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Abstract

Background Smoking continues to be a leading risk factor for several diseases globally. We hypothesised
that an intervention delivered via text messages could help individuals who were looking to quit.

Methods A two-arm, parallel-groups, randomised controlled trial was employed. Both groups received treatment
as usual, with the intervention group also receiving a 12-week text messaging intervention. Participants were adult,
weekly or more frequent smokers, recruited online and in primary health care centres. Research personnel were
blinded, while participants were not. Primary outcomes were prolonged abstinence and point prevalence of absti-
nence, 3 and 6 months post-randomisation. All randomised participants were included in analyses.

Results Between 18 September 2020 and 16 June 2022, we randomised 1012 participants (intervention: 505, control:
507). Outcome data was available for 67% (n=682) of participants at 3 months and 64% (n=643) at 6 months. At

3 months, the odds ratio (OR) of prolonged abstinence was 2.15 (95% compatibility interval [Col]=1.51; 3.06, prob-
ability of effect [POE] >99.9%, p <0.0001), and for point prevalence of abstinence, it was 1.70 (95% Col=1.18; 2.44,
POE=99.8%, p=0.0034) in favour of the text messaging intervention. At 6 months, the OR of prolonged abstinence
was 2.38 (95% Col=1.62; 3.57, POE >99.9%, p= <0.0001), and for point prevalence, it was 1.49 (95% Col=1.03; 2.14,
POE=98.3%, p=0.0349) in favour of the text messaging intervention. Analyses with imputed data were not markedly
different.

Conclusions Amongst general population help-seekers—who on average had smoked for 25 years—access

to a 12-week text messaging intervention produced higher rates of self-reported smoking abstinence in comparison
to treatment as usual only. The intervention could be part of the societal response to the burden which smoking
causes; however, findings are limited by risk of bias due to attrition, self-reported outcomes, and lack of blinding.
Trial registration The trial was preregistered in the ISRCTN registry on 27/07/2020 (ISRCTN13455271).
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smoking is severe, with 7.69 million deaths (13.6% of all
deaths in 2019) being attributable to smoking [1], and
tobacco is globally ranked the most severe risk factor for
disability adjusted life years for men, and the seventh for
women [1, 3].

Data from the Public Health Agency in Sweden showed
that in 2021 [4], approximately 6.1% of the population
aged between 16 and 84 were daily consumers of tobacco
cigarettes amongst both men and women. Additionally,
4.6% of the age group report consuming tobacco ciga-
rettes occasionally. In 2003, the percentage of daily smok-
ers was 24% amongst women and 19% amongst men,
indicating a steady decrease over the last two decades [5].
Though decreasing in prevalence over the last decades,
smoking remains one of the leading risk factors for mul-
tiple diseases, including chronic obstructive pulmonary
disease, stroke, pulmonary cancer, and myocardial infarc-
tion—all amongst the leading causes of deaths in Sweden
and globally [6]. We are closer than ever to eradicating
one of the leading causes of disease in Sweden; however,
since smoking still is prevalent, and young individuals
still start smoking [7], there is a need for effective smok-
ing cessation interventions that can scale to a national
level and are designed to reach individuals requiring
smoking cessation support in the general population.

Digital interventions may contribute to the societal
response to reduce the prevalence of smoking. These
interventions are characterised by delivering cessation
support materials using text messages, e-mail, mobile
phone apps, etc. Text messaging-based interventions are
particularly important since they rely on standard tech-
nology, which is increasingly prevalent globally, and can
be delivered at relatively low cost. This means that they
may be able to reach further into the community than
face-to-face interventions. Early trials of text messaging-
based interventions showed promising results, notably
the txt2stop trial (»=5800) [8], which found increased
abstinence amongst those with access to the intervention:
biochemically verified abstinence odds ratio [OR] =2.20,
95% confidence interval [CI]=1.80; 2.68, p<0.001 and
self-reported abstinence OR=1.47, 95% CI 1.40; 1.66,
p<0.001). Since then, trials have been conducted inter-
nationally of text messaging interventions, targeting
different populations, and a body of evidence has been
produced which support their use [9, 10].

In Sweden, there have been two trials of text messaging
interventions. Both have targeted younger individuals in
well-defined settings: the first amongst college and uni-
versity students [11] and the second amongst high school
students [12, 13]. The trials found strong evidence of the
effectiveness of the interventions, which is encouraging
as prevention at an early age is important. However, there
have been no studies in Sweden which target the general
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population. It is uncertain if this type of intervention also
can help older individuals, who have smoked for longer,
and may already have tried quitting multiple times using
existing support. Therefore, this study aimed to investi-
gate if a text messaging intervention could help individu-
als amongst the general population who were looking to
quit smoking.

