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Abstract 

The adoption of sustainable diets in high-income countries is an urgent environmen-

tal and health priority. Understanding motivational determinants in behavior change 

interventions can contribute to clarifying the main pathways to effective dietary trans-

formation. Yet, longitudinal mixed-methods evidence on motivational shifts during 

digital behavior change interventions remains scarce. This mixed methods study 

explored longitudinal motivational determinants change during a year-long blended 

digital intervention promoting sustainable diet change in healthy omnivorous adults. 

The 22-week intervention comprised app-delivered motivational and informational 

text messages (focusing on self-monitoring, information about health and environ-

mental consequences and instructions on how to perform a behavior), and tailored 

online feedback sessions. Quantitative data were collected through repeated  

self-reports of diet and motivational determinants (e.g., health, environmental, ethical, 

price, self-efficacy, and habit strength) over 15 weeks and analyzed with linear mixed 

models and within-person network analysis. Qualitative data from semi-structured 

interviews at baseline, post-intervention, and six-month follow-up were analyzed 

using framework analysis. Quantitative and qualitative findings were integrated using 

joint display techniques. Group-level quantitative analyses demonstrated small (0.02–

0.04 points/week on a 0–10 scale) but significant increases in environmental and eth-

ical motivations, habit strength, and adherence to a more sustainable diet, alongside 

a decrease in price as motivation for food choice. No significant change was found 

in health motivation and self-efficacy. These quantitative shifts were complemented 
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by qualitative findings providing an in-depth understanding of participants’ evolving 

awareness, gradual adoption of new eating habits, and varying confidence in main-

taining behavior changes despite contextual barriers. Individual-level results showed 

important heterogeneity of both motives and behaviors, and within-person network 

analysis showed no covariation between motivational determinant change and diet 

change. This study demonstrates the potential for blended digital interventions to 

influence motivational pathways related to sustainable diets and supports using 

mixed methods designs to track the dynamic dietary behavior change process.

Author summary

The transition toward sustainable diets is essential for both human health and 
the protection of our planet. While many people express a desire to eat more 
sustainably, we still have a limited understanding of how their daily motiva-
tions and habits evolve over time when they use digital tools to foster behav-
ior change. In this study, we followed 12 participants for an entire year as 
they engaged with a dedicated app and personalized feedback sessions. We 
combined daily digital tracking with in-depth interviews to capture a complete 
picture of their journey. Our findings show that while health is often the initial 
reason people change their diet, motivations related to the environment and 
ethical concerns grow significantly over time. These sustainability-focused 
values eventually become powerful anchors that help people maintain their 
new eating patterns. We also observed that the process of forming new habits 
is gradual and varies greatly between individuals. Our research suggests that 
digital interventions should move beyond only providing health advice. By 
highlighting the environmental and ethical aspects of food choices, these tools 
can help people internalize new values and maintain sustainable diets in the 
long term.

1.  Introduction

The global food system is a major driver of health and environmental challenges [1]. 
Current low-quality dietary patterns —characterized by the excessive consumption of 
calorie-dense products high in sugar, salt, and unhealthy fats, as well as  
animal-sourced foods, combined with insufficient intake of whole plant-based foods— 
contribute significantly to the increase of non-communicable diseases (NCDs), such 
as cardiovascular diseases, cancer, and diabetes. NCDs account for around 75% of 
causes of death worldwide [2,3], and are considered the most critical global health 
challenge of the 21st century in terms of disease burden and mortality [4]. Globally, in 
2017, 11 million deaths and 255 million disability-adjusted life years were attributable 
to dietary risk factors [3]. To illustrate these challenges in a Mediterranean  
high-income context, we conducted the present study in Spain, where diet-related 
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diseases account for approximately 12% of all deaths each year—a proportion comparable to that observed in other 
high-income countries [5,6].

Unhealthy diets adversely affect not only individual health but also the environment [7]. The global food system plays a 
key role in exceeding most of the planetary boundaries, which constitute thresholds that define a safe operating space for 
humanity on Earth. Among the nine identified boundaries, six have already been crossed (i.e., climate change, biosphere 
integrity, land use, freshwater use, nitrogen and phosphorus cycles, and novel pollutants), all of which are linked to the 
current unsustainable food system [8]. In particular, animal agriculture is a major driver of these transgressions, contribut-
ing approximately 14.5% to global greenhouse gas emissions [9,10]. In Spain, food consumption is the main contributor 
to environmental impact and resource overuse, accounting for 52,1% of the consumption footprint, thereby surpassing the 
contributions of mobility (17,1%) and housing (16,2%) [11,12]. Beyond the impact on nature itself, ecosystem disruptions 
have an indirect impact on human health by exacerbating food insecurity and increasing exposure to extreme weather 
events. This increases the risk of both infectious and non-communicable diseases, disproportionately impacting vulnera-
ble populations [13]. Notably, the environmental impact derived from the yearly food demand of Spaniards has been linked 
to the loss of nearly half a million healthy life years [14].

