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Abstract

Background: The European Union is currently facing a demographic, digital, and environmental transition collectively
known as the triple transition. Although these trends significantly impact long-term care services, they have typically been
studied in isolation, overlooking potential synergies between the adoption of digital tools and environmental practices among
informal caregivers of older adults. This study uniquely bridges this gap by applying an integrative social-ecological-infra-
structural systems framework to examine how these transitions interact in everyday caregiving contexts.

Objective: This study examined the relationship between the use of digital tools and eco-friendly practices among informal
caregivers of older adults across the European Union and whether the adoption of digital solutions related differently to
specific types of eco-friendly behaviors. Unlike previous research focusing on isolated aspects of each transition, we examined
their interconnections, providing empirical evidence for developing integrated policy approaches.

Methods: Using data from the Survey of Gender Gaps in Unpaid Care, Individual and Social Activities project (n=5761
informal caregivers of adults aged =65 years), we analyzed the association between frequency of use of digital tools for
caregiving and environmental practices. We used the social-ecological-infrastructural systems conceptual framework and the
theory of planned behavior (TPB) to interpret findings. Analyses included descriptive statistics, Spearman correlations, and
multilevel mixed-effects regression models.

Results: A weak positive association was observed between the frequency of use of digital tools and environmentally
sustainable behaviors (0=0.28; P<.001). Among individual behaviors, the largest associations were observed for consumption-
related behaviors (fair-trade products: 0=0.30; used items: 9=0.30; eco-friendly products: 0=0.25), whereas the associations
were weaker for waste management and transportation choices and were not statistically significant for recycling (9=—0.04;
P=.23) and mindful consumption of natural resources (p=—0.02; P>.99). Respondents using digital tools daily had scores
of environmentally sustainable behavior (SESBs) 22% higher than nonusers. Demographic patterns revealed higher use of
digital tools among younger, more educated, and employed caregivers, indicating that any potential digital-environmental
co-occurrence may be unevenly distributed across the caregiver population.

Conclusions: The use of digital tools may be related to environmental behavior through improved access to information, peer
norms, and a greater perceived ability to act, though these mechanisms were not directly tested. The stronger associations with
consumption-related behaviors indicate that digital platforms may be particularly relevant to caregivers’ access to eco-friendly
products, second-hand goods, fair-trade options, and sustainable local services. By contrast, the lack of statistically significant
correlations with recycling and resource conservation suggests that digital solutions alone may be insufficient to address
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behaviors that depend on structural conditions, physical infrastructure, local service availability, or established household
routines. Policies should consider digital inclusion, caregiver support, and green infrastructure as interconnected areas while
ensuring that older, less educated, and more burdened caregivers are not excluded from these potential co-benefits.
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Introduction

Setting the Context: The Triple Transition
in Long-Term Care

The term “Triple Transition” has been used to describe
the concomitant demographic, digital, and green transitions
that the European Union (EU) aims to achieve through
the integration of social inclusivity, technological advance-
ment, and environmental sustainability [1]. According to the
Organisation for Economic Co-operation and Development
(OECD) [1], these transitions are reshaping societal struc-
tures, presenting unique challenges and opportunities in many
sectors, including health care and, more specifically, long-
term care (LTC) services.

In terms of demographic transition, the European LTC
sector faces growing challenges such as rapid demographic
aging and a shrinking working-age population. In Europe,
median age increased from 39.0 to 44.5 years (2003-2023),
life expectancy increased by almost 4 years (2002-2023), and
the old-age dependency ratio grew by 9.3 percentage points
(2001-2020) [2,3]. These shifts might have serious implica-
tions for care provision, creating an unprecedented demand
for care services together with a growing shortage of care
staff [1.4].

The digital transition uses technology to enhance
care delivery through electronic health records, telehealth,
Al-powered diagnostics, and remote monitoring, among
others [5,6]. Although some researchers predict digitaliza-
tion will improve care efficiency [7], others caution that
the benefits may be unequally distributed, causing a deeper
digital exclusion and discrimination [1,8].

The green transition aims at fostering environmentally
friendly practices as well as monitoring climate change
[1]. As the health care sector contributes about 4.4% of
global greenhouse gas emissions [9], care systems have faced
increasing pressure to adopt more sustainable practices and
policies [10,11].

While population aging is causing high pressure on the
LTC sector and creating new challenges [12,13], digitaliza-
tion and sustainability have been investigated as potential
approaches to reduce resource constraints and improve the
delivery of care [7,14-16].

In fact, while digital technologies have been primarily
studied for enhancing care efficiency and quality [7,17-20],
environmental practices seem to have been mainly investiga-
ted for their impact on resource efficiency, waste reduction,
and management systems [21,22].
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According to the OECD [1], these transitions have
typically been studied in isolation, and potential synergies
between digitalization and sustainability have been largely
overlooked [23,24]. For example, digital solutions might
simultaneously improve care efficiency as well as reduce
environmental impact [25,26]. Similarly, LTC research has
also maintained a siloed approach, with only a few studies
exploring the integration and potential synergies between
the digital and environmental transition [27-30]. Finally,
Eurofound [3] calls for a more comprehensive understand-
ing of these intersecting challenges, as this might inform
solutions that jointly address rising care demand, technologi-
cal change, and sustainability requirements in care systems.

The Social-Ecological-Infrastructural-
System Framework

To better understand the interconnections between the
demographic, digital, and green transitions, this study uses the
social-ecological-infrastructural systems (SEIS) framework
developed by Ramaswami et al [31]. This framework belongs
to a broader family of conceptual approaches that have
been used to examine the relationships between the social,
technological, and ecological dimensions of sustainability
[32-34]. These approaches have been used to investigate how
such dimensions are interconnected and to verify to what
extent changes in one domain might affect the other ones
[35,36]. Specifically, the SEIS framework merges 3 intercon-
nected dimensions: social systems (people, communities, and
institutions), infrastructural systems (transportation networks
and engineered solutions), and ecological systems (natural
environments and resources). Although the SEIS framework
was originally conceived for urban sustainability [31], its
application has been extended to other settings, including
health care and sustainability [37]. More recent applications
have also included digital technologies as a critical compo-
nent of the infrastructural system [38,39]. Therefore, the
SEIS framework is particularly suited to study the Triple
Transition in LTC, as it directly aligns with the demographic
(social), digital (infrastructural), and environmental (ecologi-
cal) transitions occurring in the care sector.

The demographic transition primarily affects social
systems through changes in population structure (e,
population aging), care needs, and the role of informal
caregivers, for example, family or nonfamily members who
provide unpaid care, outside of a formal framework, to
someone with a chronic illness, disability, or other long-
lasting care need [40]. The digital transition impacts the
infrastructural system through the introduction of new tools,
platforms, and devices for care delivery. Finally, the green
transition seeks to develop more sustainable approaches for
the use of resources and waste management.
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While the Triple Transition has been viewed at these
systems as separate pillars, the SEIS framework focuses
on the integration within and among them. Specifically,
it distinguishes 3 interfaces: the socioinfrastructural (how
digital tools are integrated into caregiving contexts), the
socioecological (how caregivers engage with eco-friendly

Ietto et al

practices), and the eco-infrastructural interface (how digital
solutions contribute to environmental sustainability). The
central intersection of the 3 systems represents the research
gap addressed in this paper: the relationship between the use
of digital tools and eco-friendly practices among informal
caregivers (Figure 1).

