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Abstract

Background: Digita health technologies are transforming health care by improving access, efficiency, and quality of care.
However, recent studies highlight that digitalization can unintentionally reinforce or deepen existing social and health inequalities,
as not all population groups benefit equally from digital progress. The concept of digital determinants of health (DDoH) has
emerged to better capture how digital factors shape health opportunities and outcomes. The systematic incorporation of DDoH
and other health determinants shaped by digitalization into strategic planning remains limited. As aresult, health systems may
lack structured approaches to identify them and anticipate their equity implications.

Objective: This study aimed to identify which health determinants are considered most important in the Catalan context and
to qualitatively explore their inclusion in existing regional strategies and policy frameworksin Catalonia.

Methods: We conducted a modified Delphi study with experts from the Catalan health and digital ecosystem. The list of
determinants was derived from a scoping review, which identified 127 determinants that emerged or changed with digitalization.
Experts living and working in Catalonia, with experience in digital health, public health, health care delivery, social or DDoH,
or health equity, were recruited using snowball sampling. Participants rated each determinant for importance using a 5-point
Likert scale across 2 rounds, followed by a final online consensus meeting. For each determinant, the median (IQR) and the
proportion of expertsrating it as4 or 5 were calculated, and items were classified into high, moderate, or low rel evance according
to predefined consensus criteria.

Results: A total of 43 experts participated in the first Delphi round, and 31 completed the second round. Of the 127 assessed
determinants, 20 (15.7%) reached high relevance for the Catalan context, including 15 digital, 4 social, and 1 political determinant.
Overall, the most important determinants focused on enabling the effective and equitable use of digital health, particularly access,
skills, system-level digital capacity and governance, inclusive design, and the responsible use of Al. Comparison with the original
global Delphi study showed substantial overlap, but also revealed context-specific priorities.

Conclusions: This study demonstrates the value of systematically contextualizing DDoH and other health determinants shaped
by digitalization to inform strategic health planning in digitally mature public health systems. The findings show that international
digital health agendasrequire regional reprioritization to reflect local infrastructure, governance arrangements and equity challenges.
The results suggest that, beyond technological capacity, governance and equity considerations should become central to digital
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health planning. The proposed approach offersareplicable framework to support more anticipatory, coordinated and equity-oriented

digital health strategies.

(J Med Internet Res 2026;28:€93840) doi: 10.2196/93840
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Introduction

In recent years, the rapid expansion of digital technologies has
positioned digital health asacentral driver of thetransformation
of health care systems worldwide. Digital tools have created
new opportunitiesto improve efficiency, access, quality of care,
and personalization [1-7]. The strategic relevance of digital
transformation is also reflected in the fact that, according to the
World Health Organization’s (WHO's) 2025 update [8], up to
129 countries have developed specific national digital health
strategies to guide the adoption, governance, and scaling of
these technologies. Across Europe, these strategies prioritize
interoperability, data governance, user-centered design,
cybersecurity, and the expansion of digital services[9-13].

However, the success of these national digital health strategies
does not depend solely on technological development or
system-level digital capacity. It is widely known that health
outcomes are till strongly influenced by the social conditions
captured inthe social determinants of health (SDoH) framework,
which can either protect against or intensify health risks. Inthis
context, growing evidence indicates that the benefits of
digitalization are not equitably distributed, and digital
transformation can unintentionally reproduce or exacerbate
those existing social and health inequalities [14,15]. Although
most national digital health strategies acknowledge challenges
such as digital divides, uneven skills, or barriers to adoption,
these concernsarerarely transated into structured mechanisms
to assess how digital factors may reinforce or mitigateinequities
[9-12].

This growing awareness has led to increasing recognition of
digital factors as determinants of health in their own right [14],
with a strong capacity to reshape, amplify, or modify existing
determinants and to influence how social, economic, political,
and commercial factors operate and interact [16]. In this context,
the concept of digital determinants of health (DDoH) has
emerged to capture how digital factors shape health
opportunities and outcomes, and isincreasingly used in reports
from international organizations and high-impact journals
[14,16-20]. This wider adoption suggests that DDoH justify
being considered as a distinct, though closely related, category
rather than being subsumed under traditional SDoH |abels, while
still remaining anchored in the broader SDoH framework.
However, important gaps remain in the literature [21]. Thereis
still no consensus on how DDoH should be defined, where to
draw the boundaries between digital and traditional SDoH, or
which specific variables ought to be considered DDoH in
different contexts.

Inthisregard, Duric et al [21] argue that the definition proposed
by van Kessdl et a [16] currently offersthe most comprehensive
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and operational description of DDoH, defining them as “any
factor rooted in, contingent on, or inextricably linked to the
digital world that can directly or indirectly influence health or
well-being. These determinants can change how health care is
delivered to improve health, modify existing relationships
between socia, political, or commercial determinantsand health,
or create entirely new waysto influenceindividual or population
health” [16]. van Kessel et a [16] identified 127 health
determinants that have emerged or evolved with digitalization
(37 digital, 33 social, 33 commercial and economic, and 24
political) [16]. Their scoping review reflects the extensive
influence of digitalization on health, but also poses challenges
for policymakers and planners, who must decide which
determinants deserve priority attention in specific health system
contexts. Their Delphi exercise highlighted 30 determinants
requiring urgent policy attention, including internet access,
digital literacy, interoperability, and inclusive design, among
others. However, the authors also noted that trandating these
priorities into local policy contexts is difficult given regional
variations in digital infrastructure, social norms, and health
system organization. Contextualizing these determinants is
essential to ensurethat digital transformation efforts are aligned
with local needs, capacities, and equity considerations.

Cataloniarepresents a particularly relevant case for examining
the role of DDoH alongside other health determinants shaped
by digitalization, asit combinesauniversal public health system
with a high level of digital health maturity. In fact, the region
has long been considered a leader in digital health innovation
within Europe, with an established ecosystem of digital services,
astrong I T Infrastructure, large-scale interoperability initiatives,
and successive strategic plans promoting data-driven and
person-centered care [22-26]. Key initiatives include the
electronic health records (EHRS), digital medical imaging, the
Rec@t electronic prescription system, multiple telemedicine
programs, and La Meva Salut (My Hedlth, trandated into
English), the official patient portal of the Catalan public health
care system [23,27-30]. Recently, this commitment was further
consolidated in the Catalan Health Plan 2021-2025, which
established digital transformation as a core strategic axis [24].

