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Aims Depression and anxiety have a detrimental effect on the health outcomes of patients with heart disease. Digital health
interventions (DHlIs) could offer a solution to treat depression and anxiety in patients with heart disease, but evidence of
its efficacy remains scarce. This review summarizes the latest data about the impact of DHIs on depression/anxiety in
patients with cardiac disease.

Methods Articles from 2000 to 2021 in English were searched through electronic databases (PubMed, Cochrane Library, and

and results Embase). Articles were included if they incorporated a randomized controlled trial design for patients with cardiac dis-
ease and used DHlIs in which depression or anxiety was set as outcomes. A systematic review and meta-analysis were
performed. A total of 1675 articles were included and the screening identified a total of 17 articles. Results indicated that
telemonitoring systems have a beneficial effect on depression [standardized mean difference for depression question-
naire score —0.78 (P =0.07), —0.55 (P < 0.001), for with and without involving a psychological intervention, respectively].
Results on PC or cell phone—based psychosocial education and training have also a beneficial influence on depression
[standardized mean difference for depression questionnaire score —0.49 (P=0.009)].

Conclusion Telemonitoring systems for heart failure and PC/cell phone—based psychosocial education and training for patients with
heart failure or coronary heart disease had a beneficial effect especially on depression. Regarding telemonitoring for heart
failure, this effect was reached even without incorporating a specific psychological intervention. These results illustrate
the future potential of DHIs for mental health in cardiology.
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Introduction

Accumulating evidence on the relations between mental health and
health outcomes in cardiac disease has put mental health on the
agenda in cardiac care. Several review articles describe each type
of heart disease and mental health. The European Society of
Cardiology (ESC) working group on coronary pathophysiology and
microcirculation stated a bidirectional relationship between depres-
sion and coronary heart disease (CHD).! A previous article has de-
monstrated that depression and anxiety disorders in patients with
heart failure (HF) are associated with adverse outcomes.’
Additionally, another review described depression and/or anxiety
for implantable cardioverter defibrillator (ICD) recipients with
HF.3 Although mental health in several types of heart disease draws
attention recently, cardiologists, who deal with all aspects of heart
disease in the daily practice, may think the priority of mental health
is low.

Relaxation techniques, cognitive challenge or behavioural change
intervention, are used as treatment components to support mental
health in the treatment of heart disease.* In addition, previous re-
ports on cognitive behavioural therapy (CBT) in cardiac patients
have shown that structured telephone support is effective.
Collaborative care is one of the recent topics in this field. This inter-
vention, established in the primary care field,® is characterized in part

by a multidisciplinary approach to mental health (e.g. collaboration
between nurses and healthcare professionals for psychosocial
care). However, a recent review reported that patients who received
face-to-face interventions experienced a significant improvement
regarding psychosocial factors compared with telephone-only
interventions.”

Nowadays, the setup and implementation for digital health inter-
ventions (DHIs) have been accelerated in cardiology field.® Digital
health interventions have a multifaceted impact on healthcare,” and
various ways of using DHls, such as a smartphone, PC- or mobile-
based, and virtual reality (VR), intervene in depression and/or
anxiety. It has the potential to overcome traditional
barriers to telemonitoring, in terms of real-time monitoring of lifelog
data, virtual face-to-face intervention, and group communication.
Although DHlIs have already shown promising results'®"? and
have such a large potential, the evidence for the efficacy of DHls
for depression and/or anxiety in patients with entire cardiac disease
is not fully clear.

Therefore, we hypothesized that DHiIs, through its multidisciplin-
ary function, would have a positive impact on the mental status of pa-
tients with cardiac disease. To achieve this objective, a systematic
review of the most recent available data on the efficacy of DHls in
improving depression and/or anxiety in patients with cardiac disease
was compiled.
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Methods

Data sources and search

The search was conducted in adherence to the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA) reporting
guideline.13 PubMed, Cochrane Library, and Embase databases were
searched for studies published between 2000 and March 2021. The
search was performed iteratively for synonyms of ‘cardiac disease’,
‘DHIs’, and ‘depression or anxiety’ by controlled vocabulary (such as
MeSH or Emtree) and free text words (see Supplementary material
online 1). Only randomized controlled trials (RCTs) with an adult study
population were included. The reference lists and referred articles of the
identified relevant papers were cross-checked for additional references.

