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Abstract

Background: Digital interventions have shown promise in supporting healthy behaviors among university students; however,
few interventions support simultaneous change across multiple health behaviors. Moreover, behavioral interventions are typically
evaluated as a whole, making it challenging to disentangle the contribution of individual components to the overall effects.

Objective: This study estimated the effects of the components of a digital behavior intervention on alcohol, diet, physical
activity, and smoking outcomes among university students in Sweden.

Methods: A double-blind randomized factorial trial with 6 two-level factors was conducted. University students in Sweden
were proactively recruited through student health care centers and social media. Participants were eligible if they were aged 18
years or older and had at least one health behavior classified as unhealthy. The effects of 6 components were estimated: screening
and feedback; goal-setting and planning; motivation; skills and know-how; mindfulness; and self-authored SMS text messages.
Primary outcomes were weekly alcohol consumption and frequency of heavy episodic drinking, average daily fruit and vegetable
consumption, weekly sugary drink consumption, weekly moderate-to-vigorous physical activity (MVPA), and 4-week point
prevalence of smoking.

Results: A total of 1704 students were randomized. The effectiveness of individual and pairwise components was estimated
using available data from 1118 (65.61%) participants at 2 months and 874 (51.29%) at 4 months, with sensitivity analyses
conducted using imputed missing data. Most consistently, the evidence indicated that screening and feedback affected fruit and
vegetable consumption (2-month mean difference 0.11, compatibility interval [CoI] –0.02 to 0.24; probability of effect [POE]
94.7% and 4-month mean difference 0.12, CoI –0.03 to 0.26; POE 94.4%), as did skills and know-how (2-month mean difference
0.19, CoI 0.06-0.33; POE 99.8% and 4-month mean difference 0.14, CoI 0.01-0.28; POE 96.9%). The combination of these 2
components was even more effective (2-month mean difference 0.30, CoI 0.11-0.48; POE 99.9% and 4-month mean difference
0.26, CoI 0.05-0.46; POE 99.4%). The motivation and mindfulness components, both individually and in combination, increased
MVPA at 2 months (combined mean difference 78.0, CoI 28.3-128.2; POE 99.9%); however, this effect was not observed at 4
months. Combining screening and feedback with skills and know-how increased MVPA at 4 months (mean difference 60.1, CoI
3.6-116.5; POE 98.2%). Heavy episodic drinking was reduced at 2 months by screening and feedback (incidence rate ratio 0.87,
CoI 0.74-1.02; POE 95.2%), and the effect was greater when combined with goal-setting and mindfulness. There was some
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evidence that the motivation component was harmful with respect to heavy episodic drinking and that self-authored SMS text
messages were harmful with respect to sugary drink consumption.

Conclusions: We dismantled a complex digital multiple behavior intervention and examined it using a factorial design to provide
novel insights into the effectiveness of the intervention’s different components. Both marginal and synergistic effects were
observed across multiple behaviors, providing evidence regarding which components are most promising in complex interventions.
These findings should be considered in light of the risk of bias introduced by attrition to follow-up, which was high in this
effectiveness trial with low barriers to participation.

Trial Registration: International Standard Randomised Controlled Trial Number (ISRCTN) ISRCTN23310640;
https://www.isrctn.com/ISRCTN23310640

International Registered Report Identifier (IRRID): RR2-10.1136/bmjopen-2021-051044

(J Med Internet Res 2026;28:e88884) doi: 10.2196/88884

KEYWORDS

behavior change; digital interventions; multiple lifestyle; public health; mHealth intervention

Introduction

Unhealthy behaviors, including alcohol consumption, unhealthy
diets, physical inactivity, and smoking, are leading causes of
noncommunicable diseases, including cardiovascular diseases,
cancers, and diabetes [1-5]. The young adult years are a critical
period for the establishment of healthy behaviors [6-8], which
may reduce future morbidity [9-14]. Engaging in healthy
behaviors also provides several immediate positive effects on
both physical and mental health [15-20]. These include fewer
mental health problems, such as anxiety and depression [17-20];
improved cognitive function and academic achievement [21,22];
and various aspects of well-being [15,16]. Additionally, reduced
alcohol consumption lowers the risk of alcohol-related harms
or negative consequences, such as social problems, injuries, or
risky sexual behaviors [23,24]. However, a study of university
students in 24 countries found a high prevalence of unhealthy
behaviors [25]. In addition, unhealthy behaviors tend to co-occur
among students; for instance, low fruit and vegetable
consumption and low levels of physical activity often occur
together. This is concerning because the risks of negative
consequences associated with multiple unhealthy behaviors
compound [26].

In the digital era, new avenues to support individuals in
improving their health behaviors are emerging. One form of
support is individual-level digital behavior change interventions,
which deliver support materials via personal web portals, SMS
text messages, smartphone apps, etc. The effectiveness of digital
interventions across various health behaviors has been
demonstrated in a wide range of populations and settings
[27-33]. As young adults frequently use technology to access
health information [34], digital interventions have the potential
to efficiently reach this target group, and numerous single–health
behavior digital interventions have been evaluated among
university and college students [35-38]. In Sweden, digital
interventions among university students have shown promising
results, particularly with respect to alcohol [39-42], smoking
cessation [43], and mental health promotion [44]. However,
only a few interventions that support changes in multiple health
behaviors simultaneously have been studied [45-47], and even
fewer are tailored specifically for students [48]. Therefore, while
single-behavior digital interventions show promise, our

understanding of the effects of digital interventions targeting
multiple health behaviors remains limited, despite the prevalence
of co-occurring unhealthy behaviors [49,50].

Most digital behavior change interventions are grounded in
behavior change theory and utilize behavior change techniques
(BCTs) [51]. Systematic reviews [52,53] support the use of
theory and BCTs in developing effective digital interventions.
However, findings regarding the effectiveness of BCTs have
been heterogeneous [54], indicating that the ways in which
BCTs are implemented may vary considerably across
interventions. In addition, behavioral interventions are typically
evaluated using designs that estimate the effects of interventions
as a whole [55], rather than at the component level, making it
challenging to disentangle the contribution of specific
components and BCTs to the overall effects.

In response to the lack of evidence on the effectiveness of digital
interventions targeting multiple health behaviors, and the limited
evidence on the effectiveness of different components of digital
interventions, we conducted a factorial trial among university
and college students in Sweden. The trial aimed to estimate the
effectiveness of 6 intervention components of a digital
intervention in promoting behavior change related to alcohol
consumption, diet, physical activity, and smoking.

Methods

Study Design
We conducted a factorial randomized trial of a digital multiple
health behavior intervention among university and college
students in Sweden. The factorial trial was designed with 6
two-level factors representing the presence or absence of 6
intervention components. The treatment effect being estimated
was thus the effect of the presence versus absence of each
specific component, adjusted for the presence and absence of
other components, as well as pairwise interactions between
components. The trial was part of the MoBILE research
program, which includes studies of digital health behavior
interventions across the lifespan [56]. A protocol for the trial
was published prospectively [57], and the trial was preregistered
in the International Standard Randomised Controlled Trial
Number (ISRCTN) registry on January 28, 2021
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(ISRCTN23310640). This report follows CONSORT
(Consolidated Standards of Reporting Trials) guidelines (see
Multimedia Appendix 1) [58], including extensions of
CONSORT for factorial trials [59].

Students were included in the trial if they met at least one of
six inclusion criteria based on unhealthy behaviors as defined
by national guidelines. We made an adjustment to the inclusion
criteria for sugary drinks after trial registration. Initially, we
decided that participants who consumed 3 or more units (33 cl)
of sugary drinks per week would be included in follow-up
analyses of sugary drink consumption. However, this was
changed to 2-3 or more units per week because the questionnaire
used did not differentiate between those consuming 2 or more
units per week and those consuming 3 or more units per week.
No other changes were made to the trial protocol.

Study Setting, Recruitment, and Participants
Students at 18 geographically dispersed universities and colleges
across Sweden (out of 50) were invited to participate in the trial.
These institutions encompassed a variety of urban and rural
settings and offered diverse educational profiles. Prospective

participants were recruited using paper advertising (posters and
leaflets), digital advertising (email, websites, and social media),
and through student health care staff. Students registered their
interest by sending an SMS text message to a dedicated phone
number, after which they received an immediate reply with a
hyperlink to a web page containing informed consent materials
(see Multimedia Appendix 2). Consenting students were then
asked to complete a baseline questionnaire (see Multimedia
Appendix 3), the responses to which were used to assess
eligibility. Included students were required to be 18 years or
older and to fulfill at least one of the criteria presented in
Textbox 1, which were based on Swedish national guidelines
for healthy behaviors at the time the trial commenced.

Trial information and intervention materials were in Swedish
and delivered to participants’ mobile phones; thus, individuals
who did not understand Swedish well enough to enroll or who
did not have access to a mobile phone were not able to take part
in the study. Notably, it has been estimated that 96% of
16-35-year-olds in Sweden own a smartphone, and this
percentage is likely to be even higher among university and
college students.

Textbox 1. Criteria for inclusion.

1. Weekly alcohol consumption: Consumed 10/15 (women/men) or more standard drinks of alcohol in the past week. A standard drink was defined
as 12 g of pure alcohol.

2. Heavy episodic drinking: Consumed 4/5 (women/men) or more standard drinks of alcohol on a single occasion at least once in the past month.

3. Fruit and vegetables: Consumed less than 500 g of fruit and vegetables on average per day in the past week.

4. Sugary drinks: Consumed 2 or more units of sugary drinks in the past week. One sugary drink unit was defined as approximately 33 cl.

5. Moderate-to-vigorous physical activity: Spent less than 150 minutes on moderate-to-vigorous physical activity in the past week.

6. Smoking: Smoked at least one cigarette in the past week.

Interventions
The digital multiple health behavior intervention studied in this
trial was a mobile phone–based intervention targeting alcohol,
diet, physical activity, and smoking. The intervention, called
Buddy, consisted of 6 components aimed at promoting behavior
change: screening and feedback (C1); goal-setting and planning
(C2); motivation (C3); skills and know-how (C4); mindfulness

(C5); and self-authored SMS text messages (C6). The
components were informed by social-cognitive models of health
[60] and have been included in interventions that have proven
successful in facilitating behavior change [61,62]. Table 1
provides a brief description of each of the 6 components,
utilizing the BCTTv1 93-item taxonomy [63] to specify BCTs.
Please see Multimedia Appendix 4 for full details of the
intervention.
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Table 1. Description of intervention components, conceptual framework, practical application, and factorial conditions.

Factorial conditionsPractical applicationConceptual frameworkComponent

When this component was ab-
sent, participants were not asked

Every Sunday afternoon, participants
received an SMS text message con-

Self-monitoring has been shown to be a poten-
tially effective strategy for reducing excessive

Component 1: Screening
and feedback

to complete the screening ques-taining a hyperlink to a questionnairealcohol consumption [39,64-66] and promot-
tionnaire but were instead shownregarding their current health behav-ing healthy eating and physical activity
the national guidelines without
receiving personal feedback.

iors. After completing the question-
naire, participants received feedback
on their current behaviors in compar-

[67,68]. This concerned the following BCTa

components: Discrepancy between current
behavior and goal(s) (BCT 1.6), Feedback on

ison with national guidelines. There-behavior (BCT 2.2), Self-monitoring of be-
after, users were given access to thehavior (BCT 2.3), and Social comparison

(BCT 6.2). remaining components (depending on
allocation).

When absent, this component
was not visible, and goal-setting
reminders were not available.

This component allowed participants
to set 1 or more goals for their future
behavior. It included action planning
for how they would progress toward

Self-regulatory skills and capacity were ad-
dressed via goal-setting and planning. Plan-
ning-related activities, such as goal-setting,
action planning, and practicing behavior, have

Component 2: Goal-setting
and planning

their goals, preparation for motivation-been shown to be effective in lifestyle behav-
al struggles (coping planning), andior interventions [67,69-74]. This concerned
strategies for rewarding themselvesthe following BCT components: Goal-setting
upon success. Participants could also(BCT 1.1), Problem solving (BCT 1.2), Ac-
create their own challenges or accepttion planning (BCT 1.4), Prompts/cues (BCT
ready-made challenges for the coming7.1), and Behavior practice/rehearsal (BCT

8.1). week, such as walking for 15 minutes
each day or not drinking any alcohol
during the coming week. Reminders
about their goals and challenges were
sent to participants via SMS text
messages throughout the week (up to
4 SMS text messages).

When absent, this component
was not visible, and motivational

This component contained informa-
tion and tools to increase participants’

Digital behavior change interventions have
been shown to enhance self-efficacy; howev-

Component 3: Motivation

SMS text messages were not
available.

awareness of their own motivation,
encourage commitment, and boost
self-efficacy. It included information

er, there is a lack of consensus across reviews
regarding which content works best to facili-
tate increases in self-efficacy [75]. This con-

on negative health consequences,cerned the following BCT components: Infor-
costs induced by certain behaviors,mation about health consequences (BCT 5.1),
and reflective tasks delivered viaCredible source (BCT 9.1), Pros and cons
SMS text messages, videos, and exer-(BCT 9.2), and Comparative imagining of

future outcomes (BCT 9.3). cises. If participants chose, they could
also activate motivational SMS text
messages derived from previously
developed and evaluated interventions
[40,43,76-80], which were sent to
them throughout the week (a maxi-
mum of 8-10 SMS text messages per
week).

When absent, this component
was not visible, and SMS text

This component aimed to increase
participants’ skills and know-how by

Intervention content based on shaping
knowledge, aimed at increasing an individu-

Component 4: Skills and
know-how

messages with tips and know-
how were not available.

providing concrete tips on how to
initiate and maintain lasting changes
in everyday life through repetition

al’s understanding and awareness to facilitate
behavior change, has been shown to be effec-
tive [70,71,81,82]. This concerned the follow-

and substitution. Participants wereing BCT components: Instructions on how to
given strategies, for example, how toperform a behavior (BCT 4.1), Behavior
say no to alcoholic beverages or howsubstitution (BCT 8.2), Habit formation (BCT

8.3), and Graded tasks (BCT 8.7). to introduce vegetables into their
meals. If participants chose to do so,
they could also activate SMS text
messages with tips and know-how,
which were sent to them throughout
the week (a maximum of 8-10 SMS
text messages per week).
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Factorial conditionsPractical applicationConceptual frameworkComponent

When absent, this component
was not visible, and guided
meditations were not available.

