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Abstract

Background: The potential benefit of eHealth interventions in patients with abdominal aortic aneurysm (AAA) is uncertain. The
primary aim of this study was to investigate the effect of an eHealth intervention on anxiety in patients with AAA undergoing
surgery.

Methods: A single-centre randomized clinical trial of patients with AAA scheduled for surgical repair was undertaken. The interven-
tion group received an eHealth tool and psychosocial support besides standard care. The control group received standard care. The
analysis of treatment effects was performed as intention-to-treat and per protocol analysis. The primary outcome measure was anxi-
ety mean score (Hospital Anxiety and Depression Scale Anxiety (HADS)-A). Secondary outcomes measures were HADS Depression
and short-form 12-item health survey mean scores.

Results: Some 120 participants were randomized. No effect on anxiety mean scores was found in the intention-to-treat analysis
(�1.21 versus �0.54, P¼ 0.330). Among those randomized to the intervention, only 30 of 60 participants used the eHealth tool (applica-
tion (app) users). The app users were younger and had a higher educational level. A decrease in anxiety mean scores was noted in
those who used the app in the per protocol analysis (�2.00 versus �0.54, P¼ 0.028). The intervention group stated a lower physical-
component health-related quality of life (HRQoL) (�4.32 versus �1.16, P¼ 0.042) but mental-component HRQoL and depressive symp-
toms were unchanged.

Conclusions: Delivery of an eHealth intervention in this RCT did not result in an improvement in anxiety scores in patients
awaiting AAA surgery. Uptake of the eHealth tool was low, although it resulted in lower anxiety scores in those participants who
actually used it.

Clinical Trial Registration number: NCT03157973 (http://www.clinicaltrials.gov)

Introduction
The choice of treatment for abdominal aortic aneurysm (AAA)
(none, open repair (OR) or endovascular aortic repair (EVAR)) is
based on age, co-morbidity, aneurysm diameter and morphol-
ogy1. While patients should participate in the surgical decision-
making process, they are reported to be insufficiently informed
and engaged to enable shareddecision making2.

AAAs have an impact on physical and mental wellbeing, in-
cluding anxiety and impact on health-related quality of life
(HRQoL)3,4. Preoperative anxiety is a common condition in
patients planned for major surgery5, and has been linked to in-
creased mortality and major morbidity in patients undergoing
cardiac surgery6. It is estimated that 29 per cent of patients
planned for surgical repair of AAA suffer from borderline or clini-
cal anxiety7. A previous study highlighted the importance of

balanced information from a trusted healthcare professional to
minimize the anxiety that information may impose on patients
and next of kin8. The learning needs of AAA patients were found
to be insufficiently met by healthcare staff, and improved infor-
mation and support were required8.

The rapid development in digital health technology entails
new challenges to provide patients with adequate information.
The available online patient education materials regarding AAA
have been shown to be difficult to comprehend9,10. Furthermore,
familiarity with digital health technology is limited among the el-
derly11. Concerns about the negative effects of implementing in-
adequately validated eHealth solutions have been raised and
further scientific evaluations are warranted12.

The primary aim of this study was to investigate the effect of
an eHealth intervention compared with standard care on
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anxiety mean scores in patients undergoing surgical treatment
of AAA. The secondary aim was to investigate the effect of the
intervention on depression mean scores and HRQoL.

Methods
CONSORT guidelines were followed for a single-centre, parallel
group, superiority randomized controlled trial evaluating the ef-
fect of an eHealth intervention on anxiety in patients undergoing
AAA surgery. The study represents the third paper in a mixed
methodology project using participatory design methodology to
develop patient-education material that aligns with the learning
needs of patients with AAA. The first step was to explore the
learning needs of patients regarding their AAA and the care tra-
jectory8. The second step entailed the development and valida-
tion of the eHealth tool in collaboration with patients and
healthcare staff, aiming to enhance the usability and relevance
of the tool13. The present study presents the final step of develop-
ment, where the eHealth tool was tested and implemented in a
real-life setting with patients planned for surgical treatment of
AAA. The study was conducted in a vascular surgery department
of a university hospital and was registered in the Clinical Trials
database (registration number: NCT03157973, http://www.clini-
caltrials.gov).

