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ARTICLE INFO ABSTRACT

Background: Digital services can be effective and cost-efficient options for treating non-communicable diseases,
but generalizability is limited due to heterogeneous treatment effects. This umbrella review aims to evaluate the
impact of digital services on population health, costs, and patient and healthcare professional satisfaction, and to

Article history:
Received 16 August 2023
Received in revised form 27 November 2023

Accepted 4 January 2024 identify facilitators and barriers to using digital services in healthcare and social welfare.

Keywords: Methods: The protocgl of tl}e study was registered on the 4th of Septembgr 2022 to the InternaFional Prospective
Digital tec'hnology Register of Systematic Reviews, PROSPERO (CRD42022355635). The review was performed using the Centre for
Telemedicine Reviews and Dissemination, Cochrane, Ovid Medline, Scopus, and Web of Science in June 2022. The methodolog-

ical quality of the included reviews was assessed. The impact of digital services was categorized as no evidence, no
dominance, and mixed and positive effect. Inductive content analysis was used to identify facilitators and barriers.
Results: A total of 66 studies were included in the review, 64 % of which were evaluated as high quality. Studies on
the impact of digital services in social welfare were not identified. Sixty-five percent of reviews evaluated the im-
pact of digital services on population health with mixed effects; 21 % were on costs with mixed effects; 27 % were
on patient satisfaction with positive effects; and 7.6 % were on healthcare professionals' satisfaction with mixed
effects. Various features, allocation, end-user support, organized services, and service development facilitated the
use of digital services. Correspondingly, barriers were related to service limitations, digital competency, funding-
and service strategies, resources and change management.
Conclusions: Compared to usual care, digital services had a mixed impact on population health and costs with high
satisfaction in patients. Mixed healthcare professionals' satisfaction was associated with the use of digital services,
and it was less studied. To ensure successful implementation and sustainability of digital services, attention must
be paid to address barriers and supporting facilitators at all levels.
© 2024 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

Delivery of healthcare
Social welfare
Health impact assessment

What is already known

« Digital services have been rapidly developed in recent years to ad-
dress global healthcare and social welfare challenges.

» The implementation of digital services is hindered due to the lack of
knowledge of their impact and of the facilitators and barriers affecting
usage.
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What this paper adds

* Digital services have a mixed impact on population health and costs with
high patient satisfaction and mixed healthcare professional satisfaction.

» Various facilitators and barriers affect the use of digital services which
need to be considered.

* Further diverse and long-term research utilizing the quadruple aim
framework is needed to evaluate the impact of digital services on
healthcare and especially in social welfare services.

1. Introduction

Global spending on health is estimated to increase from USD 21 tril-
lion to 24 trillion by 2040, which will largely be driven by increases in
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government health spending (Dieleman et al.,, 2017), due to aging and
multimorbidity (Garin et al., 2016; Mcphail, 2016; Skou et al., 2022).
Private health financing through out-of-pocket payments and prepaid
mechanisms is anticipated to expand, although at a slower rate than
the growth observed in government spending (Dieleman et al., 2017).
Non-communicable diseases (e.g., ischemic heart disease, stroke) are
the leading cause of death globally (74 % of all deaths), although pre-
ventable by modifying key lifestyle risk factors, and they continue to
be a significant challenge to public health (World Health Organization,
2022). The impact of aging and multimorbid conditions varies across
health systems, regions, disease combinations, and with different popu-
lation factors (e.g., social disadvantage and age) requiring economic
evaluations to support planning and decision-making regarding safe
and cost-effective healthcare and social welfare (Mcphail, 2016).

Digital services, such as telemedicine interventions, mobile health
applications and remote monitoring devices, have been proposed as
one solution to address problems in terms of accessibility, availability,
and costs in healthcare (Petracca et al,, 2020; Golinelli et al., 2020). Ac-
cording to previous literature, digital services may offer equal or better
results than usual care in the treatment of medical specialties (Snoswell
et al., 2021) including chronic non-communicable (Zanaboni et al.,
2018; Eze et al., 2020; Timpel et al., 2020; Farwati et al., 2021) and men-
tal health conditions (Barnett et al., 2021). In addition to effectiveness,
digital services can be a cost-effective option, and can affect the utiliza-
tion of services, but the generalizability of the results is limited due to
heterogeneous treatment effects and inconsistent reporting methods
(Eze et al., 2020; Shigekawa et al., 2018). However, as digital services
may not routinely reduce costs, other benefits must also be considered
(Snoswell et al., 2020), such as user acceptance and satisfaction
(Abimbola et al., 2019). Digital services can add value to the patient-
provider relationship by increasing the professionals (Konttila et al.,
2019) and patients' sense of control, providing better access to care
and development of a partnership (Nordes;jo et al., 2021). On the other,
digital services can cause the relationship to become technology-driven
rather than patient-focused (Konttila et al., 2019; Nordesjo et al., 2021)
or break professional boundaries (Nordesjo et al., 2021). Implementa-
tion and following sustainable delivery and use of digital services can
therefore be problematic, requiring information on facilitating and hin-
dering factors on technology, patient and professional end-users, and
contextual and organizational factors (Petracca et al., 2020; Cresswell
and Sheikh, 2012).

Due to the COVID-19 pandemic, people had more limitations on
seeking treatment in person for their chronic, non-communicable dis-
eases (Singh et al., 2020). As such, there was an increased demand for
services as the pandemic eased, placing additional burden on workers
in healthcare and social welfare sectors (Dubey et al., 2020; Chan and
Horne, 2021). The previous umbrella review (Eze et al., 2020) was con-
ducted before the COVID-19 pandemic, after which digital services have
been developed and deployed rapidly. Therefore, a comprehensive and
up-to-date overview of the impact of digital services is needed in differ-
ent segments of healthcare and social welfare.

