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Abstract

Background The COVID- 19 pandemic has significantly impacted global health, underscoring the crucial role of digi-
tal health solutions. The World Health Organization's Classification of Digital Interventions, Services, and Applications
in Health (CDISAH) provides a framework for categorizing these technologies. This study aims to analyze the adoption
and trends of digital health interventions during the COVID- 19 pandemic, mapping them to the CDISAH framework
to identify the most and least utilized interventions and technologies.

Methods This overview-of-reviews study was conducted from 1 st January 2020 to 30 th December 2023, focusing
on systematic reviews and meta-analyses retrieved from the Cochrane Database of Systematic Reviews, PubMed,
Scopus, Web of Science, IEEE Xplore, and ProQuest. Additionally, gray literature was identified through searches

on the Google Scholar platform and reviewing the citations and reference lists of the included studies. The findings
were qualitatively mapped to the CDISAH framework.

Results A total of 64 review articles were analyzed. A content analysis of the included studies identified 292 codes
related to healthcare providers, 257 codes related to data services, 88 codes related to individuals, and 43 codes
related to health management and support personnel. The results revealed that the most frequent interventions
were associated with telemedicine and data management subcategories, while gaps were identified in areas such
as individual-based data reporting during the pandemic, highlighting the need for individuals to take a more active
role in managing their own health in preparation for future crises.

Conclusions This study identifies both the strengths and weaknesses of the current digital health landscape. It
emphasizes the transformative impact of digital health technologies during the COVID- 19 pandemic and provides

a roadmap for future improvements in digital health interventions. By providing a comprehensive overview of digital
health during this period, the study underscores the importance of implementing robust digital health strategies
within the healthcare system to address existing gaps, leverage strengths, and enhance preparedness and resilience
in future public health crises.
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Text box 1. Contributions to the literature

- Telemedicine has been the most utilized digital health intervention
during pandemics.

« A shift towards crowd-sourced data over organizational data is essen-
tial for improving future pandemic responses.

- Digital interventions focused on data services saw widespread use,
while those supporting health personnel were underutilized.

« The pandemic may signal a shift towards an Al-driven era, with data
services at the core of health interventions.

Introduction

The 1918 influenza pandemic affected 27 percent of the
world’s population, causing an estimated 50 million fatal-
ities. Similarly, the novel coronavirus- 2019 (COVID- 19)
emerged in late 2019, spreading globally, and by August
2022, it had affected six percent of the world’s popula-
tion, causing over six million deaths [1]. A key differ-
ence between the two pandemics was the significant role
digital solutions played in the fight against COVID- 19
[2]. The growth of digital health accelerated during the
COVID- 19 pandemic, with ventures in this sector expe-
riencing an unprecedented rise. Funding increased by
72% from the previous record set in 2018, reaching an all-
time high of $26.5 billion [3].

Definitions of digital health in various studies typically
refer to specific applications and technologies in this
field [4-6]. However, digital health can be defined as the
convergence of these technologies with health, health-
care, living, and society to provide quality care [7]. The
COVID- 19 pandemic accelerated its shift from a lux-
ury to a necessity due to social distancing measures [8].
Factors such as global internet accessibility, six-billion
smartphone users, the influence of social networks in
healthcare, and the use of clinical information systems
facilitated this growh [7, 9]. The enduring positive impact
of digital health interventions (DHIs) during COVID- 19
highlights the importance of leveraging the experiences
and lessons learned [10].

The World Health Organization (WHO) introduced
the Digital Health Intervention Classification (DHIC)
in 2018, updated in 2023 as the Classification of Digital
Interventions, Services, and Applications in Health (CDI-
SAH). This classification is aligned with the International
Standards Organization (ISO) System Category. and cat-
egorizes DHIs into four user groups: persons, healthcare
providers, health management and support personnel,
and data services. Each group’s functionalities describe
the capabilities of digital technologies aimed at achieving
user-specific objectives, further organized into overarch-
ing groups [11, 12].

During the COVID- 19 pandemic, an avalanche of
systematic reviews was published [13]. These reviews
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primarily focused on specific services and applications,
such as telemedicine, mobile health, and artificial intelli-
gence, during pandemics [7, 14]. Several of these reviews
categorized functionalities using classifications other
than CDISAH [6, 15]. The lack of a uniform classification
basis for interventions could hinder the integration and
comparison of study results. Alternatively, when CDI-
SAH was utilized for categorizing interventions in stud-
ies, the classification process often remained restricted
to high-level categories or target groups [16]. These arti-
cles offer substantial value for healthcare providers and
policymakers, facilitating decision-making and evidence-
based healthcare. Nevertheless, identifying and interpret-
ing evidence from multiple systematic reviews, which
are sometimes repetitive, confusing, or contradictory, is
challenging. An overview of reviews can help address this
challenge [17].

Given the explosion of digital health innovations dur-
ing during the COVID- 19 era, providing an overview
of these technologies and interventions can indeed be
helpful in gaining insight into the frequency and trends
of interventions in this field throughout the epidemic
period. This comprehensive analysis can also serve as a
valuable tool for identifying shortcomings in current
approaches. Anticipating these shortcomings and plan-
ning accordingly will be essential for developing effec-
tive health strategies for future epidemics, as well as
identifying the necessary points for the current focus of
researchers and experts in the field of digital health. As
a result, the present study aims to identify the trends of
interventions and technologies used during the COVID-
19 period to ascertain the most and least used interven-
tions during this timeframe.

Material and methods

Study design

This overview of reviews study was conducted to identify
systematic reviews (SRs) and/or meta-analyses published
during the COVID- 19 pandemic, specifically address-
ing digital health interventions across various health-
care domains. The reporting guidelines employed in this
overview were based on the fundamental principles out-
lined in the Preferred Reporting Items for Overviews of
Reviews (PRIOR) statement from the EQUATOR Net-
work [18, 19].

Search strategy

A comprehensive search for records was carried out from
1st January 2020 to 30 th December 2023. The search
was conducted in the English-language electronic data-
bases, including the Cochrane Database of Systematic
Reviews, PubMed, Scopus, Web of Science, IEEE Xplore,
and ProQuest. Grey literature was identified by using the
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Google Scholar search engine and reviewing the citations
and reference lists of the included studies. The detailed
search strategy is provided in Supplementary Table S1.

The databases, focused on the title and abstract,
searched using terms related to three key concepts:
“COVID- 19, “digital health applications and services,’
and'systematic review."Despite a great deal of scholarly
work dedicated to the subject of digital health applica-
tions, a significant lack of common subgroup termi-
nology persists. Consequently, to fulfill the aims of this
overview, an additional collection of search terms was
acquired from relevant systematic reviews and ISO-sup-
plied key terms and concepts in digital health systems, as
mentioned in the system category of the DHIC first edi-
tion [12, 20].

Eligibility criteria
The inclusion and exclusion criteria are shown in Table 1.

Study screening and selection

After removing duplicate records using EndNote 8, two
reviewers (Z] and NK) independently assessed a subset of
references according to pre-established eligibility criteria.
They conducted a comparison of the extraction results
and obtained a significant kappa agreement of 0.78, as
shown in Supplementary Table S2. Then, the two review-
ers (Z] and NK) conducted title/abstract and full-text
screening. A third reviewer (FT), if necessary, resolved
any disagreements through discussion and consensus.
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Data extraction

The general characteristics of the included studies were
systematically extracted by one reviewer (NK) using
a predefined data extraction form. A second reviewer
(ET) then checked the extracted data for accuracy and
completeness. The extracted information included the
following details: author name, year of publication, objec-
tive, participants, interventions, primary and secondary
outcomes, searched databases, study design of included
studies, qualitative assessment tool and its overall results,
risk of bias assessment tool and its overall results, and
study limitations.

Relevant findings from the included studies were
extracted, and qualitative framework analyses were
performed. The full texts of the included studies were
imported into MAXQDA (version 18.2.5). Two reviewers
(FT and ET) independently read the papers thoroughly.
The findings from all included papers were coded and
mapped to version two of CDISAH [21]. In cases where
information from reviews was insufficient, primary
studies were consulted. Any disagreement was resolved
through discussions in multiple meetings.

