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Title: Randomized controlled trials addressing how the clinical application of information and

é communication technology impacts the quality of patient care — a systematic review and meta-

3 analysis

g Abstract:

s Background: The number of people with chronic and long-term conditions has increased during

g recent decades; this has been addressed by leveraging information and communication technology to
ig develop new self-care solutions. However, many of the developed technological solutions have not
i:2a been tested in terms of impact(s) on patients’ quality of life.
ig Objectives: This systematic review aimed to identify the current best evidence on the types of
is interventions that have been developed to improve care quality through the clinical application of
ig information and communication technology in specialised, primary, or home care.
22 Design: A systematic review, including a meta-analysis, was conducted according to the JBI Manual
2;23 for Evidence Synthesis guidelines.
24
;2 Data sources: Relevant data were identified from four electronic databases: CINAHL; PUBMED;
27 SCOPUS; and MEDIC.
28
:233 Review methods: The eligibility criteria were formatted according to PICOS inclusion and exclusion
gé criteria. At least two researchers performed the screening process separately, after which they agreed
;i upon the results. The Cochrane Risk of Bias Assessment and JBI Critical Appraisal tool for
22 randomized controlled studies was used to assess research quality. Data were extracted and a meta-
g; analysis was performed if the research met quantitative requirements.
28 Results: Of the 528 initially identified studies, 11 studies were chosen for final data synthesis. All of
jé the interventions integrated information and communication technology solutions into patient care to
ji improve patient-centred care. Patients across all of the trials were educated through direct training,
45 the provision of information relevant to their disease, or one-to-one educational coaching. The
js interventions included various interactions, e.g., health care expert visits and support, support
jg provided by peers, group or family members. These interactions occurred through face-to-face
2(1) coaching, virtual human coaching or virtual coaching that relied on an algorithm. The performed
2;23 meta-analysis included six of the 11 identified studies, with one study demonstrating a significant
gg post-intervention effect on patients’ quality of care and quality of life. This specific intervention
56 focussed on the efficacy of a management system for chronic liver failure patients which integrated
2; telephone and delivery system designs, interaction with health care experts, family involvement and
59 . . .. . .
60 face-to-face coaching, patient training, and educational coaching.
61
62
63
64
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Conclusions: The presented results suggest that information and communication technology based
care should be developed in collaboration with health care professionals, involve patients in decision-
making, and combine information and communication technology solutions with human interaction
and coaching. Information and communication technology education was found to be essential to the

success of an intervention.

Keywords: Randomized controlled trials, information and communication technology, ICT, quality

of patient care, systematic review, meta-analysis

What is already known about the topic?

- The increasing prevalence of chronic diseases, when considered together with decreasing
numbers of health care staff, will challenge health care systems in the future.

- The WHO has stated that digitalised health care can improve patients’ access to health
services, reduce the burden of travel, and potentially reduce inequalities in health care.

- Versatile ICT solutions have been developed for patient-centred care, but the effectiveness of

these solutions has not been adequately measured in the health care domain.

What this paper adds

- The integration of ICT into patient-centred care requires human interactions and educational
coaching.

- Educating both patients and health care professionals is essential to the success of ICT
solutions.

- Anydeveloped intervention should include measurements related to health care staff and other
stakeholders in addition to patient-centric outcomes.

- Digital literacy measurements could be integrated into future studies to avoid bias in

measurements and the reporting of results.

Introduction
In recent years, patients with long-term/chronic illnesses have become more common and diverse

(World Health Organization & United Nations Children's Fund, 2020). This can be explained by

advances in medicine, which have enabled people with chronic and long-term conditions to live

longer, as well as better cope with their ailment(s).

Furthermore, the digital age — which involves the rapid shift from 3G and 4G to 5G networks — has

enriched various dimensions of health care services (Ting, et al., 2020). For example, patients' daily
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lives have been improved by numerous technologies, e.g., monitoring devices to help patients
understand their own physical condition, learning tools, solutions for communicating with health care
professionals, as well as assisted living and robotics to reduce the burden of care on health care
providers. New technological solutions can also substantially improve the way nurses work (Day &
Beard, 2019). Electronic health records are being developed to manage workloads and to facilitate
the efficient sharing of medical information between health care providers and stakeholders; these
types of solutions will improve care by enabling the capture of detailed patient information and

eliminating the potential for human error (Roehrs, et al., 2017; Symonts et al., 2019).

