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Abstract 

Background  Cigarette smoking is one of the leading causes of morbidity in the world. Virtual reality (VR) has been 
used to encourage and support quit attempts. However, interest in VR may differ according to sociodemographic 
characteristics. This study aimed to estimate the proportion and associated characteristics of smokers in Great Britain 
who were interested in using VR for smoking cessation.

Methods  Data were collected from 6,858 adults between February to April 2023, from the Smoking Toolkit Study—
a monthly, nationally representative, cross-sectional survey of adults in Great Britain. Of these, 873 were smokers 
(unweighted). Prevalence of interest was assessed descriptively and associations between interest and sociodemo-
graphic and smoking characteristics were analysed with weighted logistic regression models.

Results  Of 905 (weighted) smokers, 34.6% (95% Confidence Interval (CI):31.0%-38.5%) were interested in using VR 
for smoking cessation. Smokers had greater odds of reporting interest in VR for smoking cessation who were: highly 
motivated to quit (Odds Ratio (OR):2.41, 95% CI:1.59–3.65), had made a quit attempt in the past year (OR:1.95, 95% 
CI:1.37–2.77), currently trying to cut down (OR:1.90, 95% CI:1.34–2.67) and interested in VR generally (OR:10.42, 95% 
CI:6.97–15.57). Those ≥ 65 years old (OR:0.29, 95% CI:0.15–0.57) and women (OR:0.69, 95% CI:0.49–0.97) were less likely 
to report interest.

Conclusions  The results of this study indicate that up to a third of adult smokers may be interested in using VR 
to support a quit attempt. However, the potential reach of a VR smoking cessation intervention may be lower in cer-
tain subgroups such as women, adults 65 years or older, and adults less motivated to quit. From a health equity per-
spective, it is recommended that non-digital but effective interventions should be made readily available for adults 
at risk of digital exclusion due to lack of interest. However, as VR grows in popularity and its technological potential 
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becomes fully realised, future research could also focus on strategies to reduce digital exclusion and increase interest. 
For example, by involving these subgroups in co-design activities and using novel dissemination strategies.

Keywords  Smoking, E-health, Cross-sectional studies, Virtual reality, Digital exclusion, Smoking cessation

Background
Cigarette smoking and tobacco use are the leading mod-
ifiable causes of ill health and mortality. There are cur-
rently 1.1 billion cigarette and tobacco users (hereafter 
referred to as smokers) globally and 6.4 million in the 
United Kingdom (UK) [1, 2]. Traditional interventions 
such as counselling or nicotine replacement therapy are 
effective in supporting smoking cessation [3]. However, 
the development of digital interventions such as websites, 
smartphone apps, wearables, serious video games and 
virtual reality (VR) has proliferated in the last decade, 
and they may be a useful addition to traditional support 
[4]. This study explores interest in using VR generally and 
for smoking cessation, among cigarette smokers in Great 
Britain.

VR involves wearing a headset, which is a device that 
presents images of a digitally rendered virtual environ-
ment (VE) on a screen. The screen completely covers 
the visual field and simulates changes in perspective in 
response to head movement, meaning the user can see 
across 360 degrees [5, 6]. Virtual reality has previously 
been used in interventions to support smoking cessa-
tion, such as cue exposure therapy (CET). CET involves 
repeatedly simulating smoking cues to elicit nicotine 
cravings in users, to unlearn the association between the 
smoking cue and the craving [7]. According to review 
evidence, while VR-CET shows promise, its effect on 
long-term abstinence has been inconsistent across trials 
[7]. While less studied, VR has also been used to encour-
age quit attempts in smokers by delivering immersive 
messages on the health consequences of smoking. These 
pilot studies showed greater abstinence rates in the inter-
vention groups compared to the controls [8, 9]. However, 
to estimate the real-world impact of any VR smoking ces-
sation intervention, “reach” should be considered along-
side effect estimates. “Reach” refers to the proportion and 
characteristics of the target population that have access 
to and subsequently use the intervention [10].

Roger’s (1995) “diffusion of innovations” theory 
describes how an innovation is differentially communi-
cated through certain channels over time among differ-
ent members of a social system [11]. The advantages of a 
new digital innovation, such as VR, are not always clear 
to the intended users at the outset, before seeing the ben-
efits through, for example, others’ VR use. Despite the 
appearance (and disappearance) of commercially avail-
able VR headsets since the 1990s, current ownership 

and experiences using VR are still relatively rare [12]. 
In a 2021 nationally representative survey of 3,544 Brit-
ish internet users, only 4% of respondents owned a VR 
headset, suggesting that the adoption rate is still low [13]. 
There is a paucity of data gauging interest in using VR for 
encouraging or supporting smoking cessation, likely due 
to a lack of commercially available products. The diffu-
sion of new technologies that have a preventative pur-
pose is usually slow because the user reaps the rewards 
in the future [14]. In contrast, if the benefits are more 
immediate to the user (e.g., VR for entertainment) the 
adoption rate is faster [14]. UK and European survey data 
from 2021 indicate that the most popular VR activities 
are playing video games and watching films, concerts, or 
sporting events [15, 16].

