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Abstract

Purpose Daily smoking or risky drinking increases the risk of complications after surgery by ~50%. Intensive prehabilitation
aimed at complete cessation reduces the complication rate but is time-consuming. The purpose of this study was to carry
out preoperative pilot tests (randomized design) of the feasibility (1A) and validation (1B) of two novel prehabilitation apps,
habeat® (Ha-app) or rehaviour® (Re-app).

Methods Patients scheduled for hip or knee arthroplasty with daily smoking, risky drinking, or both were randomised to
one of the two apps. In part 1A, eight patients and their staff measured feasibility on a visual analog scale (VAS) and were
interviewed about what worked well and the challenges requiring improvement. In part 1B, seven patients and their staff
tested the improved apps for up to two weeks before validating the understanding, usability, coverage, and empowerment
on a VAS and being interviewed.

Results In 1A, all patients and staff returned scores of >5 for understanding the apps and mostly suggested technical
improvements. In 1B, the scores varied widely for both apps, with no consensus achieved. Two of four patients (Ha-app)
and one-third of the patients (Re-app) found the apps helpful for reducing smoking, but without successful quitting. The
staff experienced low app competencies among patients and high time consumption. Specifically, patients most often needed
help for the Ha-app, and the staff most often for Re-app; however, the staff reported the Re-app dashboard was more user-
friendly. Support and follow-up from an addiction specialist staff member were suggested to complement the apps, thereby
increasing the time consumption for staff.

Conclusions This pilot study to test prototype apps generated helpful feedback for the app developers. Based on the patient
and staff comments, multiple improvements in functionality seem required before scaling up the evaluation for effect on
prehabilitation and postoperative complications.

Keywords Perioperative risk reduction - Digital lifestyle intervention - Alcohol - Tobacco - Apps

>4 Hanne Tgnnesen Department of Clinical Neuroscience, Karolinska Institute,
hanne.tonnesen @regionh.dk Stockholm & Department of Psychology, Uppsala University,
Uppsala, Sweden
! 'WHO CC (DK-62), Clinical Health Promotion Centre, 5
The Parker Institute, Bispebjerg & Frederiksberg Hospital,
University of Copenhagen, Copenhagen, Denmark

Department of Orthopedic Surgery, Hospital Clinic
Barcelona and Faculty of Medicine & Health Sciences,
University of Barcelona, Barcelona, Spain

Department of Orthopedic Surgery, Bispebjerg &

Frederiksberg Hospital, University of Copenhagen,

Copenhagen, Denmark

Department of Molecular Medicine and Surgery, Karolinska
Institute at Reconstructive Orthopaedic Surgery, Karolinska
University Hospital, Stockholm, Sweden

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00264-023-05890-y&domain=pdf
http://orcid.org/0000-0002-7161-3416
https://orcid.org/0000-0002-9265-9341
https://orcid.org/0000-0001-6045-4723
https://orcid.org/0000-0003-4329-2130
https://orcid.org/0000-0001-6254-4052
https://orcid.org/0000-0003-2705-0713
https://orcid.org/0000-0002-7709-0230
https://orcid.org/0000-0002-6381-9502
https://orcid.org/0000-0003-2260-1117
https://orcid.org/0000-0002-1161-162X
https://orcid.org/0000-0002-1035-9469

2646

International Orthopaedics (2023) 47:2645-2653

Introduction

Unhealthy lifestyle behaviors are important and preventable
risk factors for patients undergoing surgery. Among these
behaviours, smoking and risky drinking add about 50% to
the classic risk factors for developing complications [1, 2].
Recently, daily smoking and social alcohol drinking have
been included in the American Society of Anesthesiology
(ASA) international preoperative risk evaluation (the ASA
score). Thus, a healthy patient in the lowest risk group is
now defined as “healthy, non-smoking, no or minimal
alcohol” [3].