In this way, information communication technology (ICT) is highly relevant to the health care sector.
ICT technology has developed rapidly due to the dedication of innovative engineers and companies,

yet there is little evidence on how broadly these technologies have been adopted in health care.

In this ICT context, two relevant literature reviews exist. First, Koivunen & Saranto (2018) published
a qualitative review which synthesised nursing professionals' experiences of which factors are
facilitators and barriers to the use of online telehealth services. This systematic review scrutinized 25
articles and found that nurses' skills and attitudes are barriers to the implementation of telemedicine.
Moreover, the analysed literature revealed that the shift from face-to-face nursing to the use of
telemedicine will require local consensus and further professional discussions on how the change will

be accepted and implemented (Koivunen & Saranto, 2018).

The field of digital technologies for care has already been explored in terms of acceptability,
effectiveness and efficiency, with a recent scoping review clarifying how different solutions have
been used in various target settings, target groups, and areas of support (Krick et al. 2019). This
scoping review — which included more than 700 references published up until 2018 —
comprehensively presented the extant evidence. However, the current evidence base is not
sufficiently detailed about how specific innovations can improve the quality of care and/or nurses’
clinical work. In addition, because the field of ICT is progressing at an incredibly rapid rate, many
studies have reported results that are no longer relevant based on the technological developments that
occurred in between the research process and the publication of the findings. Therefore, there is a

need for another systematic review on the topic that includes the most recent evidence.

While conducting this systematic review, we focused on clarifying the extent to which ICT solutions
can improve the quality of nursing care and examining whether ICT solutions can complement
nurses’ work with patients. As for nurses’ acceptance of ICT solutions, the prerequisite is that the

solution undoubtedly improves the quality of nursing care. We feel that the results of this systematic
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review can benefit nurses by creating an atmosphere and forum for dialogue about relevant ICT

solutions.

Methods

Study aim and research questions

The aim of this systematic review was to identify the current best evidence on the types of
interventions that have been developed to improve care quality by the clinical application of ICT
solutions in specialized, primary, or home care. The research was guided by the following study

questions:

1) What types of interventions have been designed to improve the quality of specialised, primary, or

home care via the use of ICT solutions?

2) How have these interventions, i.e., the clinical implementation of ICT solutions, affected the

quality of specialised, primary, or home care?

Search strategy

The systematic review was conducted according to JBI Manual for Evidence Synthesis guidelines
(Aromataris and Munn, 2020), and the protocol was registered in PROSPERO 2020 (author-blinded).
The PRISMA statement for systematic reviews and meta-analyses was followed to ensure that the
findings were reported in a rigorous and transparent manner (Page et al. 2021). The eligibility criteria
were formatted according to PICOS inclusion and exclusion criteria (see Table 1). The population
(P) included patients involved in specialised, primary, or home care, interventions (I) of interest
included the clinical application of ICT with the underlying goal of enhancing patient-centred care
and self-management, comparison (C) mandated that the research had to include a control group that
had not received the tested ICT intervention, and outcome (O) represented the quality of patient-
centred care through at least one of the following outcomes: maintaining patient autonomy;
empowering self-care; individualised and relationship-based care; shared decision-making; and
creating a homelike environment. In addition, study type (S) included randomised controlled trials
(RCTs) that were peer-reviewed and published between 2010-2020 in English, Finnish, or Japanese.
Hence, non peer-reviewed publications, studies that did not follow a RCT study design, and/or were
published prior to 2010 were excluded. The combination of keywords included “patient or client or
user or consumer or customer” AND “specialized care or primary care or home care” AND
“Information and communication technology or ICT” AND “Quality of patient-centred care” AND

“Intervention or randomized/randomised controlled trial or experimental or trail study”. MESH terms
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and the required acronyms were applied to develop the most inclusive search strategy. A library
specialist from the ||| G, - consulted during the development
and pilot testing of the search process. The precise searches developed for each database are shown
in Supplementary File 1. A total of four electronic databases were screened for relevant data:
CINAHL (EBSCO); PUBMED (Medline); SCOPUS; and MEDIC. Any instances of grey literature

were not included in the review.

