unwrapped and prepared before it is brought to them, 

café users never see this warning.14,16 The Tobacco Control Act does allow for the 

requirement that devices used to smoke tobacco include health warnings. Despite this, 

research into the potential placement of HWLs on WP devices has been limited. Using an 

Internet-based survey with drawings of a WP, a convenience sample of college students that 

recently used WP rated the water bowl, mouthpiece, and stem as equally noticeable 

locations on the device.11 Similarly, after viewing images of WPs affixed with HWLs, the 

water bowl, hose, and mouthpiece locations were favored by Egyptian adult WP users 

during qualitative interviews.17 Other work has identified that the mouthpiece/hose of a WP 

is an especially visible location for a HWL, followed closely by the stem or base.18

As outlined in work by Brewer et al,19 attention to the warning message is necessary for a 

consumer to react to and think about the HWL information that will inform subsequent risk 

perceptions and other beliefs; without these steps, an HWL cannot influence quit intentions 
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nor quit attempts. Their Tobacco Warnings Model proposes that “warnings increase noticing 

and attention to the message,” which results in increased affective response (including fear) 

and talking with others about the information in the messages. Eye tracking, a technique 

which uses a near-infrared camera to precisely capture visual attention, has been used to 

examine tobacco warnings on advertisements and product packages,20,21 but to date none 

have examined WP devices.

The gap in current research knowledge on HWLs for WP tobacco has been recognized as 

research need.22 A more rigorous examination of HWL placement locations on a WP device 

is needed to inform the optimal placement for such a warning to be noticed by WP users. 

The primary aim of our study was to go beyond self-reported data to apply an objective 

approach to select a HWL message location that attracted visual attention on a WP device. A 

secondary aim was to assess the impact of viewing WP warning labels on risk perceptions.

METHODS

Participants

Recruitment occurred on our university’s campus and in the surrounding community. We 

recruited participants through social media advertisements, flyers, and word-of-mouth. 

Interested individuals called or emailed to inquire about the study. A phone screening 

protocol was used to determine eligibility. Eligible participants were young adults (age 18–

29 years) who had smoked WP at least once. Additionally, they had to be free of eye 

conditions that are contraindications to eye tracking (glaucoma, macular degeneration, 

cataracts, eye implants, permanently dilated pupils, inability to see out of both eyes). 

Individuals who were interested and eligible after the phone screening were scheduled for a 

single, in-person session.

Procedures

Prior to beginning the eye tracking protocol, a research assistant explained the study and 

obtained signed informed consent. After that, participants completed a short survey that 

included questions about demographics, WP smoking, tobacco use, and risk perceptions of 

tobacco use, including WP.

Participants were seated in a chair within a typical viewing distance (24 to 32 inches) from a 

computer monitor equipped with a near-infrared camera with their chin placed in a chin rest. 

Images were displayed on a portable computer monitor, and data were captured with eye 

tracking equipment (SensoMotoric Instruments, 120 Hz REDm System). Study stimuli 

consisted of high-quality photos of 4 WPs (3 commercial WPs and a research-grade WP) in 

one of 3 conditions: no warning, text only, and text + graphic warning labels, with the labels 

placed in 3 locations: hose, stem, and water bowl. In previous research, our team developed 

and tested the warning label that included the message “WARNING: Hookah smoke 

contains poisons that cause mouth and lung cancers” paired with either an image of diseased 

lungs or a diseased mouth. Development of these WP-specific HWLs is described elsewhere.
23
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Prior to viewing study stimuli, calibration procedures were conducted up to 3 times to assure 

data quality. Participants were told they would view images of tobacco products and 

advertisements; the study stimuli was displayed at a fixed interval of 5 seconds, based on 

previous eye tracking studies with similar HWL stimuli.24,25 The stimuli consisted of 80 

images viewed in a randomized order. We used the following factorial design: 4 pipes × 3 

label conditions (text, 2 text + graphic labels) × 3 locations on the WP (stem, water bowl, 

hose) × 2 views (full or cropped image). As a control, we included one image of each pipe 

without any warning (both full and cropped, for 8 additional images), which is the current 

regulatory standard. Although we considered additional control conditions with different 

message content (eg, neutral, non-warning language), this was not included due to concerns 

for participant burden and because our focus was label placement. A mouthpiece placement 

location was excluded based on qualitative interviews where users expressed concerns that 

the plastic warning label would interfere with puffing behavior (data not shown).