A transition toward healthy diets with low environmental impact is therefore essential and urgent [1]. Such diets are 
defined multidimensionally: (i) compositionally, they are predominantly whole plant-based, rich in vegetables, fruits, whole 
grains, legumes, nuts, and unsaturated oils, and limited in animal-based foods, especially red and processed meat, as 
well as products high in sugars, salt, and unhealthy fats [13,15]. (ii) behaviorally, they involve limiting food waste, choosing 
minimally packaged foods, and respecting seasonality; and (iii) socio-economically, they prioritize fairly sourced prod-
ucts that ensure fair wages for stakeholders within the food system, and support small-scale economies — are essential 
for achieving truly sustainable diets [1,16]. Broad adoption of such sustainable dietary patterns requires transformative 
actions at multiple levels, combining systemic structural changes through policy reforms and market incentives with effec-
tive individual-level strategies aimed at modifying eating behaviors [17–20].

Individual behavior change towards sustainable diets is complex and influenced by a multitude of factors [21–25]. Key 
individual motivational determinants frequently explored in the literature include motivation for improving health, preserv-
ing the environment, considering fair and ethical sources, minimizing cost, deriving pleasure from eating specific foods, 
convenience, and sociability [17,26–31]. Beyond these broad motivations, previous studies have also shown that specific 
psychological constructs are significantly associated with eating behaviors [32,33]. For instance, higher self-efficacy —
defined as the confidence in one’s ability to perform a behavior or achieve a particular goal [34]— has been associated 
with healthier food choices, including greater fruit and vegetable intake [35–39], as well as with sustainable food practices, 
such as reducing food waste [33]. Potentially relevant for sustained behavior change over time, habits —defined as cue–
behavior associations learned through repetition [40]— have also been identified as a critical factor in maintaining long-
term changes in eating behaviors [41]. These motivational determinants often reinforce each other; for example, ethical 
concerns regarding animal welfare can strengthen environmental motivations, helping to maintain dietary changes over 
time [25,42].

Beyond existing observational evidence, few experimental studies have examined whether motivational determinants 
related to sustainable diets can be modified during interventions targeting individual behavior change, and whether a mod-
ification of these psychological determinants is associated with eating behavior changes [29,42,43]. Further, most pre-
vious eating behavior interventions have mainly focused on specific food groups, such as increasing fruit and vegetable 
intake or reducing meat consumption and fat and energy intake, instead of adopting a global dietary approach [29,42,43]. 
Building on a recent year-long intervention designed to promote global sustainable eating behaviors [44], this study aimed 
to investigate, using both qualitative and quantitative methods, longitudinal changes in psychological factors, including 
health-, environmental-, price-, and ethical-related motives, as well as self-efficacy and habit strength related to sustain-
able diets. Additionally, we investigated how potential changes in these psychological factors relate to behavior changes 
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toward sustainable diets. This study is framed as a pilot investigation, as its primary goal was to generate preliminary data 
on the feasibility and potential effects of the intervention, rather than to produce results that are broadly generalizable, 
thereby informing the design of larger future trials.

2.  Methods

A longitudinal study using a mixed methods intervention design [45,46] was conducted between October 2022 and 
December 2023 to investigate the motivational factors underlying sustainable dietary behavior during a quasi- 
experimental, blended and pilot digital intervention. Building upon our pre-registered protocol [47] and prior research 
on the intervention’s feasibility and its impact on dietary outcomes [44], this paper examines the motivational aspects 
of behavior change. While this study is independent of previous publications, additional information on the intervention 
design and dietary outcomes can be found elsewhere [44,47]. The reporting of the study methods and findings adhered to 
O’Cathain et al.’s Good Reporting of A Mixed Methods Study (GRAMMS) guidelines [48].