The project complied with the Declaration of Helsinki and was
approved by the regional

Human Research Ethics Committee (Dnr 2016/1253–31/4),
Stockholm, Sweden. Written informed consent was obtained
from all participants prior to inclusion in the study.

Recruitment
All patients scheduled for AAA repair were considered for inclu-
sion. Potential study participants were identified from the surgi-
cal waiting list and were considered eligible if they were 50 years
or older and were scheduled for elective surgical treatment of an
infrarenal AAA. Exclusion criteria were patients diagnosed cogni-
tive dysfunction, severe hearing or visual impairment, inability to
speak or understand Swedish, suprarenal or thoracoabdominal
aneurysms, or any severe co-morbidity that may hinder the pa-
tient from completing the study. Once scheduled for AAA repair,
eligible patients were sent a patient-information leaflet. All
patients attended a visit for clinical examination and information
regarding the perioperative routine 1 week prior to scheduled sur-
gery. Informed consent was obtained at this visit. Randomization

was done by the first author in a 1 : 1 ratio by use of permuted
block technique with a block size of 10 to minimize spill-over be-
tween the control group and intervention group. Due to the study
design, blinding was not possible after randomization.

Procedures and interventions
At inclusion in the study, 1 week prior to treatment, all partici-
pants completed questionnaires, and baseline characteristics in-
cluding sociodemographic characteristics, medical history and
medication were collected. Since the vascular department also
gives service to patients outside the region, some patients could
not participate at a baseline visit 1 week prior to treatment. These
patients filled out the questionnaires the day before treatment
(Table S1).

The control group obtained information and follow-up accord-
ing to standard clinical routine, consisting of verbal preoperative
information from a vascular surgeon, anaesthesiologist and reg-
istered nurse and a leaflet containing information about the sur-
gical procedure and general recovery advice. The intervention
group received the same standard care, augmented with an inter-
vention programme comprising two parts: an eHealth tool and a
psychosocial support programme initiated by a registered nurse
at baseline, with a scheduled follow-up prior to discharge. The in-
tervention programme aimed to prepare participants for surgery
and to support them through the peri- and postoperative period.
The psychosocial support programme started with an orientating
session provided by a contact nurse trained in person-centred
care and motivational interviewing. The participants were en-
couraged to reach out to their contact nurse if questions or con-
cerns arose after discharge. Both groups were scheduled for a
standard follow-up appointment within 4–6 weeks after surgery.
At this appointment, questionnaire data were collected.

The eHealth tool could be accessed via the application (app)
My aorta (version 1) on a smartphone or a tablet. The patients
were offered a tablet free-of-charge during the whole study pe-
riod. The content of My aorta (version 1) was also made available
as a print-out for those who preferred paper format instead of us-
ing the app. The eHealth tool aimed to provide structured and
balanced information and consisted of six chapters regarding the
condition, self-care and surgical treatment13. It was designed to
enable self-directed navigation and did not include time triggers
or forced entries. The eHealth tool has been described and vali-
dated prior to this study (Fig. S1). Participants in the intervention
group were offered free access to the eHealth tool and those

Lay summary

The use of digital health technology to deliver information and provide psychosocial support has shown promising results but has
been largely unexplored in people undergoing major blood vessel (vascular) surgery. This study reports the results of a random-
ized, controlled trial to examine the effects of an eHealth intervention on anxiety symptoms in patients undergoing surgical treat-
ment of abdominal aortic aneurysm (a major swelling of the main blood vessel in the tummy). The findings show that an eHealth
tool paired with psychosocial support did not reduce anxiety symptoms, measured by Hospital Anxiety and Depression Scale-A.
Unfortunately, a large proportion of the participants declined to use the eHealth tool. However, those who used the eHealth tool
appeared to benefit from reduced anxiety levels.

The findings of the study support further research to understand how to improve engagement of patients with eHealth interven-
tions in surgery. Special attention should be given to improve engagement in people who are elderly and those with lower educa-
tional attainment.
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who accepted were assigned unique login credentials through a

web-based user management system. The content of the tool

was adjusted to the planned surgical treatment (EVAR or OR).