Communication about new technologies typically 
occurs through mass media and interpersonal communi-
cation [14]. However, knowledge transfer that shapes atti-
tudes towards new technology is more likely to reach and 
be effective among individuals who have similar back-
grounds (social grade, beliefs, age etc.) [11]. Those who 
are more digitally experienced are less likely to effectively 
communicate with less digitally experienced individu-
als. Therefore, the adoption of a new smoking cessation 
VR intervention runs the risk of staying concentrated 
within certain subgroups, particularly those who are 
more socially advantaged and younger (digital exclu-
sion). Older individuals are more likely to be digitally 
excluded and use technology less [17]. However, across 
all age groups, indicators of social disadvantage (e.g., low 
literacy or low educational attainment) are the strongest 
predictor of internet access and use. Adults in the most 
socioeconomically disadvantaged groups are three times 
more likely to be “limited users” of the internet compared 
to those who are most advantaged [18].

Digital exclusion intersects with other forms of health 
inequalities. Regarding age, smoking prevalence is low-
est in those over 65 years (estimated prevalence of 8% 
in Great Britain) and highest in the 25–34 age group 
(16.3%) [1]. However, some studies suggest that older 
adults may be less likely to report a quit attempt and 
may have age-specific resistance to quitting (for exam-
ple, the idea that the damage is already done or that 
their older age is an indicator of “survivorship”) [19]. 
In contrast, while there appears to be no social gradi-
ent in the initiation of quit attempts, there is a large 
socioeconomic gap in quit success, with individuals in 
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England from the lowest social grade having around 
half the quit success rate of those from the highest 
social grade (11.4% vs 20.4%) [20, 21]. However, data 
from a nationally representative cross-sectional sur-
vey of English smokers suggests that there was no sig-
nificant difference in the use of a digital aid during the 
most recent quit attempt according to social grade [22]. 
Nevertheless, technology-based interventions should 
aim to reach as wide and diverse an audience as pos-
sible to avoid reproducing and reinforcing existing 
health inequities [23]. However, due to a lack of data, 
it is not yet clear if levels of interest in VR for smoking 
cessation across subgroups mirror typical patterns of 
digital exclusion. Identifying demographic and smoking 
characteristics associated with interest in VR will help 
future intervention development in several regards, 
including the tailoring of content for specific target 
groups or creating additional dissemination strategies 
for groups that may be at risk of digital exclusion.

This study addressed the following research questions 
(RQ):

RQ1. What is the prevalence of interest in using a 
VR headset:

	 i.	 for any purpose?
	 ii.	 to encourage or support smoking cessation?

RQ2. How does the prevalence of these interests 
differ according to sociodemographic and smok-
ing characteristics and past use of a digital smoking 
cessation aid?

Methods
Study design and setting
The “Strengthening the Reporting of Observational 
Studies in Epidemiology” guidelines informed the 
design and reporting of this study [24]. The protocol 
and analysis plan were preregistered using the Open 
Science Framework (https://​osf.​io/​ma675). This study 
used data from the ongoing Smoking Toolkit Study 
(STS), which is a monthly, cross-sectional survey 
[25–27]. The STS uses a hybrid of random probabil-
ity and simple quota sampling to select a new sample 
of approximately 2,400 adults (18 years and over) each 
month. Before March 2020 data was collected via com-
puter-assisted face-to-face interviews. However, from 
April 2020 onwards, data has been collected via tel-
ephone. Comparisons of the two data collection meth-
ods indicate good comparability [28]. Additional details 
of the STS and the sampling procedure are provided 
elsewhere [27].

Sample size
RQ1 relates to estimates of prevalence. Based on previ-
ous estimates of interest in using VR in the general UK 
population, we initially calculated that a sample size of 
1,053 was required to estimate a true prevalence of up 
to 47%, with 95% confidence and ± 3% precision [29]. 
However, available resources required us to amend this 
calculation to a precision of ± 4%, to give a required 
sample size of 599 [30]. This amendment was done 
before data collection. To account for potential missing 
responses, this study collected data across three STS 
survey waves (three months) between February and 
April 2023, resulting in data from a total of 873 smok-
ers (unweighted).