Study selection

This review included full-length research papers published in peer-
reviewed journals. The efficacy of DHIs on depression and anxiety is
defined as improvement in psychological questionnaire scores.
Inclusion criteria for studies were as follows: (i) RCTs written in
English; (i) patients were diagnosed with cardiac disease (patients with
only vascular disease were excluded); (i) comparing the group using
DHls, which was defined as healthcare improvement through digital
health technologies that take advantage of recent information and com-
munication technologies, such as mobile health, wearable devices,
Internet of Things, and VR, which does not include only telephone, uni-
versal serial bus, compact disk, nor existing ICD/cardiac resynchroniza-
tion therapy telemonitoring systems, with the group not using DHIs;
and (iv) having depression and/or anxiety as outcome compared the
questionnaire scores before and after the intervention. Two investiga-
tors (T.K. and M.S.) checked all identified articles on their titles and ab-
stracts. If eligibility was doubtful, articles were read in full. A third
investigator (V.L.G.) resolved differences in decision-making. The selec-
tion procedure was conducted according to the PRISMA guidelines."

Data extraction

For each selected RCT, the first physician (T.K.) completed the data ex-
traction. It included authors, year of publication, country of trial, patients’
diagnosis, number of patients including their characteristics, their
achievement rate of an RCT, and details of drop out. Moreover, the
kind of digital health, study periods, and the type of the intervention
were extracted. The way of measuring depression and/or anxiety was
also described. The corresponding authors of selected papers were con-
tacted for completion of missing information. Five authors gave addition-
al information. The selection process is shown in Figure 1.

Study quality

Two investigators (T.K. and M.S.) separately assessed the risk of bias of
the included articles according to the Cochrane Handbook for
Systematic Reviews of Interventions,'* and a third investigator (V.1.G.)
compared the results. Each parameter is scored as high, low, or unclear
risk of bias. Studies were considered to be at high risk of bias if random
sequence generation or allocation concealment showed a high risk.
Quality assessment was performed using the RevMan 5.4 statistical soft-
ware package (The Cochrane Collaboration, Oxford, UK).

Data synthesis

RevMan 5.4 was used to carry out a meta-analysis. Standardized mean
differences were calculated for depression and anxiety questionnaire
scores with 95% confidence interval (Cl) as effect sizes and were com-
pared between pre- and post-changes for two comparative groups

(with vs. without DHI). Random effects modelling was carried out be-
cause of the variability of duration, delivery, and assessment across stud-
ies. Heterogeneity was evaluated by Q statistics with I*>75% being
consistent with a high level of heterogeneity.’> All tests were performed
at a 5% significance level. For questionnaire scores, mean changes and
standard deviations (SDs) from baseline were used if available. For the
studies which did not report the SD of the change in the outcomes, va-
lues were inputted by a validated strategy.'® These values were deter-
mined by specific pre- and post-intervention SD with the formula:

SDprepost = \/ (SDpre)? + (SDpost)*~2 X R X SDpre X SDpost and a con-
servative estimation of within-patient correlation (R) = 0.7 was assumed
followed by Rosenthal’s recommendation.'” If SD was not described in
studies,18 the mean SD of all remaining ones was used."® Because se-
lected articles included two types, which are DHIs with and without psy-
chological intervention, they were divided into two groups and the
effects of interventions on patients’ psychological factors were separately
summarized. Funnel plots were used to detect publication biases.

Results

Effects of digital health without
psychological intervention on
depression/anxiety

Study characteristics

As shown in Figure 1 and Table 1, four full-text articles out of 17
included studies of DHIs that were not targeted at psychological as-
pects. All of them were suitable for meta-analysis. A total of 817 pa-
tients were entered in the four RCTs. All four studies were from
Europe (Germany,20 Poland,? Por‘tugal,21 and Italy23). The average
age range was 57-67 years, with a male predominance. Two of the
four studies involved patients with HF and two involved patients
with CHD, and gender differences in these diseases are reflected
in male predominance. Although male participation rate was 100%

for one study,”® exclusion criteria did not imply gender. Two stud-
20,22

20-23

ies reported the significant age difference between the interven-
tion and control groups, which was a reason for lower quality and
was noted below. Regarding other parameters, one study showed?°
higher prevalence of New York Heart Association (NYHA) Class 3
(74.7 vs. 55.8%, P=0.013) and higher serum creatinine levels
(117.0+47.3 vs. 103.0 + 34.6 umol/L, P=0.037) in the intervention

group. The details of patient parameters are shown in Table 1.