Figure 1. The Triple Transition according to the social-ecological-infrastructural systems (SEIS) framework (Ramaswami et al [31]). SEIS:

social-ecological-infrastructural systems.
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This study investigates how the use of digital tools is
interconnected with the adoption of eco-friendly practices
among informal caregivers. In doing so, it aims to better
understand how the 3 dimensions of the SEIS framework
interact with each other within the specific context of LTC.
This integrated approach is consistent with more contempo-
rary developments in sustainability theories that emphasize
the need for systems thinking rather than siloed approaches
[40].

Studying the intersection between informal caregivers’
use of digital tools and environmental practices provides a
unique opportunity to understand how the Triple Transition
manifests in care settings. Informal caregivers are a partic-
ularly important population group, increasingly affected by
demographic shifts, digitalization, and growing environmen-
tal concerns. Situated at this intersection, they are especially
relevant for understanding how these transitions interact in
practice and how policy might better integrate these inter-
connected domains rather than addressing them in isolation.
Drawing on the SEIS framework, the following 3 subsections
examine the relationship between the use of digital tools
and environmental behaviors; the adoption of digital tools in
caregiving contexts; and eco-friendly practices in LTC.

Digital Tools and Environmental
Behaviors
The relationship between the adoption of digital technol-

ogies and environmental behaviors has gained increasing
attention as both digitalization and environmental awareness
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have become more widespread [41,42]. This relationship is
theoretically grounded in the concept of behavioral spillover
effects [43], in which engagement in one domain (use of
digital tools) may influence behaviors in another domain
(environmental practices) through shifts in values, knowl-
edge, and capabilities. In fact, digital tools may serve as
enablers of environmental behaviors in a number of ways,
including more efficient access to information, facilitating the
creation of support communities, and making eco-friendly
consumption easier to perform. According to Hilty and
Aebischer [44], digital technology’s environmental effects
can be categorized into 3 distinct orders.

First-order effects concern the direct environmental
impacts of the life cycle of digital devices from produc-
tion through use to disposal [44]. In the health care con-
text, these impacts include the environmental footprint of
digital and telehealth devices [27]. Second-order effects
involve how digital technologies enable process optimization,
dematerialization, and the substitution of physical resources
with digital alternatives [44]. In health care and caregiv-
ing, digital services might reduce transportation emissions
through telemedicine [45] and lower paper and other resource
consumption through the adoption of electronic health records
[22,46 47].

Third-order effects, which are considered to have the most
profound impact, are the focus of this paper. They involve
how digital technologies enable broader behavioral changes
[44]. According to Santarius et al [48], digital technologies
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provide easier access to information about sustainable
options, enable remote activities that reduce transportation
needs, and foster the formation of online communities, in
which peers share and discuss sustainable behaviors. Digital
tools can also increase environmental awareness through
educational content and real-time feedback [49,50].

Digital platforms make eco-friendly behaviors more
convenient by reducing transaction costs of purchasing
eco-friendly products [51-53]. Finally, online communities
reinforce environmental norms and values through shared
experiences and peer influence [54-56]. This explains how
digital technologies might relate to environmental behaviors,
even when digital tools themselves are not explicitly used
for environmental purposes. While the understanding of
digital tools’ environmental impact has grown, significant
gaps remain in understanding how these effects manifest
in specific populations such as caregivers. Research has
primarily focused on first- and second-order impacts of digital
technologies on environmental sustainability in health care
[22,46]. The third-order behavioral effects, specifically how
the use of digital tools relates to caregivers’ environmental
behaviors, remain largely unexplored.

Digital Tools in Caregiving Contexts

Digital tools have become increasingly integrated into
caregiving practices, though adoption remains uneven. In
the United States, approximately 53% of informal caregiv-
ers report using at least one digital tool for caregiving,
although this varies significantly by tool type and demo-
graphic factors. For example, about 80% report feeling
comfortable using basic technologies, compared with only
50% with advanced tools like smart assistants [57,58]. In
other countries, where comparable data are scarce, digital
solutions seem less widespread but increasingly being used
to support informal caregiving [3,59,60]. In fact, they have
been used for several purposes, including providing informa-
tion and educational material [61], platforms for organizing
caregiving activities [62], remote monitoring technologies
[20], communities for social support [59,63], and admin-
istrative tools [64]. Despite variations in the use of digi-
tal tools across different caregivers’ activities, specialized
caregiving apps have a relatively low adoption rate (25%)
[65]. Furthermore, a significant digital divide still exists based
on the caregivers’ demographic characteristics. For example,
Shaffer et al [66] found that age and education are strong
predictors of technology adoption, with 40.4% of caregivers
aged 65 years and older identifying themselves as noninternet
users versus just 13.7% of younger caregivers. The likelihood
of being offline decreases by 40% among tertiary-educated
caregivers, while rural caregivers show higher rates of digital
exclusion [67]. The most critical barriers to adoption include
financial constraints, digital literacy limitations, and privacy
issues [64,67].

Eco-Friendly Behaviors in LTC

The adoption of eco-friendly practices in LTC, particularly
among informal caregivers, represents an emerging research
area. Recent research has revealed that informal caregivers
of older adults engage significantly more in environmentally
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sustainable behaviors compared to noncaregivers [68]. Their
performance is particularly strong in sustainable consumption
choices (eco-friendly products, fair-trade items, and second-
hand goods), avoiding single-use plastics, prioritizing local
food products, and using low-carbon transportation. While
caregivers outperform noncaregivers across all measured
environmental behaviors, the gap is somewhat smaller for
household practices such as recycling and resource conserva-
tion [68].

This pattern suggests that caregivers’ environmental
engagement extends beyond basic resource-saving behav-
iors to reflect deeper environmental values. The experience
of caring for vulnerable individuals may foster a broader
sense of responsibility and interconnectedness that extends to
environmental concerns [69] and fosters a heightened ethic
of care that embraces environmental stewardship [70,71].
Furthermore, because caregivers are typically in charge of
households, they make several environmental decisions about
consumption, waste disposal, and resource use [72]. This
might foster an increased awareness of how environmental
factors impact an individual’s health, leading to the adoption
of a long-term consciousness of the importance of sustainabil-
ity for future generations [73].

Nonetheless, the distinctive constraints that caregivers
face, including time limitations [74,75], financial pressures
often associated with longer hours of care [76], and men-
tal and physical exhaustion [76,77], could reduce their
engagement in environmental practices. Understanding how
digital tools might help overcome these barriers is partic-
ularly relevant to supporting sustainable behaviors among
this substantial population group, which already shows a
predisposition toward eco-friendly practices [75,78,79].

Research Questions

This study offers practical insights into potential interven-
tions that could simultaneously promote digital inclusion
and support environmentally sustainable behaviors among
informal caregivers, a group that often faces considerable
time limitations, financial pressures, and emotional demands.
By empirically examining the relationship between the use
of digital tools and eco-friendly practices in caregiving
contexts, the study addresses a critical gap in the existing
literature, which has largely considered digital and environ-
mental transitions in isolation. In doing so, it contributes
to a more integrated understanding of how the digital and
environmental transitions intersect in everyday care and may
inform policies that treat the 2 domains together rather than
in isolation. Accordingly, this study addresses 2 key research
questions:

1. What is the relationship between the use of digital tools
and eco-friendly practices among informal caregivers of
older adults with LTC needs?

2. Does the use of digital tools interlace differently with
some eco-friendly practices rather than others?

Beyond estimating whether the use of digital tools is
associated with environmentally sustainable behaviors, the
analysis is intended to identify the behaviors for which digital
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interventions may be most relevant and those for which they
are likely to be of limited use.