In this umbrella review, the impact of digital services is evaluated by
using the Quadrable aim framework, which focuses on development of
healthcare system performance through four key objectives: population
health improvement, cost reduction, and enhancement of patients' and
health care professionals' satisfaction (Bodenheimer and Sinsky,
2014; Berwick et al., 2008). The digital services were identified using
a predefined definition based on the World Health Organization
(2018) classification of digital health interventions of various digital
and mobile technologies and their functionalities used to achieve
healthcare objectives.

2. Material and methods

An umbrella review was conducted according to the methodology
of a systematic review, including use of a formal review protocol, an

appraisal of the quality of selected reviews, and synthesis of the find-
ings (Aromataris et al., 2015). The protocol was registered in the In-
ternational Prospective Register of Systematic Reviews, PROSPERO
(CRD42022355635).

2.1. Objectives

The aim of this umbrella review was to provide a comprehensive
and up-to-date overview of the impact of digital services in healthcare
and social welfare. The secondary aim was to summarize the factors
that affect the use of digital services. Research questions for this um-
brella review were as follows:

* What kind of digital services are available in healthcare and social
welfare?

» What is the impact of digital services on population health, costs, and
patient and healthcare professional satisfaction?

» What are the facilitators and barriers to using digital services?

2.2. Eligibility criteria

Using the PICOS (participants, interventions, context/consequence,
outcomes, and study design) strategy (Speckman and Friedly, 2019), in-
clusion and exclusion criteria alongside the research questions and re-
lated terminology were developed (Appendix A). The umbrella review
aimed to scope the impact of digital services in all different domains
of healthcare and social welfare; therefore, no restrictions were set for
participants. The digital services had to fit the pre-defined definition
based on WHO classification of digital health interventions (World
Health Organization, 2018) including interactive two-way patient-
provider communication. Therefore, an automated (e.g., predesigned
text messages, prompts, reminders) and one-way client communication
systems were excluded. In the interest of acquiring information on new
and advanced digital services, reviews focusing solely or mainly (over
50 % of studies) on telephone consultation were excluded. Digital ser-
vices for health system managers and data services were also excluded.

Studies were excluded if they were not written in English or Finnish
or published before 2012. Reviews with a majority of included studies
(over 50 %) conducted in high-income countries were selected. China
is an upper-middle income country, but due to advancements in digital
infrastructure, industry, and subsequent digital economy (Zhang et al.,
2021), Chinese studies were included in the umbrella review. Gray liter-
ature was excluded as the umbrella review focused on reviews of peer-
reviewed, original studies.

2.3. Search methods

The search strategy was designed and conducted in close coopera-
tion with a university information specialist (Appendix B). An initial
search was made using PROSPERO, Cochrane, and Center for Open Sci-
ence to determine whether studies were available on the digital services
of interest and to develop search strategy. Database-specific keywords
and phrases were formulated based on terms related to or describing
the nature of research questions (Appendix A). The final search was
conducted in June 2022 using five digital databases: Centre for Reviews
and Dissemination (CRD), Cochrane, Ovid Medline, Scopus, and Web of
Science. The CRD database search was divided into two final searches
based on the three different databases within the CRD database. The
DARE and Economic evaluation databases were searched via Ovid
Medline. The international HTA database was searched directly.

The search and selection process of the included reviews is reported
using the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement for systematic reviews (Moher et al.,
2010) and is illustrated in the PRISMA diagram (Fig. 1). The initial
search yielded 538 articles, and 222 articles were selected for full-text
review after duplicate removal, and title and abstract screening. In the
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Fig. 1. PRISMA diagram.

From: Page M], McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71.

doi:10.1136/bmj.n71.

full-text phase, 154 reviews were excluded based on language and
country restrictions, publication year, study design (e.g., lack of quality
appraisal), interventions (e.g., unmeasured effects of defined digital
services), or the type of article (Fig. 1). Data screening was completed
independently by three reviewers (S.L,, H.H., and A.V).

2.4. Assessment of methodological quality

The methodological quality of all the included reviews was assessed
using the JBI critical appraisal tool for systematic reviews, consisting
of 11 questions to assess study quality and the extent to which
potential bias has been addressed (Aromataris et al., 2015). The
assessment was conducted independently by two researchers (S.L.
and H.H.) and final consensus was reached through discussion

(Appendix C). Regardless of the methodological quality, all reviews
were accepted for data extraction.

2.5. Data extraction and synthesis

Data was extracted by two researchers (S.L and H.H) using a
preformed extraction template made using Covidence software. The
extracted data consisted of study characteristics, object/aim, study de-
sign (e.g., qualitative/quantitative/mixed methods), setting/context,
digital service(s) of interest, and research findings based on the quadru-
ple aim framework (population health, costs, patient satisfaction, HCP
satisfaction). Digital services were extracted using the predefined defi-
nition based on the WHO categorization (World Health Organization,
2018) from which three categories were formed: 1) synchronous
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communication (e.g., real-time videoconferences and calls); 2) asyn-
chronous communication (e.g., messaging, exchange of images, videos,
audio); and 3) remote monitoring (e.g., video monitoring, remote track-
ing with wearable technology). The condition or domain, where the im-
pact of digital services was evaluated, was classified based on medical
specialties (e.g., cardiology) or healthcare context (e.g., primary care).
Impact (lack of evidence, no dominance, mixed and positive effect)
was classified as follows: positive, when digital services were more ef-
fective than usual care; mixed, when digital services were both positive
and/or as effective as usual care; no dominance, when digital services
were as effective as usual care; and lack of evidence, when the effect
of digital services could not be determined in the review.