Despite Catalonia s advanced digital maturity, persistent social
and territorial inequalities in digital access, digital use, skills,
and health outcomes have been documented, suggesting that
not all population groups benefit equally from technological
progress [31-35]. Catalan strategic documents acknowledge
related concerns, such as the digital divide, uneven levels of
digital literacy, and the possibility that digital solutions may
unintentionally reinforce existing inequalities [24]. However,
while these strategies recognize elements aligned with the
umbrella of DDoH, they do not yet adopt a structured,
comprehensive approach that systematically considers the full
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spectrum of digital factorsthat may influence health. Asaresult,
some digital factors with potential implications for equity may
not be fully captured or consistently prioritized. This
combination of strong digital capacity but uneven digital benefits
makes Catalonia an informative setting for contextualizing
DDoH and identifying both the most relevant DDoH and other
health determinants shaped or modified by their influence,
thereby supporting evidence-informed policy decisions and
strengthening digital governance to narrow, rather than widen,
existing health inequities.

Therefore, the objective of this study was to determine which
of the 127 health determinants that have emerged or evolved
with digitalization were considered moreimportant in Catal onia,
by replicating and adapting the Delphi approach used by van
Kessel et a [16] and to qualitatively explore how these
determinants are reflected in existing regional strategies and
policy frameworks. In doing so, the study (1) providesaregiona
prioritization of health determinants that have emerged or
evolved with digitalization, (2) compares these regional
priorities with the global Delphi results, (3) examines how the
most prioritized determinants are addressed in Catalan policy
and other relevant documents, and (4) explores how these
priorities can inform strategic health planning.

Methods

Study Design
This study followed amodified Delphi design [36], astructured

multiround consensus method commonly used to address
complex topics when empirical evidence is limited.

Ethical Considerations

The study was conducted in accordance with the Declaration
of Helsinki [37] and approved by the Ethics Committee of the
Open University of Catalonia (CE25-TEO04). All participants
provided informed consent. Data were collected anonymously
and no financial compensation was provided for participation.

Study Population

Eligible participants were professionals with expertise or
practical experiencein digital health, public health, health care
delivery, SDoH, DDoH, or health equity, including clinicians,
managers, policy makers, technical experts, entrepreneurs, and
researchers. Participants were required to have resided in
Catalonia for at least 12 months, be fluent in Catalan, and be
willing to actively participate. Efforts were made to ensure
diversity in gender, geography, and professional background.
Individuals not meeting these criteria were excluded.

Sample Size and Participants Recruitment

Given the qualitative nature of the modified Delphi process, no
formal sample size calculation was performed. Although the
literature suggests that panels of around 10 experts can be
sufficient for Delphi studies [38], we aimed to recruit at least
35 participantsto align with the original study [16] and to ensure
diversity across stakeholder groups.

Participants were recruited using a snowball sampling strategy,
a nonprobabilistic approach commonly used in qualitative
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research to reach expert populations [39]. The research team
initially contacted 8 experts as seed participants, drawn from
key ingtitutions within the Catalan health system and identified
through existing professional networksand prior collaborations.
Theseinitial participantswere purposely selected based on their
expertise in digital health, public health, health care delivery,
or health equity. The seed participants were then invited to
recommend additional experts within their professional
networks, in line with a snowball sampling strategy. During
recruitment, the research team monitored gender, professional
profile, and health region using arecruitment matrix to promote
a sufficiently diverse and reasonably balanced sample across
these characteristics. This process resulted in the identification
of 80 potential participants. All identified candidates were
subsequently contacted by email and received abrief explanation
of the study objectives and participation requirements. To
minimize potential bias in the Delphi assessment, the list of
determinants was not shared in advance. Data collection took
place between September and December 2025.

Study Variables

Demographic Variables

Participants were asked to complete a part of the survey that
collected various demographic data: age, gender, educational
level, professional background, actual job position, sector, years
of experience in the professional field in genera, years of
experiencein public health, years of experiencein digita health,
self-rated expertise on SDoH, self-rated expertise on DDoH,
and work health region (in Catalonia, the public health system
isorganized intoterritoria health regions defined by the regional
health administration, which do not necessarily coincide with
other administrative or political boundaries). More details are
shown in Multimedia Appendix 1.

Main Study Variable

The primary outcome of this study was the level of importance
assigned to each determinant by the expert panel. Expertsrated
each determinant using a 5-point Likert scale (1=not urgent,
2=somewhat urgent, 3=fairly urgent, 4=urgent, and 5=very
urgent), responding to the question: “Recognizing that al health
determinants are important to address, how important is it for
this determinant to be taken into account in the Catal onia?’

Data Collection and Study Procedure

The study was structured in 4 phases. The overall process is
illustrated in Figure 1.

1. Phase 1: Defining the determinants set. The initial list of
determinants was derived from a recent systematic review
and expert consensus process conducted by van Kessel et
al [16], which identified 127 determinants of health across
4 domains (digital, social, commercia and economic, and
political). These determinants, organized into the thematic
clusters proposed by the original authors, provided a
validated starting point for the Delphi process.

2. Phase 2: Delphi consultation rounds. In the first round,
participants received an online questionnaire via the
Qualtrics platform (Qualtrics XM Platform), including
informed consent, demographic questions, and the list of
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determinants to be rated on a 5-point Likert scale.
Participants were given up to 3 daysto complete each round
so that they could accommodate the time required to rate
alarge number of itemsalongside their routine professional
responsibilities. After analysisof round 1, only determinants
classified as moderate relevance were included in round 2
for reevaluation, following the same approach used by van
Kessel et al [16]. This strategy was chosen both to ensure
methodological comparability with the original global
Delphi and to limit respondent burden in the second round
by avoiding the rerating of items for which there was
already consensus on high or low relevance. Only fully
completed questionnaireswere included in the analysisfor
each round, in order to maximize the completeness and
basic quality of the datafor all rated determinants.

3. Phase 3: Consensus meeting and final analysis. Following
analysis of round 2, all expertswho had expressed interest
in participating in the final round were invited to attend a
final consensus meeting to validate and clarify the round 1
and round 2 results, and to confirm whether any proposal
to modify thelist or classification of determinants emerged.