Types of digital health and characteristics

of intervention

Included studies did not use DHI for the purpose of reducing depres-
sion and/or anxiety. The type of DHIs was divided into ‘telemonitor-
ing?%?% and VR (see Supplementary material online 2). A
telemonitoring system was used for data capturing of parameters
such as blood pressure (BP), body weight (BW), electrocardiogram
(ECG), etc.?®*?>? One study included a VR intervention that was
performed in patients with CHD.*!

Reasons for drop out

The study periods ranged from 2 to 24 months. The mean comple-
tion rates among the included trials were 64.5% (range 60.1-95.6%).
This rate was >30% in the study of telemonitoring for patients with
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Figure 1 Preferred reporting items for systematic reviews and meta-analyses: diagram of the study selection strategy.

HF (NYHA Class 2 or 3).2° Common causes for drop out included
personal or family reasons®’ and medical reasons.> 22 One article
did not report precise reasons for drop out.?®

Study quality
The risk of bias was assessed in each study. Almost all the studies de-
monstrated a low risk of bias for attrition bias, reporting bias, and

selection bias. Several studies2%?2

showed differences in age between
the intervention and control group in baseline patient characteristics.
Although there were no significant differences regarding other para-
meters including psychological measures, age is related to digital lit-
eracy in general. Considering this point and incompleteness of
some information, one study (25%) had a low risk of bias and the

risk of others (75%) showed unknown for selection bias. Blinding
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Table 1 Study and participant characteristics

Articles (year), country

Patients’ diagnosis

1. Articles of digital health WITHOUT a psychological intervention

Koehler et al. (2021), Germany
Vieira et al. (2018), Portugal
Smolis-Bak et al. (2015), Poland

Giallauria et al. (2006), Italy

HF with low EF (NYHA 2 or 3)

CHD

HF with low EF (NYHA 3), planned
CRTD implantation, and metabolic
disorders

Recent MI (<8 days)

2. Articles of digital health WITH a psychological intervention

Schulz et al. (2020), Germany

Hessabi et al. (2020), Iran
Maciotek et al. (2020), Poland
Islam et al. (2019), Australia
Norlund et al. (2018), Sweden

Kalter-Leibovici et al. (2017), Israel

Habibovic et al. (2017), The
Netherlands

Piotrowicz et al. (2016), Poland

Bekelman et al. (2015), USA

Dale et al. (2015), New Zealand

Villani et al. (2014), Italy

Davidson et al. (2013), USA

Ramaekers et al. (2009), The

ICD implantation with mildly
increased psychosocial distress

Admission to CCU

CHD or HF

CHD

Recent Ml (< 3 months) with
symptoms of depression or anxiety

HF (NYHA 2 to 4)

ICD implantation

HF with low EF (NYHA 2 or 3)

HF

CHD

HF with low EF (NYHA 3 or 4)

ACS with persistent depressive
symptoms

HF

No. of randomized Male Mean age Patients who
patients (IG/CG) (%) (years) complete the
study (%)

674 (339/335) 81.3 67 60.1 (405/674)
46 (15/15/16)* unknown 58 71.7 (33/46)
52 (26/26) 904 63 88.5 (46/52)
45 (15/15/15)° 100 57 95.6 (43/45)

118 (59/59) 78 59 83.9 (99/118)
60 (30/30) 50 51 Unknown
65 (32/33) 67.7 60 93.8 (61/65)

710 (352/358) 82.1 58 96.2 (683/710)

239 (117/122) 66.5 60 88.3 (211/239)

1360 (682/678) 725 71 61.8 (840/1360)

289 (146/143) 813 59 75.1 (217/289)

111 (77/34) 884 56 62.1 (69/111)

392 (193/199) 96.6 68 98.0 (384/392)

123 (61/62) 813 59 94.3 (116/123)
80 (40/40) 728 72 81.3 (65/80)

150 (73/77) 58 60 92.0 (138/150)

101 (56/45) 614 72 Unknown

Netherlands

IG, intervention group; CG, control group; HF, heart failure; EF, ejection fraction; NYHA, New York Heart Association; CHD, coronary heart disease; CRTD, cardiac
resynchronization therapy defibrillator; MI, myocardial infarction; ICD, implantable cardioverter defibrillator; CCU, cardiac care unit; ACS, acute coronary syndrome.

?lG was divided into Kinect intervention (n=15) and a paper booklet intervention (n=15).