2.1  Ethics statement

The research protocol of this project was approved by the Drug Research Ethics Committee (CEIm) of Parc de Salut 
MAR (2022/10304/I) on October 19th, 2022. The protocol was published prior to implementation after peer review [47]. All 
research was conducted in accordance with the Declaration of Helsinki, and all participants provided electronic informed 
consent before enrollment.

2.2  Study population

Participants were recruited through email invitations sent to employees of the Barcelona Institute for Global Health 
(ISGlobal), as well as through social media outreach, posters in public libraries, and word-of-mouth referrals. Eligibility 
criteria required participants to be fluent in Spanish, aged 18–65 years, residing in the province of Barcelona, following an 
omnivorous diet, and having a mobile phone that supported the study app.

Participants were excluded if they:

•	 Were pregnant or breastfeeding (specific nutritional needs);

•	 Were professional athletes (specific nutritional needs);

•	 Followed a restrictive diet, such as slimming, gluten-free, or low in sugars (confounding factors);

•	 Had a history of eating disorders, having food intolerances or allergies (safety and adherence);

•	 Had chronic illnesses (e.g., gastrointestinal, metabolic or endocrine conditions) that might affect eating behaviors (clini-
cal confounding);

•	 Could not make independent food choices (ensure individual decision-making);

•	 Already presented eating behaviors closely aligned with the principles of sustainable diets, defined as a baseline score 
of 5 or more points on the REFRESH dietary screener [49] (ensure potential for behavior change).

Participants received €10 per evaluation week (for a maximum of €150) as compensation for completing ≥6 out of 7 daily 
dietary questionnaires per week.

2.3  Study design

The intervention employed a hybrid ABA n-of-1 trial design, consisting of a 2-week baseline evaluation (A), a 22-week 
intervention phase (B), and a 6-month follow-up (A) (Fig 1). The intervention consisted of two components: (i) app-based 
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text messages and (ii) individualized online feedback sessions. This design was chosen because it provides an efficient 
and rigorous framework to examine individual-level responses over time, allowing us to capture idiographic patterns of 
change in motivational determinants and dietary behavior. The primary goal was to generate pilot data on the feasibility 
and potential effects of the intervention, rather than to produce results that are broadly generalizable, thereby informing 
the design of larger future trials.

Quantitative data were collected over 15 evaluation weeks, during which participants self-reported their daily dietary 
intake via a mobile app. Qualitative data were collected through three online semi-structured interviews per participant 
(conducted at baseline, at the end of the intervention, and the end of the follow-up). These interviews aimed to explore 
motivational processes underlying behavior change, identifying perceived barriers and facilitators, and complementing the 
interpretation of quantitative outcomes.

2.4  Intervention

The intervention involved two components: generic text messages and individualized online feedback sessions. A series 
of 44 text messages was sent twice a week during the intervention phase using the General Data Protection  
Regulation-compliant app m-Path (available at https://m-path.io/landing/). The behavior change techniques (BCTs) imple-
mented in the text messages were based on the findings from a scoping review of effective BCTs for changing eating 
behaviors [16] and the Compendium of Self-Enable Techniques [50]. The content focused on three domains: (i) moti-
vational messaging to encourage sustainable diets, including goal achievement tips (n = 26 messages), (ii) educational 
content about the health (e.g., debunking nutritional myths), environmental (e.g., reducing animal products, food waste 
or packaging) and socioeconomic (e.g., supporting small food system stakeholders) impacts of eating behaviors (n = 18 
messages), and (iii) recipes for simple yet tasty sustainable meals (n = 4 messages). All messages underwent pre-testing 
with six individuals who met the predefined inclusion criteria but were not involved in the project, to ensure clarity and rel-
evance. Refinements were made based on their feedback. Detailed information on the final message content, order, and 
the specific BCTs employed can be found in S1 Table.

In addition to the text messages, participants received three individualized 15-minute online feedback sessions with a 
researcher (UF) specializing in dietary sustainability. These sessions provided tailored feedback based on participants’ 
recorded food intake from the preceding two evaluation weeks, alongside evidence-based recommendations for improving 
dietary sustainability. The BCTs employed during these sessions included feedback on behavior (i.e., based on previous 
measurements), tailored instructions on how to perform the behavior to adhere to a more sustainable diet (e.g., food 
substitutions, cooking tips), and information about the health, social, environmental, and price-related aspects of dietary 
choices.