The views were selected to provide readability of the HWL message (cropped image) and an 

approximation of café environment (full image). Figure 1 displays sample stimuli of a select 

WP with all 4 label conditions for all placement locations. To make the viewing activity less 

redundant, we included 16 other tobacco-related images (eg, e-cigarette, combustible 

cigarette, and smokeless tobacco advertisements) interspersed in the stimulus set. 

Participants viewed each image for a fixed interval of 5 seconds to standardize total viewing 

time across each image. In addition, after every 8–10 images, participants were asked 

questions to maintain attention. Questions were related to the activity (eg, “What color was 

the hookah pipe in the last picture?”) or focused on knowledge or opinions (eg, “How much 

do you agree or disagree with the following statement? The water in the bowl filters out all 

the toxins from hookah smoking”). The total experiment viewing time was 8.5 minutes.

After the experiment, participants completed a survey that asked about their intentions to 

continue, reduce, or quit smoking WP, and questions that assessed their risk perceptions 

associated with WP smoking. Participants received $30 in cash in appreciation of their time. 

One week after the experiment all participants were contacted by phone and asked questions 

(unaided) to recall placement and content of the message. Additionally, they were asked 

about their intentions to smoke WP and questions about their risk perceptions. Participants 

received a $10 gift card for their time.

Measures

For the eye tracking measures, 3 areas of interest (AOIs) were defined a priori for stimuli 

based on the 3 warning placement locations: water bowl, stem, and hose. The duration of 

dwell time in milliseconds was assessed for each AOI.

Risk perceptions were measured as an absolute and relative risk, where the absolute risk 

(“How much do you think people harm themselves when they smoke hookah?”) was rated 

from no harm to extreme harm (0–10), and relative risk perceptions were measured for both 

e-cigarettes and combustible cigarettes (“Is smoking hookah less harmful, about the same or 

more harmful”). Responses were dichotomized into relative risk perception of more harmful 

(when rated as “more harmful”) or less harmful (when rated as “about the same” or “less 

harmful”); responses of “don’t know” were excluded from the analysis. In the follow-up 
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survey, participants were asked: “To what extent did the warnings make you think about the 

risk of smoking hookah?” to assess how much they thought about the warnings since the 

experiment rated on a 9-point scale from not at all to extremely.

Data Analysis

Our primary analyses focused on differences in total dwell time and number of visits to a 

warning label by label location (stem, hose, water bowl) and message (text only, text plus 

mouth graphic, text plus lung graphic) when presented a cropped image of the pipe. 

Generalized linear mixed models were used consisting of fixed effects of location, message, 

and a message-by-location interaction. The dwell time model assumed a normal distribution, 

identity link, and the following random effects: participant, pipe, and random 2-way and 3-

way interactions between participant, pipe, location, and message. The model for number of 

visits to a label assumed a Poisson distribution, log link, and random participant and pipe 

effects (no random interactions were considered due to convergence problems). Tukey’s post 
hoc method was used to adjust for multiple comparisons when there was a significant main 

effect of location or message. In secondary analyses, we used generalized linear mixed 

models containing fixed effects of pipe, location, message, and their 2-way interactions to 

determine if the associations of our outcomes (dwell time and number of visits) with label 

location and message differ by pipe. The model for number of visits to a label contained a 

random main effect for participant while the dwell time model contained multiple random 

participant effects (main effects plus 2-way and 3-way interactions with pipe, location, and 

message). If there was a statistically significant interaction, we performed stepdown tests of 

the main effects at each level of pipe and used Holm’s method to control the overall type-I 

error rate.26 The eye tracking equipment recorded an average of 48,000 total observations 

per participant. Each observation was recorded on average every 9 milliseconds. Each 

observation contained vertical and horizontal eye coordinates for the image being viewed by 

the participant within the 5 seconds (5000 milliseconds) intervals. If a participant’s vertical 

and horizontal eye coordinates were zero for a given observation, we considered this to be 

missing eye tracking data. Six participants were excluded from the analysis due to a high 

proportion of missing eye tracking data (> 0.25) or a low number of total observations (< 

46,000).