Patient groups with smoking and risky drinking develop
the same type of complications as all other patients, but
they develop them much more frequently [1, 2, 4, 5].
The pathophysiology behind the increased risk involves
the suppression of multiple organ systems [6]. Organ
dysfunction also exists in patients without alcohol-
induced liver disease or smoking-induced lung disease
[6]. The organ damage is often subclinical and occurs at
the cellular level, thus reducing the extra capacity that
usually supports the patient during surgery and recovery.
The result is a significantly increased risk of postoperative
complications. However, complete abstinence from
smoking and drinking for one to two months leads to
sufficient recovery of organ functions, thereby reducing
the complication rate [7].

Recently, strong evidence has shown significant
risk reduction (leading to an approximate halving of
postoperative complications after surgery) following patient
participation in a four to eight week intensive program
aiming at the complete cessation of smoking and drinking
before surgery [8, 9]. This is also the case for arthroplasties,
which have been the subject of several randomized trials
on perioperative smoking and alcohol intervention [10-12].
In contrast, shorter intervention programs do not affect
postoperative complications [8, 9, 13]. Likewise, there is
no evidence of an effect on complications of only reducing
the amount of smoking and intake preoperatively rather than
ensuring complete cessation [12].

The intensive programs for preoperative cessation
of smoking and alcohol consumption include
pharmacological support, patient education, and
motivational support. They are followed by high quit rates
for smoking and alcohol and a significant reduction in
complication rates [8, 9]. Implementing new evidence in
the clinical setting is often slow and fragmented [14] and
could benefit from effective modern communication and
new technology.

A recent systematic review of perioperative digital
behavior change interventions identified only one full-
scale randomized trial [15], performed by Lemanu and
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colleagues on 2 X 44 patients [16]. They evaluated the
efficacy of a daily text message for four to six weeks pre-
operatively to encourage physical activity concerning bari-
atric surgery. However, significantly better perioperative
adherence to exercise advice in the group receiving text
messages was not followed by a change in the distance
walked during the six minute walk test or in postoperative
complications [16]. More randomized trials are required.
An important step toward that would be to pilot-test two
newly developed apps and related dashboards aimed at
prehabilitation involving successfully quitting smoking
and risky drinking prior to surgery.

Here, we evaluate the functionality of these two apps in
terms of the feasibility of the IT solutions (IA) and as vali-
dation regarding understanding, applicability, and support
(IB) of the two new apps by the patients and their staff in
the clinical setting.

For IA, the hypothesis was that at least one of the proto-
types would score at least 5 on a visual analog scale for fea-
sibility. For IB, we hypothesized that a substantial agreement
(i.e., Kappa > 0.6) [17] on the validation of the improved
prototypes would be obtained among the patient groups and
the staff members.

Materials and methods

This H2020-supported project was initiated by researchers at
the surgical and IT departments at three European university
hospitals.

Pre-clinical steps

Before this clinical pilot on evaluation of the two IT solu-
tions, development and selection processes regarding app
development were carried out. This included two earlier
phases with sprint tests, reports, and approval by the project
group. These first steps were completed before the introduc-
tion to the clinical setting; in this last phase, the two most
promising IT solutions of the original 15 proposals were
further developed to be relevant for the clinical setting.

Hierarchical design

We used a hierarchical design for this randomized pilot,
beginning with the first part (IA) and allowing for some last
adjustments before the next pilot part IB:

e IB would begin only if IA was completed successfully (i.e.,
the prototype worked well in the clinical set-up as meas-
ured by a score of at least 5 on a 0—10 visual analog scale)
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e A final and sizable randomized trial of the efficacy on
lifestyle behaviors and postoperative complications
would be triggered only if a substantial agreement was
achieved among the patient and the staff groups in IB
(defined as Kappa above 0.6 for understanding, usabil-
ity, covering, and managing lifestyle improvement).

Risky drinking was defined as an intake ranging
from above 14 drinks per week or at least 25 g ethanol
per day on average. Daily smoking was defined as any
everyday tobacco smoking, with or without dependence
symptoms.