Participants
In the sample, current smokers were defined as those 
who responded a, b, or c to the following question: 
“Which of the following best applies to you? Please note 
we are referring to cigarettes and other kinds of tobacco 
that you set light to and NOT electronic or ’heat-
not-burn’ cigarette” a.) I smoke cigarettes (including 
hand-rolled) every day, b.) I smoke cigarettes (includ-
ing hand-rolled), but not every day, c.) I do not smoke 
cigarettes at all, but I do smoke tobacco of some kind 
(e.g., Pipe, cigar, or shisha), d.) I have stopped smoking 
completely in the last year, e.) I stopped smoking com-
pletely more than a year ago, and f.) I have never been a 
smoker (i.e., smoked for a year or more).

Variables
For current smokers, the outcome variables were the pro-
portion who reported interest in using VR for any pur-
pose and the proportion who reported interest in using 
VR specifically for smoking cessation. This was measured 
by asking, “By a virtual reality (VR) headset we mean 
an electronic device that you wear on your head with a 
screen inside that allows you to see seemingly real images 
in 3D. People commonly use VR headsets to play games, 
watch films or sports, learn new skills, experience cul-
ture, and use social media. If you had free access to a VR 
experience, would you be interested in ever using a head-
set?”. Also, “Again, if you had free access to use a head-
set, would you be interested in receiving a VR experience 
focused on providing advice or support to quit smok-
ing?” In this study, we judged this question on ‘provid-
ing advice or support’ to reflect people’s interest in VR to 
encourage or support cessation. For both questions, the 
response options were 1.) very interested, 2.) interested, 
3.) uninterested, 4.) very uninterested, 5.) don’t know. 
Response options were dichotomised into “interested” 
(options 1 and 2) and “uninterested” (options 3, 4 and 5).

https://osf.io/ma675
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The sociodemographic characteristics of inter-
est were: age (16–24/ 25–34/ 35–44/ 45–54/ 55–64/ 
65 + years), gender (women/ men), educational level 
(post-16 educational qualifications/ no post-16 qualifi-
cations) and social grade, as assessed by the National 
Readership Survey’s Social Grade Classification Tool 
(ABC1 /C2DE) [31]. ABC1 corresponds to manage-
rial, professional, and intermediate occupations, while 
C2DE refers to small employers and own account work-
ers, lower supervisory and technical occupations, and 
semi-routine and routine occupations, never workers 
and long-term unemployed. This occupational measure 
of social grade is a valid index of socioeconomic sta-
tus and is especially relevant in the context of smoking 
[21].

Smoking characteristics included motivation to quit, 
as measured by the Motivation to Stop Scale (MTSS) 
[32]. The MTSS has the following response options: 1.) I 
REALLY want to stop smoking and intend to in the next 
month; 2.) I REALLY want to stop smoking and intend to 
in the next 3 months; 3.) I REALLY want to stop smoking, 
but I don’t know when I will; 4.) I want to stop smoking 
and hope to soon; 5.) I want to stop smoking but haven’t 
thought about when; 6.) I think I should stop smoking but 
don’t really want to; and 7.) I don’t want to stop smok-
ing. Responses were dichotomised into high (1–2) and 
low motivation (3–7 and any response of “I don’t know”). 
Also assessed was whether respondents were currently 
trying to cut down the number of cigarettes smoked (yes/ 
no) and the number of serious attempts to stop smoking 
in the past 12 months (none/ at least one attempt).

Past experiences using a digital aid for smoking ces-
sation were measured by asking, “What was used to try 
to help stop smoking during the most recent serious 
quit attempt?” Response options: “Visited www.​nhs.​uk/​
smoke​free website”, “Visited a website other than smoke-
free” and “Used an application on a handheld computer 
(smartphone, tablet or PDA)” were categorised as having 
past digital experience. Any response that did not include 
these options were classified as not having used a digital 
smoking cessation aid. As this question is only asked to 
smokers who have made a quit attempt in the past year, 
missing data were imputed as not having used a digital 
smoking cessation aid.

Statistical analysis
The data analysis was conducted in STATA 17.0. For all 
research questions, the data were weighted using the rim 
(marginal) technique to match the sample to the pro-
portions of the British population on the dimensions of 
region, age, social grade, ethnicity, housing tenure and 
working status within sex [33]. We conducted complete 
case analyses for all research questions, as less than 5% of 

values for the included variables were missing. For gen-
der, we also excluded observations for “in another way” 
due to low numbers.

For RQ1, the proportion and 95% Confidence Intervals 
(CI) of interest in using VR generally and for smoking 
cessation were calculated for each predictor variable.