Methods

We conducted a 2-arm RCT with parallel-groups (1:1),
following a Bayesian sequential design. The trial was
preregistered in the ISRCTN registry on 27/07/2020
(ISRCTN13455271) and received ethical approval from
the Swedish Ethical Review Authority on 16/06/2020
(Dnr 2020-01427). A trial protocol was submitted prior
to enrolment [14], and there were no deviations from the
protocol. This report follows the recommendations of the
CONSORT statement [15].

Participants

Recruitment took place in two different settings. First,
online advertisement (Google, Bing, and Facebook) was
used to recruit individuals seeking help to quit smoking.
Individuals clicking on the advert were taken to the study
website which contained study information and instruc-
tions on how to sign up. Second, health care profession-
als at 54 participating primary health care units in the
south of Sweden advertised the trial to patients through
printed media (e.g. flyers, leaflets, business cards, post-
ers). Like the website, the printed media contained study
information and instructions on how to sign up. Regard-
less of setting, individuals were instructed sign up for the
trial by sending a text message to a dedicated telephone
number. Within 5 min, they received a text message in
response, with a hyperlink to study information and an
informed consent form.

Participants consenting to take part in the trial were
immediately redirected to a baseline questionnaire, after
which eligible participants were randomised. Individuals
aged 18 years or older who smoked at least 1 cigarette per
week were eligible for the trial. Most of the study infor-
mation, and all questionnaires, were delivered to partici-
pants through their mobile phone and was in Swedish;
thus, participants without access to a mobile phone and
who did not comprehend Swedish well enough to sign up
for the trial were excluded.

Interventions

Both intervention and control groups were given treat-
ment as usual, and neither were restricted from using
other available smoking cessation aids. The intervention
group were in addition given access to a text messaging
intervention. Treatment as usual was in this trial defined
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as follows. For participants recruited through online
advertisements, it was defined as referral to a nation-
ally available smoking cessation helpline and a nationally
organised website with general information about smok-
ing and health. For participants recruited through pri-
mary health care units, it was defined as the same type of
referral as participants recruited online, with additional
referral from the primary health care units to have a con-
versation with a nurse or smoking cessation specialist
about smoking cessation and health.

Two versions of the intervention were available: one
general version and one that was tailored specifically
for individuals undergoing elective surgery. Both ver-
sions were based on findings from our previous research
[11-13]. The elective surgery intervention was allocated
to participants in the intervention group who reported
having elective surgery planned in the next 3 months.
Both versions of the intervention consisted of a 12-week
text message program with messages sent to participants’
mobile phones daily.

Over the first few weeks, participants received 2—4
messages per day, which was reduced to 2 messages per
day during the middle part of the intervention, and fur-
ther reduced to 1 message per day during the latter part
of the intervention. The content of the messages was pri-
marily informational and encouraging, and some mes-
sages asked participants to do specific tasks, such as
throw away ashtrays. None of the messages asked par-
ticipants to respond, but participants could request extra
supportive messages by sending a text message with one
of three keywords: weight, relapse, or craving. A mes-
sage was then sent back to participants with specific
information about potential weight gain, what to do if
one relapses, or help if they were experiencing nicotine
cravings. Unique for the elective surgery version was that
additional messages about complications and recovery
from surgery were included, and some of the messages
included hyperlinks to web-based modules which con-
tained materials specifically designed for the surgery con-
text. Please see the study protocol for more details [14].