The focus on informal caregivers of older adults with
LTC needs builds on previous research [68], which sug-
gests that this population shows distinct patterns of envi-
ronmental engagement compared to noncaregivers. These
caregivers face unique challenges at the intersection of
aging demographics, digital adoption barriers, and environ-
mental concerns. As the population continues to age in
Europe, understanding how they navigate both the digital
and environmental transitions is increasingly relevant for the
development of sustainable LTC policy.

Theoretical Approach

To examine how the use of digital tools relates to environ-
mental practices among informal caregivers of older adults,
this study uses the theory of planned behavior (TPB) [80]
as its primary analytical framework. TPB offers a well-estab-
lished psychological model of the behavioral determinants,
making it particularly suitable for exploring how digital
tools might be associated with caregivers’ environmental
behaviors. According to this theory, behavioral intentions are
determined by 3 key factors: attitudes (evaluations of the
behavior), subjective norms (perceived social pressure), and
perceived behavioral control (perceived ease or difficulty of
performing a behavior).

The application of TPB is especially relevant for informal
caregivers who face distinctive pressures and motivations
compared with those of the general population. Caregiv-
ers often operate under significant time pressures, financial
constraints, and emotional burdens that may influence their
environmental practices. Through the TPB lens, we can
examine how digital tools might affect each component in
the caregiving context:

* Attitudes: digital tools may influence caregivers’
evaluations of eco-friendly practices by providing
information and educational content about environmen-
tal issues and sustainable practices [49,50]. Online
resources can expose caregivers to environmental
information that shapes their judgments about these
practices

* Subjective norms: digital communities and social
networks can strengthen environmental norms among
caregivers [55,56], potentially normalizing eco-friendly
behaviors or creating social pressure to meet expecta-
tions for environmental responsibility

* Perceived behavioral control: digital tools may enhance
caregivers’ perceived ability to engage in environmen-
tal behaviors by making sustainable options more
accessible or convenient, for example, through e-
commerce platforms [51-53]. This effect is likely to
be more pronounced for behaviors that can be changed
through information or convenience than for those
dependent on external infrastructure

Building on recent extensions of the TPB [80,81], sociodemo-
graphic factors that may be associated with these relation-
ships are also considered. Age, education, employment status,
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urbanization, and country of residence may be systematically
related to both the adoption of digital tools and environmen-
tal behaviors. Previous research indicates that younger age
[66], higher education, and urban residence [67] are asso-
ciated with more positive attitudes toward digital technolo-
gies, potentially contributing to variation in the relationship
between digital tools and environmental behaviors across
different caregiver subgroups. This approach aligns with the
SEIS conceptual framework by providing a psychological
dimension for understanding how social (caregiving context),
infrastructural (digital tools), and ecological (environmen-
tal behaviors) systems interact at the individual level.
The analyzed eco-friendly behaviors include consumption
choices (eco-friendly products, fair-trade items, second-hand
goods, or plant-based options), resource conservation, waste
management practices, and transportation decisions [82]. By
examining how the use of digital tools relates to these
different behavior categories, we can identify which TPB
components may best account for the observed associations
in the informal caregiving context.

Methods

Main Study Design and Participants

The findings outlined in this study are based on the Sur-
vey of Gender Gaps in Unpaid Care, Individual, and Social
Activities project (European Institute for Gender Equal-
ity; EIGE/2021/OPER/10)—commissioned by the EIGE—
conducted between November 2021 and December 2022 by
Eurocarers (Belgium), in collaboration with the European
Centre for Social Welfare Policy and Research (Austria), the
National Institute of Health and Science on Ageing (Istituto
di Ricovero e Cura a Carattere Scientifico [IRCCS] Istituto
Nazionale Ricovero e Cura Anziani [INRCA] Italy), and
IPSOS GmbH (Germany). In total, 60,405 individuals aged
16-74 years participated in the survey, which was carried out
across all 27 EU Member States using quantitative methods.
The fieldwork took place between August and October 2022.

Sampling and Data Collection

The primary data-collection instrument was a questionnaire
designed for a 15-minute survey and structured to comply
with the core principles of the General Data Protection
Regulation (EU) 2018/1725 (GDPR). Data were collected
by IPSOS GmbH using computer-assisted web interviews
(CAWIs) across all participating countries except Malta and
Luxembourg, where interviews were conducted via computer-
assisted telephone interviews (CATIs). For the CAWI mode,
the target population was limited to individuals who had
registered with an online access panel, who were residents
of one of the Member States, and who had access to online
services on a digital device at the time of the survey.
Panels are pools of registered respondents who are willing
to participate in market and opinion research. To register,
respondents must reside in the country of the panel they are
signing up for. Their language skills must be sufficient to
answer the registration questions and surveys in the local
language. Robust online access panels do not exist in all EU
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Member States, particularly in smaller countries, where the
overall size of such panels is limited. In Luxembourg and
Malta, the available panels could not guarantee a sufficient
number of respondents to reach the national sample sizes
established on the sampling design. Therefore, in these 2
countries, respondents were interviewed via CATIs [68,83].

The sample size varied by country according to population
size, ranging from 500 respondents for smaller countries (eg,
Cyprus) to 4000 for more populous countries (eg, France and
Germany). Hard quotas were applied for age, gender, and
region (Nomenclature of Territorial Units for Statistics—Level
3 [NUTS III] classification), while monitoring quotas covered
factors such as household composition, number of children,
degree of urbanization, and education level (according to
International Standard Classification of Education [ISCED]
level of low, medium, and high) [68]. Monitoring education
in particular helped account for differing levels of digital
literacy among respondents, mitigating potential bias in the
CAWI sample.

The survey targeted the general population of individuals
aged 16-74 years. In certain countries (Austria, Belgium,
Spain, Lithuania, Luxembourg, Latvia, Malta, and Poland),
a limited number of respondents aged 75 years and older
were included in the survey to help meet quotas for the
65-74-year age group. In Romania, constraints related to
low internet accessibility and limited digital literacy led to
a narrower age range, restricting participation to individuals
aged 16-64 years. The target quotas were based on official
Eurostat statistics and reflected the population stratification
within each Member State. The sampling approach for the
CATIs differed from that for the CAWIs: no quotas were
applied in Luxembourg or Malta, because the sampling was
random, thereby reducing the potential for selection bias.
Any discrepancies between the net sample and representa-
tive figures were subsequently adjusted through weighting. A
random iterative proportional fitting procedure was used to
weight multiple variables so that, after a predefined maximum
number of iterations, the weighted distribution matched the
target values of all selected variables [84].

Sample Selection: Exclusion Criteria

The total EIGE project sample numbered 60,405 participants.
The exclusion criteria for this study were as follows:
* Participants who did not provide informal care: 47,209
* Participants whose main informal care recipient was
younger than 65 years: 6273
* Participants with missing data on the frequency of
sustainable behaviors: 1068
* Participants with missing data on the frequency of
digital tool use in their caregiving roles: 94.

The resulting subsample selected for this paper, after the
above exclusion criteria were applied, comprised 5761
individuals, who were included in the following analysis.

https://aging.jmir.org/2026/1/e81556
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Outcomes and Dimensions

Outcome Variables

The outcome variable of the study was a score of envi-
ronmentally sustainable behavior (SESB), calculated from
participants’ answers to 10 questions referring to environmen-
tally friendly behaviors (see Multimedia Appendix 1 for the
complete list of these 10 questions). For validity, internal
consistency, and further details of the score, see Tur-Sinai
et al [68]. To build the score, questions were coded from
1 (“Never”) to 5 (“Daily”) and summed to obtain a score
ranging from 10 to 50 (higher scores indicated more frequent
environmentally sustainable behaviors).