The app can be downloaded to iOS or android devices and is pass-

word protected.

Instruments and definitions
The intervention was evaluated using validated instruments, the

Hospital Anxiety and Depression Scale (HADS) and short-form

12-item health survey (SF-12). HADS aims to measure self-

reported symptoms of anxiety and depression in individuals in

somatic care14. HADS consists of two subscales: HADS Anxiety

(HADS-A) and HADS Depression (HADS-D), with seven claims for

each subscale, and evaluates feelings during the last 7 days. A

cut-off score of 8 or above gives a specificity of 0.78 and a sensi-

tivity of 0.9 for clinical anxiety (HADS-A) and a specificity of 0.79

and a sensitivity of 0.83 for clinical depression (HADS-D)14. A

HADS score greater than or equal to 8 was registered as anxiety

or depression in this study. The minimal clinically important dif-

ference (MCID) is a measure to convert the significance of inter-

ventions to clinical situations, defined as the smallest change in

a treatment outcome that is of clinical significance. The MCID of

HADS-A has been reported to be 1.29–1.67 depending on compari-

sons between patients or within a group15.
The SF-12 assesses physical and mental health components of

wellbeing and is a reliable and well validated instrument16. The

survey comprises 12 questions regarding the respondents’ feel-

ings relating to their social and everyday activities due to physical

or mental limitations in the last week. The SF-12 measures eight

dimensions of HRQoL: general health, physical functioning, role

limitations (due to physical health), bodily pain, vitality, social

functioning, mental health and role limitations (due to emotional

health). It produces two components of HRQoL: the physical com-

ponent summary (PCS) and the mental component summary

(MCS). The values obtained for the two component summaries

follow a standard T distribution where the population presents a

mean of 50 and a standard deviation of 10. Higher PCS or MCS

scores indicate a better state of health.
Sociodemographic characteristics, co-morbidity and pharma-

ceutical use were obtained from hospital charts at baseline. All

clinical demographics were registered at baseline, or at a prior

visit to the vascular outpatient clinic within 3 months.

Hypertension was registered if the patients had ongoing medica-

tion. Current daily smokers and sporadic smokers were consid-

ered current smokers whereas those with more than 4 weeks’

abstinence were considered as previous smokers. Coronary heart

disease was defined as a composite of previous ischaemic event,

diagnosed pectoral angina or diagnosed congestive heart failure.

Use of the eHealth tool was defined as using the app ‘My aorta’

on one occasion or more. The subset of participants in the inter-

vention group who utilized the eHealth tool are referred to as app

users.

Outcomes
The primary outcome measure was anxiety mean scores in the

study cohort measured by HADS-A and in a complementary per

protocol analysis of app users in the intervention group versus

controls. The secondary outcome measures were depression

mean scores and HRQoL measured by HADS-D and SF-12, also

presented in an intention-to-treat and per protocol analysis.

Statistical analysis
According to the sample size calculation, 45 participants were
needed in each treatment arm to detect a 50 per cent difference
in the anxiety scores measured by HADS-A between the treat-
ment groups from baseline to follow-up (with 80 per cent power,
5 per cent significance level). These estimations were based on
two randomized controlled trials of education interventions to re-
duce perioperative anxiety17,18. Drop-out estimation motivated
inclusion of 60 patients in each treatment arm.

All study data were continuously recorded in a local registry
and anonymized prior to analysis. v2 test and Fischer’s exact test
were used to compare categorical variables and independent t
test to compare continuous data. For comparisons of indepen-
dent groups, Student’s t test was used for normally distributed
data, and Mann–Whitney was used for non-parametric data.
Continuous variables are presented as mean(s.d.), categorical
variables are presented as counts and proportions as appropriate.
Primary analysis was performed per intention-to-treat for control
group versus intervention groups. Secondary, exploratory sub-
group analyses were performed per protocol for control group
versus app users, and the participants in the intervention group
who used the app (app users) versus non-users respectively.