Study selection
The selection of relevant research was conducted by four researchers (authors-blinded), who

individually screened the identified studies by title, abstract, and full-text, after which they discussed
— and agreed upon — the results together. The researchers used Covidence 2020 (Veritas Health
Innovation, Melbourne, Australia) when importing and screening data. A total of 528 studies were
identified during the literature search, with 455 remaining after duplicate removal (n=73). The studies
were then assessed based on title and abstract (n=455), with 402 studies excluded. The remaining
studies (n=53) were assessed based on the full-text article (n=53), after which 41 studies were
excluded for the following reasons: no control group (n=1); intervention was not relevant (n=1);
outcomes were not relevant (n=15); study design was not relevant (n=24). Eventually, 11 eligible
studies were chosen for the risk of bias assessment and final synthesis. The flow chart of the study

selection process, which was conducted according to PRISMA guidance, is presented in Figure 1.

Assessment of risk of bias and study quality

During the next phase of the study progress, four researchers (authors-blinded) assessed the risk of
bias and study quality. This was first done separately, after which all of the researchers discussed,
and agreed upon, the results. The quality of the 11 chosen studies was assessed with seven criteria of
the Cochrane Risk of Bias Assessment (Higgins et al. 2011): random sequence generation; allocation
concealment; blinding of participants and personnel; blinding of outcome assessors; incomplete
outcome data; selective outcome reporting; and other sources of bias (see Figure 2). For each of these
criteria, a study could receive a high, low or unclear score. Out of the 11 identified studies, only one
study (Chan et al. 2014) demonstrated low scores across all seven criteria. The article by Zhu et al.
(2018) demonstrated high or unclear risk of bias scores for most criteria. On the other hand, most
studies had an unclear risk of bias concerning incomplete outcome data and selective outcome
reporting (Chan et al. 2014, Jansen et al. 2017, Khanna et al. 2019, Kravitz et al. 2018, Tung et al.
2019, Tutino et al. 2017, Waki et al. 2015, Wigg et al. 2013). The criteria ‘blinding of participants
and personnel’ and ‘blinding of outcome assessors’ most commonly showed a high risk of bias. Only

Chan et al. (2014), Hanberger et al. (2013) and Zhu et al. (2018) reported the blinding procedures in
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the RCT methodologies. Additionally, a checklist for randomized controlled trials in a Critical
Appraisal tool (JBI Systematic Reviews) was used to assess the quality of the identified studies
(Tufanaru et al. 2020). Each study was assessed according to 13 critical statements related to RCT
quality, validity and reliability, with the researchers selecting ‘Yes’, ‘No’ or ‘Unclear’ as the answer
(see Supplementary File 2). In this assessment, Chan et al. (2014) scored 100%, Kravitz et al. (2018)
scored 92%, Wigg et al. (2015) scored 85%, while the articles by Hanberger et al. (2013), Khanna et
al. (2019), Tutino et al. (2017) and Zhu et al. (2018) all had scores of 77%. The remaining studies
scored between 54-70% (Figures 2-3).

Data extraction and meta-analysis
The following data were extracted from the 11 chosen RCT studies: study identification; study

objective; population; intervention; comparison; outcome; measurements; and key findings (see
Table 2). During the meta-analysis, the overall effect and heterogeneity indexes were calculated in
the “metaan” package in Stata v12 (StataCorp., 2011; Kontopantelis & Reeves, 2010). The random-
effects models incorporated the heterogeneity estimation in the weighting (Harris et al., 2008) as
recommended by Veroniki et al. (2019) and Kontopantelis & Reeves (2010). The overall effect was
calculated with the Profile Likelihood (PL) random-effects model (Kontopantelis & Reeves, 2010).