This component aimed to increase
users’ awareness of their own lived
experience and strengthen their capac-
ity for a nonreactive, compassionate,
and less stressful way of being in the
world. Mindfulness exercises, includ-
ing guided meditations, were offered
to participants.

The mindfulness exercises were based on
previous research and were considered evi-
dence-based methods to improve the mental
well-being of clinical populations, whereas
their effects on behavior change in nonclini-
cal settings are less well studied [83-87].

Component 5: Mindfulness

When absent, this component
was not visible, and the ability to
self-author SMS text messages
was not available.

This component allowed participants
to self-author up to 3 SMS text mes-
sages and schedule them to be sent to
themselves throughout the week at
times of their choosing. For example,
a participant could write an SMS text
message reminding themselves to eat
2 fruits each day, avoid drinking on
Wednesdays, or go for a walk with a
friend.

SMS text message self-authorship is generally
understudied in the literature, but was includ-
ed in an effective digital alcohol intervention
[88].

Component 6: Self-authored
SMS text messages

aBCT: behavior change technique.

As shown in Figure 1, the components were presented to
participants in a menu, allowing access in any order and with
any frequency. Participants could therefore navigate between
components in ways typical of smartphone apps. Regardless of
the inclusion criterion met, all participants received intervention
materials regarding alcohol, diet, physical activity, and smoking
behaviors. There was no difference in the materials provided
based on risk profile, except for the feedback received after
screening (C1), where reported behavior was visually matched
against national guidelines. The components presented materials
that were both behavior-specific and more general to behavior
change. Screening and feedback (C1) was conducted for each
behavior, with feedback provided separately (eg, showing how
current heavy drinking patterns match recommendations).
Screening and feedback (C1) was offered to participants each
week, allowing them to receive feedback on their behavior
multiple times throughout the intervention period. Goal-setting
and planning (C2) guided participants to set goals without
prompting any specific behavior and also allowed them to create

personal challenges; in addition, preprepared challenges were
available and categorized by behavior. Motivation (C3) included
materials that were not behavior specific and aimed to increase
motivation and commitment to behavior change. The C3
component also allowed participants to sign up to receive
behavior-specific SMS text messages throughout the week to
boost motivation and commitment (participants could sign up
for multiple behaviors). Skills and know-how (C4) contained
content and optional SMS text messages designed to increase
participants’ skills and knowledge about how to change, and
was provided separately for each behavior, with loose references
between behaviors (eg, recommending going for walks when
feeling the urge to smoke). Mindfulness (C5) did not mention
specific behaviors but instead aimed to strengthen the mental
resources needed to change behavior. Self-authored SMS text
messages (C6) provided a means for participants to send
reminders to themselves throughout the week, with no content
provided for any specific behavior.
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Figure 1. Screenshot of the Buddy intervention displaying the components in order from top to bottom and left to right: (1) Screening and feedback,
(2) Goal-setting and planning, (3) Motivation, (4) Skills and know-how, (5) Mindfulness, and (6) Self-authored SMS text messages.

Participants were randomly assigned to 1 of 64 conditions, each
representing a unique combination of Buddy’s 6 components.
The components assigned to individuals, based on their factorial
allocation, were available for use at their discretion over a
4-month period, with weekly SMS text message reminders sent
on Sunday afternoons to encourage access to the intervention.

Outcomes and Measures
Outcomes are listed in Textbox 2 and described below. All
questionnaires used in the trial can be found in Multimedia
Appendix 3.

Textbox 2. Primary and secondary outcomes.

1. Primary outcomes

• Alcohol: weekly alcohol consumption; monthly frequency of heavy episodic drinking.

• Diet: average daily consumption of fruit and vegetables; weekly consumption of sugary drinks.

• Physical activity: weekly moderate-to-vigorous physical activity.

• Smoking: 4-week point prevalence of smoking abstinence.

2. Secondary outcomes

• Weekly consumption of candy and snacks.

• BMI.

• Weekly number of cigarettes smoked.

• Perceived stress.
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Weekly alcohol consumption was assessed by asking
participants to report the number of standard drinks of alcohol
they consumed in the past week (short-term recall method [89]).
The frequency of heavy episodic drinking was assessed by
asking participants how many times they consumed more than
4/5 (women/men) standard drinks of alcohol on 1 occasion in
the past month. These 2 outcomes are both part of the core
outcome set for brief alcohol interventions [90,91].

Diet and physical activity were assessed using a questionnaire
based on a previously published questionnaire by the National
Board of Health and Welfare in Sweden [92], which was further
modified to include portion sizes. Fruit and vegetable
consumption was assessed using 2 questions on the number of
portions (100 g) of fruit and vegetables, respectively, that
participants consumed on average per day during the past week.
Sugary drink consumption was assessed using a question on
the number of units (33 cl) of sugary drinks participants
consumed in the past week. Moderate-to-vigorous physical
activity (MVPA) was assessed by summing responses to 2
questions on the number of minutes spent on MVPA,
respectively, during the past week.

BMI was calculated using participants’ self-reported weight
(without further instructions). Baseline height was used, as it
was deemed unlikely to have changed significantly.

Four-week point prevalence of smoking abstinence (no cigarettes
in the past 4 weeks) was assessed as a binary question, a measure
suggested by the Society for Research on Nicotine and Tobacco
[93]. Participants who reported having smoked any cigarettes
in the past 4 weeks were also asked to report the number of
cigarettes smoked in the past week.

Perceived stress was assessed using the Short-Form Perceived
Stress Scale [94].

Follow-Up
There were 2 follow-up intervals for primary and secondary
outcomes: 2 and 4 months after randomization. The 2-month
follow-up facilitated the assessment of the immediate effects
of the components, while the 4-month follow-up facilitated
estimation of effects after prolonged access. Additional longer
follow-up intervals were not included to reduce participant
burden and because attrition was expected to be much higher
at longer intervals from baseline. An additional follow-up was
conducted at 1 month after randomization to assess proposed
mediators of the intervention; these results will be reported
separately. All follow-ups were initiated by sending SMS text
messages to participants with hyperlinks to questionnaires (see
Multimedia Appendix 3). Additional attempts were made to
collect data from nonresponders, including 2 SMS text message
reminders sent 2 days apart, followed by phone calls with a
maximum of 5 attempts.

Randomization and Blinding
We used block randomization with random block sizes of 64
and 128 to allocate participants equally among conditions, where
each condition represented a unique combination of components.
The process was automated, with the sequence
computer-generated and the backend server allocating eligible

participants after completion of the baseline. Neither research
personnel nor participants were able to influence the allocation.
Research personnel were blind to allocation throughout the trial.
Participants were not aware of components other than those to
which they were allocated and were therefore considered blind
to allocation.

Statistical Analysis
We conducted analyses with participants in the conditions to
which they were randomly allocated (intention-to-treat). We
estimated models using both available data and data with
missing values imputed. We used multiple imputation with
chained equations, generating 100 datasets using 30 iterations
with predictive mean matching. To account for the uncertainty
inherent in missing data, imputed analyses were performed for
all models as a sensitivity analysis, regardless of the proportion
of missingness. All statistical analyses were prespecified in the
trial protocol [57].

Longitudinal data were modeled using multilevel models with
random intercepts for participants and time-by-component
interactions. In addition to estimating the marginal effects of
each component, we estimated the effects of pairwise
interactions among components to examine potential synergistic
effects. This was done by including pairwise interaction terms
in the regression models for all outcomes. The treatment effect
being estimated was thus the effect of the presence versus
absence of each specific component, adjusted for the presence
and absence of other components, as well as pairwise
interactions between components. The models were adjusted
for age, gender, and baseline measures of importance,
confidence, and knowledge of how to change.

Bayesian inference was used to estimate the parameters of the
models, using standard normal priors for coefficients to
incorporate an a priori conservative view of the magnitudes of
effects [95]. The standard normal priors induced shrinkage in
the parameter estimates to protect against spurious findings.
We report the marginal posterior probability of effect (POE),
with the median of the posterior distribution representing a point
estimate of the magnitude of the effect, along with 95%
compatibility intervals (CoIs) defined by the 2.5th and 97.5th
percentiles.

Primary and Secondary Outcomes
We analyzed primary outcomes at 2 and 4 months among
participants who fulfilled the respective inclusion criteria. For
example, the MVPA outcome was analyzed among those who
reported less than 150 minutes of MVPA in the past week at
baseline. Secondary outcomes at 2 and 4 months were analyzed
among all participants, except for the number of cigarettes
smoked in the past week, which was analyzed among baseline
smokers who continued to smoke.

Weekly alcohol consumption, frequency of heavy episodic
drinking per month, number of sugary drinks per week, weekly
intake of candy and snacks, and cigarettes smoked in the past
week were all analyzed using negative binomial regression.
Average intake of fruit and vegetables per day, MVPA minutes
per week, BMI, and stress were all analyzed using linear
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regression. Point prevalence of smoking abstinence was
analyzed using logistic regression.

Ancillary Analyses
We investigated attrition using 2 approaches. First, we estimated
the odds of responding to follow-up, conditional on baseline
characteristics and the presence or absence of the 6 components
(factors), using logistic regression. One model included no
interaction terms, while a second model included interaction
terms between factors and baseline characteristics. Given the
large number of covariates in these models, we used Cauchy
priors to promote a parsimonious model (centered at 0 with a
standard normal hyperprior for the scale). The use of Cauchy
priors encodes an a priori conservative view and pulls estimated
associations toward the null unless the data strongly suggest
otherwise. Second, if data are missing systematically,
nonresponders may be more similar to responders who require
more attempts to collect data than to those who require fewer
attempts. We therefore modeled primary outcome data
conditional on the number of attempts required to collect
follow-up data. Associations between the number of attempts
and outcome measures may indicate systematic attrition.

Post Hoc Analyses
To investigate whether the number of components that
participants had access to affected outcomes, we conducted post
hoc analyses in which outcomes were modeled conditional on
the number of components. The same model specifications were
used as in the primary analyses, with dummy variables for
components replaced by a variable representing the component
count.

Sample Size
We used a Bayesian sequential design to monitor when to stop
recruitment [96]. In such designs, targets are defined and
evaluated throughout the course of the trial to determine whether
the trial should stop or continue. As 4-month follow-up data
became available, we modeled each of the primary outcomes
according to the analysis plan, and coefficients for dummy
variables representing the presence or absence of each

component were compared against targets for effect, harm, and
futility (see protocol for details of the criteria [57]).

We stopped recruitment after 30 months. While our prespecified
limit was 24 months of recruitment irrespective of targets, we
extended recruitment by 6 months because some colleges and
universities began their recruitment procedures later than others.
Overall, each participating college and university was expected
to recruit for at least 24 months.

Ethical Considerations
The trial received ethical approval from the Swedish Ethical
Review Authority on December 15, 2020 (Dnr: 2020-05496
and Dnr: 2022-03561-02). All participants were provided with
study information and gave informed consent before responding
to the baseline questionnaire and subsequently being
randomized. Participants received no compensation for
participating in the trial. Participants’ phone numbers were
encrypted and stored in the study database to link baseline and
follow-up data. At project completion, the encrypted phone
numbers will be deleted, and the data will be anonymized.

Results

Overview
A CONSORT participant flow diagram is presented in Figure
2 (sign up and randomization) and Figure 3 (follow-up).
Between April 13, 2021, and October 18, 2023, 2468 individuals
expressed interest in the study, of whom 1804 consented. The
majority were recruited through the trial’s information materials,
either digital or leaflets provided by university student health
care services (1999/2468, 81%), while the remainder were
recruited through online advertisements on social media
platforms (469/2468, 19%). A total of 1718 individuals
completed the baseline questionnaire, of whom 14 were
excluded for not fulfilling any of the behavioral inclusion
criteria. The remaining 1704 participants were randomized.
Baseline characteristics of the randomized participants were
balanced across all factors (see Table 2).

Figure 2. CONSORT (Consolidated Standards of Reporting Trials) participant flow diagram—sign up and randomization.
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Figure 3. CONSORT (Consolidated Standards of Reporting Trials) participant flow diagram—follow-up.
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Table 2. Baseline characteristics of randomized participants.