4. Phase 4: Narrative review of regional policy and strategy
documents. We conducted a narrative documentary review
of key regional documents related to digital health and

Cano et a

health equity in Catal onia. Relevant documents and reports
were first identified through the official websites of key
ingtitutions involved in health planning and digital
transformation, including the Catalan Department of Health,
the Healthcare Quality and Assessment Agency of Catalonia
(AQUAS), the TIC Salut i Sociad Foundation, the
Department of Digital Policies and the Catalan Health
Ingtitute; and where appropriate, documents from Spanish
national bodies and international organizations (eg, the
Ministry of Health, data protection authorities, the European
Commission, the WHO). When more specific technical or
contextual information was needed, this search was
complemented by targeted searches in scientific databases
and Google using free-text terms in Catalan, Spanish and
English. The review focused on publicly available policy,
strategy and planning documents that were considered
directly relevant to the study aims, such as health plans,
digital health strategies, equity policies and major reports.
Rather than following a formal systematic or thematic
review approach, the documents were read iteratively and
used to extract information most relevant for interpreting
the Delphi findings and situating them within the Catalan
policy context.

Figure 1. Overview of the study design and methodological phases. DDoH: digital determinants of health.

. . -~
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Data Analysis

Data were collected using Qualtrics XM (Qualtrics) and
analyzed with Jamovi v.2.6 for Windows (Jamovi). As no
personally identifiable information was collected, participants
remained anonymous, and no coding system was required.
Demographic characteristics were summarized using descriptive
statistics and presented in tables.

Each determinant was analyzed using the same consensus
criteria applied by van Kessel et a [16], which were used to
prioritize health determinants at a global level. For each item,
the median score and IQR were calculated to assess central
tendency and agreement, and the importance percentage was
calculated, which was defined as the proportion of participants
who rated an item as 4 or 5 on the 5-point Likert scale. Based
on these indicators, determinants were classified as: high
relevance (median 4-5, importance 280%, IQR <1), moderate
relevance (median <4 and importance 50%-79%), or low
relevance (median <4, importance <50%, and IQR>1). These
thresholdswere defined apriori to maximize comparability with
the original study and are aso in line with commonly used
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Delphi practice, which typically combines measures of central
tendency, dispersion, and approximately 75%-80% agreement
on the highest response categories to define consensus [40].

Data Confidentiality

The data used in this study were anonymous and were stored
on the servers of the Open University of Catalonia, which acted
as the data controller. Throughout the process, al necessary
procedures were implemented to ensure the protection of the
confidentiality of the information.

Results

Participants

Table 1 summarizes the sociodemographic and professional
characteristics of the participating experts. Of the 80 experts
invited to participate, 43 completed round 1, corresponding to
an acceptance rate of 53.8%. Of these, 31 participated in round
2, corresponding to a dropout rate of 27.9% between rounds.
Overdll, the panel remained relatively stable across rounds and
reflected a high level of professiona qualification and
disciplinary diversity.
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Table 1. Sociodemographic and professional characteristics of experts participating in the 3 rounds of the study.

Sociodemographic characteristics

Expertsin first round (n=43)

Expertsin second round (n=31)

Age (years), mean (SD)
Sex, n (%)

Female

Male

Others

Educational level, n (%)
Bachelor’s degree
Master’s degree
PhD degree

Professional background or title, n (%)
Medicine
Nursing
Engineering
Psychology
Physiotherapy
Pharmacy
Economics
Business administration
Other

Current professional role, n (%)
L eadership or Management
Research or academia
Clinical role

Sector, n (%)
Public health care sector
Private health care sector
Mixed public-private health care sector
Research - University

Health region, n (%)
Alt Pirineui Aran
Lleida
Camp de Tarragona
Terresde I'Ebre
Central Catalonia
Girona
Barcelona City
Barcelona North Metropolitan
Barcelona South Metropolitan
Penedés
Catalonia”

Years of experience, mean (SD)

44.6 (10)

25 (58.1)
17 (39.5)
1(2.3)

3(7
17 (39.5)
23(53.5)

16 (37.2)
5(11.6)
4(9.3)
4(9.3)
2(47)
2(47)
2(47)
1(2.3)
7(16.1)

20 (45.5)
14 (31.8)
10 (22.7)

26 (58.1)
2(47)
3(7)

12 (27.9)

1(2.3)
2(47)
3(7)
5(11.6)
6 (14)
10 (23.3)
1(2.3)

15 (34.9)

46.8 (10.5)

17 (54.8)
14 (45.2)

a

2(6.5)
11 (35.5)
18 (58.1)

13 (41.9)
2(65)
2(6.5)
1(32)
1(32)
2(65)
2(65)
8(25.8)

14 (45.2)
9 (29)
8(25.8)

19 (61.3)
1(32)
1(32)
10 (32.3)

3(9.7)

3(9.7)
4(12.9)
4(12.9)
4(12.9)
1(32)

12 (38.7)
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Sociodemographic characteristics

Expertsin first round (n=43)

Expertsin second round (n=31)

Years of experiencein health care 17.4 (10.8) 18.3(11.2)

Years of experiencein public health 13.6 (12.4) 13.5(11.4)

Years of experiencein digital health 5.53 (6.5) 729 (7)
Self-rated expertise, mean (SD)

Self-rated expertise on SDoH® 7.63(L3) 7.81(L3)

Self-rated expertise on DDoH 6.44(2) 7.26 (L.7)

3Not applicable.

bpartici pants whose professional role or responsibilities span most or al health regions of Catalonia.

¢SDoH: social determinants of health.
4DDoH: digital determinants of health.

Participants had a mean age of 44.6 (SD 10) yearsin round 1
and 46.8 (SD 10.5) years in round 2. In both rounds, most
participants identified as female (25/43, 58.1% in round 1 and
17/31, 54.8% in round 2). Educational level was high: in round
1, 39.5% (17/43) held a master’s degree and 53.5% (23/43) a
PhD or higher, whilein round 2, 35.5% (11/31) held amaster’s
degree and 58.1% (18/31) a PhD. Medicine was the most
frequently represented academic background, followed by
nursing, engineering, and psychology, while less-represented
disciplines were grouped as “ other” in Table 1.