Heterogeneity was represented by three indices: the Q-statistic in the y* distribution and the
corresponding p-value (Hoaglin, 2016); the I? statistic; and the t° statistic (Higgins et al., 2019). A
significant p-value for the Q-statistic indicated heterogeneity bias. However, heterogeneity was
further assessed by calculating the 12 statistic because the Q-statistic should be interpreted with
caution when the p-value does not show statistical significance (Higgins et al., 2019). According to
the Cochrane standards, heterogeneity is not important if I? is between 0-40%, moderate if I? is
between 30-60%, substantial if I? is between 50-90%, and considerable if I> is between 75-100%
(Higgins et al., 2019). The 7 statistic was also determined to estimate the amount of variation between
the included studies. Studies characterised by a high degree of heterogeneity in the measurement of
primary outcomes, i.e., to the extent that the results could not be pooled for the meta-analysis, were

summarised narratively.

The funnel plot graphic was adopted to assess publication bias. A funnel plot provides a visual
representation of the treatment effects reported in a set of studies; in cases in which the funnel plot
has an asymmetrical shape, the meta-analysis may overestimate the effect of a studied treatment and,
therefore, publication bias exists (Sterne & Harbord, 2004). The “metafunnel” package was used to

generate the funnel plot in Stata v12 (StataCorp., 2011; Sterne & Harbord, 2004).
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Results

Study characteristics

Most of the 11 identified studies were conducted in Asia, e.g., in Hong Kong (Chan et al. 2014),
China (Tutino et al. 2017, Zhu et al. 2018), and Japan (Waki et al. 2015). The other RCT studies were
conducted in the United States (Khanna et al. 2019, Kravitz et al. 2018, Tung et al. 2019), Australia
(Wigg et al. 2013), and Europe, e.g., Sweden (Hanberger et al. 2013), Germany (Hermann et al.
2012), and the Netherlands (Jansen et al. 2017). The identified RCTs included a total of 6 128
participants (a minimum of 30 and a maximum of 3 586), of which 3 149 participants were in
interventional groups and 2 979 were in control groups. The participants represented patients with
type 2 diabetes mellitus (Chan et al. 2014, Hermann et al. 2012, Tutino et al. 2017, Waki et al. 2015),
type 1 diabetes mellitus (Hanberger et al. 2013), cancer of the head and neck (Jansen et al. 2017),
systemic sclerosis (Khanna et al 2019), chronic musculoskeletal pain (Kravitz et al. 2018), chronic
liver failure (Wigg et al. 2013), and hypertension (Zhu et al. 2018), along with general primary care
attendees (Tung et al. 2019).

Types of interventions
All of the interventions included ICT utilisation to improve the quality of patient-centred care (see

Table 3). The clinical application of ICT included the telephone (Chan et al. 2014, Khanna et al. 2019,
Kravitz et al. 2018, Tung et al. 2019, Tutino et al. 2017, Wigg et al. 2013, Zhu et al. 2018), a web
portal (Chan et al. 2014, Hanberger et al. 2013, Hermanns et al. 2017, Jansen et al. 2017, Khanna et
al. 2019, Tutino et al 2017), interactive online educational resources (e.g. games and simulations)
(Hanberger et al. 2013, Hermanns et al. 2017), mobile health applications (Kravitz et al. 2018, Waki
et al. 2015), the utilisation of electronic health records (Tung et al. 2017) and delivery system design
(e.g. algorithms) (Tung et al. 2019, Tutino et al. 2017, Waki et al. 2015, Wigg et al. 2013, Zhu et al.
2018). All of the studies, with the exception of one (Tung et al. 2019), reported that the patient ICT
support system involved various interactions during the intervention. These interactions included
visits and support from health care experts (e.g., nurse, inter-professional team, doctor), along with
support from peers, groups, or family members. These interactions occurred via face-to-face
coaching, virtual human coaching, or virtual coaching based on an algorithm. Patients in all of the
RCT studies were educated through direct training, information and educational resources relevant to
their disease, or one-to-one educational coaching. The research presented by Hermanns et al. (2013)

and Khanna et al. (2019) combined all three of these methods in the described intervention.
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QOutcome measures