Self-authored
SMS text mes-
sages (n=850)

Mindfulness
(n=855)

Skills and
know-how
(n=853)

Motiva-
tion
(n=855)

Goal-setting
and planning
(n=850)

Screening and
feedback
(n=854)

Total
(n=1704)

Characteristics

Sex, n (%)

692 (81.41)697 (81.52)718 (84.17)699
(81.75)

704 (82.82)709 (83.02)1400
(82.16)

Women

158 (18.59)158 (18.48)135 (15.83)156
(18.25)

146 (17.18)145 (16.98)304 (17.84)Men

28.4 (7.0)28.5 (7.0)27.8 (6.8)28.2 (7.0)28.5 (7.1)28.3 (6.9)28 (6.9)Age (years), mean (SD)

25.8 (5.3)25.7 (5.3)25.8 (5.6)25.7 (5.2)25.6 (5.3)25.9 (5.5)25.7 (5.5)BMI (kg/m2), mean (SD)

19 (2.24)27 (3.16)33 (3.87)30 (3.51)33 (3.88)28 (3.28)60 (3.52)Underweight (<18.5), n (%)

432 (50.82)426 (49.82)429 (50.29)415
(48.54)

413 (48.59)417 (48.83)844 (49.53)Normal weight (18.5-24.99), n (%)

227 (26.71)241 (28.19)214 (25.09)239
(27.95)

236 (27.76)234 (27.40)458 (26.88)Overweight (25-29.99), n (%)

172 (20.24)161 (18.83)177 (20.75)171
(20.00)

168 (19.76)175 (20.49)342 (20.07)Obese (≥30.0), n (%)

Alcohol, mean (SD)

3.7 (5.1)3.8 (5.1)3.6 (5.1)3.7 (5.1)3.8 (5.3)3.7 (5.2)3.7 (5.2)Total weekly alcohol consumption

1.8 (2.5)1.7 (2.4)1.8 (2.7)1.8 (2.7)1.8 (2.8)1.8 (2.7)1.8 (2.7)Frequency of heavy episodic drink-
ing

Dietary behavior, mean (SD)

1.3 (1.1)1.3 (1.1)1.3 (1.1)1.3 (1.1)1.3 (1.1)1.3 (1.1)1.3 (1.1)Average daily fruit and vegetable
consumption, portions per week

2.5 (3.9)2.7 (4.0)2.6 (3.9)2.7 (4.1)2.7 (4.2)2.7 (4.1)2.7 (4.1)Sugary drinks, cans per week

6.3 (6.4)6.5 (6.5)6.5 (6.4)6.6 (6.5)6.4 (6.3)6.6 (6.4)6.5 (6.4)Candy and snacks, portions per
week

Physical activity, mean (SD)

196 (207)207 (210)211 (213)213 (214)214 (225)209 (221)207 (214)MVPA (minutes)

Smoking

101 (11.88)104 (12.16)105 (12.31)106
(12.40)

119 (14.00)106 (12.41)218 (12.79)Number of smokers, n (%)

2.8 (14.9)3.3 (16.5)2.6 (13.4)3.6 (17.7)4.2 (18.8)3.0 (15.1)3.5 (16.6)Number of cigarettes last week,
mean (SD)

Stress, mean (SD)

7.7 (2.9)7.7 (3.0)7.8 (2.9)7.7 (3.0)7.8 (2.9)7.8 (2.9)7.8 (2.9)Self-perceived stressª

Psychosocial measures, median
(quartiles)

8 (7-10)8 (7-10)8 (7-10)8 (7-10)8 (7-10)8 (7-10)8 (7-10)Importanceb

6 (5-8)6 (5-8)6 (5-8)6 (5-8)6 (5-8)6 (5-8)6 (5-8)Confidenceb

6 (5-8)6 (5-8)6 (5-8)6 (5-8)6 (5-8)6 (5-8)6 (5-8)Know-howb

aThe 4-item Perceived Stress Scale with total scores ranging from 0 to 16.
bSingle item with 1-10 response options.

Among participants, 16% stopped the intervention before the
16-week program had ended. Consistent with the consent
provided, we did not investigate the reasons why these
individuals chose to stop receiving SMS text messages. The
CONSORT flowchart in Figure 2 provides the numbers who

stopped per component. All participants, including those who
discontinued the intervention, were followed up and included
in the main analysis. At the 2-month follow-up interval, primary
outcome data were available for 1118 out of 1704 (65.61%)
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participants, and for 874 out of 1704 (51.29%) participants at
the 4-month follow-up interval.

Attrition
Attrition analyses revealed no marked associations between
baseline characteristics and nonresponse at the 2-month
follow-up interval. At the 4-month follow-up interval, there was
evidence that older participants were more likely to respond to
follow-up and that those smoking more cigarettes per week at
baseline were less likely to respond. Notably, the association
between nonresponse and smoking was driven by a few data
points. Neither of these associations was found to differ between
component conditions. Please see Multimedia Appendix 5 for
full details.

There was some evidence that late responders, that is, those
requiring more attempts to collect follow-up data, had healthier
behaviors regarding fruit and vegetable intake and alcohol
consumption. This association was attenuated among those with
access to the screening and feedback (C1) component, who

consumed more alcohol and sugary drinks at the 4-month
follow-up and less fruit and vegetables at the 2-month follow-up.
While there is considerable uncertainty surrounding these
analyses, under the assumption that late responders are more
similar to nonresponders than early responders, this may indicate
systematic attrition. Please see Multimedia Appendix 6 for
details.

Primary and Secondary Outcomes

Estimates and Main Effects
Table 3 contains the main effects of individual components on
primary outcomes, and Multimedia Appendix 7 presents the
main effects of individual components and 2-way interactions
between components for the available data. The corresponding
analyses with missing data imputed are presented in Multimedia
Appendix 8. Here, we highlight findings for which the evidence
of effects was strongest. We report estimates from analyses of
the available data unless otherwise noted.
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Table 3. Estimates of marginal effects of components on primary outcomes at 2- and 4-month follow-up.

C6C5C4C3C2C1Component

Probabil-
ity, %

Esti-
mate

Probabil-
ity, %

Esti-
mate

Probabil-
ity, %

EstimateProbabili-
ty, %

EstimateProbabili-
ty, %

EstimateProbabili-

tyb, %
Estimatea

Weekly alcohol consumption

75.50.90
(0.65 to
1.23)

53.90.98
(0.72 to
1.34)

71.90.91
(0.66 to
1.25)

93.60.79
(0.58 to
1.08)

63.10.95
(0.68 to
1.32)

63.71.06
(0.77 to
1.50)

2
months

99.10.65
(0.45 to
0.93)

83.41.19
(0.84 to
1.69)

59.90.96
(0.67 to
1.36)

79.60.87
(0.62 to
1.22)

63.41.06
(0.74 to
1.53)

53.11.01
(0.71 to
1.45)

4
months

Heavy episodic drinking

95.01.14
(0.98 to
1.34)

92.50.89
(0.76 to
1.04)

51.71.00
(0.86 to
1.18)

68.70.96
(0.82 to
1.13)

93.10.89
(0.75 to
1.04)

95.20.87
(0.74 to
1.02)

2
months

78.60.93
(0.77 to
1.12)

86.11.11
(0.92 to
1.33)

64.21.03
(0.86 to
1.25)

96.51.18
(0.99 to
1.42)

82.81.09
(0.91 to
1.32)

65.20.97
(0.80 to
1.16)

4
months

Fruit and vegetable consumption

54.9–0.01
(–0.14
to 0.12)

64.70.03
(–0.11
to 0.16)

99.80.19
(0.06 to
0.33)

92.00.09
(–0.04 to
0.23)

90.2–0.09
(–0.22 to
0.04)

94.70.11
(–0.02 to
0.24)

2
months

88.2–0.09
(–0.23
to 0.05)

74.9–0.05
(–0.19
to 0.09)

96.90.14
(–0.01 to
0.28)

95.40.12
(–0.02 to
0.27)

53.6–0.01(–0.15
to 0.14)

94.40.12
(–0.03 to
0.26)

4
months

Sugary drinks

99.41.24
(1.05 to
1.46)

78.80.94
(0.80 to
1.10)

66.51.04
(0.88 to
1.22)

59.20.98
(0.84 to
1.15)

61.21.03
(0.87 to
1.21)

88.40.91
(0.77 to
1.06)

2
months

93.81.16
(0.96 to
1.39)

76.61.07
(0.89 to
1.29)

74.21.06
(0.88 to
1.27)

81.51.09
(0.90 to
1.31)

68.81.05
(0.87 to
1.26)

62.21.03
(0.86 to
1.24)

4
months

Moderate-to-vigorous physical activity

62.25.68
(–30.5
to 41.1)

98.741.2
(5.04 to
77.6)

82.217.1
(–19.2 to
54.2)

97.435.8
(–0.41 to
71.9)

63.0–5.73
(–41.9 to
29.5)

69.79.34
(–25.6 to
45.5)

2
months

83.6–19.2
(–57.6
to 20.1)

56.03.02
(–36.3
to 42.0)

95.232.8
(–6.1 to
71.8)

63.06.63
(–33.1 to
45.2)

81.417.6
(–20.6 to
56.5)

92.028.1
(–11.3 to
67.6)

4
months

Smoking cessation

90.42.15
(0.67 to
6.74)

90.40.46
(0.14 to
1.49)

74.50.68
(0.21 to
2.23)

72.31.43
(0.43 to
4.63)

84.30.56
(0.17 to
1.76)

57.41.12
(0.35 to
3.59)

2
months

53.00.94
(0.22 to
4.02)

79.60.55
(0.13 to
2.28)

64.00.77
(0.17 to
3.39)

87.32.30
(0.52 to
9.56)

84.30.48
(0.11 to
2.00)

69.21.45
(0.35 to
6.10)

4
months

aEstimates are presented as the median of the posterior distribution with 95% compatibility intervals. Incidence rate ratios are presented for weekly
alcohol consumption, heavy episodic drinking, sugary drinks; odds ratios are presented for smoking cessation; and mean differences are presented for
fruit and vegetable consumption and moderate-to-vigorous physical activity.
bProbability is the proportion of the posterior distribution above or below the null in the direction of the median.
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Primary Outcomes

Total Weekly Alcohol Consumption

Self-authored SMS text messages (C6) reduced total weekly
alcohol consumption at 4 months (incidence rate ratio [IRR]
0.65, CoI 0.45-0.93; POE 99.1%). Apart from weak evidence
for an effect of motivation (C3) at 2 months, there was no
marked evidence of effects for the other components
individually. There was evidence that combining motivation
(C3) and self-authored SMS text messages (C6) had a larger
effect on alcohol consumption at 4 months (IRR 0.53, CoI
0.31-0.88; POE 99.4%). The evidence for the combined effect
was also marked in the imputed analyses. Notably, relatively
few participants drank above national guidelines with respect
to weekly alcohol consumption, and therefore, the numbers
included in these analyses were smaller than for other behaviors
(see Figure 3 and Multimedia Appendices 7 and 8).

Frequency of Heavy Episodic Drinking

There was considerable variability in the evidence for the
effectiveness of components on heavy episodic drinking, with
evidence suggesting both benefit and harm. Screening and
feedback (C1) reduced the frequency of heavy episodic drinking
at 2 months (IRR 0.87, CoI 0.74-1.02; POE 95.2%), which was
also evident in the imputed analyses. However, the effect was
not sustained at the 4-month follow-up. The strongest evidence
for benefit was observed for the combination of screening and
feedback (C1) with goal-setting and planning (C2) (IRR 0.78,
CoI 0.62-0.98; POE 98.4%), and screening and feedback (C1)
with mindfulness (C5) (IRR 0.78, CoI 0.62-0.98; POE 98.4%)
at 2 months. Similar evidence was found for the combination
of goal-setting and planning (C2) with mindfulness (C5).
Evidence of harm was most prominent for motivation (C3),
both alone and in combination with goal-setting and planning
(C2) or mindfulness (C5) (IRR 1.28, CoI 0.99-1.64; POE 97.1%)
at the 4-month follow-up interval. These harmful effects were
not evident at the 2-month interval. Notably, the evidence of
harm was less prominent in the imputed analyses, whereas the
evidence for benefit remained.

Daily Portions of Fruit and Vegetables

The strongest evidence for the beneficial effects of single
components on fruit and vegetable consumption was found for
screening and feedback (C1) and skills and know-how (C4) at
both follow-up intervals. The largest effect was observed for
the combination of these 2 components at 2 months (mean
difference 0.30, CoI 0.11-0.48; POE 99.9%) and at 4 months
(mean difference 0.26, CoI 0.05-0.46; POE 99.4%). While the
evidence for motivation (C3) alone was not convincingly strong,
in combination with screening and feedback (C1) or skills and
know-how (C4), there was evidence of an effect at both the 2-
and 4-month intervals on par with the effect observed for the
combination of screening and feedback (C1) and skills and
know-how (C4). These findings all persisted in the imputed
analyses.

Weekly Consumption of Sugary Drinks

There was no strong evidence of the beneficial effects of the
intervention components on sugary drink consumption. Rather,
there was strong evidence of harm from self-authored SMS text

messages (C6) at the 2- and 4-month intervals. The evidence
suggested an increase of 15%-20% in weekly consumption of
sugary drinks from this component alone, and the effect was
larger in combination with goal-setting and planning (C2),
motivation (C3), and skills and know-how (C4). These negative
effects were partially sustained in the imputed analyses.

Weekly Moderate-to-Vigorous Physical Activity

There was evidence of beneficial effects on MVPA from several
combinations of components at the 2-month interval; however,
few of these effects persisted at the 4-month interval. The
evidence for an effect of single components was strongest for
motivation (C3), which increased weekly minutes of MVPA at
2 months (mean difference 35.8, CoI −0.41 to 71.9; POE
97.4%), and mindfulness (C5), which also increased minutes
of MVPA at 2 months (mean difference 41.2, CoI 5.04-77.6;
POE 98.7%). When motivation (C3) and mindfulness (C5) were
combined, the effect on minutes of MVPA was even greater at
2 months (mean difference 78.0, CoI 28.3-128.2; POE 99.9%).
Combining motivation (C3) with skills and know-how (C4)
also had a positive effect on MVPA at 2 months. The imputed
analyses produced similar findings.

While there was only weak evidence that screening and feedback
(C1) alone affected MVPA, there was evidence that combining
screening and feedback (C1) with skills and know-how (C4)
increased minutes of MVPA at 4 months (mean difference 60.1,
CoI 3.6-116.5; POE 98.2%), although the evidence was not as
strong in the imputed analyses. In addition, there was evidence
that screening and feedback (C1) combined with mindfulness
(C5) increased minutes of MVPA at the 2-month interval (mean
difference 50.6, CoI −0.55 to 101.9; POE 97.4%), with similar
findings in the imputed analyses.

Smoking

There was weak evidence of both benefit and harm from the
intervention components, and their combinations, on smoking
cessation. The relatively strongest evidence for benefit was
found for self-authored SMS text messages (C6) at 2 months
(odds ratio 2.15, CoI 0.67-6.74; POE 90.4%), and for the
combination of screening and feedback (C1) and motivation
(C3) at 4 months (odds ratio 4.28, CoI 0.49-39.9; POE 90.7%).
The strongest evidence for harm was found for the combination
of goal-setting and planning (C2) and mindfulness (C5) at 2
months (odds ratio 0.23, CoI 0.04-1.27; POE 95.4%). The
evidence for both benefit and harm persisted in the imputed
analyses, although effect estimates were attenuated toward the
null.

Secondary Outcomes

Weekly Portions of Candy and Snacks

At the individual component level, there was some evidence
that motivation (C3) decreased candy and snack consumption
at both 2 and 4 months. When motivation (C3) was combined
with screening and feedback (C1), the strongest evidence for
benefit was observed at 4 months (IRR 0.85, CoI 0.71-1.01;
POE 96.8%). Increases in candy and snack consumption were
observed for mindfulness (C5) alone at 4 months and
self-authored SMS text messages (C6) alone at 2 months. While
the evidence for these effects was not strong, it persisted in the
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imputed analyses. In addition, combining mindfulness (C5) and
self-authored SMS text messages (C6) increased candy and
snack consumption at 4 months (IRR 1.21, CoI 1.01-1.44; POE
97.7%). These findings also persisted in the imputed analyses.