Baseline measures

At baseline, participants were asked to complete an elec-
tronic questionnaire on their mobile phones. The ques-
tionnaire asked about the following: gender, age, the
number of years smoking, monthly/weekly/daily smok-
ers and the number of cigarettes typically smoked in
this interval, lifetime number of quit attempts, cessation
counselling experience, use of quit smoking helpline, and
use of snus (which is a moist oral tobacco product which
is common in Sweden, sometimes translated as snuff). In
addition, participants completed the Fagerstrom Test for
Nicotine Dependence scale (FTND) [16], which scores
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participants from 1 to 10, where higher scores indicate
higher nicotine dependence. Due to snus being com-
monly used in Sweden, the scale was amended to include
one item asking about the use of snus. The item asked:
Do you use snus?, with response options: No; A few
times a month; A few times a week; Daily — less than 1/3
of a box; Daily — 1/3 of a box; Daily — 1/2 of a box; and
Daily — 1 box or more. For scoring purposes, a full box
per day or more scored 3 points, half a box daily scored 2
points, third of a box daily scored 1 point, and the other
response options scored 0 points. The total FTND score
was calculated using either the snus item or the standard
cigarette item, whichever the participant scored higher
on. Note that only 21 participants (2.1%) scored higher
on the snus item. The internal reliability of the FTND for
this sample was assessed using Cronbach’s alpha, which
resulted in an alpha of 0.67. This is below what is typically
considered a fair reliability for clinical purposes, although
note that here we only use it to adjust our primary anal-
yses for baseline dependence and not as an outcome
measure. The FTND scale has not been validated in the
context of this study; however, scores ranging between
5 and 7 have previously been used to indicate moderate
nicotine dependence and 8+to indicate high nicotine
dependence.

Outcomes

The primary outcomes were prolonged abstinence and
point prevalence of smoking abstinence, measured at 3
and 6 months post-randomisation. Prolonged abstinence
was defined following the Russell standard [17] defini-
tion of not having smoked more than 5 cigarettes in the
past 8 weeks (thus allowing for a 4-week grace period).
The abstinence period was adjusted to 5 months at the
6-month follow-up. Point prevalence of smoking absti-
nence was defined as not smoking any cigarette during
the past 4 weeks, as recommended by the Society for
Research on Nicotine and Tobacco [18].

Secondary outcomes were 7-day point prevalence of
smoking abstinence, number of cigarettes smoked weekly
(if still smoking), number of quit attempts since baseline,
and number of uses of other smoking-cessation aids since
baseline.

Three potential mediating factors were assessed:
importance, confidence, and knowledge of how to quit
(know-how). To reduce participant burden across the
entire trial period, we decided against using multi-item
questionnaires to measure these factors, instead rely-
ing on face valid single-item measures based on impor-
tance and confidence rulers [19]. The items used are
presented in Table 1. Findings from mediator analyses
based on these outcomes will be reported separately;
however, due to limited evidence of construct validity,
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Table 1 Items used to assess three potential mediators

« Importance: How important is it for you to quit smoking?

+ (10-point scale ranging from 1="Not important”to 10="Very impor-
tant”)

- Confidence: How confident are you that you will be able to quit smok-
ing?

« (10-point scale ranging from 1="Not at all"to 10="Very confident”)

+ Know-how: How well do you know how to quit smoking?

+ (10-point scale ranging from 1="Not well at all"to 10="Very well")

caution is advised in interpreting findings based on these
mediators.

There were three follow-up intervals: 1, 3, and 6 months
post-randomisation. At the 1-month follow-up, the three
hypothesised mediators were assessed only. All follow-
ups were initiated by sending text messages to partici-
pants with hyperlinks to questionnaires. In all cases, the
following additional attempts were made to collect data:

1. A total of 2 reminders were sent 2 days apart.

2. If no response was given to (1), then questions were
sent directly in a text message, asking participants to
respond directly with a text (no hyperlink). We only
asked for primary outcome measures at this stage.

3. If there was no response given to (2) at 3 and
6 months, we attempted to call participants to collect
primary outcomes. A maximum of 5 call attempts
were made.

Randomisation and blinding
Allocation was done according to a computer-generated
random sequence. Participants were stratified accord-
ing to which of the two versions of the intervention was
appropriate (general or surgery). Block randomisation
was used to ensure equal number of participants in each
group within stratum, using random block sizes of 2
and 4. Randomisation was done immediately after par-
ticipants responded to the baseline questionnaire using
their mobile phone. Once a response was received by the
backend server, allocation took place automatically, and
participants were told about group allocation via a text
message. Research personnel were not able to affect the
allocation and all study procedures were automated, pre-
venting subversion of allocation concealment.
Participants were aware of their group allocation;
however, research personnel were blinded. All ques-
tionnaires were completed by participants on their own
mobile phones, without supervision by research person-
nel. Non-responders were called, and during the call, it
was possible that participants revealed their allocation to
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assessors. This means that there was a risk of detection
bias (see Limitations).

Statistical analysis

The statistical methods applied were pre-specified in the
trial protocol [14]. All participants were included in the
analyses in the groups to which they were randomised
(intention-to-treat). Missing data was initially handled
by available case analysis under the missing at random
(MAR) assumption. Outcome data missing systemati-
cally due to the outcome itself will invalidate the MAR
assumption; thus, evidence of such was sought in attri-
tion analyses. Sensitivity analyses that include imputed
values for missing outcome data were also conducted.