Data synthesis

The purpose of this overview was to present and describe
the existing body of evidence from systematic reviews. To
achieve this, data synthesis was conducted to summarize
and visualize the large amount of data extracted. Initially,
one reviewer (FT) analyzed the extracted codes for each
subcategory, highlighting key points and patterns. Simi-
lar codes were grouped and integrated to capture their
essence in MS Word. Subsequently, two reviewers (FS
and NS) checked the synthesized data for accuracy.

Table 1 Inclusion and exclusion criteria for systematic reviews on digital health interventions during COVID- 19 pandemic (2020-

2023)

Study criteria Inclusion criteria

Exclusion criteria

Study design Systematic review or/and Meta-analysis

Population
ing the COVID- 19 pandemic

Interventions

during the COVID- 19 pandemic

Outcome Digital health interventions' functionalities

Additional criteria English language and full-text available studies

Any systematic reviews and meta-analysis study concern-
ing about digital health interventions and their functionalities

Primary studies, conference abstracts, letters to editors, commen-
taries, or other types of literature reviews

Any population that received digital health interventions dur- -

Systematic reviews were excluded if they did not fit

within the CDHIAS framework, either by solely mentioning
technologies without discussing functionalities or by focusing

on aspects such as patient experience, satisfaction, cost-effec-
tiveness, opportunities, and challenges. Additionally, studies
were excluded if they integrated multiple primary studies

into non-CDHIAS framewaorks, such as categorizing DHIs into care
and follow-up interventions

Studies that did not provide enough information to be mapped
with CDHIAS functionalities
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Critical appraisal assessments of included reviews

Two reviewers (Z] and ET) independently assessed the
methodological quality and risk of bias of each systematic
review and/or meta-analysis using two assessment tools:
A Measurement Tool to Assess Reviews (AMSTAR) 2
rating scale and the Risk of Bias in Systematic Reviews
(ROBIS). The reviewers resolved their disagreements
through discussion and consensus, with the assistance
of a third reviewer (FT) when necessary. Based on
AMSTAR 2 guideline outlined by Beverley et al. (2017),
studies were categorized into four quality levels:

+ High-quality reviews: These exhibit no or minimal
weaknesses in critical domains

+ Moderate-quality reviews: These contain more than
one non-critical weakness but no critical flaws

+ Low-quality reviews: These include at least one criti-
cal flaw, which may affect the reliability of their con-
clusions

+ Critically low-quality reviews: These have multiple
critical flaws, indicating a substantial risk of bias [22].

The ROBIS tool evaluates the risk of bias in system-
atic reviews across Phase 2 and Phase 3. Phase 2 has
four domains: study eligibility criteria, identification and
selection of studies, data collection and study appraisal,
and synthesis and findings. The results for each domain
and Phase 3 were categorized as follows:

+ Low risk: Indicates that the review has been con-
ducted with minimal bias, ensuring reliability and
validity

« High risk: Suggests potential bias due to methodo-
logical shortcomings, which may compromise the
trustworthiness of the findings.

+ Unclear risk: Assigned when there is insufficient
information to determine the level of bias [23].

Results

Search results and description of evidence

A total of 64 studies were included in this overview [24—
87]. Fig. 1 shows the selection process for the included
review studies. Approximately 30% of these included
studies examined DHI during COVID- 19, focusing
on the type of technology without limiting the scope to
specific healthcare areas such as the use of Al during
the COVID- 19 pandemic. Additionally, 39% of studies
focused specifically on DHIs for COVID- 19, while 31%
addressed DHIs in specific areas such as support for the
elderly (n =4), rehabilitation (n =2), mental health (n
=2), dermatology (n =2), pharmacology (n =1), and the
management of special diseases like dementia (n =1),
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diabetes (#n =1), and cardiovascular disease (z =1) dur-
ing COVID- 19. The main characteristics of the included
studies have been provided in Supplementary Table S3.

Methodological quality and risk of bias of reviews
According to the specified criteria of AMSTAR 2, the
majority of the included studies (n =54) were rated
as'critically low" [24-76, 87]. Other studies were classi-
fied as'low quality"(n =6) [81-86],"moderate quality"(n
=3) [77-79], and"high quality"(n =1) [80]. Common
methodological deficiencies were identified in items 1, 2,
7,9, 10, 13, and 14. Further details are provided in Fig. 2
and Supplementary Table S4.

The included studies were also evaluated for bias
using the ROBIS tool [5]. According to the criteria in
Phases 2 and 3 of the ROBIS tool, approximately half of
the included studies were deemed to have a"low risk"(n
=33), 39% had an'unclear risk,"and 9% had a"high
risk."Additional details are presented in Fig. 3 and Sup-
plementary Table S5.

Description of mapping with CDISAH

After a comprehensive review of the included studies
full texts using MAXQDA software, a total of 680 codes
were extracted, elucidating the utilization of technolo-
gies for delivering healthcare interventions during the
COVID- 19 pandemic. The corresponding number of
codes related to each group is presented in Fig. 4. These
codes were then analyzed, and the compiled results are
demonstrated in Table 2. The Supplementary Table S6
also shows the items for which there was uncertainty
during the analysis between two subgroups, as they were
closely related to both groups. In the end, we chose one
group, or in some cases, we could not select a subgroup
and instead assigned it solely to its target group. This may
indicate a limitation in the CDISAH framework’s ability
to classify interventions effectively.

It is important to note that the number of codes attrib-
uted to each category and subcategory may exceed the
number of references listed for each subcategory, as the
included studies were systematic reviews, where mul-
tiple interventions might be discussed within a single
reference. Consequently, the findings indicate that the
majority of DHIs during the COVID- 19 period primar-
ily focused on healthcare providers (292), followed by
data services (257), persons (88), and health management
and support personnel (43). Further detailed information
regarding each specific target group is elaborated upon in
the subsequent sections.

Persons
Shows that during the COVID- 19 period, there were no
interventions related to person-based reporting (1.5), and
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[ Identification of studies via databases ]
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Fig. 1 PRIOR flow diagram of study selection process for systematic reviews on digital health interventions during COVID- 19 (2020-2023)

categories like person-centered financial transactions
(1.7), consent management (1.8), and person-to-person
communication (1.3) were infrequent.. The first two
interventions involved managerial aspects such as bill-
ing and obtaining consent, while the third involved peer
group discussions among patients (1.3). However, trans-
mitting targeted health information (1.1.2) was the most
common intervention for this group.

Within the overarching groups 1.1 and 1.2, healthcare
facilities play a pivotal role in delivering health informa-
tion, diagnoses, and reminders to patients using vari-
ous technologies. These included television, radio, or
digital billboards to raise community awareness about
COVID- 19 (1.2.1) or telephone contacts to support spe-
cial patients in their self-management of diseases (1.1.2).
Alerts were also employed, either broadly, like robots

sending warnings in crowds (1.2.2), or targeted, such
as follow-up reminders (1.1.3).In groups 1.4 and 1.6,
patients actively sought information online or through
helplines (1.6.1), engaged in self-monitoring using weara-
ble devices (1.4.2), or used mobile apps to remotely input
data into their medical records (1.4.1). These independ-
ent actions empower patients to make informed health
decisions.

Healthcare providers

The DHIs designed for healthcare providers stood out
as the most frequent interventions among other tar-
get groups during the COVID- 19 pandemic, showing
a broad spectrum of technologies aimed at improving
patient care, optimizing workflows, and enhancing com-
munication within the healthcare ecosystem. Among
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Fig. 2 Quality assessment of systematic reviews on digital health interventions during the COVID- 19 pandemic
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ELow RoB ®Unclear ®High RoB
Fig. 3 Risk of bias assessment of included systematic reviews on digital health interventions during the COVID- 19 pandemic

these interventions, telemedicine (2.4) emerged as a cen-
tral focus, offering a wide range of services. In terms of
code frequency, it ranked second only to data manage-
ment among all interventions.