BMI

At the 2-month interval, there was evidence that mindfulness
(C5) and self-authored SMS text messages (C6) increased BMI,
both individually and when combined (combined mean
difference 0.34, CoI 0.09-0.59; POE 99.6%). However, evidence
for these effects was not observed at the 4-month interval. There
was also evidence that combining screening and feedback (C1)
with mindfulness (C5) resulted in higher BMI at both the 2-
and 4-month intervals. These findings persisted in the imputed
analyses.

Cigarettes Smoked Per Week

Regarding the number of cigarettes smoked per week among
those who continued to smoke, there was evidence that the
combination of screening and feedback (C1) and goal-setting
and planning (C2) had a beneficial effect at 2 months, and that
combining motivation (C3) and self-authored SMS text
messages (C6) had a harmful effect at 2 months.

Perceived Stress

There was evidence of a beneficial effect on stress from the
skills and know-how (C4) component alone at 4 months (mean
difference −0.35, CoI −0.71 to 0.01; POE 97.1%). The effect
size increased when skills and know-how (C4) was combined
with screening and feedback (C1) or motivation (C3). These
findings were not markedly different in the imputed analyses.

Post-Hoc Analyses

In Multimedia Appendix 9, we present estimates of the effects
of the number of components participants had access to on
primary and secondary outcomes. The relatively strongest
evidence was found for fruit and vegetable consumption at 2
months (0.05 portion increase per module, CoI 0.001-0.11; POE
97.6%) and 4 months (0.04 portions per module, CoI −0.02 to
0.1; POE 90.7%), as well as for weekly MVPA at the 2-month
follow-up (17.5 minutes per module, CoI 2.9-32.2; POE 99.0%)
and 4 months (11.8 minutes per module, CoI −3.8 to 27.1; POE
93.1%).

Intervention Access
Of the 854 participants who had access to the screening and
feedback component (C1), 807 (94.5%) screened themselves
at least once during the intervention period. Among those who
screened themselves at least once, 356 (44.1%) did so 4 or more
times, while 129 (16.0%) screened themselves 3 times, 161
(20.0%) 2 times, and 161 (20.0%) 1 time.

Of the 850 participants who had access to the goal-setting and
planning component (C2), 650 (76.5%) accessed the component
at least once. Among all participants, 427 (50.2%) set at least
one goal, and 403 (47.4%) selected or self-authored at least one
challenge using the intervention’s technical solution.

Of the 850 participants who had access to the motivation
component (C3), 554 (65.2%) accessed the content at least once.
Among all participants, 169 (19.9%) activated SMS text

messages for physical activity, 166 (19.5%) for diet, 47 (5.5%)
for alcohol, and 21 (2.5%) for smoking. The motivation
component provided interactive content on motives, financial
costs, and health consequences, with 294 recorded engagements
using the intervention’s technical solution.

Of the 855 participants who had access to the skills and
know-how component (C4), 536 (62.7%) accessed the materials
at least once. Among all participants, 166 (19.4%) activated
SMS text messages for physical activity, 172 (20.1%) for diet,
51 (6.0%) for alcohol, and 28 (3.3%) for smoking. Most of the
content in this module consisted of text and visual materials
designed to build knowledge and skills for behavior change. A
small number of interactive exercises were also included, with
283 recorded engagements using the intervention’s technical
solution.

Of the 855 participants who had access to the mindfulness
component (C5), 435 (50.9%) accessed the component at least
once. Meditations were accessed by 87 (10.2%) participants,
and 156 (18.2%) completed at least one task. Among those who
completed tasks, 76 (48.7%) completed 3 or more tasks, 33
(21.2%) completed 2 tasks, and 47 (30.1%) completed 1 task.
Some tasks required participants to write longer texts, which
could be completed either using the intervention’s technical
solution or offline; however, only activities completed using
the technical solution could be measured.

Of the 850 participants who had access to the self-composed
SMS text messages component (C6), 406 (47.8%) accessed the
component at least once. Among those who accessed the
component, a total of 570 SMS text messages were composed
by 176 participants.

We had no means of accurately measuring the time spent on
each component and therefore, cannot approximate the time
spent reading the text and visual information provided in the
components. Additionally, we had no means of measuring the
extent to which participants comprehended and adopted the
information provided. For instance, the skills and know-how
component (C4) included mostly tips and information on
concrete actions for participants to take, and we had no means
of measuring how much time participants spent reading and
engaging with the support provided.

Discussion

Principal Findings
This factorial randomized trial estimated the effectiveness of 6
behavior change components within a digital multiple health
behavior intervention. We found evidence that both individual
components and 2-way interactions between components led
not only to notable improvements in health behaviors, but also
to notable harm. The components screening/feedback (C1),
motivation (C3), and skills/know-how (C4) each demonstrated
individual and interacting improvements across various
behavioral outcomes, including reductions in alcohol
consumption, smoking, and stress, as well as increases in fruit
and vegetable consumption and physical activity. Most effects
were observed at 4 months; however, changes in heavy episodic
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drinking and physical activity were noted only at the 2-month
follow-up interval.

Previous factorial trials of health behavior change interventions
have shown mixed results regarding the effectiveness of
individual components. In general, combining components tends
to lead to more substantial improvements in health behaviors
compared with individual components alone. For instance, Crane
et al [97] found that although individual modules of the Drink
Less app did not affect weekly alcohol consumption or Alcohol
Use Disorders Identification Test scores, 2-way interactions
between components did. Specifically, the combination of
normative feedback and cognitive bias retraining reduced weekly
alcohol consumption, whereas self-monitoring, feedback, and
action planning improved Alcohol Use Disorders Identification
Test scores. Similarly, in our study, screening/feedback (C1)
reduced heavy episodic drinking at 2 months, with enhanced
effects when combined with goal-setting/planning (C2) or
mindfulness (C5). Notably, the study by Crane et al [97] was
not restricted to university students and focused solely on
alcohol consumption.

Schroé et al [98] found that the MyPlan2.0 digital intervention
increased MVPA and reduced sedentary behavior through
self-monitoring. Additionally, coping planning further boosted
MVPA, with the combination of action planning, coping
planning, and self-monitoring proving most effective at 5 weeks.
Similarly, Fanning et al [99] evaluated a 12-week physical
activity app incorporating self-monitoring, goal-setting, and
feedback, resulting in an 11-minute increase in daily MVPA
(from 34 to 46 minutes). Participants who received points-based
feedback engaged in an additional 6 minutes of MVPA per day.
Our findings indicated that combining components such as
screening/feedback (C1), motivation (C3), skills/know-how
(C4), and mindfulness (C5) enhanced short-term physical
activity. However, this increase was not sustained over time,
suggesting that although the components were effective at 2
months, they did not support the longer-term maintenance of
increased physical activity at 4 months. The dissimilarities in
findings may be due to both Schroé et al [98] and Fanning et al
[99] focusing exclusively on physical activity and not restricting
their samples to university students.

The evidence showed no effect for the goal-setting/planning
component (C2) when delivered alone. Harms were observed
for the interaction between goal-setting/planning (C2) and
mindfulness (C5) on smoking cessation at 2 months.
Additionally, self-authored SMS text messages (C6) increased
sugary drink consumption, with the effect amplified when
combined with goal-setting/planning (C2), motivation (C3), or
skills/know-how (C4). These findings regarding sugary drinks
may be related to the observed decrease in alcohol consumption,
as individuals might substitute sugary drinks for alcohol, and
behavior substitution was part of the advice provided to
participants. Additionally, students may consume energy drinks
during studying and physical activity, further contributing to
increased sugary beverage intake. Previous research [100]
highlighted the complexity of young adults’ perceptions of
beverage healthfulness, which are influenced by factors
including sugar content, packaging, marketing, and context of
consumption. For example, a drink may be perceived as healthier

if consumed during physical activity or as part of a balanced
meal.

Although beneficial, health behavior interventions can increase
stress and health anxiety due to heightened health consciousness,
dissonance with desired behaviors, or pressure to meet goals,
all of which may negatively affect mental well-being [101].
However, our study found that perceived psychological stress
decreased at both the 2- and 4-month intervals when participants
were provided with the skills/know-how component (C4). This
effect became more pronounced over time, highlighting the
importance of equipping individuals with practical skills and
knowledge to manage their health in daily life.

Taking a broader perspective beyond the scope of factorial trials,
our findings differ from previous digital multiple health
interventions for young adults and university students, which
have reported small effect sizes when evaluating interventions
as a whole. For instance, Champion et al [102] reported that a
digital multiple health intervention showed no evidence of effect
in modifying lifestyle behaviors among adolescents in Australia;
however, this study included a much younger demographic
(ages 11-13) than our study. The online intervention U@Uni
by Cameron et al [103], which targeted new university students,
found no evidence of effect on the 4 primary outcomes: portions
of fruit and vegetables per day, physical activity in the previous
week, alcohol consumption in the previous week, and smoking
status at the 6-month follow-up. However, U@Uni also targeted
a younger demographic of incoming university students who
may not have had the same motivation to change as students
who had already established themselves. By contrast, similar
to our study, Duan et al [104] demonstrated positive effects on
physical activity and fruit and vegetable consumption after 8
weeks of a sequentially delivered web-based intervention among
Chinese college students.

Generalizability and Limitations
This trial employed a pragmatic recruitment strategy, reaching
students at universities across Sweden through channels typically
used by Student Health Care Centers to provide health
information and services. This open invitation, with broad
inclusion criteria and low barriers to participation, targeted
students with at least one health behavior categorized as a
significant risk factor for their physical or mental health.
Although the validity of trials is not contingent on the sample
being representative of the target population, in our case, we
anticipate that those who would use the intervention in a
real-world rollout would be similar to those who participated
in this trial. Therefore, we argue that this trial estimates the
effectiveness, rather than the efficacy, of the intervention
components. Relatedly, we do not have data to determine which
recruitment source led to each individual’s participation; thus,
a limitation of the study design is that we cannot assess whether
effectiveness was moderated by mode of recruitment.

In line with our aim to estimate effectiveness, we designed the
study to gain knowledge about how access to components affects
outcomes in a large population, rather than to examine the
efficacy of different components in controlled environments.
Effectiveness, as a concept, seeks to understand what happens
under real-world conditions; for this reason, we neither expected
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nor observed that all participants would use all of the
intervention materials available to them. Nevertheless, in this
study, which proactively recruited university students, 768 of
854 (89.9%) with access to the screening component used it at
least once, and approximately one-half of participants with
access to the other components used them at least once. Based
on the measures available to us, the 2 components with the
lowest usage were mindfulness (C5) and self-authored SMS
text messages (C6). This is not surprising, as both require a
stronger cognitive commitment, and mindfulness was not
advertised to participants before enrollment; thus, there may
have been limited capacity or interest to engage with these
components. However, even if a smaller proportion of
individuals engage with specific components, it may still be
beneficial to include them in interventions, as they may have
positive effects from a population perspective. Overall, the
findings from this study should be understood as generalizing
to the proactive dissemination of digital interventions rather
than as controlled treatment of specific individuals.

The invitation reached individuals who were not necessarily
actively seeking help but who could benefit from it and were
willing to participate when approached. Although recruitment
did not target students who had explicitly requested support for
change, baseline measures indicated a gap between participants’
ratings of importance and their perceived capacity to change,
with importance rated, on average, 8 out of 10 and confidence
and know-how rated 6 out of 10. This suggests that our proactive
recruitment strategy can reach those who may benefit from, and
be interested in, support. The relatively low baseline ratings of
know-how and confidence also suggest potential to deliver
effective behavior change support, as previous research shows
that enhancing individuals’ confidence in their ability to change
and improving their knowledge of how to change can lead to
positive behavior modifications, such as reduced alcohol
consumption and smoking cessation [105,106]. It should be
noted that these 3 measures did not constitute a primary
objective of this trial, and to reduce participant burden, we used
single-item measures, which cannot capture a more nuanced
understanding of confidence, importance, and know-how. A
related limitation is that, because participants were not
necessarily actively seeking help, baseline screening leading to
inclusion may have prompted reflection on behavior for some
participants, which in itself may have induced change. Notably,
this occurred before randomization; thus, the consequence may
be that estimates are biased toward the null.

Attrition rates were high in this study; however, they were
consistent with what can be expected in remote trials with low

barriers to participation [107]. Attrition analyses did not indicate
marked differences across factorial conditions, thereby
strengthening the internal validity of the findings. However,
there was some evidence that late responders and nonresponders
exhibited healthier behaviors compared with early responders.
This underscores the importance of the imputed analyses in
supporting the main findings.

The factorial design ensured blinding by providing every
participant with some form of intervention. Although social
desirability is always a concern in studies in which the objectives
are clear to participants—and possibly more so when outcomes
are self-reported—blinding reduces the risk of compensatory
rivalry and other research participation effects [108,109].
Therefore, the risk of bias stemming from the use of
self-reported measures in this study is somewhat tempered.
Regarding blinding, there was a risk that participants could have
deliberately or inadvertently learned about others’participation
and shared intervention content, thereby becoming partially
aware of other conditions. Although we cannot determine the
extent to which this occurred, we judge the risk of bias to be
low. If such contamination did occur, our estimates of
effectiveness are likely biased toward the null.

Finally, the factorial design used in this trial allowed us to study
the individual components of Buddy; however, it limited our
ability to estimate the total effect of the intervention as a whole.
Therefore, future studies are needed to investigate the overall
effects of the Buddy intervention. Indeed, post hoc analyses
suggested that access to a greater number of components
increased effectiveness with respect to fruit and vegetable
consumption and physical activity.

Conclusions
Using a randomized factorial design, we dismantled a complex
digital multiple behavior intervention and provided novel
insights into the effectiveness of its different components. Both
marginal and synergistic effects were estimated across multiple
behaviors. Our results highlight which components of digital
interventions contribute to effectiveness and demonstrate that
component effectiveness is heterogeneous across the targeted
behaviors. The findings provide an evidence base for designing
more effective digital interventions. These findings should be
considered in light of the risk of bias introduced by attrition to
follow-up, which was high in this effectiveness trial with low
barriers to participation. The trial also relied on self-reported
measures, although the risk of bias associated with this design
choice may have been partially mitigated by participant blinding.