For the absolute risk perception measures, changes were analyzed using repeated measures 

ANOVA to identify whether there were differences between the 3 study time periods – 

baseline, immediately following the experiment, and one-week follow-up surveys; pairwise 

comparisons were made using paired t-tests. For each relative risk perception measure, 

Cochran’s Q test was used to compare the proportion of “more harmful” responses across 

the 3 study periods and pairwise comparisons of time periods were performed using 

McNemar’s test. For pairwise comparisons, we used a Bonferroni-corrected statistical 

significance threshold of .017.

RESULTS

Study participants were 51.3% male, 56.8% non-Hispanic white, and 56.8% between the 

ages of 21 and 23 years (N = 74). Most (74.3%) reported ever use of WP tobacco more than 
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once, and 32.4% reported any past month use. Most reported first use of WP tobacco 

occurred at age 19 or younger (81.1%) and first use was in a café or restaurant (60.8%) or 

friend’s home (25.7%).

Complete eye tracking data were available for 66 participants. In Table 1, visual attention 

measures for both the full and cropped WP images across the 3 locations (water bowl, hose, 

and stem), type of HWL (lung, mouth, and text), and across all 4 WP devices are shown. For 

the full image, the stem attracted the greatest attention (1.1 seconds), followed by the water 

bowl (1.0 seconds) and hose (0.8 seconds), though visual attention was only significantly 

different between the stem and hose (p = .04). Significantly more attention was paid to the 

water bowl in cropped images (1.6 seconds compared to 1.2 seconds for hose and stem, p 

< .05 for each comparison). There were no statistically significant differences in either the 

full or cropped images for the HWL by type of content (p > .05), but the visual attention 

varied significantly between the WP devices, ranging from 0.9 seconds to 1.4 seconds (p 

< .01). Figure 2 displays a visualization of the aggregate visual attention to a single pipe 

showing the series of all 4 warning label placements; for this focus map visualization, the 

more fixations on an area lead to a clear view of the content, and darker areas indicate fewer 

fixations.

All participants endorsed that the warning labels made them think about the risks of hookah 

in the previous week, and 23% rated as “extremely” for the extent the warnings made them 

think about the health risks of WP use. Table 2 shows the ratings for absolute and relative 

harm perceptions prior to study initiation (baseline), immediately following the experiment, 

and at a one-week follow-up contact. Absolute harm perception changed significantly over 

time (p < .001). Absolute WP harm perceptions significantly increased following the 

experiment (mean difference 1.24; SE 0.26; p < .001) and remained significantly higher at 

the one-week follow-up, compared to baseline (mean difference 1.69; SE 0.24; p < .001). 

Harm perceptions did not change relative to combustible cigarettes (p = .27) or e-cigarettes 

(p = .16).

DISCUSSION

There was no single clear placement location that meaningfully attracted more visual 

attention, as all locations attracted visual attention when a HWL was present; the water bowl 

attracted more visual attention compared to the hose or stem in the cropped image, but we 

did not observe this relationship in the full WP image. Considering the relatively small 

differences between the dwell time on the various locations, any of the placement locations 

attracted a significant amount of attention. Our findings establish that placement of a 

waterpipe warning on the hose, water bowl, or stem attracted visual attention to health 

warnings on the WP device, thereby demonstrating an applicable regulatory strategy to 

inform WP users on health risk information. According to the Tobacco Warnings Model, 

paying attention to a HWL is a key first step needed for an individual to recall the health 

warning messages, comprehend it, and subsequently inform decisions to change behavior.
19,27,28 Our findings align with this model, demonstrating attention to several viable 

placement locations for WP warning labels, and a statistically significant increase in health 

risk perceptions following the experiment.
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Given the rising trends in waterpipe smoking among youth and young adults in the US,
1,14,29 strong regulatory policies are needed prevent future WP-related morbidity and 

mortality. Despite global popularity and known health risks, it is surprising that there are 

only a handful of WP-specific laws enacted in 6 countries,30 and none of those warnings are 

in compliance with WHO FCTC recommendations.31 Our findings support the feasibility of 

placing a FCTC-compliant HWL on a waterpipe device across 3 prominent locations. In the 

US, the FDA Deeming rule allowed mandating a warning label on the WP itself32 which 

may be more effective, because as noted above, most WP smokers consume while in a café 

where they do not see the tobacco package.