SF-12 scores were calculated using the Quality Metric Health
OutcomesTM PRO CoRE Scoring Software (OptumVR ; QualityMetric,
Lincoln, Rhode Island, USA). All statistical analyses were per-
formed in IBM SPSS Statistics for Macintosh, version 26 (IBM
Corp., Armonk, N.Y., USA) , and in Stata (Version IC.16.1 Stata
Corp, College Station, Texas, USA) in collaboration with the stat-
istician (M. Kotopouli, Institute of Environmental Medicine (IMM),
Karolinska Institutet (KI)).

Results
Some 120 patients were randomized between November 2016
and February 2020 (60 participants in each treatment arm) (Fig.
1). A total of 214 patients were screened for the study and among
the 94 patients who were eligible but not included, 82 (87 per
cent) were male and the mean age was 75 years (Fig. 1). Among
the 35 persons who declined to participate, the most common
reasons were hesitancy in using modern technology, lack of time
or interest, and emotional strain. There were no significant differ-
ences in demographic characteristics, such as age or education,
between the intervention and control group at baseline (Table 1).

Most patients were male (104 patients, 87 per cent) and the
mean age was 73 years. The control group had a higher propor-
tion of patients with a history of coronary heart disease, but all
other co-morbidities were similar. Most patients reported a smok-
ing history, only 9 per cent were never smokers. Women and men
did not differ regarding age and aneurysm diameter. Average
hospital stay was longer in women than in men (10 versus 6 days,
P¼ 0.010). Women were, to a larger extent, treated with OR (69
per cent versus 44 per cent in men, P¼ 0.059). There was no differ-
ence in anxiety mean(s.d.) scores between women and men at
baseline (5.53(4.85) versus 4.06(3.66), P¼ 0.167). The mean AAA di-
ameter was 58 mm and more patients were treated with EVAR
than OR. Hospital stay and ICU stay were prolonged in patients
treated with OR compared with EVAR patients (10.5 versus 3.01
days, P< 0.001) (Table S2).

In the intervention group, 45 participants (75 per cent) com-
pleted the questionnaires at both timepoints, compared with 48
(80 per cent) in the control group. The eHealth tool was utilized
by 30 out of 60 patients in the intervention group (Table 1). Users
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of the eHealth tool were younger (70 versus 76 years, P¼ 0.010)

and were more well educated than non-users (43 per cent univer-

sity level among app users versus 27 per cent in non-users,

P¼ 0.030) (Table S3).

Anxiety
At baseline, a similar proportion of patients had anxiety symp-

toms by the definition of HADS-A of 8 points or above (17 ver-

sus 23 per cent, P¼ 0.289) (Table 1). In the primary, intention-

to-treat analysis of the entire intervention and control groups,

no significant differences in HADS-A mean scores could be

detected between the groups, neither in the crude analysis nor

in a separate analysis by the threshold of 8 points or above

(Table S4). Changes in HADS-A scores from baseline to follow-

up are presented in Table 3. The hypothesized reduction in

HADS-A mean scores of 50 per cent in the intervention group

compared with the control group would entail a minimal dif-

ference of �0.813 from the baseline values. The observed dif-

ference in the intervention group was �1.21, exceeding the

hypothesized effect. In subgroup analyses of surgical treat-

ment type and sex, no significant effect on anxiety mean

scores was noted (Table 2).

In the per protocol analysis, statistically and clinically signifi-

cant differences were found in both within-group and between-

group estimations. In the intervention group, the subgroup of

participants who received the complete intervention comprising

the eHealth tool and psychosocial support had a greater reduc-

tion in HADS-A mean scores than the control group (�0.54 in the

control group versus �2.0 for app users in the intervention group,

P¼ 0.028), illustrated in Fig. 2. In analyses within the intervention

group, users of the eHealth tool reported a larger reduction in

HADS-A mean scores than non-users (�0.21 non-users versus

�2.00 app users, P¼ 0.051) (Fig. 2). Larger reductions in HADS-A

mean scores were noted in patients with higher educational level

(Table 2).