Due to the heterogeneity of the included reviews, a narrative de-
scription with supportive tabulations of the results was formed. The
principle of inductive content analysis was used to identify and catego-
rize facilitators and barriers to use digital services, with the unit of anal-
ysis being content-specific wording (Kyngds, 2019). The initial content
analysis was conducted by one reviewer (H.H), and further abstracted
and verified by three reviewers (H.H, E.L, MJ).

3. Results
3.1. Characteristics of included reviews

The umbrella review identified 66 systematic reviews that met the
predefined inclusion criteria (Appendix A). The reviews were published

between 2012 and 2022, and nearly half (n = 29) were published dur-
ing the last three years (2020-2022). The reviews were conducted in

Table 1
Digital services in healthcare and social welfare.

Europe (49 %), North America (21 %), Australia (18 %), and Asia (12 %)
and in healthcare.

The quality of the included reviews was mostly (64 %) high (scoring
9-11/11 total score). The overall risk of bias was viewed as low since no
study scored less than half of the scores (<5/11 total score). High risk of
bias was most often related to the inclusion criteria, use of sources and
resources, and assessment of publication bias (Appendix C).

3.2. Digital services in healthcare and social welfare

Of the included reviews, 18 % focused solely on asynchronous com-
munication, 18 % on synchronous communication, and 25.5 % on both
synchronous and asynchronous communication (Table 1). Only one
study (1.5 %) focused solely on remote monitoring. Usually, remote
monitoring was used in conjunction with asynchronous communica-
tion in 12 % and synchronous communication in 10 % of the included
reviews.

3.3. Population health

Forty-three (65 %) reviews evaluated the impact of digital services
on population health (Table 2). Most of the reviews (91 %) compared
the impact of digital services with usual care or another non-digital
intervention.

3.3.1. Cardiology
Nine (13.6 %) reviews evaluated the impact of digital services in
cardiology (Kirakalaprathapan and Oremus, 2022; Inglis et al., 2015;

Digital service Examples of digital services?

Studies

Remote
monitoring

Asynchronous

Remote monitoring using cameras or with automatic transmission of
physiological data using wearables or implantable technologies such as
fitness trackers, pedometers, accelerometers, vital monitoring devices
(e.g., blood pressure, oxygen saturation, heart rate, asthma, cardiac,
spirometry, uterus activity, electronic stethoscope) from patient to
healthcare professional via landline or mobile telephone or broadband
technology, to gather data of vital signs and health behavior readings in
everyday life or during delivery of intervention (e.g., entertaining fitness
and relaxation content) with alerts of abnormalities conveyed to HCP.
Asynchronous communication using web-based or mobile applications and

Aspry et al., 2013; Brainard et al., 2016; Dawes et al., 2021; Flodgren et al.,
2015; Fortuna et al., 2020; Gee et al., 2016; Gunter et al., 2016; Inglis et al.,
2015; Kew and Cates, 2016a; Kirakalaprathapan and Oremus, 2022; Kraef

et al., 2020; Laver et al., 2020; McLean et al., 2012; Munro et al., 2013; Palmer
et al.,, 2021; Pandor et al., 2013; Robson and Hosseinzadeh, 2021; So and
Chung, 2018; Sul et al., 2020; Svendsen et al., 2020; Urquhart et al., 2017;
Véazquez-De Sebastian et al., 2021; Wong et al., 2020; Yang et al., 2017; Zhang
etal, 2022 (n = 25)

Ali et al., 2019; Arsenijevic et al., 2020; Aspry et al., 2013; Bradford et al.,

communication devices for text messaging (emails and SMS) and delivering audiovisual datain 2016; Dawes et al., 2021; de Jongh et al., 2012; Devi et al., 2015; Dol et al.,

secure channels, electronic health records, digital discussion forums, bulletin
boards, and graffiti walls, social media networks, and shared documents.
Patients can upload data (e.g., health, wellness, and behavior tracking, health
visit data, home-testing values), perform self-tests (e.g., risks), keep diaries,

2017, Fortuna et al., 2020; Gee et al., 2016; Gunter et al., 2016; Haberlin et al.,
2018; Han et al., 2020; Hand, 2022; Iribarren et al., 2017; Jansson et al., 2020;
Kaner et al.,, 2017; Kew and Cates, 2016a, 2016b; Kirakalaprathapan and
Oremus, 2022; Kuo and Dang, 2016; Laver et al., 2020; Lépez-Liria et al.,

answer questionnaires/surveys, manage their own care (e.g., view test results, 2022; Ma et al., 2018; Mashhadi et al., 2021; Massoudi et al., 2018; Mold
manage medication lists and administrative issues), have access to tailored and et al., 2015; Munro et al., 2013; Nguyen et al., 2021; Nordheim et al., 2014;

personalized multimedia material and individual feedback (e.g., graphic data
and reports), alerts of abnormal readings, recommendations, and reminders

Palmer et al., 2021; Pandor et al., 2013; Parker et al., 2018; Radhakrishnan
et al,, 2016; Rat et al., 2018; Robson and Hosseinzadeh, 2021; So and Chung,

(e.g., to measure values, upcoming appointments, lifestyle, self-care and treat- 2018; Stewart et al., 2022; Svendsen et al., 2020; Tan and Lai, 2012; Taylor

ment guidance), decision-support to contact and interact with healthcare
professionals, peers, family, caregivers, other service users. Service providers

et al.,, 2017; Tornivuori et al., 2020; Vazquez-De Sebastian et al., 2021;
Versluis et al., 2022; Wong et al., 2020; Zhang et al., 2022 (n = 46)

(e.g., healthcare professionals, clinical educators, treatment specialists) can
access and monitor patient transmitted data, receive reports of patient data,
and alerts with abnormalities or emergencies and provide support, counseling,

education, therapy, and rehabilitation, and moderate e-communities.