®IG was divided into cardiac rehabilitation intervention with tele ECG (n = 15) and without tele ECG (n=15).

of participants and personnel was not possible due to the nature of
the intervention. Blinding of outcome assessment was not demon-
strated in most studies. Overall, all six studies were thought to be
of high quality (see Supplementary material online 3). Funnel plots
of the depression outcomes were shown in Supplementary
material online 4. Since the funnel plots were nearly symmetrical,
no evidence of strong publication bias was found.

Outcome (depression)

All four studies reported depression outcomes. Most of studies
about telemonitoring for HF reported a positive result. Figure 2
shows the results of the meta-analysis and forest plot between the
two groups. Depression questionnaire scores were significantly low-
er (better) in the intervention group than in the control group (stan-
dardized mean difference —0.55; 95% CI —0.84 to —0.26; P < 0.001),
with low heterogeneity (I*=0%, P=0.42). Supplementary material
online 5 showed the subgroup analysis focusing on telemonitoring
as DHI type. The intervention group reported a significant lower

(better) depression questionnaire scores on telemonitoring com-
pared with the control group (standardized mean difference
—0.61; 95% Cl —0.96 to —0.25; P < 0.001) with low heterogeneity
found (> =19%, P=0.29).

Outcome (anxiety)

Two studies described anxiety outcomes. Meta-analysis showed no
significant effect of DHI on anxiety (standardized mean difference
—0.00; 95% Cl —0.55 to 0.54; P=1.00; see Supplementary material
online 6) with low heterogeneity found (/> = 0%, P=0.59).

Effects of digital health with
psychological intervention on
depression/anxiety

Study characteristics

As demonstrated in Figure 1 and Table 1, out of the total of 17 in-

cluded articles, 13 pertained to DHIs with a psychological fo-
cus.®2*3 Because no mean differences for outcomes were
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI Year IV, Fixed, 95% CI
Giallauria 2006 04 34 15 3.5 37 15 14.3% -1.07 [-1.84, -0.30] 2006
Smolis-Bak 2015 42 52 26 -08 47 26 27.2% -0.68 [-1.24, -0.12] 2015 —_—
Vieira 2018 02 286 1 13 39 11 12.0% -0.32 [-1.16, 0.52] 2018 -1
Koehler 2021 16 39 39 -02 34 47 465% -0.38 [-0.81, 0.05) 2021 —&—
Total (95% CI) 91 99 100.0%  -0.55[-0.84, -0.26] i
Heterogeneity: Chi? = 2.80, df = 3 (P = 0.42); P = 0% ~2 -1 % é

Test for overall effect: Z=3.71 (P = 0.0002)

Favours [experimental] Favours [control]

Figure 2 Effect of digital health intervention without psychological intervention on depression outcomes.

stated, the two studies®”*" were excluded from the meta-analysis. A

total of 3798 patients participated in 13 RCTs. Seven studies were
(Germany,24 Poland,ze"34 Sweden,28 The

Netherland,?®* and Italy®), two were from USA'*' two were
12

from  Europe
from Asia (Iran® and Israel’®), and two were from Oceania
(Australia®” and New Zealand®?). The average age range was 51—
72 years, with a male predominance. Especially, in 8 of the 13 studies,
the male participation rate exceeded 70%. These studies were con-
ducted in patients with HF,2%3"3*3> CHD,*”3? and ICD implant-
ation.”*3° Gender differences in these diseases are reflected in
male predominance. Two studies®”>* reported the significant age dif-
ference between the intervention and control groups, which was a
reason for lower quality and was described below. In terms of other
factors, one study>* reported higher rates of coronary revasculariza-
tion (58 vs. 17%, P=0.01) and amiodarone prescription (5.2 vs. 19%,
P=0.05) in the intervention group. Another study” showed higher
rates of NYHA Class 4 (7.5 vs. 4.3%, P=0.005) and shorter distance
of 6-min walking test (165 vs. 200 m, P=0.002) at baseline in the
intervention group. Another study30 demonstrated lower rates of
having undergone a percutaneous coronary intervention (20.5 vs.
36.4%, P=0.003) and angiotensin-converting enzyme-inhibitors pre-
scription (56.2 vs. 68.5%, P =0.03) in the intervention group. The de-
tails of patient parameters are shown in Table 1.