Depression and HRQoL
The distribution of patients with HADS-D of 8 points or greater

were similar in the intervention group (13 participants, 23 per

cent) and the control group (10 participants, 17 per cent) at

baseline (Table S4). In the primary, intention-to-treat analysis,

no significant difference in HADS-D mean scores was detected

between the control group and intervention group at follow-up

(Table 3). The secondary, per protocol analysis of the effect of

the eHealth tool did not reveal statistically significant effects on

Assessed for eligibility n = 214

Excluded n = 94

Declined to participate n = 35
Due to morphology n = 6
Unable to speak Swedish n = 14
Acute surgery n = 6
Missed at baseline n = 15
Reoperation n = 9
Co-morbidity n = 8
Other n = 4

Included in intention-to-treat analyses n = 45

Allocated to intervention n = 60
Received allocated intervention n = 60
Completed baseline questionnaires n = 57

Allocated to control n = 60
Received allocated intervention n = 60
Completed baseline questionnaires n = 59

Included in intention-to-treat analyses n = 48

R
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Randomized n = 120
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Did not complete the questionnaires for 
   unknown reason n = 9
Discontinued intervention n = 3

Did not complete the questionnaires for 
   unknown reason n = 7
Discontinued intervention n = 3
Deceased n = 1
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Fig. 1 CONSORT diagram

Flow diagram describing the design of the study: enrolment, intervention, follow-up and data analysis.
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either HADS-D or SF-12. In subgroup analyses of changes in

HADS-D and SF-12 stratified by surgical treatment method or

sex, no significant differences were detected (data not shown).

The PCS score of the SF-12 instrument was similar between the

intervention group and the control group at baseline and at the

postoperative follow-up. Both groups decreased in physical func-

tioning following surgical repair. Among patients who used the

eHealth tool and received psychosocial support in the interven-

tion, the decrease in PCS score was more pronounced than in the

control group (�4.32 versus �1.16, P¼ 0.042). No differences were

Table 1 Clinical characteristics and surgical outcomes of patients in the control group and intervention group

Control
(n¼60)

Intervention
(n¼60)

P‡

Demographics
Age (years)* 73.3(5.79) 72.6(7.20) 0.227
Male 55 (92) 49 (82) 0.110
Never smoker 4 (7) 7 (12) 0.420
Educational level

Junior compulsory
Senior high school
Postgraduate/university

13 (22)
28 (47)
18 (30)

15 (25)
23 (38)
21 (35)

0.830§

Co-morbidity
Diabetes mellitus (any) 15 (25) 10 (17) 0.370
Hypertension 44 (73) 48 (80) 0.520
Coronary artery disease 18 (30) 8 (13) 0.030
Cerebrovascular disease 6 (10) 10 (17) 0.420
Peripheral arterial disease 8 (13) 6 (10) 0.780
Chronic obstructive pulmonary disease 20 (33) 21 (35) 1.000
Depression 8 (13) 6 (10) 0.110

Physiological characteristics
Systolic blood pressure (mm Hg)† 142 (17.6) 139 (16.8) 0.420
Ankle brachial pressure index† 0.85 (0.49) 0.94 (0.46) 0.330
AAA diameter (mm)† 57.83 (7.83) 58.3 (5.36) 0.250

Surgical data
EVAR 35 (58) 28 (47) 0.200
Length of hospital stay (days)† 5.07 (3.44) 8.07 (8.56) 0.004
Days in ICU† 0.67 (1.08) 1.49 (2.85) 0.130
Deceased within 30 days 1 0 n/a

HADS-A at inclusion
HADS-A† 3.83 (3.87) 4.68 (3.80) 0.161
HADS-A�8 10 (17) 13 (23) 0.289

eHealth tool
Participants who utilized the tool n/a 30 (50) n/a

Values in parentheses are percentages unless indicated otherwise;*values are median(s.d.), †values are mean(s.d.). AAA, abdominal aortic aneurysm; EVAR,
endovascular aortic repair; ICU, intensive care unit; HADS-A, Hospital Anxiety and Depression Scale Anxiety. ‡Tested for differences in proportions by v2-test,
except §ANOVA. Significance level set at P�0.005.