Criteria and recruitment

The recruitment for convenience samples took place
from April 2020 to September 2021 at the orthopae-
dic departments with stratification at the national level
and with blocks of unknown size (ranging from 1 to 3).
Recruitment was closed due to the lockdown of elective
surgery by the COVID-19 pandemic. For the feasibility
test (IA), eight patients fulfilling the inclusion crite-
ria (and meeting none of the exclusion criteria) were
included with their six staff members. However, in
case of major app adjustments, it would be necessary to
repeat the 1A part and include more participants. For the
validation (1B), we aimed to include ten other patients
for the apps in each country; altogether, 30 patients and
their staff members.

All staff had two to four of training sessions each per
app. The inclusion criteria were adult patients scheduled
for hip or knee arthroplasty with daily smoking, risky
drinking, or both. Exclusion criteria were not being able
to give informed consent (e.g., being less than 18 years
old, having a severe mental illness, not understanding the
national language), acute surgery, withdrawal of consent,
being pregnant or lactating, not having or being able to
press the buttons, or otherwise use a smartphone/tablet.

The IT solutions

The evaluation included two apps with related dashboards
and the working titles Habeats® (Ha-app) from §Wires®
and Rehavior® (Re-app) from Eurecat®, both aiming to
support patients quit daily smoking and risky drinking in
the perioperative period, thereby reducing the risk of com-
plications. The apps and dashboards were not connected to
the medical record systems, as they used cloud solutions
for data storage, which is not allowed for safety reasons;
thus, anonymous data collection at the source was used for
the IT solutions (see below).

The intervention

The IT intervention in the Re-app was based on the above-
described, highly effective face-to-face intensive smoking
and alcohol cessation interventions, which also inspired the
Ha-app [8, 9]. The intensive interventions include an educa-
tion program for the patient, motivational support, feedback
tools, and recommendations for supportive medicine (over
the counter), such as nicotine replacement therapy, based
on individual dependency measurements and preferences.
Medication was not part of the apps. Both apps used artifi-
cial intelligence with videos or charts for information, rec-
ommendations, intervention, and praising of good results in
patient feedback. During the project, a daytime hotline to the
project staff was available to the participants.

Data collection and handling

Data were stored at the secure server for sensitive data in
Region H. After informed consent, the clinical project group
collected data on lifestyle behaviours and changes via inter-
views, the apps, and the dashboard. Data on the date and
type of surgery were collected from the medical records.
The IT companies extracted data on the duration of app use,
the number of visits, and the opening and completion of
games/chares.

The data handling conformed to the GDPR agreement.
There was no contact between I'T companies and patients.
The project staff had contact with each IT company and
did not share any personally identifiable information.
Only the clinical project group had access to personally
identifiable data.

Due to the cloud storage of data, there was no personally
identifiable information in the apps or the dashboard, and the
IT companies had no access to personally identifiable data.
Anonymous pre-paid cards or smartphones were handed out.
Only a random number or nickname was used in the app and
dashboard, thereby making it visible to the IT companies.

Statistics

In IA, the feasibility was documented by describing the pro-
cess from the log registration and response using a VAS with
a cut-off value of 5. The time spent on the test was compared
between the groups by a Mann-Whitney test; p < 0.05 was
considered significant.

In IB, using Kappa statistics, the validity was analyzed
for inter-variability among patients and staff. A substantial
agreement was considered acceptable, i.e., a result of Kappa
> 0.60. However, 0.81-1.00 would be considered an almost
perfect agreement.
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The pilot results were expected to be used for the follow-
ing power calculation regarding a possible final randomized
trial on efficacy (part II).

Ethics, risks, side effects, and inconvenience

All participants were included after informed consent and
could withdraw their consent and decide to make their data
deleted at any time without further explanation and with
no impact on the treatment and care in the department. The
Scientific Ethical Committee (VEK-number H-21018467)
in Denmark and the local hospital-based IRB approved the
pilot and the final project before starting.

Inclusion in the project involved few and low risks,
mainly originating from the collection and storage of sensi-
tive data for patients, which was lowered even further by
carefully following the guidelines for each procedure. In
addition, changing lifestyle behaviours could be temporar-
ily uncomfortable for patients, but the possible effect might
balance this over time of reduced postoperative complica-
tions and better health.