For RQ2 we calculated the unadjusted associations 
between interest in VR for any purpose and the predictor 
variables described above in a series of logistic regression 
models. The unadjusted associations between interest in 
using VR to encourage smoking cessation and the same 
predictor variables were also assessed in a series of logis-
tic regression models. The level of significance was set 
at P < 0.05. Odds ratios (OR) and precise p-values were 
reported.

In sensitivity analyses for RQ1 and RQ2: i.) the main 
analysis was repeated on unweighted data and ii.) the two 
outcome variables were treated continuously, measuring 
the level of interest on a scale of 0–3 (responses: 0 = very 
uninterested, 1 = uninterested, 2 = interested, 3 = very 
interested). A higher score corresponded to a greater 
degree of interest. The weighted linear regression used 
the same set of predictor variables as the main analysis 
and excluded responses of “I don’t know”.

Changes from registration
Post-registration of the protocol, the wording of RQ1 was 
amended slightly to include the addition of “or support”. 
This was to better reflect the wording of the data collec-
tion questions given to respondents in the STS survey.

Unplanned analysis
Subsequent qualitative work that is part of this study’s 
larger project suggested that age was an important demo-
graphic factor regarding interest and use of VR for smok-
ing cessation. Older smokers in co-design focus groups 
did not see themselves as “digital natives” [34]. Addition-
ally, given the size of the association between age and 
interest in VR for smoking cessation (compared to other 
demographic variables) in the descriptive analysis, we 
conducted an unplanned analysis to explore independ-
ent associations between age and interest. We selected 
confounding variables for the adjusted logistic regres-
sion model based on the results of unadjusted analysis 
for RQ2 and subject knowledge [35]. We constructed 
a directed acyclic graph (DAG) using DAGitty v3.1 to 
understand potential mechanisms better, make assump-
tions explicit and differentiate between potential con-
founders and mediators [36, 37]. Figure 1 shows the DAG 
which consists of both measured and unmeasured varia-
bles. The logistic regression model was adjusted for social 
grade and gender.

http://www.nhs.uk/smokefree
http://www.nhs.uk/smokefree
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In addition to this, we also looked further into the asso-
ciations between gender and social grade and interest in 
VR for encouraging and supporting smoking cessation, 
by stratifying results according to age group [38].

Results
A total of 6,858 adults were surveyed between Febru-
ary and April 2023 of whom 873 were smokers. Data 
for gender and number of quit attempts were missing 
for 39 respondents and an additional 14 identified as 
“in another way”. Therefore, data from 820 smokers was 
included in the analysis. Table 1 shows the weighted and 
unweighted characteristics of the sample. In the weighted 
sample, there was a slightly higher proportion of men 
(55.0%) compared to women and respondents from a less 
advantaged social grade (58.7%). However, 77.9% had a 
post-16 educational qualification. The proportion of the 
sample that had made a quit attempt in the past year was 
32.1% and only 1.6% had used a digital smoking cessation 
aid in the past year.

In the weighted analysis, 50.2% (95% CI: 46.4%-54.1%) 
of the sample were interested in using VR for any pur-
pose, while 34.6% (95% CI: 31.0%-38.5%) of the sample 

were interested in using VR specifically for encouraging 
and supporting smoking cessation. Table  2 shows inter-
est in VR generally and interest in VR for smoking ces-
sation by the sample’s sociodemographic, smoking, and 
digital health experience characteristics. Smokers had 
greater odds of reporting a general interest in using VR 
who were: younger (Odds Ratio (OR):0.73, 95% CI: 0.40 
-1.31), had a post-16 educational qualification (OR: 2.09, 
95% CI: 1.41–3.07) or had made at least one quit attempt 
in the last year (OR 1.72, 95% CI: 1.22–2.43). Women had 
reduced odds of reporting general interest in VR (OR 
0.47, 95% CI: 0.34–0.64).

Smokers had greater odds of reporting an interest 
in using VR specifically for encouraging and support-
ing cessation who were: highly motivated to quit (OR 
2.41, 95% CI: 1.59–3.65), had made at least one quit 
attempt in the past year (OR: 1.95, 95% CI: 1.37–2.77), 
currently trying to cut down (OR 1.90, 95% CI: 1.34- 
2.67) or interested in VR generally (OR 10.42, 95% CI 
6.97 -15.57). Women (OR 0.69, 95% CI: 0.49–0.97) and 
those 65 years and older (OR 0.29, 95% CI: 0.15–0.57) 
had lower odds of reporting interest in VR for smok-
ing cessation. For educational attainment, there was 

Fig. 1  Directed acyclic graph (DAG) demonstrating the pathways associated with age (green node) and interest in VR for smoking cessation (blue 
node with bold outline). White nodes represented adjusted variables. Grey nodes represent unmeasured variables. Other blue nodes represent 
mediators. The green arrows represent the various causal pathways. Some arrows are bi-directional. While the arrows pointing towards interest in VR 
for any purpose may factor directly into an interest in VR for smoking cessation, this likely represents a small subset of the population, and these 
arrows were omitted for clarity. The absence of pink lines suggests that this model is sufficiently adjusted
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an uncertain association with people who had post-16 
educational qualifications appearing to have greater 
odds of reporting interest in VR for smoking cessa-
tion (OR: 1.50, 95% CI: 0.99–2.28). The pattern of these 
results was largely similar for the unweighted analysis 

and when interest in VR was treated continuously (sup-
plementary Table 1 and supplementary Table 2).