No specific goals were set as part of these sessions. Although habits and self-efficacy were not specifically targeted in 
the current intervention, some intervention components might have influenced these two constructs, particularly  
self-efficacy (i.e., via behavioral monitoring and feedback [51]).

Fig 1.  Study timeline.

https://doi.org/10.1371/journal.pdig.0001113.g001

https://m-path.io/landing/
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2.5  Quantitative measures

2.5.1  Health and socio-demographic characteristics of the participants.  At baseline, participants completed 
an online questionnaire that gathered information on gender, age, education level, household income, anthropometric 
measures (i.e., height and weight), and health-related factors (i.e., self-perceived physical and mental health, supplement 
use, and smoking status; See S2 Table for more information).

2.5.2  Food consumption.  Dietary intake was quantitatively evaluated daily over 15 weeks, with evaluations 
distributed across different study phases: 2 weeks at baseline, every 3 weeks during the 22-week intervention, and every 
4 weeks during the 6-month follow-up period (Fig 1). As no validated brief questionnaire existed for repeated assessment 
of a sustainable diet [52], we developed a 10-item tool to evaluate key food groups for healthy and environmentally 
sustainable diets. This tool was informed by recommendations from authoritative bodies such as the EAT-Lancet 
Commission, the Food and Agriculture Organization, and the World Health Organization [13,18,53,54], and adapted for 
the Spanish context by adjusting food group examples and recommended amounts to reflect local dietary patterns and 
food availability. The tool generated a composite score (0–10 points, reflecting low to high adherence) to measure weekly 
adherence to environmentally sustainable dietary patterns. Detailed scoring criteria and rationale are provided in S3 Table, 
and the Food Consumption Questionnaire used in the study is in S4 Table.

After the intervention study, we conducted a separate validation in an independent sample of 106 adults to assess the 
accuracy of the questionnaire in estimating the frequency of consumption of key food groups, by comparing it with food 
diary records. The results indicated a small bias in food group quantification, suggesting acceptable agreement. This val-
idation focused on the frequency estimates used to build the score, rather than the final sustainable diet score itself. The 
validation study is currently under revision, and the results are available at https://osf.io/st2an/.

2.5.3  Motivational factors.  Quantitative measures of motivational determinants included six visual analog scales 
(0–10), administered once during each of the 15 evaluation weeks (Table 1). These included four items measuring 
motives for food choices (health, environment, affordability, and ethics), adapted from eating motivation scales [28,55]; 
one item assessing the strength of the habit related to sustainable food choices, adapted from the Self-Report Habit Index 
and Self-Report Behavioral Automaticity Index [56,57]; and one item evaluating self-efficacy for sustainable diets [58]. We 
utilized single-item Visual Analogue Scales (VAS) to minimize participant burden. This approach is standard in intensive 
longitudinal research to reduce attrition [59], and has been validated for specific scales, such as the Self-Report Habit 
Index [60].

Table 1.  Items for food-related motives, habits, and self-efficacy.

Domain Item Answer options

Health In the last 7 days, how important was the healthiness of your food when 
choosing what to eat?

VAS 0–10: 0 = not important at all and 10 = very 
important

Environmental 
impact

In the last 7 days, how important was the environmental impact of your food 
(i.e., carbon footprint, water footprint, etc.) when choosing what to eat?

VAS 0–10: 0 = not important at all and 10 = very 
important

Fair and ethical 
sources

In the last 7 days, how important were the working conditions of the producers 
or sellers of your food when choosing what to eat or where to buy?

VAS 0–10: 0 = not important at all and 10 = very 
important

Price In the last 7 days, how important was the price of your food when choosing 
what to eat?

VAS 0–10: 0 = not important at all and 10 = very 
important

Habit strength Selecting healthy foods with low environmental impact and from fair sources is 
something that I do automatically, without thinking about it.

VAS 0–10: 0 = totally in disagreement and 
10 = totally in agreement

Self-efficacy To what extent do you feel capable of following a sustainable, healthy diet? VAS 0–10: 0 = not at all confident and 10 = totally 
confident

Note. VAS: visual analog scale.

https://doi.org/10.1371/journal.pdig.0001113.t001

https://osf.io/st2an/
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2.6  Qualitative measures

The qualitative assessment involved three individual semi-structured online interviews per participant, for a total of 36 
interviews, conducted at baseline, at the end of the intervention, and at the end of the follow-up (see Fig 1). These three 
time points were selected to capture participants’ evolving experiences and motivations: the first focused on existing diet 
practices and intentions; the second examined perceived changes, barriers, and facilitators; and the third addressed the 
maintenance of behavior change. Topics discussed during the interview included typical eating patterns, food preferences, 
and sustainability-related behaviors such as food waste reduction, seasonal eating, and prioritizing small local markets. 
Interviews were conducted by the same researcher who led the feedback sessions (UF), lasted approximately 30–45 
minutes, and were audio-recorded, anonymized, and transcribed verbatim for analysis in MAXQDA 24 [61], supplemented 
by additional field notes. Further details on interview content and delivery can be found in the study protocol [47], and the 
interview guide is available in S5 Table.