Types of digital health and characteristics of
intervention

Included studies used DHIs to provide or support psychological
intervention during the study period. The type of digital health was
divided into ‘telemonitoring with a psychological interven-
tion’,2%313335PC/cellular phone—based psychosocial education and

training',1 8,24,27,28,30,32

and ‘VR'2?® In terms of ‘telemonitoring
with a psychological intervention’, telemonitoring is indeed DHI,
but one of the psychological interventions did not use DHI (counsel-
ling during each follow-up visit®®). The target population of all five
studies using a telemonitoring intervention was HF. Regarding the
PC-based psychosocial education and training, CBT was provided.
As for VR intervention, relaxing images and/or music were provided
in cardiac care unit (CCU)*® or in cardiac rehabilitation (CR)*® with

the relaxation training sessions.

Reasons for drop out

The study periods ranged from 3 days to 12 months. The mean com-
pletion rates among the included trials were 79.3% (ranged from 61.8
to 98.0%) excluding two studies®>? because no information was

obtained. This rate was >30% in the study of telemonitoring for pa-
tients with HF (NYHA Classes 2—4).%” Common causes for drop out

included personal or family reasons***®*? medical rea-

sons,>+27293932 34 technical problems about the devices.”* Some

articles did not report precise reasons for drop out.>"33

Study quality

The risk of bias was assessed in every study. Almost all the studies
demonstrated a low risk of bias for attrition bias and reporting
bias. As for selection bias, two studies?”**
age between the intervention and control group in baseline charac-
teristics. Taking into account this point and incompleteness of some

showed differences in

information, six studies (46%) had a low risk of bias and seven studies
(54%) showed unknown because of incomplete information. Blinding
of participants and personnel was not possible due to the nature of
the intervention. Blinding of outcome assessment was not demon-
strated in most studies. Overall, all of 13 studies were thought to
be of high quality (see Supplementary material online 3). Funnel plots
of the depression and anxiety outcomes are shown in Supplementary
material online 7. Since the funnel plots were nearly symmetrical, no
evidence of strong publication bias was found.

Outcomes (depression)

Nine of 11 studies included in the meta-analysis reported depression
as an outcome. Supplementary material online 8 indicated the results
of the meta-analysis and forest plot between the two groups.
Depression questionnaire scores were significantly lower (better)
in the intervention group than in the control group (standardized
mean difference —0.34; 95% Cl —0.42 to —0.26; P < 0.001) with con-
siderable heterogeneity (I =92%, P < 0.001). Figure 3 shows the re-
sult of subgroup analysis classified by DHI type. The intervention
group tended to have lower (better) depression questionnaire
scores on telemonitoring than the control group (standardized
mean difference —0.78; 95% Cl —1.62 to 0.06; P = 0.07) with consid-
erable heterogeneity found (I*=95%, P<0.001). The intervention
group also showed a significant lower (better) depression question-
naire scores on PC/mobile health—-based psychosocial education and
training compared with the control group (standardized mean differ-
ence —0.49; 95% Cl —0.85 to —0.12; P=0.009) with considerable
heterogeneity found (I* = 86%, P < 0.001).

Outcome (anxiety)
Seven studies out of 10 studies included in the meta-analysis re-
ported anxiety outcomes. Supplementary material online 9 indicated
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Experimental Control
Study or Subgroup Mean SD Total Mean SD Total Weight

Std. Mean Difference
IV, Random, 95% CI| Year

Std. Mean Difference
IV, Random, 95% CI

1.1.1 Telemonitoring

Ramaekers 2009 1.1 26 56 0o 3 45  25.3%
Villani 2014 28 24 40 41 26 40 23.4%
Piotrowicz 2016 21 49 46 -25 6.1 23 24.5%
Kalter-Leibovici 2017 -1.7 5 6567 -06 51 542 26.7%
Subtotal (95% Cl) 709 650 100.0%

Heterogeneity: Tau? = 0.68; Chi* = 63.89, df = 3 (P < 0.00001); I = 95%
Test for overall effect: Z = 1.82 (P = 0.07)

1.1.2 PC-based/mHealth psychosocial intervention

Davidson 2013 -10.1 3.7 73 66 4 77 19.6%
Dale 2015 -1.5 24 57 -13 18 59 19.1%
Habibovic 2017 -14 38 146 -11 35 143 21.5%
Norlund 2018 3.3 24 N7 23 27 122 211%
Schulz 2020 22 29 59 08 29 59 18.7%
Subtotal (95% Cl) 452 460 100.0%
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Figure 3 Subgroup analysis focusing on telemonitoring as digital health intervention type with psychological intervention for depression

outcomes.