All models were estimated using Bayesian inference
[20]. We use the median of the posterior distribution as
a point estimate of effect and report 95% compatibility
intervals (Col) defined by the 2.5% and 97.5% percen-
tiles of the posterior distribution. We complemented the
Bayesian analyses with null hypothesis tests at the 0.05
significance level.

Primary and secondary outcomes

For the primary and secondary outcome measures, dif-
ferences between the two groups at the follow-up inter-
vals with respect to prolonged abstinence and 4-week
and 7-day point prevalence of abstinence were analysed
using logistic regression. Negative binomial regression
was used to analyse the number of quit attempts, use of
other smoking cessation services, and cigarettes smoked
weekly (amongst those who still smoked). Models were
adjusted for baseline characteristics (gender, age, nicotine
dependence, importance, confidence, and know-how) as
well as the stratifying variable in the randomisation pro-
cedure (general or surgery eligibility).

Effect modification analyses were performed for the
primary outcomes, exploring interactions between group
allocation and baseline variables. We also estimated
effect modification based on which setting participants
were recruited from (online or primary health care) and
which version of the intervention they were eligible for
(general or surgery).

Attrition analyses
Analyses comparing responders and non-responders
with respect to baseline variables were conducted using
logistic regression. We used Cauchy priors for covariates,
with a standard normal hyperprior for the scale parame-
ter to induce shrinkage. Models were estimated with and
without interaction terms between baseline variables and
group.

Based on the assumptions of repeated attempt mod-
els [21, 22], a second attrition analysis investigated if late
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responders were different than early responders with
respect to primary outcomes. An association between
attempts to collect follow-up and outcomes could in
such a case imply systematic differences between non-
responders and responders. We regressed primary
outcomes against the number of attempts to collect fol-
low-up data before a response was recorded and an inter-
action term with group.

Sample size

We used a Bayesian sequential design to monitor recruit-
ment [23]. As data became available, the primary out-
comes were modelled according to the analysis plan
and the coefficient for group allocation was assessed for
effect, harm, and futility. Letting f5, ; represent the regres-
sion coefficient for group allocation at time k for outcome
I, and D represent the accumulated data, the target crite-
ria were as follows:

o Effect: p(f§;;>0 | D)>97.5% and p(f§;;>log(1.3) |
D) >50%

+ Harm: p(f§;;<0 | D)>97.5% and p(f§; ;<log(1/1.3) |
D) >50%

« Futility: p(log(1/1.3) <f8; ;<log(1.3) | D)>95% for
futility.

For the effect and harm criteria, we used a stand-
ard normal prior for covariates (mean=0, SD=1) and
a slightly wider prior was used for the futility criterion
(mean=0, SD=2). The criteria are targets; thus, at each
interim analysis, we evaluated each target for each covar-
iate and decided to continue or stop recruitment. Note
that this Bayesian approach allows us to look at the data
an unlimited number of times without worrying about
multiplicities and error rates, as would be necessary
using a frequentist approach. Also, since no fixed sample
size is prespecified, we reduced the risk of stopping both
too early and too late [23, 24].

Results

Between 18 September 2020 and 16 June 2022, we ran-
domised 1012 participants (intervention: 505, control:
507). At this time, the target criteria for recruitment
were sufficiently achieved and recruitment stopped (see
Additional File 1). A total of 1256 individuals registered
interest in the trial, of which 199 did not consent, 25 did
not complete baseline, and 20 did not fulfil the inclusion
criteria. Almost all participants, 95.9% (971/1012), were
recruited through online advertisements, and 6.2% of
participants (63/1012) reported at baseline having sur-
gery planned within 3 months. Amongst intervention
group participants, 23% (116/505) stopped the messages
before the 12-week program was complete, on average
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25 days after starting. All participants were contacted at
follow-up and included in the analyses in the groups to
which they were randomised. In Table 2, baseline charac-
teristics of participants are presented, and a CONSORT
flow diagram can be found in Fig. 1.