Funding
This trial was funded by the Swedish Research Council for Health, Working Life and Welfare (grant 2018-01410; principal
investigator: ML). The trial was also supported by funding from the Swedish Cancer Society (Cancerfonden; grants 20 0883 Pj
and 23 2888 Pj; principal investigator: MB). The funders had no role in the planning, design, conduct, analysis, or reporting of
the study.

Data Availability
The datasets used or analyzed in this study are available from the corresponding author (MB) upon reasonable request. Ethical
approval is required for data sharing.

J Med Internet Res 2026 | vol. 28 | e88884 | p. 16https://www.jmir.org/2026/1/e88884
(page number not for citation purposes)

Åsberg et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Authors' Contributions
Conceptualization: PB, MB, ML
Data curation: KÅ, MB
Formal analysis: KÅ, MB
Investigation: KÅ, MB
Methodology: MB, ML, PH
Project administration: KÅ, MB
Resources: KÅ, OL, HH, PH, ACE, PB, ML, MB
Software: MB
Writing – original draft: KÅ, MB
Writing – review & editing: KÅ, OL, HH, PH, ACE, PB, ML, MB

Conflicts of Interest
MB and PB own a private company (Alexit AB) that develops and distributes digital solutions to the public and private sectors.
Alexit AB played no role in the development of the intervention, study design, data analysis, data interpretation, or writing of
this report. All other authors declare no conflicts of interest.

Multimedia Appendix 1
CONSORT-eHEALTH checklist (V 1.6.1).
[PDF File (Adobe PDF File), 984 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Informed consent form.
[PDF File (Adobe PDF File), 48 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Questionnaires.
[PDF File (Adobe PDF File), 75 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Intervention description and allocation.
[PDF File (Adobe PDF File), 1567 KB-Multimedia Appendix 4]

Multimedia Appendix 5
Attrition nonresponse.
[PDF File (Adobe PDF File), 841 KB-Multimedia Appendix 5]

Multimedia Appendix 6
Attrition attempts.
[PDF File (Adobe PDF File), 95 KB-Multimedia Appendix 6]

Multimedia Appendix 7
Complete-case estimates of effect.
[PDF File (Adobe PDF File), 265 KB-Multimedia Appendix 7]

Multimedia Appendix 8
Effect estimates based on imputed data.
[PDF File (Adobe PDF File), 267 KB-Multimedia Appendix 8]

Multimedia Appendix 9
Estimates of the effects of component count.
[PDF File (Adobe PDF File), 87 KB-Multimedia Appendix 9]

J Med Internet Res 2026 | vol. 28 | e88884 | p. 17https://www.jmir.org/2026/1/e88884
(page number not for citation purposes)

Åsberg et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v28i1e88884_app1.pdf&filename=a6956adef8f7be838bd2268f1087f75c.pdf
https://jmir.org/api/download?alt_name=jmir_v28i1e88884_app1.pdf&filename=a6956adef8f7be838bd2268f1087f75c.pdf
https://jmir.org/api/download?alt_name=jmir_v28i1e88884_app2.pdf&filename=6561835dd9fccf34d1fd9aadfcbb9e7d.pdf
https://jmir.org/api/download?alt_name=jmir_v28i1e88884_app2.pdf&filename=6561835dd9fccf34d1fd9aadfcbb9e7d.pdf
https://jmir.org/api/download?alt_name=jmir_v28i1e88884_app3.pdf&filename=6f047eb9295643c494103a9fb3e784a6.pdf
https://jmir.org/api/download?alt_name=jmir_v28i1e88884_app3.pdf&filename=6f047eb9295643c494103a9fb3e784a6.pdf
https://jmir.org/api/download?alt_name=jmir_v28i1e88884_app4.pdf&filename=a0918d7cdef8917a13cb56edbe2ab544.pdf
https://jmir.org/api/download?alt_name=jmir_v28i1e88884_app4.pdf&filename=a0918d7cdef8917a13cb56edbe2ab544.pdf
https://jmir.org/api/download?alt_name=jmir_v28i1e88884_app5.pdf&filename=e50afe59088765f362898ab758cb7810.pdf
https://jmir.org/api/download?alt_name=jmir_v28i1e88884_app5.pdf&filename=e50afe59088765f362898ab758cb7810.pdf
https://jmir.org/api/download?alt_name=jmir_v28i1e88884_app6.pdf&filename=fedf1782ecb326167ebd8ab68e286b22.pdf
https://jmir.org/api/download?alt_name=jmir_v28i1e88884_app6.pdf&filename=fedf1782ecb326167ebd8ab68e286b22.pdf
https://jmir.org/api/download?alt_name=jmir_v28i1e88884_app7.pdf&filename=fed848fb31629ea60589d7e6d9ea1e8a.pdf
https://jmir.org/api/download?alt_name=jmir_v28i1e88884_app7.pdf&filename=fed848fb31629ea60589d7e6d9ea1e8a.pdf
https://jmir.org/api/download?alt_name=jmir_v28i1e88884_app8.pdf&filename=f3eab5bf59f66de709f07c4de2a96726.pdf
https://jmir.org/api/download?alt_name=jmir_v28i1e88884_app8.pdf&filename=f3eab5bf59f66de709f07c4de2a96726.pdf
https://jmir.org/api/download?alt_name=jmir_v28i1e88884_app9.pdf&filename=b6e33dae98bbd9f1995e5167373e4886.pdf
https://jmir.org/api/download?alt_name=jmir_v28i1e88884_app9.pdf&filename=b6e33dae98bbd9f1995e5167373e4886.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/


References

1. GBD 2020 Alcohol Collaborators. Population-level risks of alcohol consumption by amount, geography, age, sex, and year:
a systematic analysis for the Global Burden of Disease Study 2020. Lancet. Jul 16, 2022;400(10347):185-235. [FREE Full
text] [doi: 10.1016/S0140-6736(22)00847-9] [Medline: 35843246]

2. GBD 2019 Tobacco Collaborators. Spatial, temporal, and demographic patterns in prevalence of smoking tobacco use and
attributable disease burden in 204 countries and territories, 1990-2019: a systematic analysis from the Global Burden of
Disease Study 2019. Lancet. Jun 19, 2021;397(10292):2337-2360. [FREE Full text] [doi: 10.1016/S0140-6736(21)01169-7]
[Medline: 34051883]

3. GBD 2021 Diabetes Collaborators. Global, regional, and national burden of diabetes from 1990 to 2021, with projections
of prevalence to 2050: a systematic analysis for the Global Burden of Disease Study 2021. Lancet. Jul 15,
2023;402(10397):203-234. [FREE Full text] [doi: 10.1016/S0140-6736(23)01301-6] [Medline: 37356446]

4. GBD 2021 Risk Factors Collaborators. Global burden and strength of evidence for 88 risk factors in 204 countries and 811
subnational locations, 1990-2021: a systematic analysis for the Global Burden of Disease Study 2021. Lancet. May 18,
2024;403(10440):2162-2203. [FREE Full text] [doi: 10.1016/S0140-6736(24)00933-4] [Medline: 38762324]

5. World Health Organisation (WHO). Fact sheet Noncommunicable diseases. WHO. URL: https://www.who.int/news-room/
fact-sheets/detail/noncommunicable-diseases [accessed 2025-01-01]

6. Ashdown-Franks G, Vancampfort D, Firth J, Smith L, Sabiston CM, Stubbs B, et al. Association of leisure-time sedentary
behavior with fast food and carbonated soft drink consumption among 133,555 adolescents aged 12-15 years in 44 low-
and middle-income countries. Int J Behav Nutr Phys Act. Apr 23, 2019;16(1):35. [FREE Full text] [doi:
10.1186/s12966-019-0796-3] [Medline: 31014359]

7. Patrick ME, Evans-Polce RJ, Arterberry BJ, Terry-McElrath Y. Initiation of and escalation to high-intensity drinking in
young adults. JAMA Pediatr. Mar 01, 2023;177(3):286-293. [FREE Full text] [doi: 10.1001/jamapediatrics.2022.5642]
[Medline: 36716022]

8. Poole R, Carver H, Anagnostou D, Edwards A, Moore G, Smith P, et al. Tobacco use, smoking identities and pathways
into and out of smoking among young adults: a meta-ethnography. Subst Abuse Treat Prev Policy. Mar 28, 2022;17(1):24.
[FREE Full text] [doi: 10.1186/s13011-022-00451-9] [Medline: 35346260]

9. Donat-Vargas C, Guerrero-Zotano, Casas A, Baena-Cañada JM, Lope V, Antolín S, et al. Trajectories of alcohol consumption
during life and the risk of developing breast cancer. Br J Cancer. Oct 06, 2021;125(8):1168-1176. [FREE Full text] [doi:
10.1038/s41416-021-01492-w] [Medline: 34483338]

10. Rodriguez-Ayllon M, Cadenas-Sánchez C, Estévez-López F, Muñoz NE, Mora-Gonzalez J, Migueles JH, et al. Role of
physical activity and sedentary behavior in the mental health of preschoolers, children and adolescents: a systematic review
and meta-analysis. Sports Med. Sep 16, 2019;49(9):1383-1410. [doi: 10.1007/s40279-019-01099-5] [Medline: 30993594]

11. Guasch-Ferré M, Willett WC. The Mediterranean diet and health: a comprehensive overview. J Intern Med. Sep 23,
2021;290(3):549-566. [FREE Full text] [doi: 10.1111/joim.13333] [Medline: 34423871]

12. Li Y, Schoufour J, Wang DD, Dhana K, Pan A, Liu X, et al. Healthy lifestyle and life expectancy free of cancer,
cardiovascular disease, and type 2 diabetes: prospective cohort study. BMJ. Jan 08, 2020;368:l6669. [FREE Full text] [doi:
10.1136/bmj.l6669] [Medline: 31915124]

13. Nyberg ST, Singh-Manoux A, Pentti J, Madsen IEH, Sabia S, Alfredsson L, et al. Association of healthy lifestyle with
years lived without major chronic diseases. JAMA Intern Med. May 01, 2020;180(5):760-768. [FREE Full text] [doi:
10.1001/jamainternmed.2020.0618] [Medline: 32250383]

14. Steffen LM, Van Horn L, Daviglus ML, Zhou X, Reis JP, Loria CM, et al. A modified Mediterranean diet score is associated
with a lower risk of incident metabolic syndrome over 25 years among young adults: the CARDIA (Coronary Artery Risk
Development in Young Adults) study. Br J Nutr. Sep 19, 2014;112(10):1654-1661. [doi: 10.1017/s0007114514002633]

15. Alosaimi N, Sherar LB, Griffiths P, Pearson N. Clustering of diet, physical activity and sedentary behaviour and related
physical and mental health outcomes: a systematic review. BMC Public Health. Aug 18, 2023;23(1):1572. [FREE Full
text] [doi: 10.1186/s12889-023-16372-6] [Medline: 37596591]

16. Kemel PN, Porter JE, Coombs N. Improving youth physical, mental and social health through physical activity: a systematic
literature review. Health Promot J Austr. Jul 15, 2022;33(3):590-601. [doi: 10.1002/hpja.553] [Medline: 34735738]

17. Solomou S, Logue J, Reilly S, Perez-Algorta G. A systematic review of the association of diet quality with the mental
health of university students: implications in health education practice. Health Educ Res. Jan 20, 2023;38(1):28-68. [FREE
Full text] [doi: 10.1093/her/cyac035] [Medline: 36441584]

18. Bailey AP, Hetrick SE, Rosenbaum S, Purcell R, Parker AG. Treating depression with physical activity in adolescents and
young adults: a systematic review and meta-analysis of randomised controlled trials. Psychol Med. Oct 10,
2017;48(7):1068-1083. [doi: 10.1017/s0033291717002653]

19. Yonek JC, Meacham MC, Shumway M, Tolou-Shams M, Satre DD. Smoking reduction is associated with lower alcohol
consumption and depressive symptoms among young adults over one year. Drug Alcohol Depend. Oct 01, 2021;227:108922.
[FREE Full text] [doi: 10.1016/j.drugalcdep.2021.108922] [Medline: 34364192]

J Med Internet Res 2026 | vol. 28 | e88884 | p. 18https://www.jmir.org/2026/1/e88884
(page number not for citation purposes)

Åsberg et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(22)00847-9
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(22)00847-9
http://dx.doi.org/10.1016/S0140-6736(22)00847-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35843246&dopt=Abstract
https://air.unimi.it/handle/2434/1115624
http://dx.doi.org/10.1016/S0140-6736(21)01169-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34051883&dopt=Abstract
https://air.unimi.it/handle/2434/980231
http://dx.doi.org/10.1016/S0140-6736(23)01301-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37356446&dopt=Abstract
https://air.unimi.it/handle/2434/1062008
http://dx.doi.org/10.1016/S0140-6736(24)00933-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38762324&dopt=Abstract
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-019-0796-3
http://dx.doi.org/10.1186/s12966-019-0796-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31014359&dopt=Abstract
https://europepmc.org/abstract/MED/36716022
http://dx.doi.org/10.1001/jamapediatrics.2022.5642
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36716022&dopt=Abstract
https://substanceabusepolicy.biomedcentral.com/articles/10.1186/s13011-022-00451-9
http://dx.doi.org/10.1186/s13011-022-00451-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35346260&dopt=Abstract
http://hdl.handle.net/10668/18494
http://dx.doi.org/10.1038/s41416-021-01492-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34483338&dopt=Abstract
http://dx.doi.org/10.1007/s40279-019-01099-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30993594&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1111/joim.13333
http://dx.doi.org/10.1111/joim.13333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34423871&dopt=Abstract
https://boris-portal.unibe.ch/handle/20.500.12422/185998
http://dx.doi.org/10.1136/bmj.l6669
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31915124&dopt=Abstract
https://europepmc.org/abstract/MED/32250383
http://dx.doi.org/10.1001/jamainternmed.2020.0618
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32250383&dopt=Abstract
http://dx.doi.org/10.1017/s0007114514002633
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-023-16372-6
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-023-16372-6
http://dx.doi.org/10.1186/s12889-023-16372-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37596591&dopt=Abstract
http://dx.doi.org/10.1002/hpja.553
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34735738&dopt=Abstract
https://europepmc.org/abstract/MED/36441584
https://europepmc.org/abstract/MED/36441584
http://dx.doi.org/10.1093/her/cyac035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36441584&dopt=Abstract
http://dx.doi.org/10.1017/s0033291717002653
https://europepmc.org/abstract/MED/34364192
http://dx.doi.org/10.1016/j.drugalcdep.2021.108922
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34364192&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