the results of the meta-analysis and forest plot between the two
groups. Anxiety questionnaire scores were significantly lower (bet-
ter) in the intervention group than in the control group (standardized
mean difference —0.23; 95% Cl —0.37 to —0.10; P < 0.001) with con-
siderable heterogeneity (*=95%, P < 0.001). Figure 4 illustrates the
result of subgroup analysis classified by DHI type. The intervention
group showed no significant effect of psychosocial education and
training using PC/mobile health on anxiety (standardized mean differ-
ence —0.06; 95% Cl —0.31 to 0.20; P = 0.67) with substantial hetero-
geneity found (>=67%, P=0.03). It reported VR also had no
significant effect on anxiety (standardized mean difference —2.55;
95% Cl —6.72 to 1.62; P=0.23), with considerable heterogeneity
(> =98%, P<0.001).

Discussion

Main findings

This systematic review and meta-analysis were conducted to eluci-
date the effects of DHIs on depression/anxiety of patients with heart
disease. The results of the study are summarized as the following
main findings. (i) Digital health interventions (especially telemonitor-
ing) for HF or CHD patients are found to have a significant or trend-
ing positive effects on reducing depression levels even when the
intervention is not aimed at improving mental health. (i) The effects
of PC- or mobile-based psychosocial interventions for patients with
CHD or PC-based interventions for patients with ICD have signifi-
cantly positive effects for reducing depression level.

Articles of digital health interventions
without psychological intervention

This category included three studies of telemonitoring for patients
with HF or myocardial infarction,>***** and they had a significant
positive impact on depression outcomes. In these studies, telemoni-
toring was used mostly measuring lifelog data without a psychological

intervention. One of the included papers20 reported patients rando-
mized to telemedicine show better quality of life (QoL) compared
with patients in the control group and many systematic reviews men-
tion that telemonitoring improves Qol, especially in HF patients.*®
Telemonitoring of lifelog data includes physiological monitoring of
cardiac patients (BP, BWV, etc.), which is itself basic information for
routine patient care. The previous review®’ reported that telehealth
is effective in reinforcing self-care behaviours and improving QoL for
patients with HF, such as daily weighing and salt restriction. It is also
well known that QoL is closely related to depression; improvement
QoL through lifelog data telemonitoring of patients using digital
health can be expected to reduce depressive mood.

Meanwhile, telemonitoring and being supervised by health provi-
ders include a content of ‘collaborative care management,” which

reduce 7:38

has been reported to depressive  symptoms.
‘Collaborative care’ is based on the multifaceted approach for de-
pression in primary care, and includes (tele)monitoring or supervi-
sion by physicians while being in their primary care management.*”
Especially in Giallauria’s study,?® telemonitoring was used in home-
based CR, which consists of several factors of collaborative care.
Although there was no specific psychological intervention intended
in the included studies, telemonitoring of lifelog data by digital health
contains such characteristics, which can result in improvement of

psychological distress.

Articles of digital health interventions
with psychological intervention
Telemonitoring for HF patients with psychosocial interventions
tended to have a positive effect on depression. The ESC guidelines
reported that multidisciplinary involvement has been recognized as
a key point of non-pharmaceutical interventions to support HF pa-
tients.*® Thus, multidisciplinary collaborative care using a telemoni-
toring system is not only unique, but also effective because it
facilitates patients to gain access to a psychologist, a nurse, and other
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Figure 4 Subgroup analysis focusing on telemonitoring as digital health intervention type with psychological intervention for anxiety outcomes.

healthcare professionals. The studies included video counselling or
cardiac telerehabilitation as interventions. A recent review reports
that such ‘online’ services are as good as in-person services,*' which
supports this result. Together with the results of the DHI papers,
which did not involve psychological intervention, telemonitoring of
lifelog data is one of the best methods for managing depression.