Synchronous communication using telephones, smartphones, or devices at

communication home or in provider locations (e.g., clinics, health kiosk) for telephone- or
videoconferencing and real-time messaging in chats or instant communi-
cation software applications, interactive messaging modules on secure
websites between patients, HCP, and caregivers (e.g., remote visits for
family/parents). HCP can send tailored real-time advice and provide
consultations, coaching (teach-back communication), rehabilitation,
education, therapy, and preoperative and postoperative multidisciplinary

Synchronous

evaluation.

Ali et al., 2019; Arsenijevic et al., 2020; Aspry et al., 2013; Bakhit et al., 2021;
Berryhill et al., 2019; Bradford et al., 2016; Brainard et al., 2016; Carrillo De
Albornoz et al., 2022; Devi et al., 2015; Dol et al., 2017; Flodgren et al., 2015;
Fortuna et al., 2020; Greenwood et al., 2022; Gunter et al., 2016; Haberlin
etal,, 2018; Han et al., 2020; Hand, 2022; Inglis et al., 2015; James et al., 2021;
Jansson et al., 2020; Jones et al., 2022; Kaner et al., 2017; Kraef et al., 2020;
Laver et al., 2020; Lin et al., 2019; Ma et al., 2018; Mashhadi et al., 2021;
Massoudi et al., 2018; McCleery et al., 2021; McLean et al., 2012; Nordheim
et al., 2014, Oliver et al., 2012; Parker et al., 2018; Robson and Hosseinzadeh,
2021; Sartori et al., 2021; Scott et al., 2022; So and Chung, 2018; Sul et al.,
2020; Svendsen et al.,, 2020; Tan and Lai, 2012; Tornivuori et al., 2020;
Tzelepis et al., 2019; Vazquez-De Sebastian et al., 2021; Wong et al., 2020;
Yang et al., 2017; Zhang et al., 2022 (n = 46)
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de Jongh et al., 2012; Palmer et al., 2021; Pandor et al,, 2013; Aspry et al,,
2013; Devi et al.,, 2015; Munro et al., 2013; Flodgren et al., 2015). Com-
pared to usual care, digital services had a positive impact on mortality
(Kirakalaprathapan and Oremus, 2022; Inglis et al., 2015; Pandor
et al,, 2013), quality of life and self-care (Inglis et al., 2015), and mixed
impact on hospitalization in patients with heart failure, with positive
impact in one review (Inglis et al., 2015) and no dominance in one
(Pandor et al.,, 2013). Compared to usual care, the impact of digital ser-
vices was mixed on lipid control in coronary heart disease patients with
hypercholesterolemia (Aspry et al., 2013) and on blood pressure control
in patients with hypertension (Flodgren et al., 2015). Compared to usual
care, the impact of digital services was mixed on primary prevention
(Palmer et al., 2021) and cardiovascular rehabilitation (Munro et al.,
2013), with no dominance on secondary prevention in patients with
coronary heart disease (Devi et al., 2015).

3.3.2. Endocrinology

Seven (10.6 %) reviews examined the impact of digital services in en-
docrinology, with all reviews on diabetes (de Jongh et al., 2012;
Flodgren et al., 2015; Robson and Hosseinzadeh, 2021; So and Chung,
2018; Vazquez-De Sebastian et al., 2021; Zhang et al., 2022; Kuo and
Dang, 2016). Compared to usual care, the overall impact of digital ser-
vices was slightly positive on blood glucose, with positive impact in
six reviews (Flodgren et al., 2015; Robson and Hosseinzadeh, 2021; So
and Chung, 2018; Vazquez-De Sebastian et al., 2021; Zhang et al.,
2022; Kuo and Dang, 2016) and no dominance in one (de Jongh et al.,
2012). Digital services had an overall mixed impact on blood pressure
with positive impact in two reviews (Flodgren et al., 2015; Zhang
etal., 2022) and mixed in one review (Kuo and Dang, 2016). Digital ser-
vices had a mixed impact on lipid control with one positive (Flodgren
et al., 2015), one mixed (Kuo and Dang, 2016) and one review with
no dominance over usual care (Zhang et al.,, 2022). Digital services had
no dominance over usual care in metabolism (de Jongh et al., 2012;
Zhang et al,, 2022) and in diabetic complications (de Jongh et al., 2012).

3.3.3. Psychiatry

Seven (10.6 %) reviews examined the impact of digital services in
psychiatry (Flodgren et al., 2015; Berryhill et al., 2019; Massoudi et al.,
2018; Gee et al., 2016; Fortuna et al., 2020; Scott et al., 2022;
Greenwood et al., 2022). Compared to usual care, digital services had a
positive impact in patients with depression, schizophrenia spectrum
disorder and bipolar disorder (Fortuna et al., 2020). Compared to
usual care, the overall impact of digital services was mixed in anxiety
patients with positive impact in two reviews (Berryhill et al., 2019;
Gee et al., 2016) and no dominance over usual care in one (Massoudi
et al.,, 2018). Digital services also had a positive impact in patients
with stress and panic disorders (Gee et al., 2016). Digital services had
no dominance over usual care on social phobia (Gee et al., 2016), post-
traumatic stress disorder (Scott et al., 2022), mixed mental health con-
ditions (Flodgren et al., 2015), less common mental health conditions,
and chronic conditions (Greenwood et al., 2022).