20. Taylor G, Lindson N, Farley A, Leinberger-Jabari A, Sawyer K, Te Water Naudé R, et al. Smoking cessation for improving
mental health. Cochrane Database Syst Rev. Mar 09, 2021;3(3):CD013522. [FREE Full text] [doi:
10.1002/14651858.CD013522.pub2] [Medline: 33687070]

21. Haverkamp BF, Wiersma R, Vertessen K, van Ewijk H, Oosterlaan J, Hartman E. Effects of physical activity interventions
on cognitive outcomes and academic performance in adolescents and young adults: a meta-analysis. J Sports Sci. Dec 12,
2020;38(23):2637-2660. [FREE Full text] [doi: 10.1080/02640414.2020.1794763] [Medline: 32783695]

22. Seilo N, Paldanius S, Autio R, Kunttu K, Kaila M. Associations between e-health questionnaire responses, health checks
and graduation: Finnish register-based study of 2011-2012 university entrants. BMJ Open. Dec 16, 2020;10(12):e041551.
[FREE Full text] [doi: 10.1136/bmjopen-2020-041551] [Medline: 33328260]

23. Cousins K, Connor JL, Kypri K. Effects of the Campus Watch intervention on alcohol consumption and related harm in a
university population. Drug Alcohol Depend. Oct 01, 2014;143:120-126. [doi: 10.1016/j.drugalcdep.2014.07.015] [Medline:
25108584]

24. Cho H, Yang Y. Relationship between alcohol consumption and risky sexual behaviors among adolescents and young
adults: a meta-analysis. Int J Public Health. 2023;68:1605669. [FREE Full text] [doi: 10.3389/ijph.2023.1605669] [Medline:
37153699]

25. Pengpid S, Peltzer K. Prevalence and correlates of multiple behavioural risk factors of non-communicable diseases among
university students from 24 countries. J Public Health (Oxf). Dec 10, 2021;43(4):857-866. [doi: 10.1093/pubmed/fdaa138]
[Medline: 34918087]

26. Zhang Y, Pan X, Chen J, Cao A, Xia L, Zhang Y, et al. Combined lifestyle factors, all-cause mortality and cardiovascular
disease: a systematic review and meta-analysis of prospective cohort studies. J Epidemiol Community Health. Jan 05,
2021;75(1):92-99. [doi: 10.1136/jech-2020-214050] [Medline: 32892156]

27. Oosterveen E, Tzelepis F, Ashton L, Hutchesson MJ. A systematic review of eHealth behavioral interventions targeting
smoking, nutrition, alcohol, physical activity and/or obesity for young adults. Prev Med. Jun 2017;99:197-206. [doi:
10.1016/j.ypmed.2017.01.009] [Medline: 28130046]

28. Schoeppe S, Alley S, Van Lippevelde W, Bray NA, Williams SL, Duncan MJ, et al. Efficacy of interventions that use apps
to improve diet, physical activity and sedentary behaviour: a systematic review. Int J Behav Nutr Phys Act. Dec 07,
2016;13(1):127. [FREE Full text] [doi: 10.1186/s12966-016-0454-y] [Medline: 27927218]

29. Mönninghoff A, Kramer JN, Hess AJ, Ismailova K, Teepe GW, Tudor Car L, et al. Long-term effectiveness of mHealth
physical activity interventions: systematic review and meta-analysis of randomized controlled trials. J Med Internet Res.
Apr 30, 2021;23(4):e26699. [doi: 10.2196/26699]

30. Kaner E, Beyer F, Muirhead C, Campbell F, Pienaar E, Bertholet N, et al. Effectiveness of brief alcohol interventions in
primary care populations. Cochrane Database Syst Rev. Feb 24, 2018;2(2):CD004148. [FREE Full text] [doi:
10.1002/14651858.CD004148.pub4] [Medline: 29476653]

31. O Rourke L, Humphris G, Baldacchino A. Electronic communication based interventions for hazardous young drinkers: a
systematic review. Neurosci Biobehav Rev. Sep 2016;68:880-890. [doi: 10.1016/j.neubiorev.2016.07.021] [Medline:
27453570]

32. Taylor G, Dalili M, Semwal M, Civljak M, Sheikh A, Car J. Internet-based interventions for smoking cessation. Cochrane
Database Syst Rev. Sep 04, 2017;9(9):CD007078. [FREE Full text] [doi: 10.1002/14651858.CD007078.pub5] [Medline:
28869775]

33. McIntosh J, Jay S, Hadden N, Whittaker P. Do E-health interventions improve physical activity in young people: a systematic
review. Public Health. Jul 2017;148:140-148. [doi: 10.1016/j.puhe.2017.04.001]

34. Montagni I, Cariou T, Feuillet T, Langlois E, Tzourio C. Exploring digital health use and opinions of university students:
field survey study. JMIR Mhealth Uhealth. Mar 15, 2018;6(3):e65. [FREE Full text] [doi: 10.2196/mhealth.9131] [Medline:
29549071]

35. Berman AH, Gajecki M, Sinadinovic K, Andersson C. Mobile interventions targeting risky drinking among university
students: a review. Curr Addict Rep. Apr 5, 2016;3(2):166-174. [FREE Full text] [doi: 10.1007/s40429-016-0099-6]
[Medline: 27226948]

36. Prosser T, Gee KA, Jones F. A meta-analysis of effectiveness of E-interventions to reduce alcohol consumption in college
and university students. J Am Coll Health. Apr 19, 2018;66(4):292-301. [doi: 10.1080/07448481.2018.1440579] [Medline:
29452058]

37. Dute DJ, Bemelmans WJE, Breda J. Using mobile apps to promote a healthy lifestyle among adolescents and students: a
review of the theoretical basis and lessons learned. JMIR Mhealth Uhealth. May 05, 2016;4(2):e39. [FREE Full text] [doi:
10.2196/mhealth.3559] [Medline: 27150850]

38. Brown J. A review of the evidence on technology-based interventions for the treatment of tobacco dependence in college
health. Worldviews Evid Based Nurs. Aug 19, 2013;10(3):150-162. [doi: 10.1111/wvn.12000] [Medline: 23421669]

39. McCambridge J, Bendtsen M, Karlsson N, White IR, Nilsen P, Bendtsen P. Alcohol assessment and feedback by email for
university students: main findings from a randomised controlled trial. Br J Psychiatry. Nov 02, 2013;203(5):334-340. [FREE
Full text] [doi: 10.1192/bjp.bp.113.128660] [Medline: 24072758]

J Med Internet Res 2026 | vol. 28 | e88884 | p. 19https://www.jmir.org/2026/1/e88884
(page number not for citation purposes)

Åsberg et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://europepmc.org/abstract/MED/33687070
http://dx.doi.org/10.1002/14651858.CD013522.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33687070&dopt=Abstract
https://www.tandfonline.com/doi/10.1080/02640414.2020.1794763?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1080/02640414.2020.1794763
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32783695&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=33328260
http://dx.doi.org/10.1136/bmjopen-2020-041551
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33328260&dopt=Abstract
http://dx.doi.org/10.1016/j.drugalcdep.2014.07.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25108584&dopt=Abstract
https://europepmc.org/abstract/MED/37153699
http://dx.doi.org/10.3389/ijph.2023.1605669
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37153699&dopt=Abstract
http://dx.doi.org/10.1093/pubmed/fdaa138
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34918087&dopt=Abstract
http://dx.doi.org/10.1136/jech-2020-214050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32892156&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2017.01.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28130046&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-016-0454-y
http://dx.doi.org/10.1186/s12966-016-0454-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27927218&dopt=Abstract
http://dx.doi.org/10.2196/26699
https://europepmc.org/abstract/MED/29476653
http://dx.doi.org/10.1002/14651858.CD004148.pub4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29476653&dopt=Abstract
http://dx.doi.org/10.1016/j.neubiorev.2016.07.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27453570&dopt=Abstract
https://europepmc.org/abstract/MED/28869775
http://dx.doi.org/10.1002/14651858.CD007078.pub5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28869775&dopt=Abstract
http://dx.doi.org/10.1016/j.puhe.2017.04.001
https://mhealth.jmir.org/2018/3/e65/
http://dx.doi.org/10.2196/mhealth.9131
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29549071&dopt=Abstract
https://europepmc.org/abstract/MED/27226948
http://dx.doi.org/10.1007/s40429-016-0099-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27226948&dopt=Abstract
http://dx.doi.org/10.1080/07448481.2018.1440579
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29452058&dopt=Abstract
https://mhealth.jmir.org/2016/2/e39/
http://dx.doi.org/10.2196/mhealth.3559
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27150850&dopt=Abstract
http://dx.doi.org/10.1111/wvn.12000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23421669&dopt=Abstract
https://europepmc.org/abstract/MED/24072758
https://europepmc.org/abstract/MED/24072758
http://dx.doi.org/10.1192/bjp.bp.113.128660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24072758&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


40. Thomas K, Müssener U, Linderoth C, Karlsson N, Bendtsen P, Bendtsen M. Effectiveness of a text messaging-based
intervention targeting alcohol consumption among university students: randomized controlled trial. JMIR Mhealth Uhealth.
Jun 25, 2018;6(6):e146. [FREE Full text] [doi: 10.2196/mhealth.9642] [Medline: 29941417]

41. Bendtsen M. An electronic screening and brief intervention for hazardous and harmful drinking among Swedish university
students: reanalysis of findings from a randomized controlled trial using a Bayesian framework. J Med Internet Res. Dec
17, 2019;21(12):e14420. [FREE Full text] [doi: 10.2196/14420] [Medline: 31845903]

42. Berman AH, Andersson C, Gajecki M, Rosendahl I, Sinadinovic K, Blankers M. Smartphone apps targeting hazardous
drinking patterns among university students show differential subgroup effects over 20 weeks: results from a randomized,
controlled trial. J Clin Med. Oct 28, 2019;8(11):1807. [FREE Full text] [doi: 10.3390/jcm8111807] [Medline: 31661868]

43. Müssener U, Bendtsen M, Karlsson N, White IR, McCambridge J, Bendtsen P. Effectiveness of short message service
text-based smoking cessation intervention among university students: a randomized clinical trial. JAMA Intern Med. Mar
01, 2016;176(3):321-328. [FREE Full text] [doi: 10.1001/jamainternmed.2015.8260] [Medline: 26903176]

44. Bendtsen M, Müssener U, Linderoth C, Thomas K. A mobile health intervention for mental health promotion among
university students: randomized controlled trial. JMIR Mhealth Uhealth. Mar 20, 2020;8(3):e17208. [FREE Full text] [doi:
10.2196/17208] [Medline: 32196462]

45. Chow CK, Redfern J, Hillis GS, Thakkar J, Santo K, Hackett ML, et al. Effect of lifestyle-focused text messaging on risk
factor modification in patients with coronary heart disease: a randomized clinical trial. JAMA. Sep 22,
2015;314(12):1255-1263. [doi: 10.1001/jama.2015.10945] [Medline: 26393848]

46. Palmer M, Sutherland J, Barnard S, Wynne A, Rezel E, Doel A, et al. The effectiveness of smoking cessation, physical
activity/diet and alcohol reduction interventions delivered by mobile phones for the prevention of non-communicable
diseases: a systematic review of randomised controlled trials. PLoS One. Jan 5, 2018;13(1):e0189801. [FREE Full text]
[doi: 10.1371/journal.pone.0189801] [Medline: 29304148]

47. Milne-Ives M, Lam C, De Cock C, Van Velthoven MH, Meinert E. Mobile apps for health behavior change in physical
activity, diet, drug and alcohol use, and mental health: systematic review. JMIR Mhealth Uhealth. Mar 18, 2020;8(3):e17046.
[FREE Full text] [doi: 10.2196/17046] [Medline: 32186518]

48. Atorkey P, Paul C, Wiggers J, Bonevski B, Nolan E, Oldmeadow C, et al. Clustering of multiple health-risk factors among
vocational education students: a latent class analysis. Transl Behav Med. Oct 23, 2021;11(10):1931-1940. [doi:
10.1093/tbm/ibab068] [Medline: 34155507]

49. Noble N, Paul C, Turon H, Oldmeadow C. Which modifiable health risk behaviours are related? A systematic review of
the clustering of Smoking, Nutrition, Alcohol and Physical activity ('SNAP') health risk factors. Prev Med. Dec 2015;81:16-41.
[doi: 10.1016/j.ypmed.2015.07.003] [Medline: 26190368]

50. Jonsson KR, Corell M, Löfstedt P, Adjei NK. The clustering of multiple health and lifestyle behaviors among Swedish
adolescents: a person-oriented analysis. Front Public Health. 2023;11:1178353. [FREE Full text] [doi:
10.3389/fpubh.2023.1178353] [Medline: 37538263]

51. Mair J, Salamanca-Sanabria A, Augsburger M, Frese B, Abend S, Jakob R, et al. Effective behavior change techniques in
digital health interventions for the prevention or management of noncommunicable diseases: an umbrella review. Ann
Behav Med. Sep 13, 2023;57(10):817-835. [FREE Full text] [doi: 10.1093/abm/kaad041] [Medline: 37625030]

52. Webb TL, Joseph J, Yardley L, Michie S. Using the internet to promote health behavior change: a systematic review and
meta-analysis of the impact of theoretical basis, use of behavior change techniques, and mode of delivery on efficacy. J
Med Internet Res. Feb 17, 2010;12(1):e4. [FREE Full text] [doi: 10.2196/jmir.1376] [Medline: 20164043]

53. Dugas M, Gao G, Agarwal R. Unpacking mHealth interventions: a systematic review of behavior change techniques used
in randomized controlled trials assessing mHealth effectiveness. Digit Health. 2020;6:2055207620905411. [FREE Full
text] [doi: 10.1177/2055207620905411] [Medline: 32128233]