All of the studies collected baseline measurements, with the length of the investigated intervention
varying; the shortest duration was three months (Tung et al. 2019, Waki et al. 2015), while the longest
duration was 24 months (Hanberger et al. 2013), with the other studies describing interventions which
lasted six (Hermann et al. 2012), eight (Khanna et al. 2019, Zhu et al. 2018), or 12 months (Chan et
al. 2014, Jansen et al. 2017, Kravitz et al. 2018, Tutino et al. 2017, Wigg et al. 2013). Of the 11
identified studies, six included measurements of clinical variables, e.g., haemoglobin, blood glucose,
cholesterol, body weight, blood pressure (Chan et al. 2014, Hanberger et al. 2013, Hermann et al.
2012, Tutino et al. 2017, Waki et al. 2015, Zhu et al. 2018). In terms of the quality of patient-centred
care, the described interventions measured the quality of life or care, self-efficacy or self-
management. Quality of life was measured using the following instruments: EQ-5D Europol for
Quality of Life (Chan et al. 2014, Jansen et al. 2017, Khanna et al. 2019); SF-36 Health-Related
Quality of Life (Hermanns et al. 2012); DISABKIDS Quality of Life for Children (Hanberger et al.
2013); and Quality of Life Chronic Liver Disease Questionnaire (Wigg et al. 2013). Quality of care
was measured using the following instruments: Quality of Care (Wigg et al. 2013); and Quality of
Care from the Patient’s Perspective (QPP) questionnaire (Hanberger et al. 2013). Self-efficacy was
measured using the following instruments: DES-20 Diabetes Empowerment Scale for Self-efficacy
(Chan et al. 2014); Chinese version of the Short-Form Chronic Disease Self-Efficacy Scale (Zhu et
al. 2018); and PROMISE Self-efficacy scale (Khanna et al. 2019, Kravitz et al. 2018). Self-care or
self-management was measured using the following instruments: SDSCA-14 Self-care Activities
(Chan et al. 2014); SWE-DES-SF-10 Swedish Diabetes Empowerment Scale (Hanberger et al. 2013);
Self-Care Activities scale (Hermanns et al. 2012); Patient Activation Measure (PAM) (Khanna et al.
2019); self-made items measuring self-management (Tung et al. 2019); and Compliance to Self-care

(Waki et al. 2017).

Effects of interventions based on a meta-analysis
Of the 11 studies included in this systematic review, six were eligible for a quantitative synthesis in

the meta-analysis (Khanna et al., 2019; Kravitz et al., 2018; Jansen et al., 2017; Chan et al., 2014;
Wigg et al., 2013; Hermanns et al., 2012). The other studies did not include the information required
to perform a quantitative synthesis (e.g., summative mean scores, standard deviation or confidence
intervals). The overall effect calculated in the meta-analysis supports that the tested interventions had
a positive effect on the quality of care (PL=0.33); however, the confidence interval of this result (95%
CI= -00.7-0.80) does not allow us to exclude a null effect. The forest plot (Figure 4) illustrates the

effects reported in each study and the overall effect calculated in the meta-analysis with the associated
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95% Cls (see Figure 4). According to the meta-analysis of six studies, only the intervention described
by Wigg et al. (2013) significantly influenced patients’ quality of care and quality of life. The effect
size reported in the study was rather large, 1.50 (CI= 0.90-2.10). The intervention described by Wigg
et al. (2013) focussed on the efficacy of a chronic disease management approach for patients with
chronic liver failure which integrated a telephone and delivery system, interaction with health care

experts, family involvement and face-to-face coaching, patient training and educational coaching.

The results of the meta-analysis revealed that the included studies included a certain degree of
heterogeneity. More specifically, the Q-statistic was statistically significant (Q=28.17; df=5,
p<0.001) while I> was 88.04% (95%CI=76.44-93.92); these results indicate a considerable level of
heterogeneity. The 12 statistic was 0.155 (95%CI=0.00-0.85). The funnel plot showed a symmetrical
pattern; hence, the meta-analysis was not affected by publication bias and the results do not

overestimate the effects of the described treatments (see Figure 5).

Discussion

This review aimed to identify the current best evidence concerning which types of interventions have
been developed to improve the quality of patient care by the application of ICT solutions in
specialised, primary, or home care. The most important finding, which was revealed by the meta-
analysis, was that only one study achieved a significant post-intervention effect on the quality of
patient care and quality of life (Wigg et al. 2013). This aspect of health care has received prior
research attention, as numerous earlier studies have reported how long-term digital care-paths impact
the quality of life among patients with long-term illnesses (Chan et al. 2007, Cullington et al. 2018,
Ryhénen et al. 2013, Wagenaar et al. 2018). The interventional study by Wigg et al. (2013) focused
on integrated, multidimensional care in which ICT systems were complemented with human
interactions (including health care experts and family involvement) along with patient training and

education.