Moreover, decision support systems (2.3) and schedul-
ing and actively planning for healthcare providers (2.7)
emerged as two other prominent areas, with frequencies
of 31 and 24, respectively. Conversely, certain types of

interventions, such as referral coordination (2.6), identi-
fication and registration of persons (2.1), and laboratory
and diagnostic imaging management (2.10), were less
common during the COVID- 19 pandemic. This suggests
that these areas have potential for further development
and investment. Of particular note, healthcare provider
financial transactions (2.11) within the healthcare pro-
vider group lacked specific coding, indicating a potential
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gap in digital health. Some items related to telemedicine
could not be further categorized based on functionalities
indicated in Supplementary Table S6.

Health management and support personnel

The qualitative analysis of DHIs for health management
and support personnel reveals them as the least frequent
target group, with only 47 codes identified. The overarch-
ing groups of civil registration and vital statistics (3.4)
and facility management (3.7) within this target group
lack related codes, suggesting potential areas for further
investigation. The majority of interventions in this group
are concentrated in supply chain management (3.2), with
a particular focus on managing inventory and distribut-
ing health commodities (3.2.1). Digital COVID- 19 vac-
cination certificates and digital commercial carts are
unique technologies tailored to the specific needs of this
target group. Additionally, technologies such as artificial
intelligence (AI), drones, dashboards, and web-based
applications witness widespread adoption, aligning with
trends observed across other target groups. Three items
related to this target group could not be further catego-
rized based on functionalities which are indicated in Sup-
plementary Table S6.

Data service

Despite the healthcare provider target group receiv-
ing the majority of interventions during the COVID- 19
period, data management, as an overarching category
within the data service target group, received the most
attention with 216 intervention codes. The COVID- 19
period employed a diverse array of digital technologies
to acquire, store, aggregate, analyze, visualize, and gener-
ate information, highlighting the increased importance
of data management. In this target group, geospatial
information management (4.3) ranked second in terms
of intervention codes, with Al playing a significant role
in facilitating such interventions. Nevertheless, data cod-
ing (4.2) within the data service group did not yield any
extracted codes, indicating a need for further discussion
regarding the significance of this group and analyzing
potential interventions for future pandemics.

Discussion

This overview synthesizes evidence from review studies
focusing on DHIs, applications, and services during the
COVID- 19 pandemic, mapped against version 2 of the
CDISAH. By integrating studies from diverse healthcare
domains with varying aims, technologies, and organiza-
tional contexts, this work provides a comprehensive pic-
ture of DHIs during the pandemic. The broad scope of
this synthesis enables the identification of both underrep-
resented innovations and dominant trends. For instance,
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it highlights technologies with limited adoption, such
as 3D printing for medical equipment, electronic per-
sonal protective equipment (ePPE), and robotics used for
remote surgery, tele-physiotherapy, or as physician assis-
tants—technologies that were not explicitly addressed in
the CDISAH framework. At the same time, it captures
highly prevalent trends, such as the widespread adoption
of telemedicine and the analysis of large-scale health data
for predicting COVID- 19 cases, peak infection periods,
transmission pathways, disease outcomes, drug discov-
ery, and other critical applications.

The findings within the “person” target group can be
discussed in alignment with Brabham’s continuum of
user participation in healthcare activities and crowd-
sourcing processes [88]. In line with this continuum, the
CDISAH subcategories of “targeted and untargeted com-
munication to persons” reflect a “traditional top-down
hierarchical process” where the locus of control is with
organizations and they proactively disseminate informa-
tion to people. Conversely, “on-demand communication
with persons,” “person-based reporting,” and “person-to-
person communication” subcategories signify a “bottom-
up grassroots process,” where individuals play a key role.
Additionally, “person-centered consent management,’
“person-centered financial transactions,” and “personal
health tracking” represent a “shared top-down and bot-
tom-up process” where control is distributed between
organizations and the online community.

The study findings reveal that over half of the extracted
codes within the “person” target group are attributed to
the traditional top-down hierarchical process, while bot-
tom-up grassroots processes account for only 7% of the
codes, with"person-based reporting"having no associ-
ated codes. This absence is significant given that crowd-
sourced data is a crucial information source during crises
[89]. This finding is consistent with Xiong et al’s study
on DHIs in primary care for non-communicable disease
management, which also found a lack of codes for"person
based reporting"and “client financial transactions” [90].
Moreover, the “shared top-down and bottom-up pro-
cess” comprises 42% of the total, with"personal health
tracking"being particularly prominent.

These findings highlight the shift from traditional top-
down approaches to crowd-based services, which has
been facilitated by greater accessibility to the internet
and mobile phones, as well as advancements in high-
tech technologies like zero-effort technologies. As these
innovations continue to evolve, patients will increasingly
play a more active role in managing their health, a devel-
opment that is especially critical during pandemics [89].
To effectively support this transition, there is a need for
growth in areas such as patient empowerment, patient
engagement, and consumer health informatics.
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In the “healthcare providers” target group, telemedi-
cine interventions dominated, representing 67% of codes
within this group and 30% of overall codes. This finding
was anticipated, as telemedicine has been reported as
the most prevalent published topic in health information
technology from 2000 to 2019, with numerous studies
documenting a global increase in its use during the pan-
demic compared to 2019 rates [91-93].

During this overview, certain interventions involving
robots assisting healthcare providers in conducting pro-
cedures, particularly surgical procedures, and deliver-
ing patient care by mimicking human movements from
a safe distance were identified. These telerobotic sys-
tems align with the concept of telemedicine [94] but do
not fit within the subcategories of CDISAH. Our find-
ings suggest a potential need to revise the telemedicine
subcategories to more comprehensively encompass the
interventions.

Moreover, some experts encountered challenges in
assigning correct subcategories to some interventions
due to overlapping subcategories. For instance, the sub-
category “2.4.4 consultations for case management
between healthcare providers” closely overlaps with
“2.5.,5 peer group for healthcare providers” While the
CDHAS introduction acknowledges that an intervention
may have multiple functions and could fit into several
subcategories [11, 12], it can be argued that the princi-
ples of clarity and mutual exclusivity are critical for an
effective classification system. Clarity ensures that there
is no confusion regarding the placement of any data item,
and mutual exclusivity guarantees that each item fits dis-
tinctly into one category [95]. Therefore, it may be benefi-
cial to reconsider and refine certain subcategories within
the CDISAH to enhance the system’s effectiveness.

“ Health management and support personnel” emerged
as the least frequent target group, accounting for only 7%
of all extracted codes. Consistent with this finding, the
study by Xiong et al. also reported an absence of DHIs
tailored for this target group [90]. The most prevalent
intervention within this target group was “supply chain
management,” while the “Civil Registration and Vital Sta-
tistics” and “facility management” subcategories lacked
codes. This absence may stem from the foundational
and long-term nature of these interventions, resulting in
comparatively less emphasis during the rapid transition
to digital health amid the COVID- 19 pandemic. Never-
theless, these findings underscore a gap and a potential
vulnerability in DHIs deployment during crises. Future
studies and interventions should prioritize address-
ing the needs of this target group. Additionally, policies
and strategies aimed at addressing these areas should be
developed to mitigate risks in future crises.
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Furthermore, within the scope of the present over-
view, two interventions were identified that considered
DHI for healthcare personnel, yet couldn’t be fit into the
existing subcategories. These interventions were three-
dimensional printing for the rapid production of cru-
cial medical supplies and electronic personal protective
equipment to prevent infection. This suggests the need
for a revision of CDISAH to comprehensively encompass
such interventions.

This study reveals that the broadest category of DHIs
was centered around “Data services” target group, con-
stituting 36% of all codes. Within this group, there were
no intervention related to data coding and data manage-
ment accounted for 89% of the codes. This emphasizes
the importance of data-oriented approaches during pan-
demics, as accurate and timely data are critical for crisis
management [89].