54. Aguiar M, Trujillo M, Chaves D, Álvarez R, Epelde G. mHealth apps using behavior change techniques to self-report data:
systematic review. JMIR Mhealth Uhealth. Sep 09, 2022;10(9):e33247. [FREE Full text] [doi: 10.2196/33247] [Medline:
36083606]

55. Pham Q, Wiljer D, Cafazzo JA. Beyond the randomized controlled trial: a review of alternatives in mHealth clinical trial
methods. JMIR Mhealth Uhealth. Sep 09, 2016;4(3):e107. [FREE Full text] [doi: 10.2196/mhealth.5720] [Medline:
27613084]

56. Bendtsen M, Bendtsen P, Henriksson H, Henriksson P, Müssener U, Thomas K, et al. The Mobile Health Multiple Lifestyle
Behavior Interventions Across the Lifespan (MoBILE) research program: protocol for development, evaluation, and
implementation. JMIR Res Protoc. Apr 20, 2020;9(4):e14894. [FREE Full text] [doi: 10.2196/14894] [Medline: 32310147]

57. Åsberg K, Lundgren O, Henriksson H, Henriksson P, Bendtsen P, Löf M, et al. Multiple lifestyle behaviour mHealth
intervention targeting Swedish college and university students: protocol for the Buddy randomised factorial trial. BMJ
Open. Dec 30, 2021;11(12):e051044. [doi: 10.1136/bmjopen-2021-051044]

58. Schulz K, Altman D, Moher D, CONSORT Group. CONSORT 2010 statement: updated guidelines for reporting parallel
group randomised trials. BMJ. Mar 23, 2010;340:c332. [FREE Full text] [doi: 10.1136/bmj.c332] [Medline: 20332509]

J Med Internet Res 2026 | vol. 28 | e88884 | p. 20https://www.jmir.org/2026/1/e88884
(page number not for citation purposes)

Åsberg et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://mhealth.jmir.org/2018/6/e146/
http://dx.doi.org/10.2196/mhealth.9642
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29941417&dopt=Abstract
https://www.jmir.org/2019/12/e14420/
http://dx.doi.org/10.2196/14420
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31845903&dopt=Abstract
https://www.mdpi.com/resolver?pii=jcm8111807
http://dx.doi.org/10.3390/jcm8111807
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31661868&dopt=Abstract
https://europepmc.org/abstract/MED/26903176
http://dx.doi.org/10.1001/jamainternmed.2015.8260
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26903176&dopt=Abstract
https://mhealth.jmir.org/2020/3/e17208/
http://dx.doi.org/10.2196/17208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32196462&dopt=Abstract
http://dx.doi.org/10.1001/jama.2015.10945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26393848&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0189801
http://dx.doi.org/10.1371/journal.pone.0189801
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29304148&dopt=Abstract
https://mhealth.jmir.org/2020/3/e17046/
http://dx.doi.org/10.2196/17046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32186518&dopt=Abstract
http://dx.doi.org/10.1093/tbm/ibab068
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34155507&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2015.07.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26190368&dopt=Abstract
https://europepmc.org/abstract/MED/37538263
http://dx.doi.org/10.3389/fpubh.2023.1178353
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37538263&dopt=Abstract
https://europepmc.org/abstract/MED/37625030
http://dx.doi.org/10.1093/abm/kaad041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37625030&dopt=Abstract
https://www.jmir.org/2010/1/e4/
http://dx.doi.org/10.2196/jmir.1376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20164043&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/2055207620905411?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
https://journals.sagepub.com/doi/10.1177/2055207620905411?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/2055207620905411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32128233&dopt=Abstract
https://mhealth.jmir.org/2022/9/e33247/
http://dx.doi.org/10.2196/33247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36083606&dopt=Abstract
https://mhealth.jmir.org/2016/3/e107/
http://dx.doi.org/10.2196/mhealth.5720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27613084&dopt=Abstract
https://www.researchprotocols.org/2020/4/e14894/
http://dx.doi.org/10.2196/14894
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32310147&dopt=Abstract
http://dx.doi.org/10.1136/bmjopen-2021-051044
https://europepmc.org/abstract/MED/20332509
http://dx.doi.org/10.1136/bmj.c332
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20332509&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


59. Kahan BC, Hall SS, Beller EM, Birchenall M, Chan A, Elbourne D, et al. Reporting of factorial randomized trials: extension
of the CONSORT 2010 statement. JAMA. Dec 05, 2023;330(21):2106-2114. [doi: 10.1001/jama.2023.19793] [Medline:
38051324]

60. Conner M, Norman P. Predicting and Changing Health Behaviour: Research and Practice with Social Cognition Models.
Berkshire, UK. McGraw-Hill Education (UK); 2015.

61. Bendtsen M, Åsberg K, McCambridge J. Effectiveness of a digital intervention versus alcohol information for online
help-seekers in Sweden: a randomised controlled trial. BMC Med. May 17, 2022;20(1):176. [FREE Full text] [doi:
10.1186/s12916-022-02374-5] [Medline: 35578276]

62. Blomqvist J, Gunnarsson KU, Bendtsen P, Bendtsen M. Effects of a text messaging smoking cessation intervention amongst
online help-seekers and primary health care visitors: findings from a randomised controlled trial. BMC Med. Oct 04,
2023;21(1):382. [FREE Full text] [doi: 10.1186/s12916-023-03073-5] [Medline: 37794399]

63. Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W, et al. The Behavior Change Technique Taxonomy
(v1) of 93 hierarchically clustered techniques: building an international consensus for the reporting of behavior change
interventions. Ann Behav Med. Mar 20, 2013;46(1):81-95. [doi: 10.1007/s12160-013-9486-6]

64. Michie S, Whittington C, Hamoudi Z, Zarnani F, Tober G, West R. Identification of behaviour change techniques to reduce
excessive alcohol consumption. Addiction. Apr 17, 2012;107(8):1431-1440. [doi: 10.1111/j.1360-0443.2012.03845.x]

65. Bendtsen P, McCambridge J, Bendtsen M, Karlsson N, Nilsen P. Effectiveness of a proactive mail-based alcohol internet
intervention for university students: dismantling the assessment and feedback components in a randomized controlled trial.
J Med Internet Res. Oct 31, 2012;14(5):e142. [FREE Full text] [doi: 10.2196/jmir.2062] [Medline: 23113955]

66. Bendtsen P, Bendtsen M, Karlsson N, White IR, McCambridge J. Online alcohol assessment and feedback for hazardous
and harmful drinkers: findings from the AMADEUS-2 randomized controlled trial of routine practice in Swedish universities.
J Med Internet Res. Jul 09, 2015;17(7):e170. [FREE Full text] [doi: 10.2196/jmir.4020] [Medline: 26159179]

67. Michie S, Abraham C, Whittington C, McAteer J, Gupta S. Effective techniques in healthy eating and physical activity
interventions: a meta-regression. Health Psychol. Nov 2009;28(6):690-701. [doi: 10.1037/a0016136] [Medline: 19916637]

68. Murray JM, Brennan SF, French DP, Patterson CC, Kee F, Hunter RF. Effectiveness of physical activity interventions in
achieving behaviour change maintenance in young and middle aged adults: a systematic review and meta-analysis. Soc Sci
Med. Nov 2017;192:125-133. [doi: 10.1016/j.socscimed.2017.09.021] [Medline: 28965003]

69. Knittle K, Nurmi J, Crutzen R, Hankonen N, Beattie M, Dombrowski SU. How can interventions increase motivation for
physical activity? A systematic review and meta-analysis. Health Psychol Rev. Sep 15, 2018;12(3):211-230. [doi:
10.1080/17437199.2018.1435299] [Medline: 29385950]

70. Howlett N, Trivedi D, Troop N, Chater A. Are physical activity interventions for healthy inactive adults effective in
promoting behavior change and maintenance, and which behavior change techniques are effective? A systematic review
and meta-analysis. Transl Behav Med. Jan 01, 2019;9(1):147-157. [FREE Full text] [doi: 10.1093/tbm/iby010] [Medline:
29506209]

71. Ashton LM, Sharkey T, Whatnall MC, Williams RL, Bezzina A, Aguiar EJ, et al. Effectiveness of interventions and
behaviour change techniques for improving dietary intake in young adults: a systematic review and meta-analysis of RCTs.
Nutrients. Apr 11, 2019;11(4):825. [FREE Full text] [doi: 10.3390/nu11040825] [Medline: 30979065]

72. Garnett C, Crane D, Brown J, Kaner E, Beyer F, Muirhead C, et al. Behavior change techniques used in digital behavior
change interventions to reduce excessive alcohol consumption: a meta-regression. Ann Behav Med. May 18,
2018;52(6):530-543. [FREE Full text] [doi: 10.1093/abm/kax029] [Medline: 29788261]

73. McCrabb S, Baker A, Attia J, Skelton E, Twyman L, Palazzi K, et al. Internet-based programs incorporating behavior
change techniques are associated with increased smoking cessation in the general population: a systematic review and
meta-analysis. Ann Behav Med. Feb 01, 2019;53(2):180-195. [doi: 10.1093/abm/kay026] [Medline: 29750240]

74. Ek A, Alexandrou C, Söderström E, Bergman P, Delisle Nyström C, Direito A, et al. Effectiveness of a 3-month mobile
phone-based behavior change program on active transportation and physical activity in adults: randomized controlled trial.
JMIR Mhealth Uhealth. Jun 08, 2020;8(6):e18531. [FREE Full text] [doi: 10.2196/18531] [Medline: 32510462]

75. Newby K, Teah G, Cooke R, Li X, Brown K, Salisbury-Finch B, et al. Do automated digital health behaviour change
interventions have a positive effect on self-efficacy? A systematic review and meta-analysis. Health Psychol Rev. Mar 20,
2021;15(1):140-158. [doi: 10.1080/17437199.2019.1705873] [Medline: 31847702]

76. Müssener U, Bendtsen M, Karlsson N, White IR, McCambridge J, Bendtsen P. SMS-based smoking cessation intervention
among university students: study protocol for a randomised controlled trial (NEXit trial). Trials. Apr 08, 2015;16:140.
[FREE Full text] [doi: 10.1186/s13063-015-0640-2] [Medline: 25872503]

77. Thomas K, Bendtsen M, Linderoth C, Karlsson N, Bendtsen P, Müssener U. Short message service (SMS)-based intervention
targeting alcohol consumption among university students: study protocol of a randomized controlled trial. Trials. Apr 04,
2017;18(1):156. [FREE Full text] [doi: 10.1186/s13063-017-1898-3] [Medline: 28372563]

78. Müssener U, Bendtsen M, McCambridge J, Bendtsen P. User satisfaction with the structure and content of the NEXit
intervention, a text messaging-based smoking cessation programme. BMC Public Health. Nov 22, 2016;16(1):1179. [FREE
Full text] [doi: 10.1186/s12889-016-3848-5] [Medline: 27876031]

J Med Internet Res 2026 | vol. 28 | e88884 | p. 21https://www.jmir.org/2026/1/e88884
(page number not for citation purposes)

Åsberg et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1001/jama.2023.19793
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38051324&dopt=Abstract
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-022-02374-5
http://dx.doi.org/10.1186/s12916-022-02374-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35578276&dopt=Abstract
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-023-03073-5
http://dx.doi.org/10.1186/s12916-023-03073-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37794399&dopt=Abstract
http://dx.doi.org/10.1007/s12160-013-9486-6
http://dx.doi.org/10.1111/j.1360-0443.2012.03845.x
https://www.jmir.org/2012/5/e142/
http://dx.doi.org/10.2196/jmir.2062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23113955&dopt=Abstract
https://www.jmir.org/2015/7/e170/
http://dx.doi.org/10.2196/jmir.4020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26159179&dopt=Abstract
http://dx.doi.org/10.1037/a0016136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19916637&dopt=Abstract
http://dx.doi.org/10.1016/j.socscimed.2017.09.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28965003&dopt=Abstract
http://dx.doi.org/10.1080/17437199.2018.1435299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29385950&dopt=Abstract
https://europepmc.org/abstract/MED/29506209
http://dx.doi.org/10.1093/tbm/iby010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29506209&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu11040825
http://dx.doi.org/10.3390/nu11040825
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30979065&dopt=Abstract
https://europepmc.org/abstract/MED/29788261
http://dx.doi.org/10.1093/abm/kax029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29788261&dopt=Abstract
http://dx.doi.org/10.1093/abm/kay026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29750240&dopt=Abstract
https://mhealth.jmir.org/2020/6/e18531/
http://dx.doi.org/10.2196/18531
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32510462&dopt=Abstract
http://dx.doi.org/10.1080/17437199.2019.1705873
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31847702&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-015-0640-2
http://dx.doi.org/10.1186/s13063-015-0640-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25872503&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-017-1898-3
http://dx.doi.org/10.1186/s13063-017-1898-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28372563&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-016-3848-5
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-016-3848-5
http://dx.doi.org/10.1186/s12889-016-3848-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27876031&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


79. Müssener U, Thomas K, Linderoth C, Leijon M, Bendtsen M. A text message-based intervention targeting alcohol
consumption among university students: user satisfaction and acceptability study. JMIR Hum Factors. Jul 10, 2018;5(3):e23.
[FREE Full text] [doi: 10.2196/humanfactors.9641] [Medline: 29991469]

80. Thomas K, Linderoth C, Bendtsen M, Bendtsen P, Müssener U. Text message-based intervention targeting alcohol
consumption among university students: findings from a formative development study. JMIR Mhealth Uhealth. Oct 20,
2016;4(4):e119. [FREE Full text] [doi: 10.2196/mhealth.5863] [Medline: 27765732]

81. Kaner E, Beyer F, Garnett C, Crane D, Brown J, Muirhead C, et al. Personalised digital interventions for reducing hazardous
and harmful alcohol consumption in community-dwelling populations. Cochrane Database Syst Rev. Sep 25,
2017;9(9):CD011479. [FREE Full text] [doi: 10.1002/14651858.CD011479.pub2] [Medline: 28944453]