This systematic review provided mixed findings regarding whether the clinical application of ICT
solutions improves the quality of life among patients in empowering self-care. The identified studies
demonstrated that the clinical application of ICT solutions was effective in terms of behavioural
parameters, including medication adherence (Herman et al 2012), along with glycaemic control (Chan
et al. 2014, Tutino et al. 2017, Waki et al. 2015), self-care behaviour (Chan et al. 2014, Waki et al.
2015, Zhu et al. 2018), LDL cholesterol levels (Tutino et al. 2017), and blood pressure management
(Zhu et al. 2018). Earlier studies have suggested that digitalised care pathways do not necessarily

result in better self-care among patients with long-term illnesses (e.g. Mata et al. 2020). This was also



O Joy U WM

DO UGG OTOTOTE D DB BB D DD DNWWWWWWWWWWNNNRNNNNNNN R, R RRRFRR PR,
R WNRFROWOVWO-JONTRWNROW®®JIAOAURWNROWGWOW-JANOREWNRFROWOW®OW-JANTREWNRLOW®O-TI0 N WNR O W

10

shown to hold true for interventions that included a long care relationship. Therefore, the current
systematic review does not provide clear and consistent evidence that ICT interventions exert positive
effects on a patient’s quality of life in empowering self-care (Ammenwerth et al. 2019). This agrees
with was was reported in another recent review, as Damant et al. (2017) concluded that ICT use in

older patient populations does not improve quality of life.

Earlier reviews have also reported mixed results on the impact of digital patient portals (Carinini et
al. 2021), digitalised care pathways (Neame et al. 2019; O’Connor et al 2016), and telemedicine
interventions (Eze et al.2020) on the utilisation of health services as well as the quality and
effectiveness of care. However, there is a lack of research into the quality of digitalised health care
(Carinini et al. 2021). For example, there is previous evidence that patients are accepting of, and
satisfied with, digitalised health care interventions, yet there are still notable barriers to the wider use
of innovative solutions (Eze et al 2020). The digitalisation of health care can help strengthen
relationships and communication between patients and health care professionals, empower the
patient's well-being, and help health care professionals and patients make better decisions (ElKefi et
al. 2021); however, the presented results indicate that — at this point — human interaction cannot be

replaced by digital technology.

It is important to recognise that a patient’s quality of life was measured using multiple instruments in
this systematic review; furthermore, the impact on quality of life may differ depending on the
characteristics of a specific disease, such as diabetes mellitus or chronic liver dysfunction. The
subjects in this study did not noticeably vary in terms of age and, as such, their acceptance of ICT
solutions did not strongly vary. However, it is possible that there are individual differences in ICT
literacy. The technology acceptance model (TAM) is commonly used to gauge technology adoption
in patients, and a systematic review of 134 studies found that the concepts of subjective norms and
self-efficacy, as well as compatibility, experience, training, anxiety, habit, and facilitators, promote
TAM (Rahimi, 2018). However, none of the studies included in the present review mentioned these
factors. The results of the meta-analysis could be expected to change if these potential clinical

heterogeneities could be minimised.

It is also necessary to consider whether the level of ICT literacy and the use of ICT can improve a
patient’s quality of life, since the quality of life of patients who do not use ICT has not been taken
into account. In other words, how compatible the applied ICT solution is with users’ ICT literacy will

determine the strength of the impact on quality of life.
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Based on the results of the included interventional studies, a health care professional’s competence
in ICT use and delivery may have a large impact on how the patient experiences the potential benefits
of the solution. According to a previous systematic review, sufficient digital health competence
among staff members can ensure that patients receive high-quality care when ICT solutions are used
during care delivery (Konttila et al. 2018). However, other studies have noted that health care
professionals might lack the competence to motivate and advise patients in self-management (Kujala
et al. 2018) or communicate through patient portals (Laukka et al. 2020). Moreover, previous research
has concluded that the development of health care professionals’ digital health competence requires
systematic and individually-designed education (Nazeha et al. 2020). Additionally, organisational
and collegial support (Jimenez et al. 2020, Konttila et al. 2018), as well as patient-friendly designs,
are a starting point for the efficient use of ICT solutions by health care professionals (Lusigan et al.