Overall, this study contributes to the identification of
existing strengths and weaknesses in digital health within
the healthcare system. During the COVID- 19 pandemic,
technologies such as big data analytics, Al and machine
learning, blockchain, and m-health have demonstrated
their potential in addressing healthcare challenges
through data-driven approaches. Multiple studies con-
firm the accelerated adoption of novel health information
technologies amid the COVID- 19 pandemic [96]. This
transformative period, characterized by a “digital revo-
lution” driven specifically by the integration of Al and
advanced technologies, signifies a shift beyond the infor-
mation era [97]. As it is claimed [97], this time may be
the brink of entering the Al era, in which interventions
increasingly revolve around data services, empowering
individuals to take more prominent roles in managing
their healthcare. Since the evolutions can run backward,
future studies should not only focus on strengthening
identified weak points but also on sustaining the momen-
tum of these current advantages, especially telemedicine
and Al to ensure continued progress in digital health.

The resulting holistic overview of digital health
advancements in this study offers valuable insights that
can be leveraged by healthcare organizations to refine
future trend analyses, inform strategic decision-making,
and implement evidence-based policies. This synthesis
not only supports the optimization of digital health inte-
gration for future public health emergencies but also pro-
vides a foundation for refining existing frameworks, such
as CDISAH, to better account for evolving technologies
and their functionalities in healthcare. Furthermore,
mapping these interventions to the CDISAH framework
facilitates a structured analysis of their impact, reveal-
ing critical gaps in areas such as person-centered data
reporting and healthcare workforce support.
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Like any overview of review studies, this research is
subject to certain biases that warrant discussion. Selec-
tion bias is a primary limitation, as the inclusion of
only English-language studies may have influenced the
observed trends and findings. To mitigate this, a broad
range of databases and gray literature sources were used
to ensure diverse global representation. The inclusion of
studies from various countries further supports the gen-
eralizability of the findings and helps reduce the potential
impact of language-related bias.

Additionally, there is a risk of synthesis bias, as the
experts involved in reviewing and classifying the studies
were primarily from a single country. This could intro-
duce contextual or cultural biases in the interpretation
and allocation of functionalities, suggesting that the
findings of this study may vary if conducted in different
countries due to differences in healthcare infrastructure,
digital health policies, and socioeconomic conditions.
To address this, three specialists with extensive exper-
tise in digital health were involved in the classification
process, enhancing the robustness and generalizability
of the findings. Furthermore, the use of the CDISAH, an
internationally recognized framework, was intentional.
Unlike ad hoc or context-specific classification systems,
CDISAH’s clarity and specificity can reduce the likeli-
hood of subjective interpretations, ensuring that indi-
viduals with diverse backgrounds can consistently assign
codes to interventions. This approach minimizes errors
and enhances the reliability of the findings, making them
more applicable across different healthcare settings and
countries.

Moreover, due to the high volume of publication dur-
ing the COVID- 19 pandemic this study was limited to
systematic reviews, which may lead to overlap among
the included primary studies. However, considering the
research objective of mapping interventions and the thor-
ough process of checking and synthesizing the extracted
codes, this overlap is unlikely to significantly affect the
overall results.

Despite these efforts, variations in healthcare policies
and digital health governance across countries may still
influence the applicability of our findings. To enhance
the validity and applicability of future research, we rec-
ommend incorporating meta-analyses where possible to
provide quantitative validation and conducting subgroup
analyses to evaluate the impact of digital interventions
across specific populations and contexts. Additionally,
longitudinal studies tracking the sustained adoption and
effectiveness of digital health solutions beyond the pan-
demic would strengthen the evidence base for long-term
digital health strategies. Furthermore, engaging with pol-
icymakers and healthcare providers from diverse regions
to co-design and validate digital health frameworks, such
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as CDISAH, could ensure their relevance and adaptabil-
ity to local contexts. These steps would not only improve
the generalizability of findings but also support the devel-
opment of more inclusive, context-sensitive, and effective
digital health strategies for future public health crises.

Conclusions

This study provides a comprehensive overview of DHIs
employed during the COVID- 19 pandemic, mapped to
the CDISAH. By analyzing trends and utilization pat-
terns, it highlights both the strengths and limitations of
current digital health capabilities within the healthcare
system. Furthermore, this study provides a roadmap and
emphasizes the critical need for integrated digital health
strategies to strengthen healthcare systems’preparedness
and resilience against future public health crises. The
insights gained from this review also lay the groundwork
for further exploration of CDISAH classification frame-
work, with potential future applications in refining and
evaluating its structure to better align with emerging dig-
ital health trends.

Abbreviations

CDISAH  Classification of Digital Interventions, Services, and Applications in
Health

DHls Digital health interventions

WHO World Health Organization

ISO International Standards Organization

DHIC Digital Health Intervention Classification

PRIOR Preferred Reporting Items for Overviews of Reviews
AMSTAR A Measurement Tool to Assess Reviews

ROBIS Risk of Bias in Systematic Reviews

Al Artificial intelligence

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513690-025-01590-8.

[ Supplementary Material 1. }

Acknowledgements

We thank Iran University of Medical Sciences for their support in conduct-
ing this research. This article is based on a research project approved by the
Research Ethics Committee of Iran University of Medical Sciences (IUMS),
under the ethical code IRIUMS.REC.1402.073.

Authors’ contributions

FS. and FT. conceptualized this review. F.S,, FT, and E.T. were responsible for
overseeing library resources and supervising the retrieval of resources from
databases. ET. and N.S. conducted the relevant searches. FS., FT., and E.T. were
responsible for the methodology, validation and supervision. FT, ET, ZJ., and
N.K. were involved in data extraction and analysis. FT, ET, and ZJ. prepared
the initial draft of the paper, and F.S. and S.N. contributed to the development
and refinement of subsequent drafts. All authors read and approved the final
manuscript.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.


https://doi.org/10.1186/s13690-025-01590-8
https://doi.org/10.1186/s13690-025-01590-8

Tahmasbi et al. Archives of Public Health (2025) 83:129

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate

All methods were carried out in accordance with relevant guidelines and
regulations in the Declaration of Helsinki. Also, this study was reviewed and
approved by the National Ethics Committee of Biomedical Research (IR.IUMS.
REC.1402.073). No human participant was involved in this research.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Health Information Management, School of Health Manage-
ment and Information Sciences, Iran University of Medical Sciences (IUMS),
Tehran, Iran. >Student Research Committee, School of Health Management
and Information Sciences, Iran University of Medical Sciences (IUMS), Tehran,
Iran. *Department of Health Information Management, School of Allied
Medical Sciences, Tehran University of Medical Sciences, Tehran, Iran. “Lux-
embourg Centre for Systems Biomedicine (LCSB), University of Luxembourg,
Esch-Sur-Alzette, Luxembourg.

Received: 19 October 2024 Accepted: 30 March 2025
Published online: 09 May 2025

References

1. J.Page M, E. McKenzie J, M. Bossuyt P, et al. The PRISMA 2020 statement:
An updated guideline for reporting systematic reviews. BMJ (Clinical
research ed). 2021;372:n71. https://doi.org/10.1136/bmj.n71.

2. WuYC, Chen CS, Chan YJ. The outbreak of COVID-19: An overview. J Chin
Med Assoc. 2020; 83(3):217-20. https://doi.org/10.1097/JCMA.00000
00000000270.

3. DongE, DuH, &Gardner L. An interactive web-based dashboard to track
COVID-19in real time. Lancet Infect Dis. 2020;20(5):533-4. https://doi.org/
10.1016/51473-3099(20)30120-1.

4. Tilahun B, Gashu KD, Mekonnen ZA, Endehabtu BF, Angaw DA. Map-
ping the Role of Digital Health Technologies in Prevention and Control
of COVID-19 Pandemic: Review of the Literature. Yearb Med Inform.
2021,30(1):26-37. https://doi.org/10.1055/5-0041-1726505.

5. Healthcare Information and Management Systems Society. Digital Health
and the Trends Healthcare Investors are Following. 2021. Available from:
https://www.himss.org/resources/digital-health-and-trends-healthcare
investors-are-following. Accessed 18 Apr 2024.

6. Sujarwoto S, Augia T, Dahlan H, Sahputri RAM, Holipah H, Maharani A.
COVID-19 Mobile Health Apps: An Overview of Mobile Applications in
Indonesia. Front Public Health. 2022;10:879695. https://doi.org/10.3389/
fpubh.2022.879695.