When Mostafa et al17 conducted qualitative interviews with WP users and non-users, 

participants mentioned that if HWLs were placed on the device, current users might cut 

down or quit entirely. Whereas changes in WP smoking in response to HWLs on WP 

devices have yet to be examined, Islam et al11 found that HWLs on WP devices motivated 

cessation-related thinking and intentions among users. Furthermore, our findings aligned 

with the conclusions from a survey of 367 college students that stated preferences to HWL 

to be placed on a WP stem, water bowl, or hose/mouthpiece.11

The present study has limitations to consider. Within this laboratory-based study, the 

viewing experience of static imagery will not be identical to a café environment that includes 

other users that will naturally draw attention away from the WP. Participants viewed 80 

waterpipe images during a brief (<10 minutes) time period, which approximated viewing 

one WP device per minute during a typical waterpipe café session.33 Despite previous 

studies examining the hose and mouthpiece as separate placement locations,11,17,18 the 

current study examined the hose only. Our research question concerned label placement and 

focused on the examination of HWLs relative to the current regulatory standard of no label; 

future studies using a blank (text-free) or a “fake” warnings could address questions 

regarding message content.34 All WPs were viewed at a table-top level, but a café 

environment can include low lighting and the WP device being on the floor; thus, a water 

bowl or stem HWL placement would not be as visible (unpublished data). Ever users of WP 

were the focus of the present research, but it is not known whether more frequent users could 

have different perceptions of risks. The within-subjects design does not allow examination of 

differences in risk perceptions by individual HWLs. Given the evidence that HWLs inform 

risk perceptions in experimental trials,6,8,35 future studies should focus on testing specific 

HWL messages to inform health risks.

Our findings provide strong, objective evidence that any WP placement would attract visual 

attention from users beyond the current café standard of no warning. Moreover, the WP-

specific warning labels increased risk perceptions among young adult users known to 

underestimate the risks associated with WP use.15 Given the gaps in the current policy 

environment regarding HWLs on WP devices, our findings that all locations with a warning 

attracted attention provide additional evidence to suggest the viability of placement of 

HWLs on WP devices to attract attention and inform appropriate risk perceptions of WP use. 

There is a need for the development of WP-specific guidelines to consider the placement, 

size, and type of HWL that can be most effective in addressing misperceptions among 

consumers.
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Figure 1. 
Example Waterpipe Imagery for 3 Health Warning Label Types and 4 Placement Locations
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Figure 2. 
Focus Maps for Health Warning Label Placement Locations
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Table 1

Differences in Dwell Time by Health Warning Label Placement Location, Type, and Waterpipe Device (N = 

66 participants)

Full Image Cropped Image

Mean SD P Mean SD P

Location

Water bowl 982.5 1094.3 .050 1564.8 1346.7 .019

Hose 793.5 925.3 1192.5 1146.3

Stem 1116.7 1135.5 1171.8 1121.2

Type

Lung 1004.1 1097.0 .336 1306.2 1202.5 .162

Mouth 944.0 1026.3 1366.0 1275.5

Text 944.6 1066.2 1256.9 1184.8

Any warning 964.2 1063.5 <.001 1309.7 1221.9 < .001

No warning 92.3 285.5 86.8 273.4

Pipe

1 853.8 1058.5 .004 1192.8 1181.2 .001

2 989.3 1082.7 1304.8 1236.1

3 977.1 1040.7 1318.4 1193.6

4 1036.7 1065.7 1422.8 1267.0
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Table 2

Absolute and Relative Harm Perceptions of Waterpipe Use Over Time (N = 76)

Harm Perception Ratings Baseline Post
a One-week follow-up

Mean rating of absolute harm perception on a scale of 0–10 (SD) 5.2 (2.4) 6.5 (2.6) 6.8 (1.9)

Hookah is more harmful than cigarettes (%) 41.7% 35.3% 37.7%

Hookah is more harmful than e-cigarettes (%) 43.3% 51.5% 54.4%

Note.

a
Immediately following the experiment
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