2.7  Data analyses

2.7.1  Quantitative.  Descriptive statistics were used to analyze the characteristics of the participants. Changes in 
study outcomes were assessed at both the group (i.e., nomothetic analyses) and individual (i.e., idiographic analyses) 
levels. At the group level, changes in each outcome were assessed using linear mixed regression models with a random 
intercept for individuals and the week number (weeks 1–46) as the independent variable. Models with random slopes 
were tested, but model comparison criteria indicated that the best fit was consistently obtained with random-intercept-only 
models (model selection results are transparently reported in HTML document available on Open Science Framework 
page of the project (https://osf.io/6n7s3/). Changes at the individual level were assessed using linear regressions fitted for 
each individual separately with a similar independent variable (the week number).

Covariations between the study outcomes were analyzed at the group-level only to maximize statistical power for that 
type of analysis (i.e., too few observations were available to conduct such analyses at the idiographic level). Network 
analyses were performed, including all study outcomes as nodes in the network: diet, motives related to prices, environ-
mental and health features, ethical concerns, habit, and self-efficacy. We calculated the networks using partial correlation 
methods as described by Costantini et al. [62]. In network analysis, variables (or ‘nodes’) included are connected by an 
‘edge’ if they correlate after controlling for all other correlations between variables in the network. Given the limited sample 
size, we only computed the within-person network, capitalizing on the repeated number of observations per participant. 
This analysis focused on individual deviations from their average levels across all study outcomes. We computed this net-
work by subtracting each participant’s overall average from their scores at each time point. The objective was to examine 
whether changes from the average level of one variable over time were associated with changes from the average level 
of other variables. The network analyses were performed with high specificity and low sensitivity to minimize false-positive 
findings. Centrality indices were not computed, as such metrics can be unstable and difficult to interpret in small-sample, 
within-person networks with limited repeated measurements. Instead, we focus on descriptive patterns of connectivity, 
which transparently illustrate potential motivational interrelations without overinterpreting unstable centrality estimates.

Missing data were minimal and therefore no imputation was performed. All available observations were included in the 
analyses. All analyses were performed using R version 4.4.1 and R Studio version 2024.12.1. The data and code used in 
this study can be found on the Open Science Framework page of the project (https://osf.io/6n7s3/).

2.7.2  Qualitative.  For qualitative analysis, transcripts were imported into MAXQDA 24 [61] for coding and analysis. 
The data were analyzed using framework analysis, a structured form of thematic analysis that involves identifying key 
themes and organizing them in a matrix to systematically compare data across and within participants, following the 
steps outlined by Gale et al [63] and Spencer et al [64]. In Step 1, two researchers (UF and SF) reviewed the interview 
transcripts to gain a comprehensive understanding of the interview data and identify topics relevant to the objectives of 
this qualitative phase. In Step 2, the same researchers developed an initial thematic framework based on the identified 

https://osf.io/6n7s3/
https://osf.io/6n7s3/
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topics. This framework was organized hierarchically with subtopics within the main topics. A third researcher (MLM) then 
reviewed and refined this framework, using it to index the interview data in MAXQDA. Following indexing, the researcher 
reviewed the indexed data to ensure it was consistent with the framework categories. Step 4 involved sorting the data 
by content similarity, resulting in the creation of several thematic sets. In Step 5, a fourth researcher (LB) constructed a 
framework matrix of motivational factors, with each row representing a case (i.e., a study participant) and each column 
representing a subtheme. This step enabled the research team to identify thematic patterns within each case (within-case 
analysis) and across the cases (cross-case analysis), while preserving the context of the participants’ views. Thus, this 
final step allowed for a systematic abstraction and interpretation of the interview data.