7. Solomon DH, Rudin RS. Digital health technologies: opportunities and
challenges in rheumatology. Nat Rev Rheumatol. 2020;16(9):525-35.
https://doi.org/10.1038/541584-020-0461-x.

8. Pandit J, Radin J, Quer G, et al. Smartphone apps in the COVID-19
pandemic. Nat Biotechnol. 2022;40(7):1013-22. https://doi.org/10.1038/
541587-022-01350-x.

9. Neves A, Burgers J. Digital technologies in primary care: Implications
for patient care and future research. Eur J Gen Pract. 2022;28(1):203-8.
https://doi.org/10.1080/13814788.2022.2052041.

10. Feger H, Crump B, Scott PA-O. UK learning about digital health and
COVID-19. BMJ Health Care Inform. 2021;28(1):e100376. https://doi.org/
10.1136/bmjhci-2021-100376.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Page 25 of 27

. Classification of digital interventions, services and applications in health:

a shared language to describe the uses of digital technology for health.
second edition ed. Geneva: World Health Organization; 2023.

. Mehl G, Tamrat T, Labrique A, Orton M, Baker E, Blaschke S, et al. Classifica-

tion of Digital Health Interventions v 1. 2018.

. McDonald S, Turner SL, Nguyen P-Y, Page MJ, Turner T. Are COVID-19

systematic reviews up to date and can we tell? A cross-sectional study.
Syst Rev. 2023;12(1):85. https://doi.org/10.1186/513643-023-02253-x.

. Tilahun B, Gashu KD, Mekonnen ZA, Endehabtu BF, Angaw DA. Map-

ping the Role of Digital Health Technologies in Prevention and Control
of COVID-19 Pandemic: Review of the Literature. Yearb Med Inform.
2021,30(1):26-37.

. Marvel FA, Spaulding EM, Lee MA, Yang WE, Demo R, Ding J, et al. Digital

Health Intervention in Acute Myocardial Infarction. Circ Cardiovasc Qual
Outcomes. 2021;14(7):00774. https://doi.org/10.1161/CIRCOUTCOMES.
121.007741.

. Kabukye JK, Kakungulu E, Keizer Nd, Cornet R. Digital health in oncology

in Africa: A scoping review and cross-sectional survey. Int J Med Inform.
2022;158:104659. https://doi.org/10.1016/j.ijmedinf.

. Hunt H, Pollock A, Campbell P, Estcourt L, Brunton G. An introduction to

overviews of reviews: planning a relevant research question and objec-
tive for an overview. Syst Rev. 2018;7(1):39.

. Michelle G, Allison G, Dawid P, Ricardo MF, Andrea CT, David M, et al.

Reporting guideline for overviews of reviews of healthcare interventions:
Mevelopment of the PRIOR statement. Br Med J. 2022;378:070849.
Gates M, Gates A, Pieper D, Fernandes RM, Tricco AC, Moher D, et al.
Reporting guideline for overviews of reviews of healthcare interventions:
development of the PRIOR statement. 2022. Available from: https://www.
equator-network.org/reporting-guidelines/reporting-guideline-for-overv
iews-of-reviews-of-healthcareinterventions-development-of-the-prior-
statement/.

International Organization for Standardization (ISO). Health
informatics:Capacity-based eHealth architecture roadmap, Part 2: Archi-
tectural components and maturity model ISO/TR. Geneva. 2014:14639-2.
World Health Organization(WHO), Classification of digital interventions,
services and applications in health: A shared language to describe the
uses of digital technology for health. 2end ed. 2023.

Beverley JS, Barnaby CR, George W, Micere T, Candyce H, Julian M, et al.
AMSTAR 2: A critical appraisal tool for systematic reviews that include
randomised or non-randomised studies of healthcare interventions, or
both. BMJ. 2017;358:j4008. https://doi.org/10.1136/bmj,j4008.

Whiting P, Savovic J, Higgins JP, Caldwell DM, Reeves BC, Shea B, et al.
ROBIS: A new tool to assess risk of bias in systematic reviews was devel-
oped. Journal of clinical epidemiology. 2016;69:225-34.

Shakibfar S, Nyberg F, Li H, Zhao J, Nordeng HME, Sandve GKF, et al.
Artificial intelligence-driven prediction of COVID-19-related hospitaliza-
tion and death: a systematic review. Front Public Health 2023;11:1183725.
https://doi.org/10.3389/fpubh.

Quesada-Caballero M, Carmona-Garcia A, Chami-Pefia S, et al. Telemedi-
cine in Elderly Hypertensive and Patients with Chronic Obstructive
Pulmonary Disease during the COVID-19 Pandemic: A Systematic Review.
JClin Med. 2023;12(19):6160. https://doi.org/10.3390/jcm12196160.
Nazemi M, Kiani S, & Zakerabasali S. Tele-mental health during the COVID-
19 pandemic: A systematic review of the literature focused on technical
aspects and challenges. Health Sci Rep. 2023;6(10):e1637. https://doi.org/
10.1002/hsr2.1637.

Mohammadi, S., SeyedAlinaghi, S., Heydari, M., et al. Artificial Intelligence
in COVID-19 Management: A Systematic Review. Iran J Comput Sci.
2023;19(5):554-568. https://doi.org/10.3844/jcssp.2023.554.568.
Mehraeen E, SeyedAlinaghi S, Heydari M, et al. Telemedicine technologies
and applications in the era of COVID-19 pandemic: A systematic review.
Healt Informat J. 2023;29(2):14604582231167431. https://doi.org/10.
1177/14604582231167431.

Gauhe G, Cisneros REK, Ward J, Hohenschurz-Schmidt DJ. Creatively
Adapting Touch-Based Practices to the Web Format During the COVID-
19 Pandemic: Systematic Review. J Med Internet Res. 2023;25:e46355.
https://doi.org/10.2196/46355.

Chatterjee A, Prinz A, Riegler MA, Das J. A systematic review and knowl-
edge mapping on ICT-based remote and automatic COVID-19 patient
monitoring and care. BMC Healt Serv Res. 2023;23:1047.


https://doi.org/10.1136/bmj.n71
https://doi.org/10.1097/JCMA.0000000000000270
https://doi.org/10.1097/JCMA.0000000000000270
https://doi.org/10.1016/S1473-3099(20)30120-1
https://doi.org/10.1016/S1473-3099(20)30120-1
https://doi.org/10.1055/s-0041-1726505
https://www.himss.org/resources/digital-health-and-trends-healthcareinvestors-are-following
https://www.himss.org/resources/digital-health-and-trends-healthcareinvestors-are-following
https://doi.org/10.3389/fpubh.2022.879695
https://doi.org/10.3389/fpubh.2022.879695
https://doi.org/10.1038/s41584-020-0461-x
https://doi.org/10.1038/s41587-022-01350-x
https://doi.org/10.1038/s41587-022-01350-x
https://doi.org/10.1080/13814788.2022.2052041
https://doi.org/10.1136/bmjhci-2021-100376
https://doi.org/10.1136/bmjhci-2021-100376
https://doi.org/10.1186/s13643-023-02253-x
https://doi.org/10.1161/CIRCOUTCOMES.121.007741
https://doi.org/10.1161/CIRCOUTCOMES.121.007741
https://doi.org/10.1016/j.ijmedinf
https://www.equator-network.org/reporting-guidelines/reporting-guideline-for-overviews-of-reviews-of-healthcareinterventions-development-of-the-prior-statement/
https://www.equator-network.org/reporting-guidelines/reporting-guideline-for-overviews-of-reviews-of-healthcareinterventions-development-of-the-prior-statement/
https://www.equator-network.org/reporting-guidelines/reporting-guideline-for-overviews-of-reviews-of-healthcareinterventions-development-of-the-prior-statement/
https://www.equator-network.org/reporting-guidelines/reporting-guideline-for-overviews-of-reviews-of-healthcareinterventions-development-of-the-prior-statement/
https://doi.org/10.1136/bmj.j4008
https://doi.org/10.3389/fpubh
https://doi.org/10.3390/jcm12196160
https://doi.org/10.1002/hsr2.1637
https://doi.org/10.1002/hsr2.1637
https://doi.org/10.3844/jcssp.2023.554.568
https://doi.org/10.1177/14604582231167431
https://doi.org/10.1177/14604582231167431
https://doi.org/10.2196/46355

Tahmasbi et al. Archives of Public Health

31.