Nearly half of the panel held leadership or management roles
(20/43, 45.5% in round 1; 14/31, 45.2% in round 2), followed
by research or academic and clinical roles. Most participants
were affiliated with the public health sector (26/43, 58.1% and
19/31, 61.3%, respectively). Experts were drawn from several
health regions in Catalonia, athough Camp de Tarragona,
Penedeés, and Terres de |’ Ebre were not represented.

Participants also reported substantial experiencein health care,
public health, and digital health, as well as high self-rated
expertisein both SDoH and DDoH. Inthefinal online consensus
meeting, 18 of the 24 expertswho had previoudly indicated their
willingness to participate in this final phase attended, and no
additional determinants were added or removed.

Key Health Deter minants

In the first Delphi round, all 127 variables were assessed, with
72 reaching consensus (59 classified as low relevance and 13
as high relevance). The remaining 55 variables, classified as
moderate relevance in the first round, were re-evaluated in the
second round. Following this reassessment, 7 were reclassified
as high, 42 as moderate and 6 as low, resulting in a final
distribution of 20 high-, 42 moderate- and 65 low-relevance
determinants across domains. Round 1 and round 2 resultswere
presented in a fina online validation meeting attended by 18
of 24 invited experts; after reviewing the descriptive results,

https://www.jmir.org/2026/1/e93840

participants agreed to maintain the existing classification of
determinants, and no changes were proposed. Figure 2 shows
the number of determinants classified as high, moderate, and
low relevance by domain across Delphi rounds and in the final
result.

Of the 20 high-relevance determinants (15.7% of the total), 15
belonged to the digital domain, 4 to the social domain, and 1 to
the politica domain, while no commercial or economic
determinants met the criteria for high relevance. The final list
of highly relevant determinants is presented in Table 2, while
the complete set of variables and consensus outcomes is
available in Multimedia Appendix 2.

When compared with the determinants globally prioritized by
van Kessel et a [16], the degree of overlap varied across
domains. In the digital domain, 14 of the 20 global priorities
also reached high relevance in Catalonia, 6 did not, and 1
additional determinant (personal customizability) emerged. In
the socia domain, 2 of the 6 overlapped (inclusive design and
good practice design), 4 did not, and 2 additional determinants
emerged (health literacy and urbanicity). Inthepolitical domain,
only 1 of the 4 overlapped, the remaining 3 did not, and none
were newly added. No commercia or economic determinant
reached high relevance in either study.

Overadl, 17 of the 20 determinants prioritized in Catalonia
overlapped with the 30 identified in the global Delphi, while 3
were unique to the Catalan exercise. Conversely, 13 globally
highlighted determinants did not reach high priority in our
process, including moderation of harmful content and
misinformation; explainability; mis- and/or disinformation
policy; outcomes, utility, and value sharing; data culture;
regulatory mandate; heath and social care policy;
socioeconomic inequalities; accessto health and social services;
health and disability status; ownership of technology;
digitalization agenda; and open and transparent decision-making.

JMed Internet Res 2026 | vol. 28 | €93840 | p. 6
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Canoet a

Figure 2. Number of determinants classified as high, moderate and low relevance by domain across Delphi rounds and in the final result.
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Table 2. The 20 determinants that reached consensus and were rated as highly important in the Catalan context.
Digital ecosystem domain, societal category, and Importance
health determinant
Median (IQR) Number of respondents/total respondents (%)  Consensus round
Digital domain
Per son-specific deter minants
Device and software availability 4(1) 37/43 (86) Round 1
Digital literacy 4(1) 35/43 (81) Round 1
Internet access and connectivity 501 26/31 (84) Round 2
Community deter minants
Dataand digital capacity 4(1) 36/43 (84) Round 1
Technology-related deter minants
Model accuracy and agorithmic validation 4 (1) 35/43 (81) Round 1
Personal customizability 4(1) 36/43 (84) Round 1
Data and digital interoperability 4(1) 36/43 (84) Round 1
Security settings and features 4(1) 36/43 (88) Round 1
Policy determinants
Privacy and security policy 5() 35/43 (81) Round 1
Al validation, transparency, explainability, 5 (1) 27/31 (87) Round 2
accountability, and ethics
Data consent policy 5(2) 27/31 (87) Round 2
Access and sharing policy 4(1) 26/31 (84) Round 2
Political, economic, societal and cultural determinants
Digital divides 4(1) 36/43 (84) Round 1
Digital public infrastructure 4(1) 36/43 (84) Round 1
Data governance and ethics 5(2) 26/31 (84) Round 2
Social domain
Per son-specific determinants
Health literacy 4(1) 40/43 (93) Round 1
Urbanicity 4(0) 30/31 (97) Round 2
Technology-related determinants
Inclusive design 4(1) 36/43 (84) Round 1
Good practice design 4(1) 38/43 (88) Round 1
Political domain
Political, economic, societal and cultural determinants
Accountability and transparency of commer- 4 (1) 25/31 (81) Round 2

cial interests

Discussion

Principal Findings

In recent years, digitalization has transformed almost every
domain of society, including how health systems are organized
and how care is delivered [8]. This transformation has
introduced new digitally mediated factors into the health arena
and has also modified theway traditional determinantsof health
operate [14,16,19,20]. In response, academic and policy actors
have increasingly used the term DDoH to describe how digital

https://www.jmir.org/2026/1/e93840
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factorsinfluence health and health equity [14,16]. Thisemerging
terminology positions DDoH as a distinct but interdependent
domain within the broader determinants of health, consolidating
previously fragmented digital variables into a more coherent
framework and signaling their growing relevance as a global
policy priority. Nevertheless, this framing is not yet settled, as
no consensus exists on how DDoH should be defined, nor on
whether they constitute adistinct domain of health determinants
or asubset of the SDOH [21].
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Beyond these conceptual debates, amore practical gap persists:
although DDoH are increasingly recognized internationally as
key drivers of health opportunities and equity [24,31,34], their
effects are rarely assessed systematically at the regional or
health-system level [14,16,41]. Asaresult, health systems often
lack structured mechanismsto identify which DDoH and other
health determinants shaped by digitalization are most relevant
to their own context and to trandate that knowledge into
planning and policy. To our knowledge, this is the first study
to replicate and adapt the global Delphi exercise to a specific
health system context, systematically identifying which of the
127 determinants are most relevant for heath planning in
Catalonia[16].