2.7.3  Mixed methods integration.  Quantitative and qualitative results were integrated through a merging procedure 
using a side-by-side joint display [65,66]. This strategy allowed us to compare the results from both data types for 
each topic examined. We assessed whether the qualitative results on motivational factors confirmed, expanded, or 
complemented the quantitative results. We used a joint display matrix to align qualitative themes with quantitative 
trajectories, identifying areas of concordance (where the quantitative and qualitative results aligned), discordance (where 
the quantitative and qualitative results diverged), expansion (where the qualitative results provided additional context that 
expanded the quantitative results), and complementarity (where motivational aspects were captured only qualitatively). An 
iterative, back-and-forth process was used to refine our interpretations [67], with the side-by-side joint display serving both 
visual and analytic purposes. This process yielded several meta-inferences synthesizing insights from the integration [68].

3.  Results

3.1  Descriptive statistics

During the three-month open registration period, 94 individuals completed the eligibility survey. Of these, 12 (13%) met the 
inclusion criteria. Most participants (73/82, 89%) were excluded due to already adhering to an environmentally sustainable 
healthy diet at baseline. All 12 eligible individuals (7 men, 5 women; mean age 26 years; individual characteristics dis-
played in Table 2) accepted the invitation and completed the study, resulting in a 100% retention rate (flowchart is included 
in S6 Table). Detailed findings regarding the intervention’s feasibility and acceptability have been reported previously [44].

3.2  Quantitative changes in food consumption and motivational determinants

Group-level results indicated a significant and positive linear weekly increase for the diet composite score [.04 (95% 
CI.03,.05)], environmental [.02 (95% CI.001,.03)] and ethical motives [.03 (95% CI.008,.04)], as well as habit strength.04 
(95% CI.03,.06)]; all characterized by a small effect size (i.e., between.02 and.04 points increase for each evaluation 
weeks on a 0–10 scale). Price-related motives demonstrated a significant decrease over time [-0.02 (95% CI -0.04, 
-0.004)]. No significant changes were observed in health-related motives [.004 (95% CI -0.01,.02)] or self-efficacy [.005 
(95% CI -0.008,.02)].

Table 2.  Sociodemographic characteristics and baseline motivational profiles of study participants (N = 12).

ID 1 2 3 4 5 6 7 8 9 10 11 12

Sociodemographic characteristics

Gender Male Female Female Male Male Male Female Male Male Male Female Female

Age (years) 26 26 49 18 35 32 33 34 42 24 39 26

Education Master Master Doctor-
ate

Sec-
ondary

Doc-
torate

University 
degree

Doctor-
ate

Sec-
ondary

Master Master Master Master

Incomes (of the family unit 
after taxes per month)

1500–
1999 €

2000–
2999 €

3000–
3999 €

1500–
1999 €

2000–
2999 €

1500–
1999 €

4000 or 
more €

2000–
2999 €

4000 or 
more €

1000–
1499 €

1500–
1999 €

2000–
2999 €

https://doi.org/10.1371/journal.pdig.0001113.t002
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Individual-level trajectories varied substantially across participants. Linear regressions performed at the individual level 
were summarized in forest plots (Fig 2), with specific within-person changes over time shown in Fig 3.

Significant increases were observed in diet score (IDs 01, 02, 04, 05, 07, 09, and 11), environmental motives (IDs 02, 
09), ethical motives (IDs 05, 09), health motives (IDs 05), habit strength (IDs 02, 03, 05, 08, 09, 11), and self-efficacy (IDs 
02, 05, 09). Significant decreases were observed in price motives (IDs 02, 11), health motives (ID08), and self-efficacy 
(ID08). These results illustrate the heterogeneity of individual responses (Fig 3). Additionally, for several participants, 
motives (all non-significant results) showed variability or non-linear patterns that need to be interpreted with caution in 
light of the linear models.

3.3  Quantitative associations between motivational determinants and diet composition

Fig 4 shows the results from the within-person network computed at the group-level. Positive covariations were found 
between all motivational outcomes, while no significant covariations were found between any motivational outcomes and 
diet. For example, and to illustrate, when participants reported a higher level of environmental motives at any given time 
point compared to their average level across all study time points, they also tended to report higher levels of ethical and 
health-related motives, habits, and self-efficacy at that same time point. Habits and environmental motives were the most 
“connected” nodes, with four significant covariations with other variables each.