32.

33

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

(2025) 83:129

Bufano P, Laurino M, Said S, Tognetti A, Menicucci D. Digital Phenotyping
for Monitoring Mental Disorders: Systematic Review. J Med Intern Res.
2023;25:e46778.

Vahedi A, Moghaddasi H, Asadi F, Hosseini AS, Nazemi E. Applications,
features and key indicators for the development of Covid-19 dashboards:
a systematic review study. Inform Med Unlocked. 2022;30:100910. https://
doi.org/10.1016/j.imu.

Shanbehzadeh M, Nopour R, Kazemi-Arpanahi H. Internet of Things (loT)
adoption model for early identification and monitoring of COVID-19
cases: a systematic review. Int J Prev Med. 2022;13:112. https://doi.org/10.
4103/ijpvm.

Shamsabadi A, Pashaei Z, Karimi A, Mirzapour P, Qaderi K, Marhamati

M, et al. Internet of things in the management of chronic diseases

during the COVID-19 pandemic: A systematic review. Healt Sci Rep.
2022;5(2):e557.

Saleem F, AL-Ghamdi ASA-M, Alassafi MO, AlIGhamdi SA. Machine Learn-
ing, Deep Learning, and Mathematical Models to Analyze Forecasting
and Epidemiology of COVID-19: A Systematic Literature Review. Int J
Environ Res Public Health. 2022;19(9):5099. https://doi.org/10.3390/ijerp
h19095099.

Saccomanno S, QuinziV, Albani A, D’Andrea N, Marzo G, Macchiarelli G.
Utility of teleorthodontics in orthodontic emergencies during the COVID-
19 Pandemic: a systematic review. Healthcare. 2022;10(6):1108. https://
doi.org/10.3390/healthcare10061108.

Ozsezer G, Mermer G. Using Artificial Intelligence in the COVID-19
Pandemic: A Systematic Review. Acta Medica Iranica. 2022;60(7):387-97.
https://doi.org/10.18502/acta.v60i7.10208.

Mbunge E, Batani J, Gaobotse G, Muchemwa B. Virtual healthcare services
and digital health technologies deployed during coronavirus disease
2019 (COVID-19) pandemic in South Africa: a systematic review. Glob
Health J. 2022;6(2):102-13. https://doi.org/10.1016/j.glohj.

Marzaleh MA, Peyravi M, Azhdari N, Bahaadinbeigy K, Sarpourian F.
Application of Telerehabilitation for Older Adults during the COVID-

19 Pandemic: A Systematic Review. Disaster Med Public Health Prep.
2022;17:€402. https//doi.org/10.1017/dmp.

Kufel J, Bargiet K, Kozlik M, Czogalik £, Dudek P, Jaworski A, et al. Applica-
tion of artificial intelligence in diagnosing COVID-19 disease symptoms
on chest X-rays: A systematic review. Int J Med Sci. 2022;19(12):1743-52.
Kissi J, Kusi Achampong E, Kumasenu Mensah N, Annobil C, Naa Lamptey
J. Moving towards digitising COVID-19 vaccination certificate: a system-
atic review of literature. Vaccines. 2022;10(12):2040. https://doi.org/10.
3390/vaccines10122040.

Kaushal K, Sarma P, Rana SV, Medhi B, Naithani M. Emerging role of
artificial intelligence in therapeutics for COVID-19: a systematic review. J
Biomol Struct Dyn. 2022;40(10):4750-65. https://doi.org/10.1080/07391
102.

Huang JA, Hartanti IR, Colin MN, Pitaloka DAE. Telemedicine and artificial
intelligence to support selfisolation of COVID-19 patients: Recent updates
and challenges. Digit Health 2022;8:20552076221100634. https://doi.org/
10.1177/20552076221100634.

Heidari A, Navimipour NJ, Unal M, Toumaj S. The COVID-19 epidemic
analysis and diagnosis using deep learning: a systematic literature review
and future directions. Comput Biol Med. 2022;141:105141. https://doi.
0rg/10.1016/j.compbiomed.2021.105141.

Hatami H, Deravi N, Danaei B, Zangiabadian M, Shahidi Bonjar AH,
Kheradmand A, et al. Tele-medicine and improvement of mental health
problems in COVID-19 pandemic: A systematic review. Int J Methods
Psychiatr Res. 2022;31(3):1924. https://doi.org/10.1002/mpr.1924.

Hamid S, Bawany NZ, Sodhro AH, Lakhan A, Ahmed S. A systematic
review and iomt based big data framework for COVID-19 prevention and
detection. Electronics. 2022;11(17):2777. https://doi.org/10.3390/elect
ronics11172777.

Haimi M, Gesser-Edelsburg A. Application and implementation of tele-
health services designed for the elderly population during the COVID-19
pandemic: a systematic review. Health Inform J. 2022;28(1):146045822210
75560. https://doi.org/10.1177/14604582221075561.

Cen ZF, Tang PK, Hu H, Cavaco AC, Zeng L, Lei SL, et al. Systematic litera-
ture review of adopting eHealth in pharmaceutical care during COVID-19
pandemic: recommendations for strengthening pharmacy services. BMJ
Open. 2022;12(11):e066246.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Page 26 of 27

Aditya DMN, Kalanjati VP, Pamungkas DBB, Syamhadi MR, Wibowo JAS,
Soetanto KM. The use of telemedicine in COVID-19 pandemic era: a
systematic review. Bali Med J. 2022;11(3):1987-95.

Abbaspur-Behbahani S, Monaghesh E, Hajizadeh A, Fehresti S. Applica-
tion of mobile health to support the elderly during the COVID-19 out-
break: A systematic review. Health Pol Technol. 2022;11(1):100595. https://
doi.org/10.1016/j.h1pt.2022.100595.

Shanbehzadeh M, Kazemi-Arpanahi H, Kalkhajeh SG, Basati G. Sys-
tematic review on telemedicine platforms in lockdown periods:

Lessons learned from the COVID-19 pandemic. J Educ Health Promot.
2021;10(1):211. https://doi.org/10.4103/jehpjehp_1419_20.

Shakeel SM, Kumar NS, Madalli PP, Srinivasaiah R, Swamy DR. Covid-19
prediction models: a systematic literature review. Osong Public Health Res
Perspect. 2021;12(4):215-29. https://doi.org/10.24171/j.phrp.2021.0100.
Sarker S, Jamal L, Ahmed SF, Irtisam N. Robotics and artificial intelligence
in healthcare during COVID-19 pandemic: A systematic review. Robot
Auton Syst. 2021;146:103902. https://doi.org/10.1016/j.robot.2021.103902.
Safdari R, Gholamzadeh M, Rezayi S, Tanhapour M, Saeedi S. Telehealth
and telemedicine in response to critical Coronavirus: a systematic review.
Iran Red Cresc Med J. 2021;23(9):e1150. https://doi.org/10.32592/ircm.
2021.23.9.1150.

Rehman A, Igbal MA, Xing HL, Ahmed I. COVID-19 detection empow-
ered with machine learning and deep learning techniques: a systematic
review. Appl Sci-Basel. 2021;11(8):3414. https://doi.org/10.3390/app11
083414.

Pires C. A Systematic Review on the Contribution of Artificial Intelligence
in the Development of Medicines for COVID-2019. J Personal Med.
2021;11(9):926. https://doi.org/10.3390/jpm11090926.

Montazeri M, ZahediNasab R, Farahani A, Mohseni H, Ghasemian F.
Machine learning models for image-based diagnosis and prognosis of
COVID-19: systematic review. JMIR Med Inform. 2021;9(4):e25181.