Covariates

The demographic covariates included gender and age.
Socioeconomic variables included highest educational
level according to the ISCED (2011; low=ISCED 0-2;
medium=ISCED 3-4; high=ISCED 5+), employment status
at the time of the survey (employed, unemployed, retired,
or other nonworking situation), and perceived adequacy of
household income (with great difficulty, with difficulty, with
some difficulty, fairly easily, easily, or very easily). Weekly
hours of informal care were assessed via 6-hour bands (1-7
hours, 8-21 hours, 22-35 hours, 36-39 hours, 50-70 hours,
and =71 hours). We also included information about the main
form of residence (in your household, in another household,
or in a care institution full-time or part-time) and the degree
of urbanization of the place of residence (densely populated
area, intermediate density area, and sparsely populated area)
and country of residence. Finally, we included self-assessed
general health (very good, good, fair, bad, or very bad).

Statistical Analysis

For descriptive statistics, the distribution normality of
continuous variables was assessed using the Shapiro-Wilk
test; means and SDs were reported. Statistical significance
of between-group comparisons was assessed using one-way
analysis of variance. For categorical variables, absolute
frequencies and percentages were reported, and statistical
significance was assessed using the Pearson chi-square test.
The relationship between the frequency of use of digital
tools in the caregiving role and the overall SESB score and
each individual environmentally sustainable behavior was
evaluated using Spearman rank correlation coefficients, with
Bonferroni-adjusted P values.

For the multivariate analyses, a linear mixed effects model
using maximum likelihood estimation was applied to the
SESB score, while 10 mixed effects ordered probit models
were estimated for the individual environmentally sustainable
behaviors. Because of the hierarchical nature of the data,
the statistical approach needed to account for the nesting of
individuals within countries [85]. To address this, multile-
vel mixed effects models using maximum likelihood were
employed, enabling the total variability to be partitioned into
2 levels: the primary level (individual-specific variability) and
the secondary level (country-level variability) [84].
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The validity of the models was evaluated using the Wald
chi-square test. Additionally, to identify potential multicolli-
nearity issues among covariates, the standard errors of each
coefficient were assessed to mitigate variance inflation.

A 2-tailed P value of <.05 was considered statisti-
cally significant. All data analyses were conducted using
STATA/MP (version 19.0; StataCorp LLC).

The survey microdata are publicly available on the GESIS
public repository [86].

Ethical Considerations

The study adhered to the ethical principles outlined in the
Declaration of Helsinki, and the survey protocol (includ-
ing ethical aspects) received approval from IPSOS’ Global
Data Privacy and Research Compliance Team [87]. Some
modifications to the questionnaire were required before
approval, including the inclusion of explicit consent for
sensitive data, the addition of refusal options, and the use
of bracketed/grouped responses when referring to personal
details about another adult individual (ie, the partner).

The survey was conducted in full compliance with national
and EU data protection regulations, including the GDPR
(Regulation [EU] 2016/679), Regulation [EU] 2018/1725, and
Regulation [EC] No. 223/2009 regarding the processing of
data for statistical aims. An integrated EU-27 dataset was
generated from anonymized national datasets, ensuring that
respondents could not be identified. A separate informed-
consent clause was embedded in the survey’s introduction,
informing participants of their rights regarding data access,
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rectification, withdrawal, and restriction, as well as their right
to object to data processing and to file a complaint with the
relevant data protection supervisory authority.

Respondents did not receive any compensation for
participating in the survey. Informed consent was obtained
from all participants, as the survey included questions
related to political engagement and health. Respondents were
provided with a dedicated section explaining the survey’s
purpose, content, and data storage policies. Only after giving
their consent were they allowed to participate in the survey.

Results

Table 1 presents a bivariate analysis of the relationship
between the frequency of use of digital tools for care-
related activities and two sets of variables: (1) environ-
mentally sustainable behaviors among informal caregivers—
including recycling, avoiding single-use plastics, purchasing
eco-friendly and fair-trade products, buying second-hand
items, choosing plant-based foods, prioritizing local/seasonal
food, mindful resource use, and low-carbon transportation—
and (2) sociodemographic covariates. The analysis reveals
a consistent positive association between the frequency of
use of digital tools and environmentally sustainable behav-
iors. Specifically, caregivers who use digital tools daily
have SESB scores 22% higher than nonusers, with a mean
difference of 7 points. This indicates that a more frequent
use of digital tools is associated with greater engagement in
eco-friendly caregiving practices.

Table 1. Sample description according to the frequency of use of digital tools and of environmentally sustainable behaviors as a caregiver.

Frequency use of Less often Several times a  Several times a
digital tools Total (n=5761) Never (n=1616)  (n=1446) month (n=864)  week (n=851) Daily (n=984) P value
Frequency of sustainable behavior
SESB? (10-50), 33.9(8.3) 314 (8.2) 329 (7.3) 33.3(7.5) 36.0 (7.3) 384 (9.0) <.001
mean (SD)
Avoidance of plastic and/or disposable/single-use products, n(%) <.001
Never 379 (6.6) 184 (11.4) 70 (4.8) 45(5.2) 23 (2.7) 57 (5.8)
Less often 1125 (19.5) 392 (24.3) 326 (22.5) 159 (18.4) 122 (14.3) 126 (12.8)
Several times a 1263 (21.9) 344 (21.3) 362 (25.0) 236 (27.3) 182 (21.4) 139 (14.1)
month
Several times a week 1449 (25.2) 326 (20.2) 362 (25.0) 235(27.2) 281 (33.0) 245 (24.9)
Daily 1545 (26.8) 370 (22.9) 326 (22.5) 189 (21.9) 243 (28.6) 417 (42.4)
Recycling, n (%) <.001
Never 170 (3) 71 (4.4) 3524 22 (2.5) 16 (1.9) 26 (2.6)
Less often 545 (9.5) 165 (10.2) 142 (9.8) 104 (12.0) 63 (7.4) 71(72)
Several times a 773 (13.4) 149 (9.2) 212 (14.7) 155(17.9) 149 (17.5) 108 (11.0)
month
Several times a week 1062 (18.4) 215(13.3) 246 (17) 184 (21.3) 218 (25.6) 199 (20.2)
Daily 3211 (55.7) 1016 (62.9) 811 (56.1) 399 (46.2) 405 (47.6) 580 (58.9)
Avoidance of animal products, n (%) <.001
Never 1493 (25.9) 622 (38.5) 396 (27.4) 175 (20.3) 132 (15.5) 168 (17.1)
Less often 1488 (25.8) 424 (26.2) 485 (33.5) 231 (26.7) 177 20.8) 171 (17.4)
Several times a 1056 (18.3) 237 (14.7) 266 (18.4) 202 (23.4) 207 (24.3) 144 (14.6)