In the unplanned analyses looking specifically at age 
group (Table  3), smokers who were 65 years or older 
were less likely than the youngest age group to be 

Table 1  Sample characteristics unweighted N = 820, weighted N = 905

a ABC1 corresponds to managerial, professional, and intermediate occupations. C2DE refers to small employers and own account workers, lower supervisory and 
technical occupations, semi-routine and routine occupations, never workers and long-term unemployed

Unweighted N = 820 Weighted N = 905

Age % (n)
  16–24 13.5 (111) 15.4 (140)

  25–34 18.2 (149) 23.0 (208)

  35–44 15.2 (125) 16.2 (147)

  45–54 17.7 (145) 15.6 (141)

  55–64 17.9 (147) 15.0 (136)

  65 +  17.4 (143) 14.7 (132)

Gender % (n)
  Men 54.8 (449) 55.0 (497)

  Women 45.2 (371) 45.0 (408)

Education % (n)
  No post-16 qualifications 22.3 (183) 22.1 (200)

  Post-16 qualifications 77.7 (637) 77.9 (705)

Social grade a % (n)
  C2DE 44.9 (368) 58.7 (531)

  ABC1 55.1 (452) 41.3 (374)

Motivation to quit % (n)
  Low 82.3 (675) 82.7 (749)

  High 17.7 (145) 17.3 (156)

Quit attempts in the last year % (n)
  None 69.9 (573) 67.9 (615)

  At least one 30.1 (247) 32.1 (290)

Currently trying to cut down but not quit % (n)
  No 45.0 (369) 45.4 (411)

  Yes 55.0 (451) 54.6 (494)

Interest in using VR for general purposes % (n)
  Very interested 22.4 (184) 23.5 (212)

  Interested 27.1 (222) 26.8 (242)

  Uninterested 18.8 (154) 18.2 (165)

  Very uninterested 27.7 (227) 26.6 (241)

  Do not know 4.0 (33) 4.9 (44)

Interest in using VR for encouraging and supporting cessation % (n)
  Very interested 12.9 (106) 14.2 (128)

  Interested 19.9 (163) 20.4 (185)

  Uninterested 26.6 (218) 25.6 (232)

  Very uninterested 37.2 (305) 36.5 (330)

  Do not know 3.4 (28) 3.3 (30)

Used a digital smoking cessation aid in the last year % (n)
  No 98.3 (806) 98.4 (890)

  Yes 1.7 (14) 1.6 (15)
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interested in using VR specifically for smoking cessa-
tion, when accounting for gender and social grade (OR 
adjusted:0.31, 95% CI: 0.16–0.60).

Furthermore, gender differences in interest in VR for 
smoking cessation were most pronounced in the 35–44 
age group, when adjusted for social grade (OR adjusted: 
0.33, 95% CI: 0.15–0.78), but non-significant in other 
age groups (supplementary Table 3). In the unplanned 
analysis, associations between social grade and interest 
in VR for smoking cessation remained non-significant 
when stratified by age group, except in the 55–64 age 
group (OR adjusted: 0.33, 95% CI: 0.15–0.74) where 
adults with a more advantaged social grade (ABC1) had 

Table 2  Unadjusted logistic regression models predicting interest in VR generally and for smoking cessation

General interest in using VR for any purpose Interest in using VR for smoking cessation

% Interested
(454/905)

OR (95% CI) P-value % Interested (313/905) OR (95% CI) P-value

Age % (n/N)
  16–24 67.8 (95/140) 1 (ref ) - 37.4 (52/140) 1 (ref ) -

  25–34 60.5 (126/208) 0.73 (0.40 -1.31) 0.290 37.8 (79/208) 1.01 (0.57–1.81) 0.956

  35–44 59.3 (87/147) 0.69 (0.38–1.26) 0.227 43.2 (64/147) 1.28 (0.71–2.30) 0.419

  45–54 51.8 (74/141) 0.51 (0.28–0.92) 0.024 38.4 (54/141) 1.04 (0.59–1.86) 0.881

  55–64 38.7 (53/136) 0.30 (0.17–0.54)  < 0.001 32.5 (44/136) 0.81 (0.45–1.45) 0.474