The results of PC/cellular phone—based intervention for ICD and
CHD patients had a significant effect for reducing depression in the
review. A previous systematic review has shown that web-based and
computer-delivered interventions are effective in improving depres-
sion and anxiety in healthy individual.** A recent review in the
COVID era has shown that PC-based consultations or CBT for
chronic ill status improves psychological parameters, i.e. depression
and anxiety.*® Schulz et al.** discussed that how patients rated the
availability of a trained psychologist and participation in discussions
in the web as helpful in this intervention. The usefulness of DHIs in
CBT is well demonstrated. On the other hand, the effect size for im-
provement in anxiety was very small and no benefit was demon-
strated in this review. The results for depression and anxiety
showed the same trend, with the exception of one paper,'® making
it difficult to assess exactly why this difference occurred. For ex-
ample, remote monitoring for ICD patients may cause anxiety by
the confrontation with patients’ mental condition,** and patients
may respond differently to DHIs for depression and anxiety. In add-
ition, the review includes articles that are essentially about patients
with heart disease, not about patients diagnosed with anxiety dis-
order, indicating a lack of focus on the patients’ unique mental con-
dition. The previous review"® also mentioned the need for more
personalization in this field, and it is possible that these barriers are
one of the reasons for ‘illogical’ results.

Lastly, the two papers about VR focused on anxiety for patients
with CCU or CR. Although subgroup analysis of VR technology
did not yield significant result for improvement in anxiety,
within-group analysis showed a favourable effect of VR. A previous
article mentioned that the visual and auditory nature is one of the
reasons of the positive effect.*® As for intensive care unit (ICU), a re-
cent paper demonstrated that a VR intervention reduced levels of

anxiety and depression.*” Virtual reality techniques may be effective
for stressed patients in ICU, which can apply to CCU. However, it is
one of the newer topics in the fields of DHI, and more solid evidence
is needed to show efficacy.

Future task

A previous systematic review mentioned the barriers to user engage-
ment with DHIs for mental health.*® Because patients with heart dis-
ease represent a different population than relatively young
psychiatric patients, it is important to understand the specific charac-
teristics and personal preferences of the target population,49 among
several limitations for DHlIs. There is a research-to-practice gap for
digital mental health implementation.*® As patients’ knowledge and
experience with DHls varies, healthcare providers need to respect
patients’ shared decision-making and customize it to the patients’
clinical needs. This review indicates that telemonitoring systems, ei-
ther directly or indirectly, and PC/mobile-based cognitive behaviour-
al approaches has the potential to ameliorate depression levels in
patients with heart disease at this moment. An RCT
(NCT03373110) with three DHI arms (online mindfulness-based
cognitive therapy and exercise telemonitoring, online CBT and exer-
cise telemonitoring, and exercise telemonitoring alone) is ongoing in
the USA. This trial certainly combines DHIs with and without psy-
chological intervention, and the outcomes include both daily steps
and mental health, reflecting the multifaceted nature of digital cardi-
ology. Given the number of patients with heart disease increasing
rapidly in the current aging society, mental health for elderly is an im-
portant issue. Although research in this field is still insufficient, imple-
mentation and progression of DHIs for psychological factors into our
society must be encouraged.

Limitations

This review has some limitations. Firstly, only articles written in
English were included and no attempt was made to include the
grey literature. Secondly, the included studies had various types of
cardiac disease, DHI, and outcome, and there was a high degree of

€202 1990}20 20 U0 Jasn Aysianlun JjesseH Aq 969/ ¥99/Gv/e/e/aI0me/yplya/woo dno-oiwepese//:sdny woly papeojumoq



E-cardiology for mental health of cardiac patients

453

heterogeneity even when subgroup analyses were performed.
However, standard mean difference and random effects model
were selected in this meta-analysis to account for the variability ob-
served in the included studies. Risk of bias for each study was also sys-
tematically checked. Thirdly, even though the estimating equation
was used, some RCTs had missing data, which may have introduced
bias in the results. Fourthly, the conclusion is biased towards DHIs
for HF and CHD because existing electronic devices (e.g. pacemaker,
ICD) were excluded from DHls. As evidence from RCTs on arrhyth-
mia management using wearable devices (e.g. smartwatches) accu-
mulates, DHI will provide more balanced coverage of cardiac
disease in systematic reviews. Lastly, some included articles showed
significant improvement in DHI in between-group analysis while the
within-group analysis mentioned the improvement of outcomes also
in the control group alone. It may indicate the difference between
statistical and clinical significance.

Conclusion

This systematic review demonstrated that the use of information and
communication technology has a beneficial impact on depression in
patients with heart disease. Especially, telemonitoring systems for HF
can be effective for psychological parameters even if they do not in-
clude psychological interventions.

Supplementary material

Supplementary material is available at European Heart Journal — Digital
Health online.
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