month
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Frequency use of Less often Several times a  Several times a
digital tools Total (n=5761) Never (n=1616)  (n=1446) month (n=864)  week (n=851) Daily (n=984) P value
Several times a week 1015 (17.6) 197 (12.2) 189 (13.1) 184 (21.3) 229 (26.9) 216 (22.0)
Daily 709 (12.3) 136 (8.4) 110 (7.6) 72 (8.3) 106 (12.5) 285 (29.0)
Low-carbon-emission modes of transport, n (%) <.001
Never 844 (14.7) 400 (24.8) 180 (12.4) 96 (11.1) 71(8.3) 97 (9.9)
Less often 1314 (22.8) 401 (24.8) 406 (28.1) 217 (25.1) 149 (17.5) 141 (14.3)
Several times a 1001 (17.4) 223 (13.8) 276 (19.1) 198 (22.9) 170 (20.0) 134 (13.6)
month
Several times a week 1229 (21.3) 252 (15.6) 284 (19.6) 216 (25) 261 (30.7) 216 (22.0)
Daily 1373 (23.8) 340 (21.0) 300 (20.7) 137 (15.9) 200 (23.5) 396 (40.2)
Buy eco-friendly products and services, n (%) <.001
Never 302 (52) 145 (9.0) 58 (4.0) 35(4.1) 17 (2.0) 47 (4.8)
Less often 1278 (22.2) 478 (29.6) 371 (25.7) 173 (20) 126 (14.8) 130 (13.2)
Several times a 1617 (28.1) 445 (27.5) 485 (33.5) 286 (33.1) 232 (27.3) 169 (17.2)
month
Several times a week 1422 (24.7) 333 (20.6) 313 (21.6) 242 (28.0) 285 (33.5) 249 (25.3)
Daily 1142 (19.8) 215(13.3) 219 (15.1) 128 (14.8) 191 (22.4) 389 (39.5)
Buy fair-trade products and services, n (%) <.001
Never 496 (8.6) 259 (16.0) 93 (64) 56 (6.5) 31 (3.6) 57 (5.8)
Less often 1503 (26.1) 540 (33.4) 441 (30.5) 204 (23.6) 175 (20.6) 143 (14.5)
Several times a 1494 (25.9) 404 (25.0) 443 (30.6) 279 (32.3) 209 (24.6) 159 (16.2)
month
Several times a week 1235 (21.4) 235 (14.5) 300 (20.7) 224 (25.9) 242 (28.4) 234 (23.8)
Daily 1033 (17.9) 178 (11.0) 169 (11.7) 101 (11.7) 194 (22.8) 391 (39.7)
Buy used instead of new items, n (%) <.001
Never 1106 (19.2) 474 (29.3) 267 (18.5) 133 (154) 95 (11.2) 137 (13.9)
Less often 2025 (35.2) 671 (41.5) 625 (43.2) 272 (31.5) 236 (27.7) 221 (22.5)
Several times a 1170 (20.3) 248 (15.3) 317 (21.9) 244 (28.2) 197 (23.1) 164 (16.7)
month
Several times a week 754 (13.1) 104 (6 .4) 133 (9.2) 154 (17.8) 205 (24.1) 158 (16.1)
Daily 706 (12.3) 119 (74) 104 (7.2) 61 (7.1) 118 (13.9) 304 (30.9)
Prioritize seasonal and local food products, n (%) <.001
Never 199 (3.5) 89 (5.5) 38 (2.6) 25(29) 19 (22) 28 (2.8)
Less often 713 (12.4) 240 (14.9) 206 (14.2) 113 (13.1) 72 (8.5) 82 (8.3)
Several times a 1281 (22.2) 362 (22.4) 362 (25.0) 236 (27.3) 193 (22.7) 128 (13.0)
month
Several times a week 1649 (28.6) 426 (26.4) 409 (28.3) 286 (33.1) 288 (33.8) 240 (24.4)
Daily 1919 (33.3) 499 (30.9) 431 (29.8) 204 (23.6) 279 (32.8) 506 (51.4)
Mindful of recyclability or biodegradability of products and packaging, n (%) <.001
Never 453 (7.9) 231 (14.3) 95 (6.6) 50 (5.8) 28 (3.3) 49 (5)
Less often 1046 (18.2) 361 (22.3) 304 (21) 159 (18.4) 113 (13.3) 109 (11.1)
Several times a 1160 (20.1) 305 (18.9) 332(23) 205 (23.7) 169 (19.9) 149 (15.1)
month
Several times a week 1416 (24.6) 306 (18.9) 351 (24.3) 255 (29.5) 296 (34.8) 208 (21.1)
Daily 1686 (29.3) 413 (25.6) 364 (25.2) 195 (22.6) 245 (28.8) 469 (47.7)
Mindful consumption of natural resources, n (%) <.001
Never 159 (2.8) 72 (4.5) 28 (1.9) 26 (3.0) 15(1.8) 18 (1.8)
Less often 464 (8.1) 126 (7.8) 125 (8.6) 89 (10.3) 58 (6.8) 66 (6.7)
Several times a 812 (14.1) 182 (11.3) 219 (15.1) 168 (19.4) 137 (16.1) 106 (10.8)
month
Several times a week 1130 (19.6) 222 (13.7) 308 (21.3) 195 (22.6) 229 (26.9) 176 (17.9)
Daily 3196 (55.5) 1014 (62.7) 766 (53.0) 386 (44.7) 412 (48.4) 618 (62.8)
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Frequency use of Less often Several times a  Several times a
digital tools Total (n=5761) Never (n=1616)  (n=1446) month (n=864)  week (n=851) Daily (n=984) P value
Covariates
Sex, n (%) <.001
Female 3155 (54.8) 987 (61.1) 763 (52.8) 407 (47.1) 459 (53.9) 539 (54.8)
Male 2591 (45.0) 624 (38.6) 681 (47.1) 457 (52.9) 388 (45.6) 441 (44.8)
Other 15(0.3) 5(0.3) 2(0.1) 0 (0) 4(0.5) 404)
Age, mean (SD) 46.9 (14.0) 504 (13.2) 48.1 (13.7) 454 (144) 433 (13.8) 439 (14.0) <.001
Education level, n (%) <.001
Low 599 (10.4) 227 (14.0) 116 (8.0) 78 (9.0) 79 (9.3) 99 (10.1)
Medium 2376 (41.2) 676 (41.8) 615 (42.5) 344 (39.8) 332(39) 409 (41.6)
High 2786 (48.4) 713 (44.1) 715 (49.4) 442 (51.2) 440 (51.7) 476 (48.4)
Degree of urbanization 02
Densely populated 2685 (46.6) 696 (43.1) 670 (46.3) 423 (49.0) 421 (49.5) 475 (48.3)
area
Intermediate density 1959 (34) 589 (36.4) 512 (354) 284 (32.9) 265 (31.1) 309 (31.4)
area
Sparsely populated 1117 (19.4) 331 (20.5) 264 (18.3) 157 (18.2) 165 (19.4) 200 (20.3)
area
Perceived household income: household is able to make ends meet, n (%) <.001
With great difficulty 407 (7.1) 117 (7.2) 71 (4.9) 50 (5.8) 56 (6.6) 113 (11.5)
With difficulty 692 (12) 177 (11) 165 (11.4) 95 (11) 108 (12.7) 147 (14.9)
With some difficulty 1719 (29.8) 437 (27) 461 (31.9) 265 (30.7) 270 31.7) 286 (29.1)
Fairly easily 1206 (20.9) 340 (21) 288 (19.9) 196 (22.7) 199 (23.4) 183 (18.6)
Easily 628 (10.9) 167 (10.3) 167 (11.5) 106 (12.3) 87(10.2) 101 (10.3)
Very easily 272 (4.7) 68 (4.2) 76 (5.3) 43 (5.0) 39 (4.6) 46 (4.7)
Prefer not to answer 837 (14.5) 310(19.2) 218 (15.1) 109 (12.6) 92 (10.8) 108 (11)
Current situation, n (%) <.001
Employed 3827 (66.4) 976 (60.4) 968 (66.9) 604 (69.9) 594 (69.8) 685 (69.6)
Unemployed 351 (6.1) 111(6.9) 69 (4.8) 44 (5.1) 66 (7.8) 61(6.2)
Retired 755 (13.1) 271 (16.8) 222 (15.4) 99 (11.5) 56 (6.6) 107 (10.9)
Other nonworking 828 (14.4) 258 (16.0) 187 (12.9) 117 (13.5) 135 (15.9) 131 (13.3)
situation
Weekly hours of 20(1.3) 19(1.2) 1.8(1.1) 2112 2.1(12) 24(1.5) <.001
informal care for
main care recipient,
mean (SD)
Residence of main recipient of informal care during period of caring, n (%) <.001
In your household 1447 (25.1) 406 (25.1) 310 (21.4) 201 (23.3) 215 (25.3) 315(32)
In another household 3609 (62.6) 1022 (63.2) 973 (67.3) 552 (63.9) 524 (61.6) 538 (54.7)
In a care institution 656 (11.4) 172 (10.6) 156 (10.8) 101 (11.7) 104 (12.2) 123 (12.5)
Prefer not to answer 49 (0.9) 16 (1.0) 7(0.5) 10(1.2) 8(0.9) 8(0.8)
General health, n (%) <.001
Very good 958 (16.6) 219 (13.6) 218 (15.1) 138 (16.0) 162 (19.0) 221 (22.5)
Good 2544 (44.2) 685 (42.4) 678 (46.9) 411 (47.6) 390 (45.8) 380 (38.6)
Fair (neither good 1814 (31.5) 558 (34.5) 450 (31.1) 261 (30.2) 244 (28.7) 301 (30.6)
nor bad)
Bad 366 (6.4) 125 (7.7) 91 (6.3) 46 (5.3) 41 (4.8) 63 (6.4)
Very bad 52(0.9) 20(1.2) 6(0.4) 5(0.6) 9 (1.1 12(1.2)
Prefer not to answer 27 (0.5) 9(0.6) 3(0.2) 3(0.3) 5(0.6) 7(0.7)
Country, n (%) <.001
Ireland 85 (1.5) 27 (1.7) 17 (12) 12 (1.4) 12(14) 17 (1.7)
Austria 136 (2.4) 513.2) 29 (2.0) 16 (1.9) 16 (1.9) 24 (24)
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Frequency use of Less often Several times a  Several times a
digital tools Total (n=5761) Never (n=1616)  (n=1446) month (n=864)  week (n=851) Daily (n=984) P value