Loh CH, Chong Tam SY, Oh CC. Teledermatology in the COVID-19 pan-
demic: a systematic review. JAAD Int. 2021;5:54-64. https://doi.org/10.
1016/,jdin.2021.07.007.

Kriza C, AmentaV, Zenié A, Panidis D, Chassaigne H, Urban P, et al.
Artificial intelligence for imaging-based COVID-19 detection: Systematic
review comparing added value of Al versus human readers. Eur J Radiol.
2021;145:110028. https://doi.org/10.1016/j.ejrad.2021.

Khoshrounejad F, Hamednia M, Mehrjerd A, Pichaghsaz S, Jamalirad

H, Sargolzaei M, et al. Telehealth-based services during the COVID-19
pandemic: A systematic review of features and challenges. Front Public
Health. 2021;9:711762. https://doi.org/10.3389/fpubh.2021.711762.
Gudigar A, Raghavendra U, Nayak S, Ooi CP, Chan WY, Gangavarapu

MR, et al. Role of artificial intelligence in COVID-19 detection. Sensors.
2021;21(23):8045. https://doi.org/10.3390/521238045.

Ghaderzadeh M, Asadi F. Deep learning in the detection and diagnosis of
COVID-19 using radiology modalities: A systematic review. J Healthc Eng.
2021;2021:6677314. https://doi.org/10.1155/2021/6677314.
Ghaderzadeh M, Aria M, Asadi F. X-Ray equipped with artificial intel-
ligence: Changing the COVID-19 diagnostic paradigm during the
pandemic. Biomed Res Int. 2021;2021:9942873. https://doi.org/10.1155/
2021/9942873.

Eberle C, Stichling S. Telemedical approaches to managing gestational
diabetes mellitus during COVID-19: Systematic review. JMIR Pediatr Par-
ent. 2021;4(3):e28630. https://doi.org/10.2196/28630.

Drissi N, Ouhbi S, Marques G, de la Torre DI, Ghogho M, Janati Idrissi MA. A
systematic literature review on e-mental health solutions to assist health
care workers during COVID-19. Telemed J e-health :Off J Am Telemed
Assoc. 2021;27(6):594-602. https://doi.org/10.1089/tmj.2020.0287.
Dogan O, Tiwari S, Jabbar MA, Guggari S. A systematic review on Al/

ML approaches against COVID-19 outbreak. Complex Intell Syst.
2021;7(5):2655-78. https://doi.org/10.1007/540747-021-00424-8.

Channa A, Popescu N, Skibinska J, Burget R. The rise of wearable

devices during the COVID-19 pandemic: a systematic review. Sensors.
2021;21(17):5787. https://doi.org/10.3390/521175787.

Behera CK, Condell J, Dora S, Gibson DS, Leavey G. State-of-the-art
sensors for remote care of people with dementia during a pandemic: A
systematic review. Sensors. 2021;21(14):4688. https://doi.org/10.3390/
521144688.

Alonso SG, Marques G, Barrachina |, Garcia-Zapirain B, Arambarri J, Salva-
dor JC, et al. Telemedicine and e-Health research solutions in literature for


https://doi.org/10.1016/j.imu
https://doi.org/10.1016/j.imu
https://doi.org/10.4103/ijpvm
https://doi.org/10.4103/ijpvm
https://doi.org/10.3390/ijerph19095099
https://doi.org/10.3390/ijerph19095099
https://doi.org/10.3390/healthcare10061108
https://doi.org/10.3390/healthcare10061108
https://doi.org/10.18502/acta.v60i7.10208
https://doi.org/10.1016/j.glohj
https://doi.org/10.1017/dmp
https://doi.org/10.3390/vaccines10122040
https://doi.org/10.3390/vaccines10122040
https://doi.org/10.1080/07391102
https://doi.org/10.1080/07391102
https://doi.org/10.1177/20552076221100634
https://doi.org/10.1177/20552076221100634
https://doi.org/10.1016/j.compbiomed.2021.105141
https://doi.org/10.1016/j.compbiomed.2021.105141
https://doi.org/10.1002/mpr.1924
https://doi.org/10.3390/electronics11172777
https://doi.org/10.3390/electronics11172777
https://doi.org/10.1177/14604582221075561
https://doi.org/10.1016/j.hlpt.2022.100595
https://doi.org/10.1016/j.hlpt.2022.100595
https://doi.org/10.4103/jehp.jehp_1419_20
https://doi.org/10.24171/j.phrp.2021.0100
https://doi.org/10.1016/j.robot.2021.103902
https://doi.org/10.32592/ircmj.2021.23.9.1150
https://doi.org/10.32592/ircmj.2021.23.9.1150
https://doi.org/10.3390/app11083414
https://doi.org/10.3390/app11083414
https://doi.org/10.3390/jpm11090926
https://doi.org/10.1016/j.jdin.2021.07.007
https://doi.org/10.1016/j.jdin.2021.07.007
https://doi.org/10.1016/j.ejrad.2021
https://doi.org/10.3389/fpubh.2021.711762
https://doi.org/10.3390/s21238045
https://doi.org/10.1155/2021/6677314
https://doi.org/10.1155/2021/9942873
https://doi.org/10.1155/2021/9942873
https://doi.org/10.2196/28630
https://doi.org/10.1089/tmj.2020.0287
https://doi.org/10.1007/s40747-021-00424-8
https://doi.org/10.3390/s21175787
https://doi.org/10.3390/s21144688
https://doi.org/10.3390/s21144688

Tahmasbi et al. Archives of Public Health (2025) 83:129

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

combatting COVID-19: A systematic review. Heal Technol. 2021;11(2):257-
66. https://doi.org/10.1007/512553-021-00529-7.

Alhasan M, Hasaneen M. Digital imaging, technologies and artificial
intelligence applications during COVID-19 pandemic. Comput Med Imag
Graph: Off J Comput Med Imag Soc. 2021;91:101933. https://doi.org/10.
1016/j.compmedimag.

Adamidi ES, Mitsis K, Nikita KS. Artificial intelligence in clinical care amidst
COVID-19 pandemic: A systematic review. Comput Struct Biotechnol J.
2021;19:2833-50. https://doi.org/10.1016/j.csbj.2021.05.010.
Monaghesh E, Hajizadeh A. The role of telehealth during COVID-19
outbreak: A systematic review based on current evidence. BMC Public
Health. 2020;20(1):1193. https://doi.org/10.1186/512889-020-09301-4.
Kondylakis H, Katehakis DG, Kouroubali A, Logothetidis F, Triantafyllidis
A, Kalamaras |, et al. COVID-19 mobile apps: a systematic review of the
literature. J Med Internet Res. 2020;22(12):e23170. https://doi.org/10.
2196/23170.

Islam MN, Inan TT, Rafi S, Akter SS, Sarker IH, Islam AKMN. A systematic
review on the use of Al and ML for fighting the COVID-19 Pandemic. IEEE
Transact Artif Intell. 2020;1(3):258-70. https://doi.org/10.1109/TAL.2021.
Golinelli D, Boetto E, Carullo G, Nuzzolese AG, Landini MP, Fantini MP.
Adoption of digital technologies in health care during the COVID-19
Pandemic: systematic review of early scientific literature. J Med Internet
Res. 2020;22(11):e22280. https://doi.org/10.2196/22280.

Elsner P. Teledermatology in the times of COVID-19a systematic review. J
der Deutschen Dermatologischen Gesellschaft. 2020;18(8):841-5. https://
doi.org/10.1111/ddg.14180.

Brigo E, Rintala A, Kossi O, Verwaest F, Vanhoof O, Feys P, et al. Using
telehealth to guarantee the continuity of rehabilitation during the
COVID-19 Pandemic: a systematic review. Int J Environ Res Public Health.
2022;19(16):10325. https://doi.org/10.3390/ijerph191610325.

Wang L, Zhang YG, Wang DG, Tong X, Liu T, Zhang SJ, et al. Arti-

ficial intelligence for COVID-19: a systematic review. Front Med.
2021;8:704256. https://doi.org/10.3389/fmed.2021.704256.