  65 +  15.6 (21/132) 0.09 (0.05–0.17)  < 0.001 14.9 (20/132) 0.29 (0.15–0.57)  < 0.001

Gender % (n/N)
  Men 58.7 (292/497) 1 (ref ) - 38.3 (191/497) 1 (ref ) -

  Women 39.9 (163/408) 0.47 (0.34–0.64)  < 0.001 30.1 (123/408) 0.69 (0.49–0.97) 0.031

Education % (n/N)
  No post-16 qualifications 36.2 (73/200) 1 (ref ) - 27.7 (55/200) 1 (ref ) -

  Post-16 qualifications 54.2 (382/705) 2.09 (1.41–3.07)  < 0.001 36.5 (258/705) 1.50 (0.99–2.28) 0.055

Social grade % (n/N)
  C2DE 47.1 (250/531) 1 (ref ) - 36.6 (195/531) 1 (ref ) -

  ABC1 54.7 (204/374) 1.35 (1.00–1.83) 0.051 31.8 (191/374) 0.80 (0.59–1.11) 0.188

Motivation to quit % (n/N)
  Low 48.7 (364/749) 1 (ref ) - 31.0 (232/749) 1 (ref ) -

  High 57.9 (90/156) 1.45 (0.96–2.18) 0.076 52.0 (81/156) 2.41 (1.59–3.65)  < 0.001

Quit attempts in the last year % (n/N)
  None 45.9 (282/615) 1 (ref ) - 29.7 (182/615) 1 (ref ) -

  At least one 59.4 (172/290) 1.72 (1.22–2.43) 0.002 45.1 (131/290) 1.95 (1.37–2.77)  < 0.001

Currently trying to cut down but not quit % (n/N)
  No 47.6 (195/ 411) 1 (ref ) - 26.8 (110/411) 1 (ref ) -

  Yes 52.5 (260/494) 1.22 (0.89–1.67) 0.219 41.1 (203/494) 1.90 (1.34- 2.67)  < 0.001

Interest in using VR for general purpose % (n/N)
  Uninterested – – – 11.5 (52/450) 1 (ref ) -

  Interested – – – 57.5 (262/454) 10.42 (6.97 -15.57)  < 0.001

Used a digital smoking cessation aid in the last year % (n/N)
  No 50.1 (446/890) 1 (ref ) - 34.4 (306/890) 1 (ref ) -

  Yes 61.6 (9/15) 1.60 (0.49–5.18) 0.433 48.7 (7/15) 1.81 (0.54- 6.14) 0.339

Table 3  Logistic regression model for the association between 
age and VR for smoking cessation, adjusted for gender and social 
grade

Age group OR (95% CIs) P-value OR adjusted (95% 
CIs)

P-value

16–24 1 (ref ) - 1 (ref ) -

25–34 1.01 (0.57–1.81) 0.956 1.04 (0.57 – 1.86) 0.907

35–44 1.28 (0.71–2.30) 0.419 1.37 (0.76- 2.48) 0.293

45–54 1.04 (0.59–1.86) 0.881 1.09 (0.61 – 1.94) 0.780

55–64 0.81 (0.45–1.45) 0.474 0.82 (0.46 – 1.49) 0.520

65 +  0.29 (0.15–0.57)  < 0.001 0.31 (0.16–0.60) 0.001
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less interest compared to adults from a less advantaged 
social grade (C2DE) (supplementary Table 4).

Discussion
Summary of findings
This study aimed to estimate the prevalence and charac-
teristics of smokers in Great Britain interested in using 
VR generally and for encouraging and supporting smok-
ing cessation. Despite VR being a relatively newer field of 
technology, half of smokers were interested in using VR 
generally. This mirrors the results of an online UK sur-
vey where 47% of adults in the general population were 
interested in experiencing VR [29]. Interest in VR spe-
cifically for encouraging or supporting smoking cessation 
was lower at 34.6%. This suggests that the diffusion of VR 
for general and entertainment purposes has been faster 
than the diffusion of VR for health purposes like smok-
ing cessation. This is unsurprising given that diffusion 
of preventative technologies tends to be slower as their 
benefits are not immediate [14]. In a 2016 poll, UK con-
sumers predicted that VR would have the most impact on 
video games and entertainment, followed by education 
and then healthcare [39].