Belgium 232 (4.0) 105 (6.5) 53 (3.7) 35@4.1) 16 (1.9) 23(2.3)
Bulgaria 257 (4.5) 51 (32) 56 (3.9) 35 (4.1) 44 (52) 71(72)
Croatia 204 (3.5) 41 (2.5) 71 (4.9) 30 (3.5) 35 (4.1) 27 2.7
Cyprus 37 (0.6) 11 (0.7) 14 (1.0) 2(0.2) 6(0.7) 4(04)
Czechia 209 (3.6) 84(5.2) 54 (3.7) 30 (3.5) 23 (2.7) 18 (1.8)
Denmark 103 (1.8) 20 (1.2) 18 (1.2) 20 (2.3) 23(2.7) 22(22)
Estonia 43 (0.7) 11 (0.7) 18(1.2) 2(0.2) 6(0.7) 6 (0.6)
Finland 148 (2.6) 40 (2.5) 45(3.1) 15 (1.7) 30 (3.5) 18 (1.8)
France 247 (4.3) 89 (5.5) 77 (5.3) 29 (3.4) 28 (3.3) 24 (2.4)
Germany 306 (5.3) 124 (7.7) 51(3.5) 45(52) 50 (5.9) 36 (3.7)
Greece 438 (7.6) 90 (5.6) 112.(7.7) 69 (8.0) 83 (9.8) 84 (8.5)
Hungary 172 (3.0) 33 (2.0) 36 (2.5) 36 (4.2) 26 (3.1) 41 (42)
Italy 567 (9.8) 204 (12.6) 122 (84) 89 (10.3) 74 (8.7) 78 (7.9)
Latvia 62 (1.1) 15(0.9) 15 (1.0) 9 (1.0) 10 (1.2) 13(1.3)
Lithuania 129 (2.2) 29 (1.8) 36 (2.5) 23 (2.7) 15(1.8) 26 (2.6)
Netherlands 286 (5.0) 127 (7.9) 61(4.2) 37(4.3) 27(3.2) 34 (3.5)
Poland 406 (7.0) 80 (5.0) 108 (7.5) 64 (74) 65 (7.6) 89 (9.0)
Portugal 402 (7.0) 100 (6.2) 108 (7.5) 62 (7.2) 58 (6.8) 74 (1.5)
Romania 408 (7.1) 68 (4.2) 104 (7.2) 57 (6.6) 62(7.3) 117 (11.9)
Slovakia 70 (1.2) 19(1.2) 30 (2.1) 8(0.9) 8(0.9) 5(0.5)
Slovenia 106 (1.8) 29 (1.8) 31 2.0 14 (1.6) 17 (2.0) 15 (1.5)
Spain 509 (8.8) 110 (6.8) 117 (8.1) 95 (11.0) 93 (10.9) 94 (9.6)
Sweden 142 (2.5) 33 (2.0) 49 (34) 20 (2.3) 21 (2.5) 19 (1.9)
Luxembourg 24 (0.4) 6(0.4) 9 (0.6) 5(0.6) 2(02) 2(02)
Malta 33 (0.6) 19(1.2) 5(0.3) 5(0.6) 1(0.1) 3(0.3)

4SESB: score of environmentally sustainable behavior.

Interestingly, while all 10 environmental behaviors included
in the SESB are statistically significant, they show differ-
ent patterns. For 8 behaviors, the proportion of caregivers
engaging in daily eco-friendly practices is progressively
higher from nonusers to daily digital users. Two behaviors,
however, deviate from this pattern. For “recycling” and
“mindful consumption of natural resources,” engagement
does not rise steadily with the frequency of use of digi-
tal tools. It remains relatively stable across groups and,
in the case of recycling, it declines among the heaviest
users. In both cases, moderate digital users show the lowest
engagement, producing a U-shaped distribution across the 5
frequency groups.

When considering each eco-friendly behavior separately,
Table 1 shows the strongest relationship between the use
of digital tools and consumption-related behaviors. Daily
users of digital tools are almost 4 times more likely to buy
fair-trade products daily (39.7%) than never-users (11%).
Conversely, the percentage of caregivers who never buy
fair-trade products falls from 16% among never-users of
digital tools to 5.8% among daily users.

Daily users of digital tools are over 4 times more likely to
purchase used items daily (30.9%) than never-users (7.4%).
Conversely, never-users are more than twice as likely to never
buy used items (29.3%) than daily users (13.9%).

https://aging . jmir.org/2026/1/e81556

Daily users of digital tools are 3 times more likely to
purchase eco-friendly products daily (39.5%) compared to
never-users (13.3%). Never-users are almost twice as likely
to never buy eco-friendly products (9.0%) than daily users
(4.8%).

Users of digital tools are over 3 times more likely to
consume plant-based products (avoid animal products) daily
than never-users. Conversely, never-users are more than twice
as likely to never avoid animal products (38.5%) than daily
users (17.1%).

In terms of resource conservation and waste management,
daily users of digital tools are almost twice as likely to
avoid single-use plastics daily (42.4%) than never-users
(22.9%) and show much higher rates of daily prioritization of
seasonal/local food (51.4%) than never-users (30.9%). Daily
users of digital tools are much more likely to consider product
recyclability daily (47.7%) than never-users (25.6%).

