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The digitalisation of healthcare, fueled by advances in technology and the COVID-19
pandemic can not only empower equitable access to global expert-level healthcare
but also make healthcare more patient-centric. Every digital health solution has one
common fundamental component: they all run on computing platforms and are powered
by complex software. Traditional software development life cycles have often failed
in designing complex software; consequently, the agile approach was introduced. To
assess the role of agile in digital public health transformation, we used the synthetic
knowledge synthesis, a triangulation of bibliometric mapping, and thematic analysis to
analyse the available literature harvested from PubMed. The analysis showed that the
use of the agile approach is underutilised in developing digital health software. Moreover,
the study revealed that health organisations did not yet embrace the agile culture and
should adapt using innovative agile solutions to deliver clinical value to patients and
public health systems. Following the software industry, where agile software development
is becoming the mainstream approach also for sensitive and regulated software, it is
becoming even more essential that the digital health software development process
should be modernised. Furthermore, a shift to agile collaboration, agile decision-making,
trial tolerance, active engagement, purposeful technology adoption, knowledge sharing,
and an open agile innovation ecosystem must be achieved.
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INTRODUCTION: DIGITAL HEALTH TRANSFORMATION

The digitalization of healthcare, fueled by advances in technology, increased the prevalence of
mobile smart devices, smart hospitals (1), and Internet of Medica Things (2), which can not only
empower equitable access to global expert-level healthcare (3, 4) but also make health care more
patient-centric (5) and value-based (6). During the COVID-19 crisis, the growing demand for
telemedicine, mobile health apps, advanced data analytics, and numerous digital health applications
have firmly established their role in a modern information society (7) and increased the willingness
of health professionals to adopt digital technology into their daily work routines (8). As seen above
healthcare is in transitioning from digital innovations to digital transformation, a trend that will
only intensify in the future. Hospitals at home, expanded use of artificial intelligence, co-creation
of digital health solutions by patients, digital therapeutics, separation of data from the application,
and low-code data management are some of the future directions of this digitalisation (9, 10).
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DIGITAL HEALTH TRANSFORMATION IS
DRIVEN BY SOFTWARE

Every digital health solution has one common fundamental
component; they all run on computing platforms and are
powered by software (digital health software; DHSW). As a
matter of fact, the Federal Drug Administration (FDA) considers
software to be an important part of every medical product,
which is integrated widely into digital platforms that serve
medical purposes. FDA distinguishes three categories of software
namely: software as a medical device (not part of medical
hardware), software in a medical device, and software used in the
manufacture or maintenance of medical devices (11). Software
as a medical device is a relatively new term in healthcare and
serves different purposes like diagnosing, modernising care or
treatment, disease prevention, mobile well-being application,
smartphone digital solution to view medical images and similar
(12) or lately artificial intelligence/machine learning-based health
care systems (13).

The DHSW must address a variety of multifaced
requirements, such as managing multimodal and high
dimensional health data, patient safety, cybersecurity, or
operating in real-time, in order to help patients survive.
Furthermore, the DHSW must adhere to medical regulations,
standards, and customisation needs. As a result, it is highly
and intrinsically complex and prone to software defects. It is
essential that the DHSW is accepted, trusted, and approved by
stakeholders, patients, health professionals, other end users,
software developers, and regulators to operate effectively,
efficiently, and ethically (14).

AGILE IS SHAPING THE SOFTWARE
DEVELOPMENT

Traditional software development life cycles (SDLC) have often
failed in designing complex software. Thus, a group of developers
proposed a new paradigm for software development in 2001 and
unveiled it as the Agile Manifesto (15). Manifesto recognises
that software development organisations are complex adaptive
systems where, whenever during a software development process
a decision has to be made, four fundamental values should be
taken into account (while there is value in the items on the right,
value the item on the left is higher):

Individuals and interactions over processes and tools
Working software over comprehensive documentation
Customer collaboration over contract negotiation
Responding to change by following a plan

LIMITED ADOPTION OF ASD IN THE
DIGITAL HEALTH TRANSFORMATION

Although healthcare organisations can be considered as complex
adaptive systems (16) and agile software development (ASD)
is increasingly becoming used in developing safety-critical or
regulated software (17), there is limited evidence about the use

of ASD in DHSW development. Using a synthetic knowledge
synthesis approach (18), we reviewed all 248 publications
concerning ASD use in DHSW development.