The participants had access to a hotline (e-mail or phone)
for the clinical project staff during the weekday. The partici-
pants were free to use other healthcare services to support
smoking and alcohol cessation.

Results

Overall, the randomized pilot was doable for evaluating
the app prototypes. It collected useful data on what worked
well and identified several problems and challenges requir-
ing solutions. Both apps required improvement during the
feasibility test (1A) to prepare for the following validation
(1B). There were no patients lost during the intervention
and follow-up.

1A) Invited after fulfilling the
inclusion criteria, but not the
exclusion criteria (n=8)

before

(n=0)

Randomized (n=8)

l L Allocation | l
Allocated to Habeat (n=4) Allocated to Rehavior (n=4)

+ Received allocated intervention (n=4) + Received allocated intervention (n=4)
+ Withdrew (n=0) + Withdrew (n=0)

The project and, thereby, the patient recruitment were
canceled from 2 April 2020 due to hospital reorganization
to meet the acute needs during the COVID-19 pandemic.
Afterward, elective surgery was only partly re-opened.
However, part IA has been completed with the inclusion of
eight patients and their staff, but only seven patients were
recruited for part IB; see the consort diagram in Fig. 1 and
characteristics in Table 1. None of the included patients were
lost during the intervention and follow-up.

Feasibility

The evaluation in IA showed similar scores for both Ha-app
and Re-app among patients and staff, respectively (Table 2).
This was also the case for several comments regarding what
worked well and identifying challenges and problems. Most
of the challenges and problems during IA were solved by
the patients themselves and the staff, but some required help
from the IT companies to be solved. The clinical time con-
sumption was relatively high, but significantly lower for the
Re-app (Table 2).

Only one patient in 1A scored lower than 5 on the pre-
and post-improvement tests. The patient felt the language
stigmatizing concerning the risk of drinking in the Ha-app
and scored 2.4 on the VAS at the test. Several other prob-
lems were mentioned, which were well solved, but not the
language challenge, and the patient still scored below the
value 5, which was the lower limit for the app to continue to
part 1B (Table 2). However, another patient reporting risky
drinking did not comment upon the language in that app.

Considering the small numbers in the pilot, there
seemed to be a tendency for the Re-app to require a
shorter time for testing the functions, showing fewer
problems and challenges for the patients, and managing to
develop solutions for all challenges and problems within
the test period compared to the Ha-app (Tables 2 and 3).

1B) Invited after fulfilling the
inclusion criteria, but not the
exclusion criteria (n=7)

before

(n=0)

Randomized (n=7)

Analyses

Analysed (n=4)
+ Excluded from analysis (n=0)

Analysed (n=4)
+ Excluded from analysis (n=0)

l L Allocation J l
Allocated to Habeat (n=4) Allocated to Rehavior (n=3)
+ Received allocated intervention (n=4) + Received allocated intervention (n=3)
+ Withdrew (n=0) + Withdrew (n=0)
Analyses l
Followed up and analysed (n=4) L’—’—anllowed up and analysed (n=3)
+ Excluded from analysis (n=0) + Excluded from analysis (n=0)

Fig. 1 CONSORT flow diagram for the feasibility (1A) and the validity test (1B)
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Table 1 Characteristics of
the eight patients in pilot 1A

1A Ha-app (n =4) 1A Re-app (n=4) 1B Ha-app (n=4) 1B Re-app (n =3)

fmd the seveq qther patit?nts Men 2 (50%) 2 (50%) 2 (50%) 2 (67%)
" g‘fr;li rvsaz%tzlfgs:ﬁ ghven Age (years) 73 (47-80) 65 (37-81) 56 (54-69) 51 (47-57)
(range) Knee prosthesis 3(75%) 1(25%) 0 1(33%)
Hip prosthesis 1(25%) 3(75%) 4 (100%) 2(67%)
Lifestyle
Daily smoking 3 (75%)! 3 (75%) 4 (100%) 3 (100%)
Cigarettes/day 20 (4-30) 10 (8-18) 24 (10-30) 8 (5-20)
Time from wake-up to 6 (6-60) 6 (6-60) 17 (6-30) 30 (6—>60)
smoking (min)
Risky alcohol drinking 2 (50%)" 1 (25%) 0 0
Drinks/week 18 (15-21) 42 (42-42) - -
Technical information
Android smartphone 3 (75%) 2 (50%) 3 (75%) 2 (67%)
iPhone 1 (25%) 2 (50%) 1 (25%) 1 (33%)
Saving of data Cloud Cloud Cloud Cloud