Table 2 Intention-to-treat analyses of changes between baseline and postoperative Hospital Anxiety and Depression Scale Anxiety
mean scores

Participants and subgroups Mean change in HADS-A
Baseline to after operation

Mean difference between
groups

P*

Control (n¼48) Intervention (n¼45)

All �0.542 �1.209 0.668 (�0.70, 2.03) 0.334
Age (years)
�69 �1.423 �2.000 0.571 (�1.79, 2.94) 0.536
70–79 �0.265 �1.227 0.963 (1.09, 3.01) 0.382
�80 �1.000 0.125 1.125 (3.62, 1.37) 0.592

Educational level
Junior compulsory �0.417 1.600 �2.017 (�4.92, 0.89) 0.218
High school �0.227 �1.833 1.606 (�0.17, 3.38) 0.028
University �1.143 �2.333 1.190 (�1.52, 3.90) 0.673

Surgical technique
OR 0.167 �1.636 1.803 (�0.82, 4.42) 0.117
EVAR �0.967 �0.762 �0.205 (�1.63, 1.22) 0.900

Sex
Men �0.465 �0.943 0.478 (�1.01, 1.97) 0.319
Women �1.200 �2.375 0.175 (�2.91, 5.26) 0.767

Subgroup analyses of age, educational level, sex and surgical technique are also presented. Values in parentheses are 95% confidence intervals. HADS-A, Hospital
Anxiety and Depression Scale Anxiety; OR, open repair; EVAR, endovascular aortic repair. *Mann–Whitney test.
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detected between the groups regarding the MCS score at baseline
or postoperatively. The MCS scores did not differ significantly be-
tween the timepoints between the groups.

Discussion
The eHealth intervention as delivered in this study did not prove
effective in reducing anxiety symptoms in those participants ran-
domized to receive it. Unfortunately, within the intervention
group, only half of the patients utilized the eHealth tool. There
were clinically and statistically significant reductions in HADS-A
mean scores among those who utilized the eHealth tool and re-
ceived psychosocial support. Those who only received psychoso-
cial support had less evidence of benefits from the intervention.
The effects of the intervention were not reflected in the second-
ary outcomes of depression and HRQoL.

Anxiety measured by HADS-A has been described with a prev-
alence of 17 per cent in adults admitted to hospital19. Anxiety lev-
els in AAA patients facing surgery are reportedly even higher7. In
the current study, a high proportion of patients in both the con-
trol group and the intervention group presented with borderline
or clinical anxiety at baseline. When facing major surgery, anxi-
ety is a natural and unavoidable phenomenon, and following sur-
gery anxiety levels can be expected to decrease20. It is essential to
differentiate the natural course of anxiety from that mediated by
the intervention when assessing the effect of this eHealth inter-
vention. A reported minimal clinically important difference in
HADS-A scores for interventions in patients with cardiovascular
disease is 1.29–1.6715. In the current study, the mean reduction in
HADS-A scores for participants utilizing the eHealth tool and
receiving psychosocial support by far exceeded this threshold,
representing a clinically important reduction in anxiety.
Furthermore, the hypothesized 50 per cent decrease in anxiety
mean scores in the intervention group was exceeded compared
with the control group (1.21 versus expected 0.81), signifying the
clinical benefit of the intervention. Interestingly, the detected
mean anxiety scores in the present trial were lower than those
reported from eHealth interventions targeting cardiac patients
with higher baseline scores17.

Despite being offered an introduction to the eHealth tool and a
tablet during the study period, only half of the participants in the
intervention group chose to utilize the tool. In the current study,
app users were younger and had higher educational level than