Synthetic knowledge synthesis is a novel synthesis approach
based on the triangulation of bibliometric mapping and content
analysis. Unlike traditional knowledge synthesis methods, which
are usually performed manually, are labour intensive, and are
usually limited to a relatively small number of publications,
synthetic knowledge synthesis enables one to process several
hundreds of publications semi-automatically. The broadness
above makes it a natural fit for mapping new research areas of
interest or areas that may have received insufficient attention in
previous research. Moreover, it enables one to gain new or more
holistic insights into such research areas and form perspectives
and solutions to not yet solved barriers and challenges. The
following steps are taken when using synthetic knowledge
synthesis with the PubMed bibliographic database:

1.) Harvest the research publications from the PubMed
bibliographic database using the selected search string. It was
selected as a source bibliographic database because it contains
a wide range of strictly selected health care source titles, is
free to use, and allows users to export publication metadata
in larger packages (10,000 publications) than other platforms
(such as Web of Science, which only allows exporting 500
publications at a time).

2.) Select Mesh terms (Medical Subject Headings) as meaningful
information units. Mesh terms were selected because they
are standardised keywords representing the content of
the publication.

3.) Map Mesh terms using bibliometric mapping into a
cluster landscape.

4.) Analyse the links and proximity between Mesh terms in
individual clusters and form categories.

5.) Condense categories into themes.

We used VOSViewer software (Leiden University, Netherlands)
as a bibliometric mapping tool, and search string agile AND
(software OR “information system” OR digital) AND (health® OR
medic® OR nursing). The search was performed on the 15th of
February. Papers without abstracts and not related to humans or
software development were discarded.

The synthesis revealed that research on the ASD use in health
care revolves around six themes (Figure 1): development of open
source and clinical decision support software (green colour); e-
health applications for COVID-19 management (yellow colour);
user-centred design of mHealth and telemedicine application
for chronic diseases management (blue colour); solving global
health problems (light blue colour); user—computer interfaces
for health care data-collection (violet colour); and information
management of patients data and decision making (red colour).
The adaption focuses on a few from a broad scope of digital health
areas, namely health information systems, decision support, and
mobile applications. Most other areas still favour the right side
of the Agile manifesto values and rely on traditional SDLCs.
Moreover, the volume of research is not sufficient, especially
when taking into account the ever-increasing importance of the
DHSW role in improving the performance of health care systems.
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FIGURE 1 | Agile software development (ASD) uses digital health software (DHSW) development.

In also taking into account the grey literature, we identified
some barriers to limited use of ASD in the DHSW development:

- Health Insurance Portability and Accountability Act
compliance when developing embedded DHSW;

- Securing Protected Health Information when writing User
stories (User stories replace Traditional requirements
specifications in ASD);

- Managing a high volume of stakeholders, which is a unique
characteristic in developing DHSW and not suitable for ASD;

- Interoperability DHSW, where the requirements are well-
defined and non-negotiable, and thus more appropriate for the
use of traditional SDLCs

AGILE BEYOND DHSW DEVELOPMENT

As digital health and digital health technologies gain popularity
and healthcare costs continue to rise, healthcare organisations
are being forced to find innovative solutions that deliver new
patient and clinician value. Hence, health organisations have
no alternative but to adapt. However, their current business
planning and governance processes, as well as information
and communication technology solutions, are premediated to
minimise risk to health organisations, which consequently makes
them inflexible and unable to adapt and perform complex, but
essential transformations. To manage this complexity and enable
transformation, some health care organisations followed the
software industry and embraced the principles and values of the
Agile Manifesto (19).

As in the DHSW, we used a synthetic knowledge synthesis
approach (18) to analyse 210 publications about agile
management in digital health found in the PubMed bibliographic

database to determine the volume and content of research in this
area. We used the search string agile AND management AND
(health OR medicine). The search was performed on the 15th of
February. Papers without abstracts and not related to humans or
management of health organisations were discarded.