Primary and secondary outcomes

Descriptive statistics of primary and secondary outcomes
are presented in Table 3. Posterior densities of primary
outcome effect estimates are depicted in Fig. 2, and point
estimates are presented in Table 4. Point estimates of
effects for secondary outcomes are presented in Table 5.
Overall, smoking abstinence was markedly higher in the
intervention group, both at 3 and 6 months post-ran-
domisation. This is evident when looking at the posterior
densities of odds ratios in Fig. 2, as they are shifted to the
right of one, and the posterior probability of effect is high
in all cases in Table 4. Amongst those still smoking, the
number of cigarettes smoked per week were lower in the
intervention group at both follow-up intervals, and the
number of quit attempts were higher in the intervention
group at 3 months. There was no observed difference in
use of other support between groups.

Ancillary analyses
Interactions
Interaction models revealed some attenuation of effects
with respect to baseline variables. Most consistently,
there was evidence that age was a moderator for both
primary outcomes at the 3-month interval and for pro-
longed abstinence at the 6-month interval. These analy-
ses suggests that older participants were more likely to
benefit from the intervention, as the interaction term
had an OR of 1.03 (95% Col=1.00; 1.05, probability of
interaction [POI]=98.9%) for prolonged abstinence at
3 months, 1.02 (95% Col=1.00; 1.04, POI=96.6%) for
point prevalence at 3 months, and 1.02 (95% Col=1.00;
1.05, POI=97.1%) for prolonged abstinence at 6 months.
There was also evidence that the intervention was more
effective amongst those who scored higher on the confi-
dence item at baseline (being more confident about being
able to quit). However, this was less consistent with the
moderation effect only marked in point prevalence at
3 months (OR=1.17, 95% Col=1.02; 1.34; POI=98.7%)
and prolonged abstinence at 5 months (OR=1.13, 95%
Col=0.98; 1.30, POI=94.7%). Finally, evidence that
men were less likely to benefit from the intervention
was found with respect to point prevalence at 3- and
6 months, with the evidence weaker for the latter. The OR
was 0.45 (95% Col=0.20; 1.04, POI=96.8%) at 3 months
and 0.53 (95% Col=0.22; 1.24, POI=92.9%) at 6 months.
We found no evidence of interactions between group
allocation and recruitment method nor with access to the
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Table 2 Baseline characteristics of randomised participants
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Total (n=1012)

Intervention (n=505)

Control (n=507)

Woman?, n (%) 820 (81)
Age, mean (SD) 454 (14)
Years of smoking, mean (SD) 253 (14.6)
Daily smokers (vs. weekly smokers), n (%) 981 (96.9)
Cigarettes smoked per week, mean (SD) 101 (46.2)
Use of snus®, n (%)

Daily 63 (6.2)

Weekly or monthly 90 (8.9)

No 859 (84.9)
Fagerstrom test for nicotine dependence, mean (SD) 5(2.2)
Quit attempts®, mean (SD) 72(13.7)
Cessation counselling experience, n (%)

Yes, now 32(3.2)

Yes 192 (19.0)

No 788 (77.9)
Used quit smoking helpline, n (%) 136 (138)
Importance ofquittingd, mean (SD) 94 (1.3)
Confidence in ability to quitd, mean (SD) 6.2 (2.5)
Knowledge of how to quit®, mean (SD) 55(2.6)

406 (80.4) 414 (81.7)
45(13.9) 45.7 (14.1)
24.7 (14.3) 25.9(14.9)
489 (96.8) 492 (97.0)
1014 (47.3) 100.6 (45.1)
27 (5.3) 36 (7.1)
45(8.9) 45 (8.9)
433 (85.7) 426 (84.0)
522 522
70(127) 7.5 (14.6)
13(2.6) 19(3.7)
95 (18.8) 97 (19.1)
397 (78.6) 391 (77.1)
14.5(73) 12.8 (65)
94(1.3) 95(1.2)
6.3 (2.5) 6.2 (2.6)
55(2.7) 55(2.5)

?The baseline questionnaire included a category “Other”; however, it was not chosen by any participant

b Snus is a moist oral tobacco product which is common in Sweden, sometimes translated as snuff

¢ Participants were asked about the lifetime number of quit attempts

dThree single item measures were used to assess importance, confidence, and know-how regarding smoking cessation. Responses ranged from 0 to 10, with 10
representing highest agreement (i.e. very important, very confident, very knowledgeable). The same items were used at follow-up as hypothesised mediators of

effects

general or the surgery version of the intervention. How-
ever, these analyses were limited by small sample sizes.