non-users. Educational level correlates strongly to poorer health
outcomes, and health literacy has been proposed as a potential
explanation21. Health literacy, defined as the degree to which
individuals can obtain, process and utilize health information,
has been found to be inadequate in 76 per cent of patients with
vascular disease22. Although the use of digital health technology
is increasing rapidly among the elderly, the low acceptability of
the eHealth tool in the present study may pertain to a continued
reluctance to use digital health technology in the older popula-
tion11. In the scientific community, increasing emphasis has
been put on the need for improved eHealth services targeting
older adults and vulnerable groups. In the field of vascular sur-
gery, this development is, however, challenged by the limited
health literacy, and a general reluctance to use digital health
technology22, as reflected in the study findings. For successful
implementation of eHealth, adaptation to the health literacy and
utilization of modern technology in this patient cohort is impera-
tive. According to the Technology Acceptance Model, determi-
nants of technology acceptance among older adults include
perceived usefulness and perceived ease of use23. These aspects
were attended to in the design of the eHealth tool by employing a
participatory design process, but the final product nonetheless
failed to attract a large proportion of its potential end users. An
earlier introduction of the eHealth tool during surveillance with
personalized technical assistance may have yielded a higher pro-
portion of app users, especially among older participants and
those with lower educational level.

Several aspects of adherence should be considered when
interpreting the results of the current study. For logistical rea-
sons, participants were recruited 1 week prior to surgery. At that
point, patients may already have started to become increasingly
anxious, possibly rendering them insusceptible to the interven-
tion. Furthermore, the content and structure of the psychosocial
support sessions were based on the concept of person-centred
care but were not fixed and there may have been variations in
the delivery of this part of the intervention.

It is interesting to note that the reported mean scores of depres-
sion throughout the study, measured by HADS-D, reflect reported
levels in the general population19. There were no significant altera-
tions in HADS-D scores by the intervention, even if both groups
reported improved scores after surgical treatment. The possible as-
sociation between depression and development of cardiovascular
diseases and higher mortality should render more attention in the
preventive care of these patients. This would, however, presum-
ably require other measures and interventions over a longer period
for proper evaluation. The SF-12 has the benefit of being a short in-
strument, alleviating the respondent burden, but has been found
to have psychometric shortcomings24. The instrument is weighted
by a factor derived from a general US sample, and no scoring
algorithm for the Swedish population is available. The two compo-
nents, MCS and PCS, can be analysed separately, but further in-
depth analysis by the eight inherent items was not considered
suitable due to the relatively small sample in this study. The lower
physical functioning by PCS in the intervention group at follow-up
could be associated with the higher proportion undergoing open re-
pair in this group. The MCS levels were largely unchanged between
baseline and follow-up within and between the treatment groups.
The impact of having an asymptomatic but potentially lethal con-
dition such as AAA on HRQoL, may, however, not be adequately
captured by the SF-12 instrument. Validated HRQoL instruments
with a high sensitivity and specificity in capturing aspects of physi-
cal and mental health during the perioperative period have been

Table 3 Intention-to-treat and per protocol analyses of the
secondary outcomes measures

Mean change Mean difference
between groups

P*

Control Intervention

HADS-D �0.833 �0.233 0.149 (�1.03, 1.33) 0.410
SF-12

PCS �1.16 �2.820 1.660 (�0.62, 3.94) 0.209
MCS 0.141 �0.352 0.493 (�2.70, 3.69) 0.966

Control App users
HADS-D �0.833 �0.6667 0.583 (�0.62, 1.78) 0.335
SF-12

PCS �1.160 �4.322 3.163 (0.52, 5.80) 0.042
MCS 0.141 1.364 �1.223 (�4.93, 2.48) 0.476

Subgroup analysis on participants in the intervention group by use of the
eHealth tool. Values in parentheses are 95% confidence intervals. HADS-D,
Hospital Anxiety and Depression Scale Depression; SF-12, short-form 12-item
health survey; PCS, physical component summary; MCS, mental component
summary. *Mann–Whitney test.
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developed but are currently not available in Swedish and were
therefore not used in the present study25,26.

For successful implementation of eHealth, adaptation to the
health literacy and utilization of modern technology in this pa-
tient cohort is imperative. As the per protocol analysis indicated
the intervention did reduce anxiety when delivered as intended,
future studies should assume a limited acceptability of eHealth
services in this cohort of patients when planning and designing
similar interventions. An earlier introduction of the intervention
could possibly have provided more time to provide participants
with psychosocial support and may have yielded a higher propor-
tion of app users.
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