Six colours in the author keywords landscape (Figure 2)
represent six agile management themes: agile management of
health services in digital health (green colour); critical evaluation
of public health and health education (yellow colour); agile
trans-disciplinarity in health and social care (blue colour); agile
leadership and management in pharmaceutical supply chains
(red colour); agile management of innovations in case of COVID-
19 (light blue colour); management and governance in healthcare
supply chains (violet colour). As in agile in DHSW development
agile in management also seems to be underutilised. Adapting
health care organisations to embrace agile culture showed to be a
challenging task, due to Ahire et al. (20) and Sindhwani et al. (21):

- Lack of patient and employee input and empowerment

- Lack of organisational structure and top management support

- Insufficient communication, cohesion, cooperation, and
opposing incentives between stakeholders

- Lack of training

DISCUSSION: HOW TO OVERCOME
BARRIERS

While current trends in the software industry, where ASD
is becoming the mainstream approach also for sensitive and
regulated software, it is becoming even more essential that
the DHSW development process should be modernised. Agile,
with its proven track record in a broad number of verticals
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FIGURE 2 | Agile in digital health.
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and 20 years after being formalised in the Agile Manifesto,
is thus—in our opinion—underutilised and under-researched.
ASD combined with modern development approaches, such
as Microservices, can be successfully adapted (22) and might
efficaciously address the above barriers:

- The rapid development of Proofs of Concepts and Minimal
Viable Products is crucial to demonstrate a product to possible
stakeholders, incorporate changes in regulatory requirements
or react quickly to new technologies and new requirements.

- Enhance testing and quality assurance process through better
work breakdown and modularity.

- Provide APIs to other stakeholders quickly to integrate the
newly developing software while still in development.

- Use machine learning to better understand critical health care
systems’ user requirements and stories (23).

Viewing agility as the means to respond quickly to the
customer and the environment, and to be faster and more
patient-centric is simply not enough (24). According to Gallup
(25), health organisations” purposeful agility has to include three
key elements, namely adaptability, speed, and execution. To reach
the agile culture they must shift to agile collaboration, agile
decision-making, trial tolerance, active engagement, purposeful
technology adoption, and knowledge sharing. Valentim et al. (26)
vent even further, namely to enhance the agility of digital health
solutions during the COVID-19 pandemics, they developed an
innovative technology ecosystem integrating various information
systems to enhance governmental decision making. Similarly, to
improve the flexibility and adaptability of health organisations
during the COVID-19 crisis, due to the lack of knowledge

of new viruses, fear of people and ever-changing COVID-19
management strategies, Brunet et al. (27) constructed an agile-
based open ecosystem in the manner to progress responds to
the crisis. Similar ecosystems were also developed by Samad et
al. (28) and interestingly applied for tackling health problems in
post-pandemic society by Marston et al. (29).

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author/s.

AUTHOR CONTRIBUTIONS

PK prepared the concept and performed the analysis. MK, HB,
and JZ interpreted the results and supervised the study. All
authors cooperated in writing and reviewing the article.

FUNDING

The study was partially funded by the EC H2020 STAMINA
project, GA 883441.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.
2022.899874/full#supplementary-material

Frontiers in Public Health | www.frontiersin.org

May 2022 | Volume 10 | Article 899874


https://www.frontiersin.org/articles/10.3389/fpubh.2022.899874/full#supplementary-material
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Kokol et al.

Agile in Digital Health

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Shabbir A, Shabbir M, Javed AR, Rizwan M, Iwendi C, Chakraborty

C. Exploratory data analysis, classification, comparative analysis,
case severity detection, and internet of things in COVID-19
telemonitoring for smart hospitals. J Exp Theor Artif Intell. (2022)
1-28. doi: 10.1080/0952813X.2021.1960634

. Pustokhina IV, Pustokhin DA, Gupta D, Khanna A, Shankar K, Nguyen GN.

An effective training scheme for deep neural network in edge computing
enabled Internet of Medical Things (IoMT) systems. IEEE Access. (2020)
8:107112-23. doi: 10.1109/ACCESS.2020.3000322

. Ibrahim H, Liu X, Zariffa N, Morris AD, Denniston AK. Health data poverty:

an assailable barrier to equitable digital health care. Lancet Digit Health. (2021)
3:€260-5. doi: 10.1016/52589-7500(20)30317-4

. WHO Global Strategy on Digital Health 2020-2025 | The Compass for

SBC. Available online at: https://www.thecompassforsbc.org/sbcc-tools/who-
global-strategy- digital- health-2020-2025 (accessed November 16, 2021).