In doing so, our findings reveal both alignment and divergence
with the global prioritization [16], reflecting a combination of
global challenges and context-specific priorities shaped by
Catalonia’sterritorial, social and organizational characteristics.
When examined more closely, the strongest convergence is
located within the digital domain, whereas the greatest
divergences are concentrated in the social and political domains.
This domain-level pattern reinforces the idea that DDoH may
combine a broadly universal core, capturing those conditions
that are necessary for digital health to function at all, regardless
of setting, such as connectivity, device availability, basic digital
skills, interoperable data infrastructures and robust privacy and
security frameworks; alongside more context-sensitive layers.

Although this interpretation is derived from our study, it will
be important to examine whether similar patterns emerge in
other countries and whether DDoH are consistently prioritized
above other domains; if so, this would support the view that
some DDoH could operate asinstrumental conditionsthat could
determine whether individuals and groups can effectively benefit
from digital health interventions or, conversely, remain
structurally excluded from them. In legal and human rights
debates, comparable elements, for example the right to internet
access, have been described as instrumental human rights [42]
because they enable the exercise of other fundamental rights
such as education, work or political participation. A similar
logic would apply in health when access to services would be
channeled primarily through online pathways (eg, when booking
appointmentsisonly possibleviadigital platforms), effectively
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turning some DDoH into gatekeeping conditions for entering
the health system at all.

On the other hand, the context-specific layers appear, in our
study, more prominently in the social and political domains,
where the importance of those determinants would depend on
how digitalization intersects with existing health and social
protection systems, regulatory traditions and policy priorities.
In Catalonia, thismay be partly explained by the characteristics
of auniversal health system, a strong public service orientation
and relatively mature regulatory and governance frameworks
[24,43,44]. Notably, bothin our Delphi andin the original global
exercise [16], commercia and economic determinants, and
political determinants were underrepresented among
high-relevance items. This pattern may suggest that experts
tended to prioritize domains perceived as more directly
actionable within current health planning processes. However,
it may a so reflect the composition of our panel, which consisted
mainly of experienced health system professionalsand managers
with long trajectories in heath and public health, while
commercial and broader political sectors were comparatively
less represented.

Finaly, the results of this study highlight the strongly
interconnected nature of health determinants, indicating that all
of them operate as part of acomplex and interdependent system
rather than as isolated elements. Asaresult, health inequalities
may not simply accumulate, but grow nonlinearly when multiple
determinants intersect, as already shown in the literature
[14,17,20,41,45].

For this reason, the discussion is organized around analytical
axes rather than individual determinants. These axes were
developed by the research team through a consensus-based
interpretive process after discussion of the conceptual
relationships among determinants. This strategy was used to
avoid repetitive, fragmented interpretation of determinants that
addressed closely related issues. The resulting axes should
therefore be understood as analytical groupings created to
support interpretation and discussion, and in no case are they
intended as a new formal classification of determinants. Figure
3 illustrates how the variables were distributed across the
analytical axes.
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Figure 3. Distribution of variables across conceptually defined analytical axes.
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Building on this structure, the axis-based discussion was
informed by a narrative review of regional and related policy
documents, which ultimately included 57 references out of
approximately 95 documents screened, most of them published
in the last 6 years. This body of evidence is drawn primarily
from Catalan public institutions, complemented by Spanish and
internationa organizations and recent literature on digital health
and equity, and was used to contextualize each axis without
aiming to provide an exhaustive policy review.

AXxis1

This axis includes device and software availability, digital
literacy, internet access and connectivity, digital divides,
urbanicity and health literacy. As digital interventions become
embedded across care pathways, effective use depends on the
alignment between individual capabilities, contextual conditions
and service design.

https://www.jmir.org/2026/1/e93840

Accountability and transparency of

Axis 6

Connectivity illustrates these dynamics clearly. Despite high
average 5G coverage in Catalonia (94.6%), marked territorial
disparities persist between urban and rural or mountainous areas
[31], and are acknowledged in official regional strategic plans
asapriority for digital inclusion and equitable accessto public
digital services[46]. In practice, these disparities have important
implicationsfor how digital health services are experienced: in
rural settings, where connectivity gaps often coincide with
longer distancesto health facilities and fewer in-person support
options, digital tools may substitute rather than complement
face-to-face care, turning these infrastructure limitations into
structural barriers and increasing the risk of exclusion
[26,47-49].

A similar logic applies to device and software availability.
Despite amost universal mobile phone access in Catalonia
(99.4%), reports show that inequalities emerge primarily at the
level of use rather than ownership. [31,50]. These disparities
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could beclosely linked to digital health literacy levels. Although
digital hedlth literacy isnot directly measured, indirect indicators
can highlight substantial disparities. Lower uptake of LaMeva
Salut among older adults, particularly in rural areas and among
those aged >75 years, mirrors broader sociodemographic and
territorial gradients in internet use and digital competence
[31,46,50], consistent with evidence from Spain [51].

At thepolicy level, the Health Plan for Cataloniaand the Digital
Health Strategy recognize the strengthening of both digital and
health literacy among citizens and professionals as strategic
priorities [24,26]. However, their transation into practice
remains uneven, athough regional institutional frameworks
explicitly call for reducing structural barriers and preserving
in-person support mechanisms to strengthen digital and health
literacy among vulnerable groups [52], many initiatives still
rely predominantly on online delivery formats that may
unintentionally limit their participation [53-56].

Overdll, this axis reinforces that “digital divides’ reflect the
cumulative interaction of infrastructure, skills, and territorial
congtraints rather than isolated barriers. As digital services
expand [52,57-59], these determinants may cluster and amplify
inequities in access to health care, quality of care, and health
outcomes [45,60], underscoring the need for targeted actions.

AXis2

This axis includes data and digital capacity, data and digital
interoperability, and digital public infrastructure and examines
the capacity of health systemsto usethe technology in effective,
equitable, and sustainable ways.