3.4  Qualitative results

Qualitative results revealed key shifts in motivations and behaviors following the intervention. Counts (n=) indicate the 
number of participants who mentioned each theme during interviews. These included an increase in conscious attention to 

Fig 2.  Changes for each study outcome at the individual level (progressive week is the independent variable). The x-axis shows the estimated 
weekly change (beta, 95% CI), and the y-axis shows participant IDs. Dots represent individual slopes, and horizontal lines indicate 95% confidence 
intervals.

https://doi.org/10.1371/journal.pdig.0001113.g002
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Fig 3.  Individual-level trajectories of study outcomes. Blue lines and shaded areas show linear trends with 95% CIs. Vertical red lines indicate study 
phase transitions.

https://doi.org/10.1371/journal.pdig.0001113.g003



PLOS Digital Health | https://doi.org/10.1371/journal.pdig.0001113  May 26, 2026 11 / 21

diet (n = 12), an increase in local/seasonal buying (n = 6), reduced packaging use (n = 5), and food waste reduction (n = 4). 
Although all participants reported an increased understanding of sustainable diets, behavioral change varied in terms 
of adoption and maintenance. At follow-up, participants (n = 6) reported maintaining changes, (n = 2) adopted additional 
changes, and (n = 5) reported partial relapse to previous habits; these categories were not mutually exclusive. Reported 
barriers to adoption or maintenance included social/family influences (n = 10; e.g., family preferences for meat), financial 
constraints (n = 7), time limitations (n = 6; e.g., long or inflexible work hours and lack of time to cook), and limited access to 
local markets (n = 2).

Health was cited at baseline by participants (n = 11) as one of several motives for study enrollment and dietary change, 
and by (n = 1) as the sole motive. Post-intervention, (n = 4) reported health benefits (e.g., improved digestion, mental 
well-being, higher energy levels), while (n = 2) reported negative effects (n = 1 gastrointestinal discomfort attributed to 
increased legumes; n = 1 increased guilt when making unsustainable choices).

Environmental motivations were another key factor for both enrollment and change, referenced by participants (n = 11) 
alongside health/ethics, with (n = 1) prioritizing them as their main driver, and (n = 1) dismissing their relevance in their 
choices. Post-intervention, (n = 3) described an increase in environmental motivation, and (n = 2) reported a “holistic shift” 
in their mentality and awareness of the environmental impact of food, along with a deeper relationship with nature.

Ethical motives were reported by participants (n = 3) at baseline and increased post-intervention, with (n = 5) describ-
ing increased importance of supporting local economies, (n = 4) greater attentions to labor conditions, (n = 2) to fair-trade 
products, and (n = 2) to animal welfare. Participants (n = 4) acknowledged ethical concerns without behavior change in that 
direction.

Price perceptions were mixed: at baseline, participants (n = 7) prioritized affordability, while (n = 5) valued more quality, 
taste, or ethics over cost. Post-intervention, (n = 4) reassessed price as secondary to sustainability, with (n = 2) recognizing 
that intervention strategies (e.g., seasonal eating and reduction of food waste) aided this change.

Habit strength was described at baseline by participants (n = 9) as automatic, low-awareness behaviors, with food 
choices often made without conscious consideration and with little attention to nutritional or sustainability aspects. Post- 
intervention, all (n = 12) reported increased conscious attention to diet and more routinely engaging in new sustainable 

Fig 4.  Within-person, group-level, network of the motivational determinants and sustainable diets. Note. SE = Self-efficacy; Env = environmental 
motives; blue lines indicate significant positive covariations.

https://doi.org/10.1371/journal.pdig.0001113.g004
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behaviors such as consuming more vegetables, reducing meat consumption, or planning meals to minimize food waste. 
Self-monitoring (e.g., dietary and motivational questionnaires), informational messages, and personalized feedback ses-
sions were identified as key facilitators of these changes. However, participants generally described these behaviors as 
not yet fully automatic, indicating early stages of routinization, with some still requiring conscious planning. At follow-up, 
participants (n = 6) maintained changes, (n = 2) adopted additional ones after the intervention period (e.g., reducing meat 
intake on weekdays or cooking simple sustainable meals at home), and (n = 5) partially returned to some prior habits, par-
ticularly regarding more effortful changes (e.g., reduced legume intake, since their family dislike and the effort of cooking 
two different meals; eating more cookies again because it was difficult to maintain reduction).