82. Black N, Johnston M, Michie S, Hartmann-Boyce J, West R, Viechtbauer W, et al. Behaviour change techniques associated
with smoking cessation in intervention and comparator groups of randomized controlled trials: a systematic review and
meta-regression. Addiction. Nov 16, 2020;115(11):2008-2020. [doi: 10.1111/add.15056] [Medline: 32196796]

83. Crane RS, Brewer J, Feldman C, Kabat-Zinn J, Santorelli S, Williams JMG, et al. What defines mindfulness-based programs?
The warp and the weft. Psychol Med. Dec 29, 2016;47(6):990-999. [doi: 10.1017/s0033291716003317]

84. Creswell JD. Mindfulness interventions. Annu Rev Psychol. Jan 03, 2017;68(1):491-516. [doi:
10.1146/annurev-psych-042716-051139] [Medline: 27687118]

85. Wong SYS, Chan JYC, Zhang D, Lee EKP, Tsoi KKF. The safety of mindfulness-based interventions: a systematic review
of randomized controlled trials. Mindfulness. Feb 2, 2018;9(5):1344-1357. [doi: 10.1007/s12671-018-0897-0]

86. Galante J, Friedrich C, Dawson AF, Modrego-Alarcón M, Gebbing P, Delgado-Suárez I, et al. Mindfulness-based programmes
for mental health promotion in adults in nonclinical settings: a systematic review and meta-analysis of randomised controlled
trials. PLoS Med. Jan 11, 2021;18(1):e1003481. [FREE Full text] [doi: 10.1371/journal.pmed.1003481] [Medline: 33428616]

87. Neff KD, Germer CK. A pilot study and randomized controlled trial of the mindful self-compassion program. J Clin Psychol.
Jan 15, 2013;69(1):28-44. [doi: 10.1002/jclp.21923] [Medline: 23070875]

88. Crawford J, Collier E, Bendtsen M. Individualized treatment effects of a digital alcohol intervention and their associations
with participant characteristics and engagement. Alcohol Alcohol. Jul 21, 2024;59(5):agae049. [FREE Full text] [doi:
10.1093/alcalc/agae049] [Medline: 39034147]

89. Rehm J. Measuring quantity, frequency, and volume of drinking. Alcohol Clin Exp Res. Apr 1998;22(2 Suppl):4S-14S.
[doi: 10.1097/00000374-199802001-00002] [Medline: 9603301]

90. Shorter GW, Bray JW, Giles EL, O’Donnell AJ, Berman AH, Holloway A, et al. The variability of outcomes used in
efficacy and effectiveness trials of alcohol brief interventions: a systematic review. J Stud Alcohol Drugs. May
2019;80(3):286-298. [doi: 10.15288/jsad.2019.80.286]

91. Shorter GW, Bray JW, Heather N, Berman AH, Giles EL, Clarke M, et al. The "Outcome Reporting in Brief Intervention
Trials: Alcohol" (ORBITAL) core outcome set: international consensus on outcomes to measure in efficacy and effectiveness
trials of alcohol brief interventions. J Stud Alcohol Drugs. Sep 2021;82(5):638-646. [FREE Full text] [doi:
10.15288/jsad.2021.82.638] [Medline: 34546911]

92. Swedish National Board of Health and Welfare. Swedish National Guidelines for Prevention and Treatment of Unhealthy
Lifestyle Behaviours [Nationella Riktlinjer: Prevention och Behandling vid Ohälsosamma Levnadsvanor]. Stockholm,
Sweden. Swedish National Board of Health and Welfare; 2018. URL: https://www.socialstyrelsen.se/globalassets/
sharepoint-dokument/artikelkatalog/nationella-riktlinjer/2018-6-24.pdf [accessed 2026-02-24]

93. SRNT Subcommittee on Biochemical Verification. Biochemical verification of tobacco use and cessation. Nicotine Tob
Res. May 1, 2002;4(2):149-159. [doi: 10.1080/14622200210123581] [Medline: 12028847]

94. Vallejo MA, Vallejo-Slocker L, Fernández-Abascal EG, Mañanes G. Determining factors for stress perception assessed
with the Perceived Stress Scale (PSS-4) in Spanish and other European samples. Front Psychol. 2018;9:37. [FREE Full
text] [doi: 10.3389/fpsyg.2018.00037] [Medline: 29434563]

95. Bendtsen M. A Gentle Introduction to the Comparison Between Null Hypothesis Testing and Bayesian Analysis: Reanalysis
of Two Randomized Controlled Trials. J Med Internet Res. Oct 24, 2018;20(10):e10873. [doi: 10.2196/10873]

96. Bendtsen M. Avoiding under- and overrecruitment in behavioral intervention trials using Bayesian sequential designs:
tutorial. J Med Internet Res. Dec 16, 2022;24(12):e40730. [FREE Full text] [doi: 10.2196/40730] [Medline: 36525297]

97. Crane D, Garnett C, Michie S, West R, Brown J. A smartphone app to reduce excessive alcohol consumption: identifying
the effectiveness of intervention components in a factorial randomised control trial. Sci Rep. Mar 12, 2018;8(1):4384.
[FREE Full text] [doi: 10.1038/s41598-018-22420-8] [Medline: 29531280]

98. Schroé H, Van Dyck D, De Paepe A, Poppe L, Loh WW, Verloigne M, et al. Which behaviour change techniques are
effective to promote physical activity and reduce sedentary behaviour in adults: a factorial randomized trial of an e- and
m-health intervention. Int J Behav Nutr Phys Act. Oct 07, 2020;17(1):127. [FREE Full text] [doi:
10.1186/s12966-020-01001-x] [Medline: 33028335]

99. Fanning J, Roberts S, Hillman CH, Mullen SP, Ritterband L, McAuley E. A smartphone "app"-delivered randomized
factorial trial targeting physical activity in adults. J Behav Med. Oct 2017;40(5):712-729. [doi: 10.1007/s10865-017-9838-y]
[Medline: 28255750]

J Med Internet Res 2026 | vol. 28 | e88884 | p. 22https://www.jmir.org/2026/1/e88884
(page number not for citation purposes)

Åsberg et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://humanfactors.jmir.org/2018/3/e23/
http://dx.doi.org/10.2196/humanfactors.9641
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29991469&dopt=Abstract
https://mhealth.jmir.org/2016/4/e119/
http://dx.doi.org/10.2196/mhealth.5863
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27765732&dopt=Abstract
https://europepmc.org/abstract/MED/28944453
http://dx.doi.org/10.1002/14651858.CD011479.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28944453&dopt=Abstract
http://dx.doi.org/10.1111/add.15056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32196796&dopt=Abstract
http://dx.doi.org/10.1017/s0033291716003317
http://dx.doi.org/10.1146/annurev-psych-042716-051139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27687118&dopt=Abstract
http://dx.doi.org/10.1007/s12671-018-0897-0
https://dx.plos.org/10.1371/journal.pmed.1003481
http://dx.doi.org/10.1371/journal.pmed.1003481
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33428616&dopt=Abstract
http://dx.doi.org/10.1002/jclp.21923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23070875&dopt=Abstract
http://liu.diva-portal.org/smash/get/diva2:1889486/FULLTEXT01.pdf
http://dx.doi.org/10.1093/alcalc/agae049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39034147&dopt=Abstract
http://dx.doi.org/10.1097/00000374-199802001-00002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9603301&dopt=Abstract
http://dx.doi.org/10.15288/jsad.2019.80.286
https://europepmc.org/abstract/MED/34546911
http://dx.doi.org/10.15288/jsad.2021.82.638
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34546911&dopt=Abstract
https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/nationella-riktlinjer/2018-6-24.pdf
https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/nationella-riktlinjer/2018-6-24.pdf
http://dx.doi.org/10.1080/14622200210123581
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12028847&dopt=Abstract
https://europepmc.org/abstract/MED/29434563
https://europepmc.org/abstract/MED/29434563
http://dx.doi.org/10.3389/fpsyg.2018.00037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29434563&dopt=Abstract
http://dx.doi.org/10.2196/10873
https://www.jmir.org/2022/12/e40730/
http://dx.doi.org/10.2196/40730
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36525297&dopt=Abstract
https://doi.org/10.1038/s41598-018-22420-8
http://dx.doi.org/10.1038/s41598-018-22420-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29531280&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-020-01001-x
http://dx.doi.org/10.1186/s12966-020-01001-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33028335&dopt=Abstract
http://dx.doi.org/10.1007/s10865-017-9838-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28255750&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


100. Brownbill AL, Braunack-Mayer AJ, Miller CL. What makes a beverage healthy? A qualitative study of young adults'
conceptualisation of sugar-containing beverage healthfulness. Appetite. Jul 01, 2020;150:104675. [doi:
10.1016/j.appet.2020.104675] [Medline: 32184093]

101. Cho H, Salmon C. Unintended effects of health communication campaigns. Journal of Communication. 2006;57(2):317.
[doi: 10.1111/j.1460-2466.2007.00344.x]

102. Champion KE, Newton NC, Gardner LA, Chapman C, Thornton L, Slade T, et al. Health4Life eHealth intervention to
modify multiple lifestyle risk behaviours among adolescent students in Australia: a cluster-randomised controlled trial. The
Lancet Digital Health. May 2023;5(5):e276-e287. [doi: 10.1016/s2589-7500(23)00028-6]

103. Epton T, Norman P, Dadzie A-S, Harris PR, Webb TL, Sheeran P, et al. A theory-based online health behaviour intervention
for new university students (U@Uni): results from a randomised controlled trial. BMC Public Health. Jun 05, 2014;14:563.
[FREE Full text] [doi: 10.1186/1471-2458-14-563] [Medline: 24903620]

104. Duan Y, Liang W, Wang Y, Lippke S, Lin Z, Shang B, et al. The effectiveness of sequentially delivered web-based
interventions on promoting physical activity and fruit-vegetable consumption among Chinese college students: mixed
methods study. J Med Internet Res. Jan 26, 2022;24(1):e30566. [FREE Full text] [doi: 10.2196/30566] [Medline: 35080497]

105. Bendtsen M, Åsberg K, McCambridge J. Mediators of effects of a digital alcohol intervention for online help-seekers:
findings from an effectiveness trial. Drug Alcohol Depend. Oct 01, 2023;251:110957. [FREE Full text] [doi:
10.1016/j.drugalcdep.2023.110957] [Medline: 37688979]

106. Crawford J, Blomqvist J, Gunnarsson KU, Bendtsen P, Bendtsen M. Mediated effects of a randomised control trial for a
text messaging smoking cessation intervention for online help-seekers and primary care visitors. BMC Public Health. Jul
09, 2024;24(1):1824. [FREE Full text] [doi: 10.1186/s12889-024-19273-4] [Medline: 38977972]

107. Gold N, Yau A, Rigby B, Dyke C, Remfry EA, Chadborn T. Effectiveness of digital interventions for reducing behavioral
risks of cardiovascular disease in nonclinical adult populations: systematic review of reviews. J Med Internet Res. May 14,
2021;23(5):e19688. [FREE Full text] [doi: 10.2196/19688] [Medline: 33988126]

108. MacNeill V, Foley M, Quirk A, McCambridge J. Shedding light on research participation effects in behaviour change trials:
a qualitative study examining research participant experiences. BMC Public Health. Jan 29, 2016;16:91. [FREE Full text]
[doi: 10.1186/s12889-016-2741-6] [Medline: 26825583]

109. Schulz KF, Grimes DA. Blinding in randomised trials: hiding who got what. Lancet. Feb 23, 2002;359(9307):696-700.
[doi: 10.1016/S0140-6736(02)07816-9] [Medline: 11879884]

Abbreviations
BCT: behavior change technique
CoI: compatibility interval
CONSORT: Consolidated Standards of Reporting Trials
IRR: incidence rate ratio
ISRCTN: International Standard Randomised Controlled Trial Number
MVPA: moderate-to-vigorous physical activity
POE: probability of effect

Edited by A Stone; submitted 03.Dec.2025; peer-reviewed by S Ondersma; comments to author 05.Jan.2026; revised version received
16.Feb.2026; accepted 17.Feb.2026; published 09.Mar.2026

Please cite as:
Åsberg K, Lundgren O, Henriksson H, Henriksson P, Eldh AC, Bendtsen P, Löf M, Bendtsen M
Effectiveness of the Components of a Digital Multiple Health Behavior Intervention Among University Students (Buddy): Factorial
Randomized Trial
J Med Internet Res 2026;28:e88884
URL: https://www.jmir.org/2026/1/e88884
doi: 10.2196/88884
PMID:

©Katarina Åsberg, Oskar Lundgren, Hanna Henriksson, Pontus Henriksson, Ann Catrine Eldh, Preben Bendtsen, Marie Löf,
Marcus Bendtsen. Originally published in the Journal of Medical Internet Research (https://www.jmir.org), 09.Mar.2026. This
is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in the Journal of Medical Internet Research (ISSN 1438-8871), is properly cited. The

J Med Internet Res 2026 | vol. 28 | e88884 | p. 23https://www.jmir.org/2026/1/e88884
(page number not for citation purposes)

Åsberg et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.appet.2020.104675
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32184093&dopt=Abstract
http://dx.doi.org/10.1111/j.1460-2466.2007.00344.x
http://dx.doi.org/10.1016/s2589-7500(23)00028-6
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-14-563
http://dx.doi.org/10.1186/1471-2458-14-563
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24903620&dopt=Abstract
https://www.jmir.org/2022/1/e30566/
http://dx.doi.org/10.2196/30566
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35080497&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0376-8716(23)01195-X
http://dx.doi.org/10.1016/j.drugalcdep.2023.110957
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37688979&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-024-19273-4
http://dx.doi.org/10.1186/s12889-024-19273-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38977972&dopt=Abstract
https://www.jmir.org/2021/5/e19688/
http://dx.doi.org/10.2196/19688
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33988126&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-016-2741-6
http://dx.doi.org/10.1186/s12889-016-2741-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26825583&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(02)07816-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11879884&dopt=Abstract
https://www.jmir.org/2026/1/e88884
http://dx.doi.org/10.2196/88884
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


complete bibliographic information, a link to the original publication on https://www.jmir.org/, as well as this copyright and
license information must be included.

J Med Internet Res 2026 | vol. 28 | e88884 | p. 24https://www.jmir.org/2026/1/e88884
(page number not for citation purposes)

Åsberg et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/