Catalonia has developed one of the most consolidated health
data ecosystems in Southern Europe through sustained public
investment in health information technologies and digital
integration across the Integrated Public Healthcare System of
Catalonia (SISCAT) [23,61]. This includes the widespread
implementation of EHRs across publicly funded care settings
and an interoperable infrastructure designed to support
information continuity and reduce fragmentation [23,62]. Its
development has been supported by the systematic adoption of
internationa clinical and technical standards, enabling semantic
consistency and scalable data exchange [63]. In parallel,
Catalonia has developed substantial research-oriented data
platforms illustrating high system-level data exploitation
capacity. Notably, the Information System for the Devel opment
of Research in Primary Care (SIDIAP) integrates large-scale,
pseudonymized primary care data and is widely used for
population-based and epidemiological research [64].

However, despite this high level of digital maturity, policy and
empirical evidence indicate that digitalization has not fully
trandated into integrated, longitudinal and person-centered care.
The central challengeisthereforeless about system availability
than about governance, integration and embedding in routine
practice [26]. Empirical studies consistently show that the use
of shared interoperable infrastructures such as EHRS remains
uneven, constrained by usability issues, partia workflow
integration, data quality heterogeneity and variable digital
competence among professionals [27,65,66]. In response, the
current SISCAT strategy shifts the focus from digitalization as
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simple documentation toward digital systemsasactive enablers
of continuity and coordination, framed within acitizen-centered
infformation systems model. A centra element of this
reorientation is the new EHR, Historia Electronic de Salut
(HES), conceived as a single, interoperable health and social
care record based on an open platform model, with full
implementation across selected providers planned for 2031.
This direction aligns with the adoption of openEHR-based
architectures, promoted in Catal onia to address fragmentation,
support longitudinal records and reduce vendor lock-in [67].

However, these changes do not automatically trandate into
effective or equitable use in practice. For example, despite
sustained investment in Al and data-driven initiatives, much of
this capacity remains concentrated in innovation settings, with
limited diffusion into routine care [68-70]. Although current
strategi es emphasi ze strengthening digital competencies among
professionals asaprerequisite for embedding these systemsinto
routine practice, al ongside analytics and decision-support tools
for more proactive and coordinated care, these competencies
remain unevenly distributed and insufficiently embedded within
public health organizations, constraining equitable uptake across
care settings and territories [26].

Finaly, system-level digital capacity is further shaped by
broader digital infrastructureslinked to Catalonia swider digital
transformation, such as large-scal e data centers (mainly private
initiatives) and high-performance computing facilities supporting
data-intensive research and Al applications [71,72]. Although
not health-specific, these infrastructures condition how health
data are processed at scale and may create dependencies within
public—private configurations, raising governance questions
regarding alignment with priorities of the public health care
system and equitable access to resources [73].

AXxis3

Thisaxisincludesthe variablesmodel accuracy and algorithmic
validation, and Al validation, transparency, explainability,
accountability and ethics.

In this regard, Catalonia has positioned Al as a strategic lever
for health system transformation [24]. However, redlizing its
benefits depends not only on technical performance but also on
whether models are reliable, representative and safe across
diverse populations and care settings [ 74,75]. Thisisparticularly
relevant in anetwork-based publicly funded health care system
such as Catalonia’'s, where data are generated across
heterogeneous providers, increasing the risk that Al models
trained on historically shaped datasets reproduce existing
patterns of access, diagnosis and treatment [76,77].

To mitigate these risks, Catalonia has developed system-level
governance frameworks that extend Al validation beyond
technical accuracy to include ethics, equity, transparency and
continuous monitoring across the Al lifecycle [78-80]. These
frameworks signal a shift toward conceiving agorithmic
validation as an ongoing process linked to data quality,
real-world performance and accountability rather than a one-off
technical assessment. However, their existence does not
guarantee equitable Al; evidence from Al-based digital health
toolsthat have already been implemented at scaleindicatesthat
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persistent challenges remain when trand ating validated solutions
into routine practice. Even beyond pilot phases, limitations
related to workflow integration, organizational readiness, and
professional engagement continue to constrain effective use
[81-84]. This illustrates that even in data-rich environments,
effective Al governance must extend beyond technical validation
to address organizational conditions for use, while publicly
available evidence on fairness and equity-related performance
across population subgroups remains limited.

Additional governance challenges arise from the incomplete
ingtitutional integration of Al-based tools into clinical
information systems and regulated workflows. In the absence
of officialy embedded solutions, health professionals
increasingly rely on general-purpose Al tools devel oped outside
health care organizations [85,86], raising concerns regarding
data protection, confidentiality, and accountability. From a
governance perspective, this underscores how gaps in trusted,
institutionally approved Al solutions may unintentionally
displace responsibility onto individual practitioners.

Beyond implementation and integration challenges,
equity-oriented Al validation in Cataloniais constrained by the
limited availability of structured and routinely collected data
capturing equity-relevant variables (eg, SDoH). Despite large
volumes of clinical data, this gap limits both the assessment of
algorithmic performance across population subgroups and the
futureintegration of person-level DDoH into clinical information
systemsin a standardized and scalable manner [87].

In pardlel, the recurrent pattern of pilot projects without
sustained implementation suggests that the core challenge lies
not only in developing or validating Al tools, but in embedding
them within organizational and regulatory frameworks. In a
diverse and rapidly expanding Al ecosystem such as Catalonia's
[22], these constraints underscore the need for system-level
coordination, shared validation standards, and robust governance
mechanisms to support equitable and safe adoption.

Axis4

This axis includes personal customizability, inclusive design,
and good practice design and focuses on how the design of
digital health solutions shapes their effective, equitable, and
sustained use.

In the Catalan context, these dimensionsare particularly relevant
given the growing role of patient-facing digital platforms
[52,57-59]. While tools such as La Meva Salut represent an
important step toward person-centered digital care, their largely
standardized design and limited personalization options may
constrain usability for userswith lower digital or health literacy,
disahilities, or reduced digital confidence[28]. Consistent with
patterns discussed in earlier axes, differences in the uptake of
digital health services across age groups and territories suggest
that limited customizability may contribute to persistent
inequalitiesin use [88-91].

While governance and certification frameworks ensure minimum
standards of quality, safety and trust [24,26,92,93], guidance
documents promoting inclusive and adaptable design principles
have not yet been systematically translated into routine
development and scaling practices[94]. The uneven trandation
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of these principles suggests that inclusive and adaptive design
remains encouraged but not yet structurally embedded across
public digital health initiativesin Catalonia.