3.3.4. Pulmonology

Seven (10.6 %) reviews evaluated the impact of digital services in
pulmonology (de Jongh et al., 2012; Flodgren et al., 2015; Kew and
Cates, 2016a, 2016b; McLean et al., 2012; Sul et al., 2020; Yang et al.,
2017). Compared to usual care, digital services had a positive impact
on patients with various respiratory conditions (Flodgren et al., 2015).
Compared to usual care, digital services had a mixed impact on patients
with asthma: the impact was positive on peak expiratory flow variabil-
ity, with no dominance on forced vital capacity or forced expiratory flow
(de Jongh et al., 2012). There was a lack of evidence related to asthma
control, quality of life, and exacerbations (Kew and Cates, 2016a,
2016b). Compared to usual care, the impact of digital services was pos-
itive on hospitalizations (McLean et al., 2012), readmissions (Yang et al.,
2017), and exacerbations (Sul et al., 2020) with no dominance on

treatment balance, total mortality (Sul et al., 2020), or quality of life
(McLean et al., 2012) in patients with chronic obstructive pulmonary
disease.

3.3.5. Preventive medicine

Five (7.6 %) reviews evaluated the impact of digital services on salt
consumption, smoking cessation, and alcohol consumption (Flodgren
et al,, 2015; Ali et al.,, 2019; Kaner et al., 2017; Tzelepis et al., 2019;
Taylor et al., 2017). Compared to usual care, digital services had a
mixed impact on harmful alcohol consumption (Kaner et al., 2017)
and substance abuse (Flodgren et al., 2015) and no dominance over
usual care or other interventions on smoking cessation (Tzelepis et al.,
2019; Taylor et al., 2017), but when compared to no intervention at
all, the impact of digital services was positive (Taylor et al., 2017).
There was a lack of evidence of the impact of digital services on salt con-
sumption (Ali et al,, 2019), and smoking cessation in younger popula-
tions (Taylor et al., 2017).

3.3.6. Dermatology

Three (4.5 %) reviews evaluated the impact of digital services in der-
matology (Flodgren et al., 2015; Rat et al., 2018; Nordheim et al,, 2014).
Compared to usual care, digital services had no dominance in patients
with dermatological conditions (Flodgren et al., 2015). There was a
lack of evidence of the impact of digital services on early identification
of melanoma (Rat et al.,, 2018) and the treatment of foot and leg ulcers
(Nordheim et al., 2014).

3.3.7. Infectiology

Three (4.5 %) reviews evaluated the impact of digital services in
infectiology. Compared to usual care, the evidence on the impact of dig-
ital services in infectiology lacked evidence with more (Han et al., 2020;
Bakhit et al., 2021) or varying (Nguyen et al., 2021) numbers of appro-
priate antibiotic treatments prescribed on infection patients when
using digital services.

3.3.8. Pediatrics

Three (4.5 %) reviews evaluated the impact of digital services in pe-
diatrics (Dol et al.,, 2017; Tan and Lai, 2012; Urquhart et al,, 2017). Com-
pared to usual care, digital services had no dominance on obstetric and
perinatal outcomes such as perinatal mortality or incidence of preterm
birth (Urquhart et al., 2017). In addition, there was a lack of evidence
on the impact of digital services on supporting parents of infants receiv-
ing intensive care (Dol et al,, 2017; Tan and Lai, 2012).

3.3.9. Neurology

Two (3 %) reviews evaluated the impact of digital services in neurol-
ogy (Laver et al., 2020; McCleery et al., 2021). Compared to usual care,
digital services had no dominance on post-discharge care in short-
term hospitalized cerebrovascular disease patients (Laver et al., 2020)
or on the assessment of dementia and mild cognitive impairment
(McCleery et al., 2021).

3.3.10. Other specialties

Compared to usual care, digital services had a positive impact on the
physical activity in oncology (Haberlin et al., 2018). Digital services had
a positive impact on clinical outcomes in patients with multimorbidity
(Kraefetal,, 2020), quality of life, the number of emergency room visits,
and readmissions in patients recovering from surgery (Dawes et al.,
2021) and a mixed impact on clinical outcomes in orthopedy (Jansson
et al.,, 2020). There was a lack of evidence of the impact of digital ser-
vices on anxiety symptoms, and quality of life in palliative care patients
(Oliver et al., 2012).

Three reviews (4,5 %) evaluated the impact of digital services across
specialties with no direct indication of specialty specific impact
(Nguyen et al., 2021; Tornivuori et al., 2020; Wong et al., 2020). Com-
pared to usual care digital services had a positive impact on medication
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adherence and quality of life on varied specialties in non-hospital
settings (Wong et al., 2020), and on health-outcomes and chronic
disease self-management in adolescent patients during transitioning
of care (Tornivuori et al., 2020). The impact of digital services was
mixed on varied specialties and especially chronic disease management
in healthcare (Nguyen et al,, 2021).

3.4. Patient satisfaction

Patient satisfaction on digital services was examined in 18 (27 %)
reviews (Inglis et al., 2015; de Jongh et al., 2012; Munro et al., 2013;
Flodgren et al.,, 2015; Vazquez-De Sebastian et al., 2021; McLean et al.,
2012; Tzelepis et al., 2019; Rat et al., 2018; Oliver et al., 2012; Gunter
et al., 2016; Sartori et al., 2021; Carrillo De Albornoz et al., 2022; Mold
et al., 2015; Radhakrishnan et al., 2016; Ma et al., 2018; Versluis et al.,
2022; Lin et al,, 2019; Lépez-Liria et al., 2022) (Table 3). The impact of
digital services was positive on patient satisfaction in 78 % of the in-
cluded reviews. Caregivers' experiences were evaluated in one review
(Oliver et al., 2012) and the usability of digital services in three
(Arsenijevic et al., 2020; Jones et al., 2022; Parker et al., 2018).