Diffusion of innovations can occur unequally across 
different subgroups, and this can lead to digital exclu-
sion. Digital exclusion is a combination of several fac-
tors including a lack of interest (not seeing technology 
as helpful or relevant), skills, and access to the internet 
and devices [18, 40]. In this study older respondents were 
much less likely to be interested in using VR generally, 
reflecting wider patterns in the digital divide [17, 18]. 
However, the proportion of respondents interested in 
VR specifically for smoking cessation was similar across 
all age groups except those 65 years and over, where the 
proportion significantly decreased, after adjustment for 
gender and social grade. These results are promising and 
suggest that a future smoking cessation VR intervention 
could be designed to appeal to and then be disseminated 
across a wide age group. While this study places adults 
over 65 in one age category, this group is not homog-
enous. A previous US study that looked exclusively at 
adults aged 65–103 also indicated that among the “oldest-
old”, age was  associated with negative attitudes towards 
VR [41]. In contrast, in a Flemish study of adults over 56 
years, attitudes towards VR were neutral before partici-
pants had ever used it, but became positive after use, sug-
gesting that positive exposure to technology influences 
attitudes [42].

Some authors argue that efforts to increase inter-
est in VR in older populations may only be warranted 
if it has a clear added value over non-digital methods 
[43]. While VR provides unique benefits (e.g., interac-
tivity and immersive visual graphics), few studies have 

directly compared its long-term effectiveness to tra-
ditional smoking cessation interventions [7]. In con-
trast, others suggest that during the development of 
VR interventions, design considerations should accom-
modate older subgroups who may be interested in 
novel technologies but face other barriers regarding 
use. These design considerations include fall preven-
tion, minimising cybersickness and accommodations 
for hearing and visual impairments [44]. As part of 
this study’s wider project, co-design focus groups with 
smokers highlighted the need for user demonstrations 
to support those with limited digital skills [34]. Experts 
in smoking cessation and VR have also been consulted 
in focus groups to explore additional VR design factors 
needed for inclusivity.

Regarding other demographic factors and past digital 
health use, having used a digital smoking cessation aid 
in the past year was not associated with interest in VR 
generally or for smoking cessation. There was an associa-
tion between higher educational attainment and interest 
in VR generally, but the association with interest in VR 
specifically for smoking cessation was uncertain. This 
suggests that people without post-16 qualifications may 
be excluded from this technology. Lower educational 
attainment has traditionally been associated with digi-
tal exclusion at large [45, 46]. In contrast, higher educa-
tional attainment typically correlates with the  increased 
technological skills and digital literacy needed to operate 
devices. Also, educational institutions can provide access 
to devices [47]. Many authors have suggested working 
with members of subgroups who are at risk of digital 
exclusion during intervention development, with a focus 
on creating content that is easy to use across differing 
skill or educational levels [45].

Men were more likely to be interested in VR both gen-
erally and for smoking cessation. Previous survey data 
also suggested that a higher proportion of men than 
women were interested in experiencing VR (55% vs 
40%) [29]. This gender gap may be because VR is mainly 
used to play video games, traditionally perceived as a 
male activity [48]. Review findings show that, with some 
exceptions, men are more likely to play video games [48]. 
There has been some debate regarding gender differences 
in smoking cessation. However, national survey data 
from Great Britain indicates that younger women (teen-
age years to forties) are more likely to quit smoking com-
pared to men, although this trend reverses in the older 
age groups [49]. Also, survey data from England suggests 
that a higher percentage of women access formal smok-
ing cessation services and treatments compared to men 
[50]. If VR is particularly appealing to younger men, a 
VR-based intervention could potentially address this 
gender inequality.
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Additionally, respondents who were more motivated to 
quit, who had made previous quit attempts or who were 
currently cutting down on cigarettes were more likely to 
be interested in VR for smoking cessation. Similarly, one 
study found that UK and US smokers who were moti-
vated to quit were more likely to have future intentions 
to use the internet or technology for smoking cessation 
compared to smokers unmotivated to quit [51]. Addi-
tionally, in another study, English smokers who were 
more motivated to quit and had made a quit attempt in 
the past year were more likely to express interest in using 
websites and apps for smoking cessation [52].

From a RE-AIM perspective (reach, efficacy, adoption, 
implementation, and maintenance) this paper provides 
the first estimate on the proportion of smokers who are 
interested in using VR for encouraging and supporting 
smoking cessation (34.6%), using a representative sam-
ple [10]. As of 2022, there are approximately 6.23 million 
smokers in Great Britain [1]. Therefore, a VR smok-
ing cessation intervention could potentially reach up to 
2,155,580 smokers in Great Britain (6,230,000 × 0.346). 
As more fully powered smoking cessation VR trials come 
to completion, this number could be used to estimate 
their potential public health impact if implemented on a 
wide scale (impact = reach x effect estimate) [53]. How-
ever, this calculation assumes that there will soon be 
wide-scale and equitable access to VR for those who are 
interested. Although government-commissioned reports 
demonstrate a level of national commitment to incor-
porating innovative technologies (including VR) into 
the national health service, wide-scale implementation 
will have considerable economic and human-resource 
implications [54, 55]. Therefore, we recommend that this 
estimate be interpreted with caution, and very much at 
the upper limit of possible reach. As part of this study’s 
wider project, healthcare and smoking cessation profes-
sionals have been interviewed in focus groups to assess 
their views on VR and implementation barriers and 
facilitators.