In addition, athough inclusive design principles rely on
meaningful user involvement, structured and sustained
co-creation is not yet introduced as standard practice in
Catalonia’'s public digital health ecosystem. Participatory
approaches remain largely project-based and tend to involve
users with higher digital skills or closer links to innovation
environments, limiting the representation of populations most
exposed to digital exclusion [88,95-100].

Taken together, these observations reveal a gap between
strategic commitments to inclusive, person-centered digital
health and their operationa implementation. Existing
frameworks have strengthened quality and safety, but the limited
structural integration of adaptive and co-creative design
processes risks leaving inclusivity largely aspirational within
Catalonia’'s public digital health ecosystem.

AXxis5

This axis includes security settings and features, privacy and
security policy, data consent policy, access and sharing policy,
and data governance and ethics, and examines how these
variables shape the conditions under which digital health data
are generated, shared, and reused within the health system.

In Catalonia, data governance is structured through a layered
combination of European legal frameworks such asthe General
Data Protection Regulation, national and regional oversight,
and technical safeguards, including certification and assessment
frameworks[93,101-103]. Inroutine care, security mechanisms
further support this data protection and are designed to protect
personal data while supporting continuity of care across
interconnected systems, but they al so shape usability and clinical
workflows, creating trade-offs between protection and access
[104-107]. Infact, professional surveysindicatethat limitations
in formal interoperable systems may encourage reliance on
informal communication channels, increasing risks for data
protection and confidentiality [26].

From the citizen perspective, data governance challenges are
compounded by limited transparency and control over how
health data are accessed and used in routine practice. While data
accessislogged at theinstitutional level, patients generally lack
user-friendly mechanisms to see who consults their data and
for what purposes [108]. Recent European regulatory
developments, notably the European Health Data Space (EHDS),
explicitly acknowledge this gap by strengthening individual
rightsto access and oversight, although practical implementation
at the regional level remains ongoing [109)].

Beyond everyday data protection and access, the circulation of
health data across organizational boundaries raises additional
governance challengesrelated to consent, control, and secondary
use. In Catalonia, strong data protection and ethical oversight
frameworks safeguard public trust but al so concentrate data use
within specialized settings, potentially limiting its scalability
and timeliness [64,110]. Complex procedures and perceived
administrative and financial burdens can restrict accessfor actors
outside data-holding institutions, reinforcing a model in which
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data control is primarily ingtitutional rather than individual or
system-wide [110]. Here too, the EHDS seeks to ease this
tension by enabling secure secondary use without lowering
protection standards [109].

Within this context, data consent emerges as a central and
increasingly complex component of data governance. In highly
digitalized systems, consent can no longer be understood as a
one-time decision, increasing cognitive demands on individuals
and raising concerns about consent fatigue and unequal capacity
to exercise data rights over time [66,111]. Enhancing
transparency and strengthening digital and data literacy may
improve data autonomy and trust, while reducing the risk that
existing governance arrangements disproportionately burden
vulnerable groups [109].

Finally, operational threats such as cyberattacks highlight that
data protection is not only alegal or procedural issue but also
a matter of system resilience. Cybersecurity incidents further
expose vulnerabilities in highly digitalized health systems,
illustrating that effective data protection depends not only on
regulatory compliance but also on organizational preparedness,
coordination and workforce capacity [112-116].

AXis6

This axis focuses on the accountability and transparency of
commercia interests in the interaction between publicly
governed health systems and private actors involved in digital
health.

While transparency is relatively well established at the
individual-facing level, such as communication about service
incidents, cybersecurity events, or platform changes[112-114],
it is far less consistent in relation to decisions on the
development, procurement, and integration of digital health
technologies.

At the ingtitutional level, public authorities have actively
promoted collaboration with private actors through innovation
programs, pilot projects, and public-private partnerships,
particularly in areas such as digital platforms, data-driven tools
and Al [70,117-119]. Although such collaborations are not
inherently problematic, their integration into routine publicly
funded care expands accountability beyond technical or clinical
performanceto include public value, power dynamics, long-term
dependencies and responsibility for unintended effects[120].

In practice, these broader accountability demands are not
matched by adequate transparency mechanisms. While
contractual informationisformally published [121], the absence
of asearchable and standardized classification of digital health
solutionslimits system-wide oversight of what technologiesare
procured and under which conditions. Accountability therefore
remains fragmented, reinforced by decentralized procurement
and scaling processes across organizations and system levels.
Existing certification and evaluation frameworks [ 78] provide
important safeguards but are insufficient to address these wider
governance challenges.

Addressing these gaps requires governance approaches that
ensure transparency of commercial interests across the full
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lifecycle of digital heath technologies, moving beyond
postevaluation or contractual compliance.

Implications for Governance and Health Planning

The findings of our study allow us to move beyond simply
identifying which determinants, whether digital or determinants
modified by digitalization, matter most for health in Catalonia,
and to reflect on what they mean for how health systems should
understand, govern and plan for digital transformation.

First, our analysis shows that, despite Catalonia's advanced
digital maturity and sustained public investment in digital health
infrastructures [22-26], digitalization has not benefited all
population groups equally [24,31,34]. This clearly reinforces
the conclusions of previous studies indicating that DDoH have
the capacity to generate, and not only to reduce, health
inequalities[14-16,19,21,41]. A key question, therefore, would
be which of the prioritized determinants are most likely to
worsen theseinequalities or disproportionately affect vulnerable
populations. However, at present this question is difficult to
answer with precision, since DDoH are not yet evaluated in a
systematic way within health systems, and the available research
tends to focus on person-related determinants, while more
systemic determinants have received far lessempirical scrutiny.
As a result, the equity consequences of these system-level
factors remain largely unexplored.

To this complexity is added the dual nature that these
determinants seem to have. On the one hand, the prioritized
determinants are clearly intersectional, interacting with one
another and with broader social, commercial and political
determinants. So, health inequalities may not simply accumulate
but grow nonlinearly when multiple determinants intersect
[14-16,41], which further complicates the identification of who
ismost affected and under which conditions. On the other hand,
another important conclusion derived from our study is that
health authorities may not be able to fully manage the
determinants that matter most by themselves, since doing sois
inherently intersectoral and will require coordinated action
across domains that extend well beyond the health sector,
including social services, education, telecommunications, digital
administration and industry.