Naciri A, Radid M, Kharbach A, Chemsi G. E-learning in health professions
education during the COVID-19 pandemic: a systematic review. J Educ
Eval Health Prof. 2021;18:27. https://doi.org/10.3352/jeehp.2021.18.27.
Jia LL, Zhao JX, Pan NN, Shi LY, Zhao LP, Tian JH, et al. Artificial intel-
ligence model on chest imaging to diagnose COVID-19 and other
pneumonias: a systematic review and meta-analysis. Eur J Radiol Open.
2022;9:100438. https://doi.org/10.1016/j.ejr0.2022.100438.

Tzeng IS, Hsieh PC, Su WL, Hsieh TH, Chang SC. Artificial intelligence-
assisted chest X-ray for the diagnosis of COVID-19: a systematic review
and meta-analysis. Diagnostics (Basel, Switzerland). 2023;13(4):584.

Su Z,Guo Z, Wang W, Liu Y, Liu Y, Chen W, et al. The effect of teler-
ehabilitation on balance in stroke patients: is it more effective than

the traditional rehabilitation model? A meta-analysis of randomized
controlled trials published during the COVID-19 pandemic. Front Neurol.
2023;14:1156473. https://doi.org/10.3389/fneur.2023.1156473.

Miller JL, Tada M, Goto M, Chen H, Dang E, Mohr NM, et al. Prediction
models for severe manifestations and mortality due to COVID-19: A
systematic review. Acad Emerg Med. 2022;29(2):206-16. https://doi.org/
10.1111/acem.14447.

Syeda HB, Syed M, Sexton KW, Syed S, Begum S, Syed F, et al. Role of
machine learning techniques to tackle the COVID-19 crisis: systematic
review. JMIR Med Inform. 2021;9(1):e23811. https://doi.org/10.2196/
23811,

Musulin J, Segota SB, Stifani¢ D, Lorencin |, Andeli¢ N, Sustersi¢ T, et al.
Application of artificial intelligence-based regression methods in the
problem of covid-19 spread prediction: a systematic review. Int J Environ
Res Public Health. 2021;18(8):4287. https://doi.org/10.3390/ijerph 1808
4287.

Chee ML, Ong MEH, Siddiqui FJ, Zhang Z, Lim SL, Ho AFW, et al. Artificial
intelligence applications for COVID-19 in intensive care and emer-
gency settings: a systematic review. Int J Environ Res Public Health.
2021;18(9):4749. https://doi.org/10.3390/ijerph18094749.

Yew SN, Khor BY, Wong E, Gwilym BL, Bosanquet DC. Telemedicine in
vascular surgery during COVID-19 Pandemic: a systematic review and
narrative synthesis. Ann Vasc Surg. 2023;93:166-73. https://doi.org/10.
1016/j.avsg.2023.03.023.

Page 27 of 27

88. Brabham DC, Ribisl KM, Kirchner TR, Bernhardt JM. Crowdsourcing appli-
cations for public health. Am J Prev Med. 2014;46(2):179-87. https://doi.
org/10.1016/j.amepre.2013.10.016.

89. Poblet M, Garcia-Cuesta E, Casanovas P, editors. Crowdsourcing Tools for
Disaster Management: A Review of Platforms and Methods. In: Casanovas
P, Pagallo U, Palmirani M, Sartor G, editors. Al Approaches to the Complex-
ity of Legal Systems. AICOL 2013. Berlin, Heidelberg: Springer Berlin
Heidelberg. https://doi.org/10.1007/978-3-662-45960-7_19.

90. Xiong S, Lu H, Peoples N, Duman EK, Najarro A, Ni Z, et al. Digital health
interventions for non-communicable disease management in primary
health care in low-and middle-income countries. npj Digit Med.
2023;6(1):12. https://doi.org/10.1038/541746-023-00764-4.

91. Toni E, Ayatollahi H. An insight into the use of telemedicine technology
for cancer patients during the Covid-19 pandemic: a scoping review.
BMC Med Inform Decis Mak. 2024,24(1):104. https://doi.org/10.1186/
$12911-024-02507-1.

92. Shaver J. The State of Telehealth Before and After the COVID-19 Pan-
demic. Prim Care. 2022;49(4):517-30. https://doi.org/10.1016/j.pop.2022.
04.002.

93. Dastani M, Ehtesham H, Javanmard Z, Sabahi A, Bahador F. Identifying the
Trends of Global Publications in Health Information Technology Using
Text-mining Techniques. Shiraz E-Med J. 2022;23(11):e123803.

94. Picozzi P, Nocco U, Puleo G, Labate C, Cimolin V. Telemedicine and robotic
surgery: a narrative review to analyze advantages, limitations and future
developments. Electronics. 2024;13(1):124. https://doi.org/10.3390/elect
ronics13010124.

95. Kaafarani HM, Mavros MN, Hwabejire J, Fagenholz P, Yeh DD, Demoya
M, et al. Derivation and validation of a novel severity classification for
intraoperative adverse events. J Am Coll Surg. 2014;218(6):1120-8.

96. Negro-Calduch E, Azzopardi-Muscat N, Nitzan D, Pebody R, Jorgensen P,
Novillo-Ortiz D. Health information systems in the COVID-19 Pandemic:

a short survey of experiences and lessons learned from the European
Region. Front Public Health. 2021;9:676838. https://doi.org/10.3389/
fpubh.2021.676838.

97. He W, Zhang Z, Li W. Information technology solutions, challenges,
and suggestions for tackling the COVID-19 pandemic. Int J Inf Manage.
2021;57:102287. https://doi.org/10.1016/}.ijinfongt.2020.102287.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1007/s12553-021-00529-7
https://doi.org/10.1016/j.compmedimag
https://doi.org/10.1016/j.compmedimag
https://doi.org/10.1016/j.csbj.2021.05.010
https://doi.org/10.1186/s12889-020-09301-4
https://doi.org/10.2196/23170
https://doi.org/10.2196/23170
https://doi.org/10.1109/TAI.2021
https://doi.org/10.2196/22280
https://doi.org/10.1111/ddg.14180
https://doi.org/10.1111/ddg.14180
https://doi.org/10.3390/ijerph191610325
https://doi.org/10.3389/fmed.2021.704256
https://doi.org/10.3352/jeehp.2021.18.27
https://doi.org/10.1016/j.ejro.2022.100438
https://doi.org/10.3389/fneur.2023.1156473
https://doi.org/10.1111/acem.14447
https://doi.org/10.1111/acem.14447
https://doi.org/10.2196/23811
https://doi.org/10.2196/23811
https://doi.org/10.3390/ijerph18084287
https://doi.org/10.3390/ijerph18084287
https://doi.org/10.3390/ijerph18094749
https://doi.org/10.1016/j.avsg.2023.03.023
https://doi.org/10.1016/j.avsg.2023.03.023
https://doi.org/10.1016/j.amepre.2013.10.016
https://doi.org/10.1016/j.amepre.2013.10.016
https://doi.org/10.1007/978-3-662-45960-7_19
https://doi.org/10.1038/s41746-023-00764-4
https://doi.org/10.1186/s12911-024-02507-1
https://doi.org/10.1186/s12911-024-02507-1
https://doi.org/10.1016/j.pop.2022.04.002
https://doi.org/10.1016/j.pop.2022.04.002
https://doi.org/10.3390/electronics13010124
https://doi.org/10.3390/electronics13010124
https://doi.org/10.3389/fpubh.2021.676838
https://doi.org/10.3389/fpubh.2021.676838
https://doi.org/10.1016/j.ijinfomgt.2020.102287

	An overview of reviews on digital health interventions during COVID- 19 era: insights and lessons for future pandemics
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Material and methods
	Study design
	Search strategy
	Eligibility criteria
	Study screening and selection
	Data extraction
	Data synthesis
	Critical appraisal assessments of included reviews

	Results
	Search results and description of evidence
	Methodological quality and risk of bias of reviews
	Description of mapping with CDISAH
	Persons
	Healthcare providers
	Health management and support personnel
	Data service


	Discussion
	Conclusions
	Acknowledgements
	References