Compared to usual care, patients preferred digital services in home
testing (Versluis et al., 2022) and in the treatment of dermatological
conditions (Lopez-Liria et al., 2022). In addition, patients preferred to
view their personal health information online instead of coming to
face-to-face appointments (Mold et al., 2015). The impact of digital ser-
vices on patient satisfaction was positive when digital services were ac-
cessible (Oliver et al., 2012), easy to use (Gunter et al., 2016), improved
patient-provider communication (Radhakrishnan et al., 2016) and in-
cluded the option to usual care (McLean et al., 2012).

3.4.1. Access to care

Compared to usual care, digital services had a positive impact on ac-
cess to care in patients with substance misuse problems when usual ser-
vices were congested (Lin et al., 2019), by reducing the consultation
delay and speeding up referrals for dermatological patients (Rat et al.,
2018), and for patients in surgical care (Sartori et al., 2021). Compared
to usual care, the impact of digital services was positive in primary
health care, with high patient satisfaction and potential to deliver
time-efficient care at a distance, although the continuity of care was
not as robust as usual care (Carrillo De Albornoz et al., 2022).

3.4.2. Vulnerable groups

Three (4.6 %) reviews identified patient groups (i.e., vulnerable
groups) who might have challenges in the use of digital services
(Arsenijevic et al., 2020; Jones et al., 2022; Parker et al., 2018). Overall,

the use of digital services was low in people on low incomes, elderly,
minorities (Arsenijevic et al., 2020; Jones et al., 2022), and with long-
term conditions (Arsenijevic et al., 2020; Parker et al., 2018). The will-
ingness to utilize services was influenced by motivation and health
literacy (Parker et al., 2018). Additionally, the use of digital services
was low among non-English-speaking older people with low levels of
education and lower household income (Jones et al., 2022). Digital
services utilizing different modalities with patient-provider communi-
cation increased the use of digital services in vulnerable groups
(Arsenijevic et al., 2020).

3.5. Healthcare professionals' satisfaction

Six (9 %) reviews evaluated the impact of digital services on HCP's
satisfaction (Vazquez-De Sebastian et al., 2021; Oliver et al., 2012;
Gunter et al., 2016; Mold et al., 2015; Radhakrishnan et al., 2016;
Lopez-Liria et al., 2022) (Table 4). Digital services had a positive impact
on HCP satisfaction in endocrinology (Vazquez-De Sebastian et al.,
2021), palliative care (Oliver et al., 2012), dermatology (L6épez-Liria
et al,, 2022), and surgery (Gunter et al., 2016). Easy use and perceived
usefulness of the digital services were related to HCPs satisfaction
(Oliver et al., 2012).

The impact of digital services on HCP's satisfaction was mixed in pri-
mary care (Mold et al., 2015) and home care (Radhakrishnan et al.,
2016). Although concerns were not realized, HCPs had concerns regard-
ing the impact of digital services on the workload (Mold et al., 2015).
The negative experiences of HCPs decreased the implementation
success of digital services (Radhakrishnan et al., 2016).

3.6. Costs

Fourteen (21 %) reviews evaluated the impact of digital services
on costs (Inglis et al., 2015; Palmer et al., 2021; Fortuna et al.,
2020; de Jongh et al., 2012; Pandor et al., 2013; Massoudi et al.,
2018; Sul et al., 2020; Nguyen et al., 2021; Urquhart et al., 2017;
Jansson et al., 2020; Oliver et al., 2012; Sartori et al., 2021; Carrillo
De Albornoz et al., 2022; Lépez-Liria et al., 2022; Iribarren et al.,
2017; Brainard et al., 2016; Mashhadi et al., 2021). Compared to
usual care, digital services had a positive impact on costs in cardiol-
ogy (Pandor et al., 2013), dermatology (Lopez-Liria et al., 2022),
and palliative care (Oliver et al.,, 2012), and in varied primary
healthcare domains (Nguyen et al., 2021; Carrillo De Albornoz
et al.,, 2022). The impact of digital services on costs was mixed in
psychiatry (Massoudi et al., 2018) with no dominance over usual
care on total costs in orthopedy (Jansson et al., 2020).

Table 4
The impact of digital services on healthcare professionals' satisfaction.
Condition or ~ Author Intervention/comparator Results Impact
domain Lackof No Mixed Positive
evidence dominance Impact impact
Primary care  Mold et al. Asynchronous communication Compared to usual care, digital services had a mixed impact X
(2015) Usual care on HCP experiences of increased workload by practices.
Homecare Radhakrishn- Asynchronous communication The impact of digital services was mixed on healthcare X
an et al. No comparison or usual care professional satisfaction, with HCP experiences of uncertainty
(2016) with effectiveness affecting use of digital services.
Surgery Gunter etal.  Remote monitoring, asynchronous  The impact of digital services was positive on healthcare X
(2016) and synchronous communications  professional satisfaction in post-surgery discharge care.
Usual care/no comparison
Palliative Oliver et al. Synchronous communications The impact of digital services was positive on attitudes and X
care (2012) Usual care/no comparison experiences of HCP. They perceived digital services to be
useful and easy to use.
Endocrinolog Vazquez-de  Remote monitoring, synchronous Compared to usual care, the impact of digital services was X
Sebastian and asynchronous communication  positive on healthcare professionals' satisfaction.
etal. (2021)  Usual care/no treatment
Dermatology Lépez-Liria Asynchronous communication Compared to usual care, the impact of digital services was X
etal. (2022)  Usual care positive on HCP satisfaction in dermatological disease care.
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Compared to usual care, digital services had a positive impact on sur-
geon volume in pre- and post-surgery visits in surgery patients with
hemorrhoids (Sartori et al., 2021). Compared to usual care, the impact
of digital services was mixed on the reduction of hospital readmissions
of out-patients (Mashhadi et al., 2021) and obstetric health service uti-
lization (Urquhart et al., 2017). The impact of digital services had no
dominance over usual care in health service utilization in endocrinology
(de Jongh et al., 2012) or pulmonology (Sul et al., 2020) (Table 5).