'One participant had both
Validation

After improvements, the new versions were evaluated
among seven patients who were daily smokers (Fig. 1)
and their staff members. Overall, feasibility evaluation
was possible using the VAS score for all four outcomes
for patients and five for staff.

From a clinical point of view, the required level of
involvement for solution of problems identified during
the study is of importance; i.e. patients, staff and/or the
company. All patients and staff scored 5 or more regard-
ing understanding how to use the two improved proto-
types, but the scores varied widely for both apps, and no
substantial agreements were obtained (Tables 2 and 3). In
total, three expressed that the app helped them to reduce
smoking, 2/4 for the Ha-app and 1/3 for the Re-app. No
patients had successfully quit smoking during the test.

The staff VAS scores and comments were rather simi-
lar for both apps. Overall, the challenges and problems
experienced were mainly that the patients had minimal
experience with using apps and did not have the necessary
time to use the apps due to work reasons. The staff found
the Re-app-related dashboard the most user-friendly.

Both apps were time-consuming: the Ha-app for the
patients who often needed help and the Re-app for the clin-
ical staff. The staff recommended support and follow-up
from an addiction specialist as complementary to the apps.

Discussion
This study showed that the feasibility test identified several

technical challenges requiring help from patients, staff,
and IT companies. The time spent on the feasibility test

was the longest for the Ha-app despite training workshops
for the staff. The validity test results showed no substan-
tial agreement for any of the apps. Some reduction in the
number of cigarettes was reported in both apps after test-
ing them for up to two weeks, although no participants
managed to quit.

Recruitment, continuity, and time consumption are gen-
eral challenges in digital behaviour change intervention
studies concerning surgery [15]. In this study, the time
consumption for introduction and use and clinical involve-
ment is worth considering concerning the intensive face-
to-face interventions, which have been proven effective
regarding both lifestyle behaviour changes and consequent
reduction of complications. These intensive interventions
are defined by four face-to-face sessions of ten minutes
each or more, psycho-social and health education, phar-
macotherapy, and motivational support individualized to
personal needs regarding health literacy and other condi-
tions of importance for the outcomes [18].

Despite a great potential for using effective IT solu-
tions for perioperative lifestyle behavior risk reduction via
lifestyle interventions, at the time of this study only four
products have been evaluated in randomized trials: three
pilot studies and one full-scale trial. Another six feasibil-
ity studies have been performed with only one arm and
mainly using text messages. As most have used conveni-
ence samples, it is not surprising that the patient groups, in
general, were positive. In addition, many of those, similar
to this study, showed a need for optimizing functionality,
IT literacy requirements, and time consumption reduction
[19-24].

In addition to the earlier mentioned randomized trial by
Lemanu and colleagues [16], three pilot studies have been
performed in a randomized design [25-27]. They included

@ Springer
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Table 2 Functionality (1A) and validation (1B) of the apps, given as median (range)

1A

Ha-app (n=4) Re-app (n=4)

Patient responses to the apps

After you have opened the app and put in your data, how well do you think it works on a VAS scale from 0 7.5 (2.4°-10.0) 9.0 (5.0-10.0)

to 10 (0 = not at all; 10 = fantastic good)?