In terms of transportation decisions, daily users of digital
tools are almost twice as likely to use low-carbon transpor-
tation daily (40.2%) than never-users (21.0%). Conversely,
never-users are 2.5 times more likely to never use low-car-
bon transportation (24.8%) than daily users (9.9%). As for
frequency of use of digital tools for care-related activities
and sociodemographic covariates, the analysis suggests some
specific patterns in the adoption of digital tools (Table 1).
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In terms of age, never users of digital tools are the oldest
group (mean 504, SD 13.2 years), while daily users are
younger (mean 43.9, SD 14.0 years). Higher education is
also associated with more frequent use of digital tools. Daily
users have higher rates of high education (48.4%) compared
to never users (44.1%). Never users have higher rates of low
education (14.0%) compared to daily users (10.1%). Daily
users are much more likely to be employed (69.6%) than
never users (60.4%), while retired individuals are signifi-
cantly less likely to use digital tools on a daily basis (10.9%)
compared to never users (16.8%). There is a slightly higher
use of digital tools in densely populated areas (48.3% of daily
users vs 43.1% of never-users). However, the difference in
the adoption of digital tools is minimal in scarcely populated
areas (20.3% vs 20.5%).

Ietto et al

The peculiarity of recycling and mindful consumption
of natural resources is further confirmed by the correla-
tion analysis in Table 2. The frequency of use of digi-
tal tools shows a weak positive correlation with overall
environmental behaviors (9=0.28; P<.001), with the largest
associations observed for consumption-related behaviors
including fair-trade products (9=0.30), used items (0=0.30),
and eco-friendly products (0=0.25). In contrast, the weakest
relationships are found for recycling (0=—0.04; P=.22) and
mindful consumption of natural resources (0=—0.02; P>.99),
neither of which shows a statistically significant correlation
with the frequency of use of digital tools among informal
caregivers.

Table 2. Spearman rank correlation coefficients with Bonferroni-adjusted P values between environmentally sustainable behaviors and frequency of

use of digital tools for the role of carer.

Frequency of sustainable behavior [¢) P value
SESB? 0.28 <.001
Avoidance of plastic and/or disposable/single-use products 0.18 <.001
Recycling -0.04 23
Avoidance of animal products 0.27 <.001
Use of low-carbon-emission modes of transport 0.20 <.001
Purchase of eco-friendly products and services 0.25 <.001
Purchase of fair-trade products and services 0.30 <.001
Purchase of used (instead of new) items 0.30 <.001
Prioritization of seasonal and local food products 0.14 <.001
Mindful of recyclability or biodegradability of products and packaging 0.20 <.001
Mindful of consumption of natural resources -0.02 >.99

4SESB: score of environmentally sustainable behavior.

Figure 2 shows how countries score on average for frequency
of use of digital tools and of environmentally sustainable
behaviors. Interestingly, countries where caregivers report
higher scores on both dimensions are almost all located in
Eastern Europe (eg, Poland, Romania, and Bulgaria) and

https://aging . jmir.org/2026/1/e81556

Southern Europe (eg, Portugal and Spain). At the opposite
end sit the Benelux countries (Belgium, Luxembourg, and the
Netherlands), with some outliers such as Malta, Cyprus, and
Czechia.
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Figure 2. Frequency of use of digital tools and environmentally sustainable behaviors (in terms of score

[SESB]) as a caregiver, by country.
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Score of environmentally sustainable behavior (SESB)

The sociodemographic differences between users and never
users raise the possibility of composition effects. To address
this, a linear mixed effects model (maximum likelihood) was
applied, fully adjusted for several potentially confounding
variables: age, gender, educational level, weekly hours of
informal care, degree of urbanization, perceived household
income, working situation, residence of the care recipient,

caregiver’s general health, and country (as a random effect).
This adjustment controls for factors that could be associ-
ated with both the use of digital tools and environmen-
tally sustainable behaviors. Figure 3 displays SESB across
different frequencies of use of digital tools, showing higher
SESB scores at higher frequencies of digital use. This is
consistent with the bivariate analyses presented above.

Figure 3. Forest plot: sustainable environmentally behavior score (SESB) according to the frequency of use of digital tools for the role of carer.
Linear mixed effects (maximum likelihood) adjusted for age, gender, educational level, weekly hours of informal care for the main care recipient,
degree of urbanization, perceived household income, working situation, residence of the main care recipient, caregiver’s general health, and country

(random effect parameter).
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Daily - — .
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The mixed effects ordered probit analyses were repeated
for each of the items included in the SESB and are syn-
thesized in Table 3. Like Figure 3, the models are fully
adjusted for the same set of confounding variables and
include a random effect for the country. Except for 3
eco-friendly behaviors—recycling, mindful consumption of
natural resources, and prioritizing seasonal and local food
products (for which statistical significance is present only for
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some of the frequencies of digital use)—statistical signifi-
cance holds across all levels of use of digital tools, indicating
that more frequent use of digital tools is associated with more
frequent sustainable behaviors. This pattern is consistent with
the previously observed peculiarity concerning behaviors like
recycling and mindful consumption of natural resources.
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From a practical perspective, this pattern suggests that a
caregiver’s level of digital engagement is more than a
technical characteristic; it may reflect a broader capacity to
find information, compare alternatives, manage daily tasks,
and access services.

Discussion

Principal Findings

This study provides large-scale empirical evidence that the
use of digital tools among informal caregivers is posi-
tively associated with environmentally sustainable behaviors,
expanding current understanding of how digital and ecologi-
cal transitions intersect in LTC.

The main finding of a weak positive association [88]
between the frequency of digital tools use and environmental
behaviors (0=0.28; P<.001) in caregiving contexts provides
empirical evidence that demographic, digital, and environ-
mental transitions are interconnected rather than occurring
in parallel. Extending the work by Tur-Sinai et al [68] on
caregivers’ already heightened environmental engagement,
our findings are consistent with the possibility that the use
of digital tools is associated with caregivers’ preexisting
environmental responsibility, an interpretation aligned with
the ethics of care framework [70,71].

The comparatively larger associations with consumption-
related behaviors suggest that improved access to information
may be one possible pathway linking the use of digital tools
to these behaviors, by helping caregivers identify, com-
pare, and locate sustainable options. Digital platforms offer
ways to identify eco-friendly products, compare fair-trade
alternatives, locate second-hand goods, arrange delivery,
or participate in online exchanges of reusable care-related
items; these are the behaviors for which the associations
were the largest. By contrast, the weaker associations with
behaviors that depend on infrastructure (recycling, mindful
resource consumption, and low-carbon transport) suggest that
digital solutions alone may be insufficient: a caregiver may
recognize the importance of recycling, but, without accessi-
ble municipal services, clear local instructions, or convenient
collection points, digital engagement has limited practical
leverage. The findings thus point to a differentiated interven-
tion model, in which digital tools facilitate informed and
convenient choices but must be complemented by physical
infrastructure and social support where environmental action
depends on local systems.

Furthermore, these behaviors are already widely estab-
lished: 55% of respondents report engaging daily in recy-
cling and mindful resource consumption, compared with
12%-33% for other environmental behaviors. This suggests
that recycling and resource conservation are long-established
habits, likely formed before digital tools became widespread
in caregiving. In line with previous research [82], such
routine environmental behaviors tend to be less responsive to
digital engagement, as they are embedded in habit rather than
informed choice. By contrast, consumption-related behav-
iors—such as buying secondhand or ecolabeled products—
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are more variable and may be more closely associated with
informational and motivational inputs enabled through digital
tools [48,51,53]. Consequently, these behaviors show larger
associations with digital engagement.