3.7. Facilitators and barriers to using digital services

Fourteen (21 %) reviews described facilitators and barriers to using
digital services (Aspry et al., 2013; Munro et al., 2013; Fortuna et al.,
2020; Tornivuori et al., 2020; Wong et al., 2020; Radhakrishnan et al.,
2016; Versluis et al., 2022; Arsenijevic et al., 2020; Parker et al., 2018;
Hand, 2022; Svendsen et al., 2020; James et al., 2021; Bradford et al.,
2016; Stewart et al., 2022). Five main, 19 generic, and 83 sub-
categories describing facilitators to use digital services were identified.
In addition, six main, 17 generic, and 38 sub-categories describing bar-
riers to the use of digital services were identified.

3.7.1. Facilitators

The identified facilitators to using digital services were inductively
formed in five main categories: various features, allocation, end-user
support, organized services, and service development (Fig. 2). Various
features such as multimodality, high-quality health information, conve-
nient user interface, process monitoring (e.g., goals, results, activities),
enhanced communication (e.g., patient-provider, family, peers),
privacy, accessibility, and tailoring (e.g., needs, literacies, skills,
changing life circumstances) facilitated the use of digital services for
the end-users, and especially patient users.

Identification of suitable end-users with supportive qualities
(e.g., health literacy, self-efficacy, activeness, engagement, solution-
orientation) is important for allocating digital services. Support
personnel (e.g., IT staff, clinical champions, coordinators) and goal-
directed quality education should be available to all end-users.
Patient end-users should receive support for digital service use from
family, professionals, and authorities, as appropriate. Organized ser-
vices with multilevel administrative guidance (e.g., determined aims,
goals, collaboration, responsibilities), organizational commitment, and
supportive collaboration structures (e.g., interprofessionality, network-
ing) with adequate resources (e.g., time, staff, funding, and technology)
facilitated the use of digital services. Service development with multi-
perspective impact assessment and applicable procedures (e.g.,
piloting, data sharing, co-creation, functional processes, and service
design) supported the use of digital services.

3.7.2. Barriers

The identified barriers to using digital services were inductively
formed in six main categories: service limitations, digital competency,
service strategy, funding strategy, change management, and resources
(Fig. 3). Service limitations such as technical issues (e.g., malfunctioning,
and outdated solutions, weak audio-visual qualities, logging-in and data
transfer difficulties), inapplicable solutions (e.g., inappropriate ques-
tionnaires, lack of possibilities for symptom identification), and access
restrictions (e.g., lack of broadband connection, power sources, and
technology) limited the use of digital services. The use of digital service
was also hindered by a lack of digital competency of patients
(e.g., literacy deficits, preferences of traditional human contact services,
fears of privacy violations) and HCP end-users (e.g., lack of experience,
resistance to change and digital services). Lack of digital competency
was related to undefined roles of both patients and HCP in the use of
digital services.

The use of digital services was not supported, due to a lack of na-
tional guidance (e.g., short political terms, lack of strategies, standards
for the procuring and providing) and funding strategy (e.g., funders,

funding models, reimbursement, financial pressure). An unstable base-
line for change (e.g., deficient service structures, regional differences,
readiness for change), lack of resources (e.g., staff, facilities, equipment)
with uneasiness of redesigning processes due to lack of research data,
and adaptable service models made change management for the use
of digital services difficult.

4. Discussion

The umbrella review identified 66 systematic reviews. It shows the
increasing deployment of various digital services in healthcare, especially
after the onset of the COVID-19 pandemic and the impact of digital ser-
vices on healthcare performance by using the Quadrable aim framework.
A post-pandemic update was relevant and enabled a more comprehen-
sive understanding of the rapidly evolving landscape of digitalizing
healthcare (Eze et al.,, 2020; Timpel et al., 2020; Snoswell et al., 2020).
Though new research has emerged, the impact of digital services is
mixed, highlighting the need for further research especially understand-
ing the impact mechanisms of digital services on population health.

4.1. Digital services in healthcare and social welfare

Synchronous and asynchronous communication were the most used
digital services in healthcare. As wearable technology develops, it is pos-
sible that remote monitoring will increase and become a more common
addition. It has potential health benefits but raises ethical and data man-
agement issues that need addressing (Cohen et al., 2020). The results of
this review were similar to the pre-pandemic umbrella review,
although remote monitoring was defined as the asynchronous trans-
mission of data from devices, with separate store-and-forward services
to define transmission of patient data (Eze et al., 2020). This review adds
new information by describing the various functionalities for asynchro-
nous communication between patients and healthcare professionals,
and for the transmission of patient and health data.

4.2. Impact of digital services on population health

The impact of digital services on population health align with
findings from the previous literature (Eze et al., 2020; Timpel et al.,
2020; Snoswell et al,, 2020; Koh et al., 2022). Digital services have dem-
onstrated a mixed, but mostly positive impact on population health in
various medical specialties including cardiology, endocrinology
(ie., diabetes), pulmonology, and psychiatry. However, there is limited
evidence and a lack of reviews focusing on other specialties such as
orthopedy, oncology, dermatology, and pediatrics, with either no dom-
inance or limited evidence available. The scarcity of comprehensive and
targeted research in these areas has also been highlighted in previous
reviews (Eze et al., 2020; Snoswell et al., 2020), underscoring the need
for additional studies of clinical effectiveness that encompass a broader
healthcare context. The review also identified a possible negative im-
pact of digital services on the treatment of infections. Three reviews re-
ported that patients treated via digital services were prescribed more
(Han et al., 2020; Bakhit et al., 2021) or varying numbers of antibiotic
treatments (Nguyen et al., 2021) than in usual face-to-face care. This
emphasizes that the utilization of digital services can lead to unintended
consequences requiring researching the implementation, delivery, and
use of digital services.