After solving (or discussing) problems or challenges, how well do you think the app works now on the

7.5 (2.32-10.0) 9.0 (5.0-10.0)

VAS scale?
Time spent on the pilot test (minutes) 45 (30-49)* 30 (20-36)
Number of visits to the app 14 (3-46) 2 (0-5)
The total duration of the visits 27 (8-31) 22 (0-33)
Staff responses
After introducing the app to one or more patients, how well do you think it works on the VAS scale? 6.5 (4.7-10.0) 7.5 (6.5-10.0)
After solving (or discussing) problems or challenges, how well do you think the app works now on the 7.0 (6.0-10.0) 8.5 (7.0-10.0)
VAS scale?
Patient responses to the apps
Do you understand how to use the app on a VAS scale from 0 to 10 (0 = not at all; 10 = fantastic good)? 9.0 (5.0-10.0) 10.0(10.0-10.0)
Do you think the app can be used to change your personal lifestyle on the VAS scale? 5.5(3.0-10.0) 3.0(2.0-8.0)
Does the app cover your personal situation on the VAS scale? 5.5(3.0-10.0) 3.0(2.0-10.0)
Do you feel the app makes you capable of taking control over the lifestyle change on the VAS scale? 7.0 (4.0-10.0) 5.5(3.0-8.0)
Time spent on the interview (minutes) 7 (7-10) 10 (7-10)
Number of visits to the app - 22 (8-35)
The total duration of the visits - 47 (21-73)
Number of clicks to the app (minutes) 114 (0-182) -
The total duration of clicks (minutes) 122 (0-216) -
Tasks/charts and videos completed No data yet 22% (3-40)
Staff responses:
Do you understand how to use the app on the VAS scale? 10 10
Do you understand how to use the dashboard on the VAS scale? 7 9
Do you think the app can be used for your patient group on the VAS scale? 7 7
Does the app cover your patient group on the VAS scale? 7 7
Does the app make your patients capable of taking control over the lifestyle change themselves on the VAS 5 5

scale?

2One participant being risky drinking identified stigmatizing language, which was not solved by the IT company

*P =0.05

145 patients in total, and all reported some tendencies
toward effects on lifestyle improvement. DeMartini and
colleagues evaluated the effect of text messages aiming
at alcohol abstinence concerning liver transplantation. At
the eight week follow-up, zero of eight in the intervention
group compared to two of six in the standard care group
had positive bio-markers indicating alcohol intake [25].
Krebs and colleagues used gamification for an intervention
aiming at smoking abstinence concerning lung and
gastrointestinal cancer surgery. After one month, the
confirmed abstinence was four of 13 versus two of 11 [26].
Van der Velde and colleagues tested a smartphone app
14 days preoperatively for 86 patients undergoing major
surgery. Only 11 patients were frequent alcohol users, and
seven were smokers. The self-reported results showed that
two of two vs. one of nine patients reduced their alcohol
intake, three of the seven smokers were followed up,

@ Springer

and one in each group had reduced or successfully quit
smoking [27].

Further to a possible positive tendency, the sparse rand-
omized studies hitherto indicate that objectively measurable
outcomes or other validations are necessary in addition to
self-reported effects.

Strengths and limitations

It was a strength that the estimated number of patients was
included in part (IA), but the low number of participants
biased the validation part (IB), and only smokers partici-
pated. The preliminary results of IB are probably not rep-
resentative of the apps. Furthermore, the recruitment was
strongly impacted by the COVID-19 pandemic, and partici-
pants were not included consecutively, which could lead to
a selection bias.



International Orthopaedics (2023) 47:2645-2653

2651

Table 3 Patients and staff comments (in comprised form) on the
functionality of the two tested apps, and problems and the groups
involved in the solutions (a: solved by patients; b: solved by project

staff; c: solved by the IT company; d: not solved) as well as the staff
comments on the dashboard functionality (1A and 1B)

1A — patient comments

Ha-app Re-app

What went well?

2 x all All

Overview Use and overview
Download Download
Mindfulness Introduction
Questions 2 X questions

Staff comments

Ha-app Re-app

All All

Navigation Navigation
Download Installation and use

Password choice
Text size

What were the problems and challenges — and who solved them? Patients=a; Project staff=b; IT Companies=c; Not solved=d

App experience necessary“+?
Answers required before program Logging in with e-mail®
Starta+b+c

a+b

3 X calendar Reading (small text)*

Hospital choice® Reading (low contrast)*
Icon understanding®*®

Scroll down®**®

Language intimidating (alc)

App freezing®

Staff comments to the dashboard functionality
Ha-app

What went well?