These results support the distinction drawn in the literature
between habitual and intentional pro-environmental actions
[89], while extending it to the specific context of infor-
mal caregiving. In doing so, they offer both theoretical
insights and practical guidance for integrated action across
the domains of care, digital inclusion, and sustainability.
Overall, the observed associations between the use of
digital tools and eco-friendly behaviors may operate through
attitudes, subjective norms, and perceived behavioral control,
although these mechanisms were not directly tested. Digital
access to information about sustainable products [48,49]
may inform caregivers’ evaluative judgments, particularly
for consumption choices requiring informed decision-mak-
ing. Online shopping may support perceived behavioral
control by making sustainable choices more accessible
[53], especially valuable for caregivers who cannot leave
care recipients needing round-the-clock assistance. Online
caregiver communities, where sustainable practices are
shared and encouraged [56,62], may also relate to subjec-
tive norms about what is considered normal or expected.
Regarding demographic patterns, consistent with established
research on digital divides [66], the adoption of digital tools
shows systematic variation across demographic groups, with
higher rates among younger, more educated, and employed
caregivers. Although the education gap is not substantial
and the urban-rural divide is moderate, these disparities
suggest that digital-environmental co-occurrence may be
unevenly distributed. Older, less educated, and nonemployed
caregivers—often those providing the most intensive care—
appear less likely to use digital tools frequently. This may
leave existing inequities unaddressed unless digital inclusion
strategies specifically target these groups [66,67].

From a SEIS framework perspective [31], these find-
ings demonstrate how the infrastructural system (digital
tools) might shape behaviors within the ecological system
through social system mediators (caregiver decision-making
processes).

Policy and Practice Implications

First, policy frameworks addressing demographic, digital,
and environmental transitions in LTC should recognize
their interconnections rather than treating them as sepa-
rate domains. Integrated approaches that simultaneously
address caregiving needs, digital inclusion, and environmental
sustainability could bring collateral benefits across multiple
transition domains.

Second, to avoid exacerbating existing inequalities in the
care sector [1,8], digital inclusion initiatives should specif-
ically target more vulnerable caregiver groups or those
facing greater barriers—particularly older, less educated,
and nonemployed caregivers—to ensure that the benefits
of digital-environmental synergies are equitably distributed
across the caregiver population.
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Third, environmental policies and LTC service providers
could consider caregivers’ existing predisposition toward
environmental responsibility [68] when designing digital tools
with dual functions, so that the same platforms support-
ing caregiving tasks could also provide access to sustaina-
ble consumption choices, particularly for those providing
intensive care who may have limited mobility or greater time
constraints. For example, existing caregiver support apps or
portals could incorporate features such as mapping locally
available second-hand or fair-trade suppliers and low-emis-
sion transport options for accompanying care recipients to
appointments. Since the findings show a larger association
with consumption-related behaviors, integrating sustainable-
procurement guidance directly into the tools caregivers
already use may be a relevant entry point.

Finally, educational programs for -caregivers should
integrate digital literacy with environmental awareness,
helping caregivers understand how digital tools can facil-
itate both caregiving responsibilities and environmentally
sustainable practices.

These recommendations must also take into account that
family caregivers already perform demanding tasks that
generate substantial waste. Expecting them to adopt greener
practices without structural support risks adding further
burden. Since caregivers already lean toward sustainability,
the priority is not to demand more of them but to make
sustainable action easier through the provision of efficient
recyclable products and accessible disposal systems. Digital
tools are most valuable here when they reduce, rather than
add to, the effort of acting sustainably.

Overall, these results highlight the importance of
considering all 3 SEIS dimensions when designing interven-
tions to support the triple transition in LTC. Importantly,
digital tools cannot substitute for physical infrastructure.
Their associations are the largest for behaviors individu-
als can act on directly (such as purchasing choices) and
weakest where action depends on external provision, such as
recycling and resource conservation. The observed associ-
ations therefore suggest that the environmental relevance
of digital investments may depend on whether enabling
infrastructure already exists. Policies should combine digital
inclusion measures with complementary local infrastructure,
such as low-carbon transport or accessible recycling facilities,
so that the options digital platforms recommend are available
to caregivers. Digital innovation and physical infrastructure
should be considered coordinated investments rather than
alternatives.

Limitations

Although our study provides important insights into the
intersection of the use of digital tools and environmental
behaviors among informal caregivers, 2 primary limitations
should be acknowledged. First, the cross-sectional nature of
our data does not allow us to establish causality or temporal
ordering in the relationship between the use of digital tools
and environmental behaviors. The mechanisms discussed in
this paper should therefore be understood as theory-guided
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and empirically plausible pathways rather than as directly
observed causal relationships. Nevertheless, the differenti-
ated pattern across behavior categories offers useful indirect
evidence: larger associations for information- and consump-
tion-related behaviors and weaker associations for infrastruc-
ture-dependent behaviors are consistent with the proposed
TPB and SEIS interpretation. Second, our measurement of
digital tools captured frequency rather than the specific type,
content, or function of the tools. As a result, the study
cannot directly test whether caregivers used digital tools for
environmental information, online purchasing, care coordina-
tion, peer support, or service navigation, which limits our
understanding of which digital applications are most closely
associated with eco-friendly behaviors. In light of these
limitations, further mixed method studies are encouraged—
combining longitudinal data with semistructured interviews —
to clarify the temporal ordering and direction of the relation-
ship between digital tools and environmental behaviors, to
identify which types of tools caregivers use in relation to
eco-friendly practices, and to examine the determinants and
motivations underlying environmental attitudes. A further
limitation derives from the CAWI recruitment procedure.
Because the CAWI sample was drawn from online access
panels, participants in these countries had baseline internet
access and were registered with an online panel. Conse-
quently, the “never users of digital tools for caregiving”
group should not be interpreted as equivalent to noninternet
users in the general population. The present dataset there-
fore cannot provide evidence about caregivers who were
offline or otherwise excluded from online access panels, and
claims concerning digital exclusion should be interpreted
accordingly. Although the sample was weighted by coun-
try according to sex, age, region, and educational level,
weighting cannot remove this underlying coverage limita-
tion. Despite these limitations, this study provides empirical
evidence of the associations between the use of digital tools
and environmental behaviors among informal caregivers,
contributing to our understanding of how the triple transition
manifests in everyday caregiving contexts.

Conclusions

This study provides empirical evidence of an association
between the use of digital tools and environmental practi-
ces among informal caregivers across the EU, suggesting
that demographic, digital, and environmental transitions may
co-occur rather than operate in isolation. However, because
the design is cross-sectional, these findings should be read as
associations rather than as evidence that the use of digital
tools changes environmental behavior, and they may not
generalize to caregivers without baseline internet access.
Overall, the findings support integrated approaches that
combine digital inclusion, caregiver support, and environmen-
tal infrastructure, while recognizing that the strength of the
observed associations varies across behavior types and that
recycling and resource conservation were not significantly
correlated with the use of digital tools. However, these
potential benefits might not be equally accessible to all
caregivers, increasing the risk that digital tools may inadver-
tently widen existing inequalities in the care sector. Realizing
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the full potential of digital tools to support both caregiv-
ing and environmental goals will require inclusive access
and appropriate infrastructure support. In practical terms,
digitalization in LTC should be valued not only for improving
care efficiency but also for its potential to support caregivers’
environmental practices by reducing the burden of acting
sustainably. This potential is behavior-specific: digital tools

Ietto et al

As European countries continue to face the triple
transition, the evidence presented in this paper provides a
foundation for developing more integrated approaches that
combine sustainability-oriented digital platforms, caregiver
training in both digital and environmental literacy, and the
local infrastructure needed to translate digital information into
feasible action.

are most likely to help with information-, purchasing-, and
coordination-related behaviors and least likely to help with
practices constrained by physical infrastructure or established
routines.
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