4.3. Impact of digital services on patient satisfaction

Predominantly positive patient satisfaction was reported. Compared
to usual care, patients preferred digital services in home testing, for in-
stance. According to previous literature, digital services can improve ac-
cess to healthcare services (Leonardsen et al., 2020), which was also
indicated by this review. Only one review specifically examined the sat-
isfaction of patient caregivers, highlighting the need to explore their
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affordable digital services with support of digital literacy ensuring equi-
table access to digital services should be prioritized to maximize the
benefits of digital services (O'Connor et al., 2016).

4.4. Impact of digital services on healthcare professionals’ satisfaction

The topic of HCP satisfaction in digital services has been relatively
understudied in previous studies (Eze et al., 2020), which was evident
in this review as well. The review provided insights that the use of digital
services on HCP experiences varied, while the impact on HCP satisfaction
was limited. There are concerns about the potential erosion of patient-
provider boundaries and the perception that technology may diminish
clinical skills and increase workload (Odendaal et al., 2020). The experi-
ences and satisfaction of HCP can influence the success of digital services
(Konttila et al., 2019; Henry et al., 2017) and therefore should be consid-
ered in the implementation and development of digital services.

4.5, Impact of digital services on costs

Given the projected increase in health expenditures in the coming
decades (Dieleman et al., 2017), reliable data on cost-effective
healthcare interventions becomes imperative. In the umbrella review,
digital services showed mixed impact on costs and resource utilization
but in most of the studies costs were lower. Conversely, in previous lit-
erature digital services may have reduced in-person appointments, but
the easy accessibility of such services had potentially increased the de-
mand for healthcare (Shigekawa et al., 2018). In the long run, this
may reduce more costly unplanned and tertiary-level care as patients
resume an active role in self-management (Anderson et al., 2022). Po-
tential timesaving from digital services was not identified in the review,
although it is important, as cost savings can be realized through the time
saved for patients who no longer need to travel to a healthcare facility
for their appointments.

4.6. Facilitators and barriers to using digital services

The review identified several facilitators and barriers to using digital
services. One key facilitator was user-centered functionalities (e.g.,
usability, accessibility, and tailorability) of services with barriers associ-
ated with technology and infrastructure. These are also identified as
factors affecting the digital patient experience (Wang et al., 2022).
One digital solution alone cannot address all factors, highlighting the
need to research and create different service structures with digital
and usual care practices that can cater to them as a whole. Considering
that healthcare services are used by heterogeneous patient populations
(i.e., varying individual qualities and possibilities), research should also
focus on the identification of patients who require support and/or
benefit the most from digital services. As healthcare and social welfare
are often intertwined in service provision, it would be beneficial to
collaborate more in research to create equally beneficial evidence.

4.7. Recommendations for future research, policy, and practice

Currently, the evidence from previous literature (Eze et al., 2020;
Shigekawa et al., 2018) and this review indicate that the impact of
digital services on the use, access, or duplication of services in
healthcare remains unclear, although positive discoveries have
been made. Instead of overly focusing on improved health outcomes,
digital services could be evaluated from the perspective of providing
equal or improved health outcomes, with less costs and resources
along with guaranteed patient and HCP satisfaction. More research
is needed, with the Quadruple Aim framework providing a useful
lens to guide assessment and research. The assessment of probable
utility could also be useful to evaluate in terms of process outcomes,
transaction costs, population access to services, and the ability for
the system to produce more services (Abimbola et al., 2019).

Digital services need guidance, management, structure, and funding
on all levels of decision-making in healthcare. Digital services, such as
new interventions or programs in healthcare, should be integrated as
part of the services with support and education offered not only for pa-
tients but to HCP which, along with collegial support, as they are essen-
tial in building positive HCP experiences in digitalization and support
digital competence (Konttila et al., 2019).

4.8. Limitations

There are some limitations to this review. An extensive, rigorous
search was performed on relevant databases, with the utilization of
informatics and social science expertise. Still, relevant research may
remain unidentified, hence the lack of similarity with previous research
(Eze et al,, 2020). On the other hand, the studies in this review add new
information to previous research. Digital services and related terminol-
ogy have changed significantly over the last decade, challenging
comparisons. In this review, digital services were defined based on
WHO categorization. The search strategy had various terms to describe
specific types of digital services, but using the search word “tele*”, for
example, could have yielded more results. One major setback was a
lack of representation of intended social work studies; this could signal
a lack of synthesis on digitalization with systematic methodology in
social welfare. Potential bias could have resulted, as data extraction
from the reviews was divided between two reviewers. On the other
hand, the results were discussed and analyzed by an interprofessional
review team with expertise in effectiveness research, medicine, and
health sciences, adding reliability. As the results of the included reviews
are heterogenous, with the possibility of publication bias acknowl-
edged, our recommendations and conclusions should be considered
with due caution.

4.9. Conclusion

Digital services have a mixed impact compared to usual care on pop-
ulation health and costs, with possible savings in healthcare costs and
resources supporting their wider adoption. Digital services can be viable
alternatives or additions to healthcare services in certain contexts.
Patient satisfaction is often associated with the use of digital services,
along with less and more cautious reporting of health care professionals'
satisfaction. To ensure successful implementation and sustainability of
digital services, attention must be paid to addressing barriers and
supporting facilitators at all levels in health care provision. Further
long-term and diverse research with the use of valid instruments to
measure the quadruple effects of digital services is needed in healthcare,
and especially in social welfare.
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