Registration

Installation

What were the problems and challenges?

Difficult due to hospital antivirus protection (firewall)

1B — patient comments

What went well?

The app helps to lower tobacco use

Understands the app quickly

Lowers tobacco consumption; smoke in designated areas

What were the problems and challenges?

The job does not allow to spend time using the app. Uncertain if it sup-
ports lifestyle change

Does not expect to stop smoking because it helps to endure pain

Forget to use the app at work. Messages do not motivate, and questions
are too simple.

Messages and explanations. The app does not propose things except for
mindfulness and that doesn’t motivate. Works a lot and does not have
time to use the app

App experience necessary**® App experience necessary

ath App experience necessary**?

Answers required before program
start“b“

Answers required before

program start®+"+¢
Authenticator® Instruction by phone®
Not intuitive? Reading (small text)*

Hitting buttons®

Re-app

Worked well
No difficulties

Frequent use necessary to remember the functions

Many questions before program start

Lost patient in dashboard

Activities are simple and quick to do and help to reduce tobacco use

Initial app accessing difficulties made the patient leave. Prefers to
change lifestyle without the app

Self-reported alcohol intake may be underestimated, lead-
ing to false negative responses. In contrast, it is not over-esti-
mated. For smoking, the under-estimation is lesser, and also,
here, over-estimation is rather seldom. Overall, this means
that if the patient report to be a smoker or drinking risky, as
in this project, the risk of a false positive seems neglectable.

The preliminary prototypes evaluated in TA were
improved during the test period, and therefore, the final ver-
sions tested in IB differed from those in IA; thus, the results
and comments cannot be compared across IA and IB. For
security and safety reasons, the apps and the dashboards in
this study were not connected to the department’s patient
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recording system. This may have increased the already high
need for staff resources and competencies to introduce the
apps to the patients, use the dashboard, and follow up, all
of which may be a limitation. In general, pharmacotherapy
is recommended to increase the successful quit rate in the
perioperative period [13], but this was not part of the inter-
vention integrated into the apps, which could bias the results
and lower the usefulness in the clinical setting.

The length of education and level of health literacy of the
patients may impact the compliance with programs aiming at
lifestyle intervention. However, in previous face-to-face stud-
ies, the intensive programs for lifestyle intervention used in this
project have an overall major effect on smoking and drinking
across the patient groups [6, 8, 9]. All the patients received simi-
lar information before inclusion. In addition, they received the
educational material handed out as part of the clinical routines.

This study should be generalized only with caution
beyond Europe. Even across Europe, the cultural differ-
ences include differences in IT literacy and language. Thus,
phrases may be stigmatizing by some persons and not by
others; this could even be the case within the same country
or municipality. Language may be considered more stig-
matizing in an app without staff to adapt a dialog to the
patients’ different vulnerabilities and situations. This could
limit outreach via apps and other IT solutions to surgical
patients needing perioperative risk reduction.

Perspectives

In contrast to the seldom performed effect studies on publicly
accessible apps targeting lifestyle improvement, increasing
evidence has been gathered for apps aiming at disease man-
agement, early identification of exacerbations, and symptom
control for non-communicable diseases. This should also be
the case for IT-supported prehabilitation, as the consequences
of ineffective preoperative risk reduction have tremendous
negative effects on individual patients, their families, and
society at large. Given the updated European guidelines for
medical devices to include apps in higher risk classification,
hopefully, more IT solutions will be investigated properly.
In conclusion, it seems doable to pilot the prototype of
apps in a hierarchical and randomized design and to improve
the functionality based on the comments from the users, both
patients and staff. The next steps are to run randomized con-
trolled trials on the effect on lifestyle and postoperative compli-
cations before possible implementation in the surgical setting.
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