2014).

The increasing prevalence of chronic diseases has led to considerable growth in health care costs
(Boersma et al, 2020). This problem is not only restricted to high-income countries, but has been
noticed on a global scale (Bommer et al, 2017: Hajat & Stein, 2018). The long progression of many
chronic diseases means that prevention of severe illness and early detection of comorbidities are
necessary. To achieve this, health care systems need solutions that adequately support self-
management by patients and their families (Reynolds et al, 2018). The care for patients with chronic
diseases needs to shift from the traditional focus on inpatient and outpatient care to community-based
care interventions that are more in tune with patients' lifestyles (Stellefson et al, 2013). The studies
included in this review investigated ICT-based care in situations when a patient was not admitted to
a hospital or visited a clinic. The performed meta-analysis, which consisted of six studies, revealed
that only one study achieved a significant post-intervention effect on care quality and the patient’s
quality of life (Wigg et al, 2013). Clearly, the impact of s-based care on a patient’s quality of life is

an area that warrants more research attention.

Strengths and limitations
This paper provides an update to previous systematic reviews on the same topic, and widens the

evidence base on the rapidly changing topic that is digital health. The findings of this systematic
review are further supported by the results of a meta-analysis to enhance the strength of evidence on
the topic. Nevertheless, the presented research was undoubtedly affected by certain limitations. First,
our systematic review did not include some databases, such as PsycInfo, and even if we had included

every relevant database it is still possible that some evidence would be overlooked. Second, the meta-
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analytic approach could only be applied to six of the 11 identified studies due to partial quantitative
reporting in five studies. As such, the presented findings suggest that the methodological quality of
future studies on the topic could be improved; this would allow a more complete meta-analysis to be
conducted. It should be noted that two studies included in the meta-analysis demonstrated risk of bias
scores between 54% and 70%, even if they met the quantitative criteria for inclusion (Hermanns et
al., 2012; Jansen et al., 2017); the risk of bias scores for the other studies were between 77% and
100%. Although most of the studies included in the meta-analysis reported a low risk of bias, the two
studies with a higher risk of bias could have affected the overall effect size. Third, our systematic
review and meta-analysis focussed on the effectiveness of clinical ICT applications in improving
patients’ quality of life across various clinical settings; focussing on a specific field of patient care
could contribute to more targeted results. In this way, future studies could consider specific conditions
(e.g., diabetes or oncological conditions) to enhance the evidence of how effective ICT interventions
are at improving the patients’ quality of life. When considered from a methodological perspective,

this approach could also decrease the heterogeneity that was present in the meta-analytical synthesis.

Conclusion

The increasing prevalence of chronic diseases and the decreasing number of health care staff will
challenge health care systems in the future. According to the World Health Organization (WHO
2019), digitalised health care can improve patient access to health services, reduce travel costs, and
potentially reduce inequalities in health care. However, digital solutions, for example, ICT-based care
interventions, have shown mixed results on patients’ quality of life. According to the presented
results, we suggest that ICT-based care should be developed in collaboration with health care
professionals, involve patients in decision-making, and combine technological solutions with human
interaction and coaching. ICT education is essential, as our meta-analysis results found education to
be an important element when ICT solutions are integrated into patient care. However, as only one
of the six studies included in the meta-analysis showed that the ICT intervention exerted a
significantly positive effect, more research into how ICT-based care can improve a patient’s quality
of life is needed. Future ICT-based interventions should also not only measure patient outcomes, but
also determine how the intervention impacts health care staff and other stakeholders. Additionally,
digital literacy measurements should be integrated into future studies to avoid bias in measurements

and reported results.
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Figure 4. Meta-analysis: forest plot.
(Positive values represent a favourable effect compared to the standard)
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Figure 5. Publication bias assessment: funnel plot.
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