. Spruit M, Lytras M. Applied data science in patient-centric healthcare:

adaptive analytic systems for empowering physicians and patients. Telemat
Inform. (2018) 35:643-53. doi: 10.1016/j.tele.2018.04.002

. Gray M. Value based healthcare. BMJ. (2017) 356:j437. doi: 10.1136/bm;.j437
. Scott BK, Miller GT, Fonda SJ, Yeaw RE, Gaudaen JC, Pavliscsak HH,

et al. Advanced digital health technologies for COVID-19 and future
emergencies. Telemed E-Health. (2020) 26:1226-33. doi: 10.1089/tmj.
2020.0140

. An MH, You SC, Park RW, Lee S. Using an extended technology

acceptance model to understand the factors influencing telehealth
utilization after flattening the COVID-19 curve in South Korea: cross-
sectional survey study. JMIR Med Inform. (2021) 9:e25435. doi: 10.2196/
25435

. What’s Next for Digital Health in 20222 MobiHealthNews (2021). Available

online  at:  https://www.mobihealthnews.com/news/emea/what-s- next-
digital-health-2022-0 (accessed December 30, 2021).

Muntz DS. Digital health: how to govern during a never-ending data tsunami.
Npj Digit Med. (2021) 4:1-3. doi: 10.1038/s41746-021-00491-8

Health C for D R. What is Digital Health? FDA (2020). Available online at:
https://www.fda.gov/medical- devices/digital- health- center- excellence/what-
digital-health (accessed December 30, 2021).

Heier E. What Is SaMD? Everything About Software As A Medical Device.
(2021). Available online at: https://www.selecthub.com/medical-software/
software-medical-device-samd/ (accessed December 30, 2021).

Gerke S, Babic B, Evgeniou T, Cohen IG. The need for a system view to regulate
artificial intelligence/machine learning-based software as medical device. Npj
Digit Med. (2020) 3:1-4. doi: 10.1038/s41746-020-0262-2

Chen C, Shoga M, Boehm B. Exploring the dependency relationships
between software qualities. In: 2019 IEEE 19th International Conference
on Software Quality, Reliability and Security Companion (QRS-C). (2019).
p. 105-8.

Manifesto for Agile Software Development. Available online at: https://
agilemanifesto.org/ (accessed April 20, 2021).

Sittig DE Singh H. A new socio-technical model for studying health
information technology in complex adaptive healthcare systems. Qual
Saf Health Care. (2010) 19(Suppl. 3):i68-74. doi: 10.1136/qshc.2010.04
2085

Heeager LT, Nielsen PA. A conceptual model of agile software development
in a safety-critical context: a systematic literature review. Inf Softw Technol.
(2018) 103:22-39. doi: 10.1016/j.infsof.2018.06.004

Kokol P, Kokol M, Zagoranski S. Machine learning on small size
samples: a synthetic knowledge synthesis. Science Progress (2022)
doi: 10.1177/00368504211029777.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Holden RJ], Boustani MA, Azar J]. Agile innovation to transform
healthcare:  innovating in complex adaptive systems is an
everyday process, not a light bulb event. BMJ Innov. (2021)
7:499-505. doi: 10.1136/bmjinnov-2020-000574

Ahire MA, Rane SB, Gorane SJ]. Exploring barriers in implementing agile
supply chain in healthcare: an ISM & MICMAC method. Int ] Adv Sci Technol.
(2020) 29:7869-88. Available online at: http://sersc.org/journals/index.php/
IJAST/article/view/24672

Sindhwani R, Singh PL, Prajapati DK, Igbal A, Phanden RK, Malhotra V. Agile
system in health care: literature review. In: Shanker K, Shankar R, Sindhwani
R, editors. Advances in Industrial and Production Engineering. Singapore:
Springer (2019). p. 643-52.

Tanculescu M, Alexandru A. Microservices - a catalyzer for better managing
healthcare data empowerment. Stud Inform Control. (2020) 29:231-42.
doi: 10.24846/v29i2y202008

Khurshid I, Imtiaz S, Boulila W, Khan Z, Abbasi A, Javed AR, et
al. Classification of non-functional requirements from iot oriented
healthcare requirement document. Front Public Health. (2022)
10:860536. doi: 10.3389/fpubh.2022.860536

Contributor: Seven Shifts to an Agile Culture in Health Care. AJMC. Available
online at: https://www.ajmc.com/view/contributor- seven- shifts- to-an-agile-
culture-in-health-care (accessed January 1, 2022).