An expression of interest in a survey does not nec-
essarily reflect real-world uptake or engagement. For 
example, while 46.6% of English smokers expressed 
interest in using websites or smartphone applications 
for smoking cessation in 2011, later estimates for 2015–
2018 indicated that only 2.7% of English smokers used 
a digital aid during their most recent quit attempt [22, 
52]. This discrepancy between interest and uptake may 
be even more pronounced for VR. While ownership of 
smartphones in the UK is almost ubiquitous (approxi-
mately 94%), ownership of VR headsets is still rela-
tively rare (4%) [13, 56]. The questions used to measure 
interest in this study specified that it was “free access” 

to a VR experience, to reduce the influence of current 
ownership levels and cost of purchase on responses. 
However, willingness to travel to get access to  a free 
VR  headset may influence responses as noted in the 
DAG. While the mainstream availability of VR for 
smoking cessation is still in its infancy, future research 
could investigate the factors influencing the relation-
ship between interest and subsequent uptake at the 
individual level such as cost, availability, and awareness.

Strengths and limitations
To our knowledge, this is the first study to explore 
interest in VR in adult smokers. When looking at the 
adjusted association between age and interest in VR 
for smoking cessation, using a DAG provided transpar-
ency regarding the choice of confounding variables and 
made the proposed causal pathways explicit. Another 
strength of this study is the use of a nationally repre-
sentative sample, which enhances the generalisability 
of the results. However, like other household surveys, 
the STS may not capture “hidden” populations such as 
those who are unhoused, in student accommodations, 
traveller communities or those in long-term care [57].

However, as mentioned previously, expressing inter-
est in a survey may not correspond to future real-world 
uptake. Also, this paper was largely descriptive. Apart 
from the unplanned further analysis of the large asso-
ciation between age and interest, we did not adjust for 
any variables in the logistic regression and the individ-
ual odds ratios may be affected by confounding. Future 
work could use the results of this study to formulate 
hypotheses and inform a DAG and fully adjusted model 
for specific predictor variables,  similar to this study’s 
analysis of age.

The survey population in this study was restricted to 
smokers (i.e., cigarette and other tobacco users). While 
the Smoking Toolkit Study separately assesses the use 
of e-cigarettes and vapes, there may be some partici-
pants who interpreted the question assessing smoking 
status differently than intended – although the ques-
tion explicitly asks them to exclude use of e-cigarettes 
and heated tobacco products. In England, it is esti-
mated that the number of adults (smokers, ex-smokers 
and never-smokers) using e-cigarette or vaping devices 
long-term has increased from 1.3% in 2013 to 10% in 
2023 [58]. While e-cigarettes are effective for smoking 
cessation, increased uptake in young never-smokers is 
a public health concern [59]. Although this study does 
not assess interest in using VR regarding vaping, a 
handful of VR interventions are in development which 
focus on vaping prevention and cessation in young peo-
ple [60, 61].
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Conclusions
Half of smokers are interested in VR generally and a third 
are interested in VR specifically for smoking cessation 
in Great Britain. Smokers who were men, more moti-
vated to quit smoking, had made at least one past year 
quit attempt, were trying to cut down cigarettes or were 
interested in using VR generally were all more likely to 
be interested in using VR for smoking cessation. A VR 
smoking cessation intervention could potentially reach 
more than two million smokers in Great Britain. How-
ever, the results of this study indicated that reach would 
be higher in specific subgroups, such as men, younger 
and middle-aged smokers and those who are interested 
in quitting and trying to quit.

For age, after adjusting for social grade and gender, 
the odds of being interested in VR for smoking cessa-
tion were similar across all age groups, apart from those 
over 65, who had much lower odds, independent of social 
grade and gender. On the one hand, while VR’s immer-
sive and interactive features provide a unique opportu-
nity for novel support methods, increasing interest in 
the oldest subgroups may not be crucial as long as other 
effective and non-digital cessation support is available. 
Conversely, it could be argued that more work should 
be done to avoid and examine digital exclusion in at-
risk subgroups, such as those over 65. This could include 
qualitative research to explore barriers and facilitators of 
interest.
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