Attrition
We found evidence that older participants in both
groups were more likely to respond to follow-up at
6 months (se Fig. 3). For prolonged abstinence, the OR
was 0.99 (95% Col=0.97; 1.00, probability of associa-
tion [POA]=97.6%), and for point prevalence, the OR
was 0.99 (95% Col=0.97; 1.00, POA=97.8%). No other
marked associations between response and baseline
characteristics, strata, or recruitment setting were found.
Associations between the number of attempts to col-
lect data and primary outcomes are presented in Fig. 4.
At 3 months, the association between attempts in the
intervention group and prolonged abstinence had an
OR of 0.85 (95% CI=0.77;0.95, POA=99.8%), and for
point prevalence, the OR was 0.79 (95% Col=0.70;
0.88, POA>99.90%). Similarly, at 6 months, the OR
for attempts in the intervention group was 0.81 (95%
Col=0.72; 0.91, POA >99.9%) for prolonged abstinence
and 0.83 (95% Col=0.73; 0.94, POA=99.9%) for point
prevalence of smoking abstinence. At 6 months, there
was also evidence of an association between attempts

and point prevalence in the control group, with an OR of
0.90 (95% CoI=0.78; 1.02, POA=95.1%).

Discussion

We found evidence that access to a 12-week text messag-
ing intervention produced higher self-reported smok-
ing abstinence in comparison to treatment as usual only.
Effects on abstinence were observed immediately after
the intervention period and persisted 3 months later.
In addition, amongst those who continued to smoke,
those with access to the intervention reported a lower
number of cigarettes smoked weekly. This is the first
time the effectiveness of a text messaging smoking ces-
sation intervention has been evaluated amongst the
general population in Sweden, and while the point esti-
mates of effect sizes were found to be larger than those
of international studies, they are still comparatively
similar. For instance, one meta-analysis of text messag-
ing interventions reported an overall OR of 1.37 (95%
CI=1.25-1.51) for smoking abstinence [9]. Another
meta-analysis [25], including digital smoking cessation
intervention more broadly, found short-term ORs of
1.43 (95% CI=1.09; 1.87) for prolonged abstinence and
1.75 (95% CI=1.13;2.27) for 30-day point prevalence of
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Registered interest (n = 1256)

v

Consented (n = 1057)

v

Completed baseline (n = 1032)

Excluded (n = 20)
> <18 years old or
smoking < 1 cigarette per week

Randomised (n = 1012)

Allocated to intervention
(n =505)

v

Mediators (n = 200; 39.6%)

v

8-week prolonged abstinence
(n =334; 66.1%)

4-week point prevalence of abstinence
(n = 334; 66.1%)

v

5-month prolonged abstinence
(n=321; 63.6%)

4-week point prevalence of abstinence
(n =320; 63.4%)

1-month follow-up

3-month follow-up

6-month follow-up

Allocated to control
(n=507)

v

Mediators (n = 310; 61.1%)

L]

8-week prolonged abstinence
(n = 349; 68.8%)

4-week point prevalence of abstinence
(n = 348; 68.6%)

Y

5-month prolonged abstinence
(n=323;63.7%)
4-week point prevalence of abstinence
(n=323;63.7%)

Analysis of primary outcome measures at three months
8-week prolonged abstinence, available data n = 683, imputed n = 1012
4-week point prevalence of abstinence, available data n = 682, imputed n =1012

Analysis of primary outcome measures at four months
5-month prolonged abstinence, available data n = 644, imputed n = 1012
4-week point prevalence of abstinence, available data n = 643, imputed n = 1012

Fig. 1 CONSORT flow diagram showing numbers signed up, consented, randomised, followed-up, and analysed

abstinence, with long-term ORs for prolonged abstinence
of 1.40 (95% CI=1.19; 1.63). The estimated effects in this
study are also comparable to those estimated in our own
studies of text messaging smoking cessation interven-
tions targeting high school and university students in
Sweden [11-13].

Participants were long-time smokers (mean 25.3 years),
with a history of multiple quit attempts (mean 7.2
attempts), yet the intervention was effective and showed
no evidence of being less effective amongst those hav-
ing smoked for longer. This is encouraging, as its impor-
tant to both find ways of preventing individuals from

becoming long time smokers and help those who have
smoked for a long time to quit. All participants were
referred to existing resources for smoking cessation,
yet access to the intervention still improved abstinence
rates. About a quarter of intervention group partici-
pants decided to stop the program prematurely. We did
not require participants to give any reason for doing so
(in accordance with ethical procedures); however, we
may speculate that this was due to the program not suit-
ing their needs, that they decided to abandon their quit
attempt, or that they felt that they no longer needed sup-
port as they had successfully quit. On the other hand,
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Table 3 Descriptive statistics of primary and secondary outcomes
Intervention?® Control?
Three months post-randomisation
8-week prolonged abstinence 32.9% (110/334) 18.9% (66/349)
4-week point prevalence of smoking abstinence 28.4% (95/334) 19.0% (66/348)
7-day point prevalence of smoking abstinence 47.2% (116/246) 30.2% (83/275)