Beyond these governance implications, the results also offer an
opportunity to return to a question raised at the outset of this
paper: whether DDoH are genuinely new determinants of health,
or whether they are simply the modern form in which SDoH
now operate inincreasingly digital societies. Indeed, several of
the prioritized determinants have no clear equivalent before the
digital age and cannot be fully explained by existing social
categories, such as model accuracy, Al validation, or data
governance. Others do not represent entirely new factors but
rather transform how well-established social determinants, such
as education, income, or place of residence, operatein adigital
context. Hence, these findings support the view that DDoH are
best understood as a domain in their own right, closely
connected to the SDoH but not merely adigital version of them.

How, then, can these governance, equity and capacity
considerations be embedded in health planning? In practical
terms, DDoH could be systematically incorporated into several

JMed Internet Res 2026 | vol. 28 | €93840 | p. 13
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

existing planning tools. First, they could beintegrated into health
needs assessments, so that digital factors are considered
alongside social and clinical needs from the outset. Within
strategic planning frameworks, thiswould ensure that priorities
such as interoperability, data governance, or digital inclusion
are explicitly addressed rather than assumed. Embedding them
in monitoring systems would, in turn, allow health systemsto
track over time how digital factors affect access, quality, and
equity. Finally, digital equity audits could help anticipate
whether agiven initiative is likely to narrow or widen existing
inequalities before it is deployed. Incorporating DDoH into
these instruments would provide a practical route for turning
the prioritiesidentified in this study into decisions and actions,
and would help ensure that digital transformation contributes
to reducing, rather than reinforcing, health inequalities.

Limitations

A primary limitation of this study relates to the snowball
sampling strategy that may have favored interconnected
professional networks, and uneven representation across health
regions limited territorial comparisons. However, these
constraints are common in Delphi studies and, while they may
introduce some selection bias, they are unlikely to invalidate
the main consensus patterns identified.

Another limitation relates to the composition of the expert panel.
Although we sought diversity, most participants were health
system professionals, managers, researchers, and individuals
with expertise in public health and digital health. The limited
representation of actors from commercial sectors, broader
political ingtitutions, or civil society may have contributed to
the lower emphasis placed on commercial and some political
determinants. These patterns should therefore be interpreted as
reflecting an expert-system view of digital transformation within
the Catalan public health system rather than a comprehensive
representation of all stakeholder perspectives. Future exercises
should incorporate patients, citizens and representatives from
sectors beyond health in order to capture lived experience and
intersectoral viewpoints more fully. Moreover, the study was
not designed or powered to compare subgroups. We conducted
exploratory analyses by sex, age, and professional role across
all 127 determinants in Phase 1, but we did not find clear or
consistent differences once we applied conservative corrections
for multiple testing. Given the relatively small number of
participants in each subgroup, our analyses cannot exclude the
possibility that relevant differenceswould be detected in larger,
specifically powered studies.

A further methodological limitation concerns the number of
items included in the Delphi exercise. The assessment of 127
determinants may have contributed to respondent fatigue,
potentially affecting attention and consistency. The
approximately 28% attrition rate between the first and second
roundsislikely to reflect, at least in part, the time demands and
cognitive load associated with completing a lengthy survey.
Furthermore, athough all included participants completed
ratings for all items, we cannot fully rule out fatigue-related
effects on rating quality. In principle, response duration data
from Qualtrics could have been used to explore this issue, but
participants were allowed up to three days to complete each
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round, so the recorded total duration often reflects extended
elapsed timeincluding breaksrather than actual answeringtime,
and wastherefore not areliable indicator of completiontime or
fatigue.

At the same time, the exercise relied on definitions from the
original framework [16]. Severa definitionsincluded illustrative
examples drawn from the United States context, which were
removed to improve relevance for Catalonia, and some
determinantswere framed primarily in relation to digital health
interventions rather than their broader structural role. For
example, socioeconomic inequalities may have been
underrepresented as SDoH, a limitation acknowledged by
experts during the final consensus meeting and reflected in
Catalan policy priorities [24]. Nevertheless, we deliberately
retained the full set of 127 determinants to reflect the breadth
of the original framework and remain comparable with the
global study. This choice involved accepting some conceptual
and practical limitations, but avoided introducing additional
selection bias.

Finally, the analysis of regiona strategies, policy frameworks
and other relevant documents was based on a purposive,
narrative review rather than a systematic or scoping review,
which may haveled to the omission of some relevant documents.
As a result, the mapping of existing initiatives may be
incomplete, particularly for smaller-scale or locally implemented
programs that were not identified, while the ongoing revision
of key strategic documents and the rapid evolution of digital
technologiesfurther limit the temporal stability of the findings.
The results should therefore be interpreted as a robust starting
point rather than a definitive prioritization, to be refined through
future studies with larger and more balanced samples.

Conclusions

This study shows the value of systematically contextualizing
DDoH and their impact to inform strategic health planning in
digitally mature public health systems. By replicating and
adapting a WHO-led global Delphi prioritization exercise to
the Catalan context, we identified which digital and related
health determinants are considered most important in this setting,
examined how these priorities align with or differ from the
global Delphi results, and connected them to existing regional
strategies and policy documents. Taken together, our findings
suggest that regional adaptation of global digital health priorities
is needed to better reflect local infrastructures, governance
arrangements and equity challenges.

Although Catalonia has advanced digital infrastructures and
interoperable health information systems, expertsidentified key
health determinants related to digital and health literacy, data
governance, security and privacy, interoperability, inclusive
design and the governance of Al-based tools. These findings
indicate that, in digitally mature health systems, digital
transformation should enter a new strategic phase in which
governance and health equity considerations become central to
planning, rather than secondary to technological expansion.

The proposed approach offers a replicable framework for
tranglating international digital health agendas into regional
planning processes, enabling health systems to move beyond
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technology-centered strategies toward more anticipatory, support decision-makersinidentifying structural risks, aligning
coordinated, and equity-oriented digital health governance. By digital transformation with population needs, and embedding
systematically analyzing health determinants, thisapproach can  equity considerations into strategic planning.
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