Gallup. Five Forces That Will Reshape the Future of Healthcare. Gallup.com.
(2020). Available online at: https://www.gallup.com/workplace/323039/five-
forces-reshape- future-healthcare.aspx (accessed January 1, 2022).

Valentim RA de M, Lima TS, Cortez LR, Barros DM da S, Silva
RD da, Paiva JC de, et al. The relevance a technology ecosystem in
the Brazilian National Health Service’s Covid-19 response: the case of
Rio Grande do Norte, Brazil. Cienc Saude Coletiva. (2021) 26:2035-
52. doi: 10.1590/1413-81232021266.44122020

Brunet F, Malas K, Fleury D. A model of an agile organization designed to
better manage the COVID-19 crisis. Healthc Manage Forum. (2021) 34:115-
8. doi: 10.1177/0840470420980478

Samad Z, Mahmood S, Siddiqui S, Bhutta ZA. Imagining a lean and agile
digital health ecosystem - a measure of pandemic responsiveness. | Glob
Health. (2020) 10:020391. doi: 10.7189/jogh.10.020391

Marston HR, Shore L, White PJ. How does a (Smart) age-friendly ecosystem
look in a post-pandemic society? Int | Environ Res Public Health. (2020)
17:E8276. doi: 10.3390/ijerph17218276

Conflict of Interest: MK was employed by the company Semantika.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Kokol, Blazun Vosner, Kokol and Zavrsnik. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Public Health | www.frontiersin.org

May 2022 | Volume 10 | Article 899874


https://doi.org/10.1080/0952813X.2021.1960634
https://doi.org/10.1109/ACCESS.2020.3000322
https://doi.org/10.1016/S2589-7500(20)30317-4
https://www.thecompassforsbc.org/sbcc-tools/who-global-strategy-digital-health-2020-2025
https://www.thecompassforsbc.org/sbcc-tools/who-global-strategy-digital-health-2020-2025
https://doi.org/10.1016/j.tele.2018.04.002
https://doi.org/10.1136/bmj.j437
https://doi.org/10.1089/tmj.2020.0140
https://doi.org/10.2196/25435
https://www.mobihealthnews.com/news/emea/what-s-next-digital-health-2022-0
https://www.mobihealthnews.com/news/emea/what-s-next-digital-health-2022-0
https://doi.org/10.1038/s41746-021-00491-8
https://www.fda.gov/medical-devices/digital-health-center-excellence/what-digital-health
https://www.fda.gov/medical-devices/digital-health-center-excellence/what-digital-health
https://www.selecthub.com/medical-software/software-medical-device-samd/
https://www.selecthub.com/medical-software/software-medical-device-samd/
https://doi.org/10.1038/s41746-020-0262-2
https://agilemanifesto.org/
https://agilemanifesto.org/
https://doi.org/10.1136/qshc.2010.042085
https://doi.org/10.1016/j.infsof.2018.06.004
https://doi.org/10.1177/00368504211029777
https://doi.org/10.1136/bmjinnov-2020-000574
http://sersc.org/journals/index.php/IJAST/article/view/24672
http://sersc.org/journals/index.php/IJAST/article/view/24672
https://doi.org/10.24846/v29i2y202008
https://doi.org/10.3389/fpubh.2022.860536
https://www.ajmc.com/view/contributor-seven-shifts-to-an-agile-culture-in-health-care
https://www.ajmc.com/view/contributor-seven-shifts-to-an-agile-culture-in-health-care
https://www.gallup.com/workplace/323039/five-forces-reshape-future-healthcare.aspx
https://www.gallup.com/workplace/323039/five-forces-reshape-future-healthcare.aspx
https://doi.org/10.1590/1413-81232021266.44122020
https://doi.org/10.1177/0840470420980478
https://doi.org/10.7189/jogh.10.020391
https://doi.org/10.3390/ijerph17218276
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	Role of Agile in Digital Public Health Transformation
	Introduction: Digital Health Transformation
	Digital Health Transformation is Driven by Software
	Agile is Shaping the Software Development
	Limited Adoption of ASD in the Digital Health Transformation
	Agile Beyond DHSW Development
	Discussion: How to Overcome Barriers
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References