Cigarettes smoked weekly (amongst smokers only)
Quit attempts since baseline
Use of additional support since baseline

Six months post-randomisation
5-month prolonged abstinence
4-week point prevalence of smoking abstinence
7-day point prevalence of smoking abstinence
Cigarettes smoked weekly (amongst smokers only)
Quit attempts since baseline
Use of additional support since baseline

609 (478)n=117
55(144)n=213
0.7 (0.6) n=334

29.3% (94/321)
27.8% (89/320)
50.9% (115/226)
68.6 (454) n=90

825 (49.1) n=188"
23 (4.7) n=250
0.7 (0.5 n=349

14.6% (47/323)
20.1% (65/323)
28.1% (70/249)
845 (53.1) n=164°

36(9.1)n=186
0.6 (0.6) n=221

33099 n=221
0.7 (0.6) n=323

2 For binary variables: proportion of events using available data (count of events/count of available data). For numeric data: mean (SD) using available data, and

n=count of available data

®The notable difference in available data between groups for cigarettes smoked weekly is due to more participants in the control group continuing to smoke. Only

smokers were asked this question

more than three quarters of participants used the pro-
gram to completion, seemingly finding it a helpful tool.

Generalisability and limitations

Participants were recruited online and through pri-
mary health care centres, mimicking closely how the
intervention could be disseminated in the real-world.
Inclusion criteria were allowing, and few participants
who showed interest in the trial were excluded. This
pragmatic trial design leads us to interpret findings as
estimates of effectiveness rather than efficacy, which
strengthens the external validity of the trial. The design
did however also limit our ability to blind participants,
as they were naturally aware if they received the inter-
vention or not. Although one could imagine some form
of sham intervention with text messages containing
non-smoking related information, it is unlikely that
this would convince those seeking help that they had
received cessation support.

Attrition rates were high in this trial, as is often the
case with online trials with low thresholds of participa-
tion [26]. It was easy to join the trial even if one was
simply curious about the trial itself with no intention
of following through and likewise easy to forget that
one was participating in a trial at all. We took measures
to minimise attrition by using text reminders and call-
ing for responses when necessary, however, even these
strategies cannot guarantee full follow-up. Our sensi-
tivity analyses using imputed data did not result in find-
ings markedly different from those using available data.

While age was associated with non-response, it was not
consistent across all primary outcomes and follow-up
intervals, and it was not differential between groups.
There was however evidence that late responders in the
intervention group were more likely to be self-reported
smokers than late responders in the control group.
While the assumption that late responders and non-
responder are more alike than early responders can-
not be tested, there is still a pattern of response which
may suggest that the MAR assumption does not hold.
Although speculative, it may be due to social desir-
ability, where those who received the intervention felt
that they were not living up to the researchers’ expecta-
tions of them, and thus did not want to respond to the
questionnaires. If so, then estimates in our trial may be
inflated. However, this analysis has its own limitations
in terms of decreasing sample sizes as the number of
attempts increase (se Fig. 4), and the model assumption
of a monotonic relationship. Nonetheless, the estimates
produced using imputed data, which uses available out-
come data as auxiliary to predict missing outcome data,
may therefore be interpreted as more conservative esti-
mates of effectiveness.

Outcome measures were self-reported in this trial,
which may be susceptible to recall bias and exacer-
bate the risk of social desirability bias. The Society for
Research on Nicotine and Tobacco does however recom-
mend that, in studies with limited face-to-face contact, it
is neither required nor desirable to use biochemical veri-
fication [18], since it may introduce selection bias in who
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Fig. 2 Posterior density of effect estimates (odds ratios) comparing intervention to control: (a) 8-week prolonged abstinence at 3 months, (b)
4-week point prevalence of abstinence at 3 months, (c) 5-month prolonged abstinence at 6 months, and (d) 4-week point prevalence of abstinence
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Table 4 Point estimates of effects on primary outcomes comparing intervention versus control

Available data analysis Imputed data analysis

Estimate® (95% Col) Prob. p-value® Estimate® (95% Col) Prob.P p-value®
OR>1 OR>1

Three months post-randomisation (intervention versus control)

8-week prolonged abstinence 2.15(1.51;3.06) >99.9% <0.0001 1.94(1.38;2.75) >99.9% <0.0001

4-week point prevalence of abstinence 1.70 (1.18; 2.44) 99.8% 0.0034 1.68(1.19;2.37) 99.8% 0.0033
Six months post-randomisation (intervention versus control)

5-month prolonged abstinence 238(1.62;3.57) >99.9% <0.0001 2.31(1.59;3.39) >99.9% <0.0001

4-week point prevalence of abstinence 149 (1.03;2.14) 98.3% 0.0349 1.62 (1.14; 2.30) 99.6% 0.0069

2The median of the posterior distribution over odds ratios, with 2.5% and 97.5% percentiles representing a compatibility interval (Col)
b The proportion of the posterior distribution over odds ratios which is greater than 1

€ P-values are based on maximum likelihood estimation
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Table 5 Point estimates of effects on secondary outcomes comparing intervention versus control
Available data analysis Imputed data analysis
Estimate® (95% Cl)  Prob.? p-value®  Estimate®(95%Cl)  Prob. p-value®
OR>1 OR>1
Three months post-randomisation (intervention versus control)
7-day point prevalence of abstinence 2.00(1.41;2.86) >99.9%  0.0002 75(1.26;2.43) >99.9%  0.0009
Cigarettes smoked weekly (amongst smokers only) 0.73 (0.62; 0.86) >99.9% 0.0002 0.73 (0.60; 0.87) >99.9% 0.0005
Quit attempts since baseline 2.20(1.69; 2.90) >99.9% <0.0001 69 (1.22; 2.30) 99.9% 0.0012
Use of additional support since baseline 093(0.77;1.11) 79.8% 0.409 0.91(0.77;1.07) 87.6% 02416
Six months post-randomisation (intervention versus control)
7-day point prevalence of abstinence 2.56(1.73;3.77) >99.9%  <0.0001 2.23(157;3.17) >99.9%  <0.0001
Cigarettes smoked weekly (amongst smokers only) 0.78 (0.66; 0.93) 99.7% 0.0032 0.84 (0.71; 0.99) 98.2% 0.0427
Quit attempts since baseline 1.14(0.88; 1.49) 84.4% 0.291 04 (0.73; 1.45) 58.8% 0.8375
Use of additional support since baseline 0.88(0.73;1.07) 89.1% 0.195 0.90 (0.75; 1.06) 89.9% 0.1994

2The median of the posterior distribution over odds ratios, with 2.5% and 97.5% percentiles representing a compatibility interval (Col)

b The proportion of the posterior distribution over odds ratios which is greater than 1

€ P-values are based on maximum likelihood estimation
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is tested. Lack of blinding of participants in combination
with self-report does however introduce risk of perfor-
mance bias, including both away and towards behaviour
change due to disappointment about being in the control
group [27, 28]. In addition, it is possible that those allo-
cated to the intervention group were affected by social
desirability to a greater degree than those in the control
group, and therefore exaggerated their reports of non-
smoking to conform to the aims of the trial, thereby bias-
ing effect estimates away from the null.

All study procedures were automated, ensuring that
the concealment of the allocation sequence could not be
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Fig. 3 Response/No-response plotted against age at baseline and divided by group: (a) 5-month prolonged abstinence at 6 months and (b)
4-week point prevalence at 6 months

subverted nor that research personnel could become aware
of allocation. However, to reduce attrition bias, we called
participants who did not respond to our initial attempts
to collect data. This induces a risk of detection bias, which
has been shown to affect outcome reporting [29]. How-
ever, personnel who were making the calls were instructed
to promptly ask the two primary outcome questions and
collect responses and not probe participants about any-
thing else. It is inevitable that some participants may have
revealed their allocation anyway; however, we found
that this risk of bias was minimal and worth taking as it
decreased the risk of attrition bias.
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Fig. 4 Primary outcomes plotted against number of attempts to collect data: (a) 8-week prolonged abstinence at 3 months, (b) 4-week point
prevalence of abstinence at 3 months, (c) 5-month prolonged abstinence at 6 months, and (d) 4-week point prevalence of abstinence at 6 months

Conclusions

Access to a 12-week text messaging intervention pro-
duced higher self-reported smoking abstinence at 3 and
6 months post-randomisation amongst help-seekers in
the general population. A pragmatic design allows for
estimates to be interpreted as effectiveness, with risk of
bias due to attrition, self-reported outcomes, and lack of
blinding.
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