Regarding self-efficacy at baseline, participants (n = 6) reported an intention to change but lacked the practical means 
or know-how, such as specific cooking techniques (e.g., legume preparation), food substitution strategies, and meal plan-
ning skills. Post-intervention, (n = 8) mentioned the important role of applying practical tips (e.g., simple recipes, incremen-
tal change strategies), (n = 7) reported increased confidence in making dietary changes, and (n = 2) highlighted the value of 
the autonomy-supportive nature of the feedback sessions. All (n = 12) reported a perceived increase in knowledge related 
to sustainable eating and dietary change.

For detailed illustrative quotes and domain-specific results, see Table 3. Counts by timepoint to reinforce the longitudi-
nal qualitative arc is presented in S7 Table, and individual-level coding by theme and timepoint is provided in S8 Table.

3.5  Mixed methods result at the group and individual levels

At the group level, quantitative and qualitative data integration revealed both convergent and divergent motivational pat-
terns. Environmental, ethical, price-related motives, and habit strength showed concordance, with both data strands indicat-
ing strengthened motivation and engagement in sustainable behaviors (e.g., buying local and seasonal produce, reducing 
packaging, minimizing food waste). For health motives, qualitative findings described health as a primary and persistent 
driver of change, while quantitative scores showed no significant variation, indicating discordance between perceived and 
measured change. Self-efficacy also displayed discordance, with qualitative reports describing increases in confidence and 
autonomy despite no quantitative change. A side-by-side joint display at the group level is presented in S7 Table.

At the individual level, integration revealed heterogeneous trajectories combining concordance, expansion, and discor-
dance. Concordance was observed in participants whose quantitative improvements aligned with their qualitative reports 
of behavioral and motivational change. For example, participant ID02 showed increases in diet score, environmental 
motivation, and habit strength, while qualitatively describing a holistic shift in food choices emphasizing greater planning, 
seasonality and local purchasing, and the integration of new habits into daily routines.

Expansion was illustrated by ID05, who presented quantitative increases in health- and ethics-related motives, habit 
strength, and self-efficacy, supported by qualitative accounts of learning about health and sustainability, integrating 
changes into daily life, and gaining confidence in maintaining these behaviors while reflecting on broader food system 
issues. ID10, excluded from individual-level quantitative analysis due to insufficient data, also demonstrated expansion, 
with qualitative data revealing meaningful behavioral and motivational changes that developed gradually post-intervention. 
This participant reported adopting more sustainable practices, such as reducing meat consumption on weekdays and min-
imizing food waste, driven primarily by environmental and ethical concerns about worker conditions. These shifts occurred 
post-intervention, with the participant recognizing his need for time to process the intervention content, illustrating pro-
cesses that extend beyond predefined measurement points.

Discordance was observed in some cases. For example, ID06 showed no significant changes on any quantitative mea-
sures, but reported perceived changes in eating behaviors and motivations qualitatively, such as reducing ultra-processed 
foods and dairy, increasing fruit and legume intake, and expressing stronger ethical concerns. These perceived changes 
may have been too specific or gradual to substantially influence the overall diet score or may reflect a stronger subjective 
perception of change than what was captured quantitatively.
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Table 3.  Summary of the qualitative findings for each motivational determinant.

Domains Main findings Examples of comments

Health Pre: Health as one of several motives (n = 11); 
sole motive (n = 1).
Post: Health benefits – digestion, energy, 
mental well-being (n = 4); negative effects – 
gastrointestinal discomfort (n = 1), increased 
guilt (n = 1).

ID01, baseline: “I enrolled to see how to eat healthy […] I also thought that it might help me 
see if I’m eating well or not, and how I should adjust it if needed or if there’s something I’m 
missing.”

ID02, follow-up: “I feel lighter, more agile, and more energetic. […] I feel better – no guilt 
weighting me down. I feel freer from that burden of conscience, though also the more I 
learn about nutrition, more self-imposed pressure I feel. But overall, I feel good knowing I’m 
moving in the right direction”

ID06, post-intervention: “Over the past few months I’ve been doing this, and I feel better 
physically. But I’m not sure if it’s because of the study. I’m also doing a lot of exercise. I 
try to eat well, and I’m eating less junk food. I also eat out less. What’s clear to me is that 
cutting down on ultra-processed foods has made a difference. I’ve noticed that, and I think 
it’s also because of the study.”

ID11, post-intervention: “Acid reflux, right? I think it started when I began eating more 
legumes. That’s when these problems began.”

Environ-
ment

Pre: Motive present (n = 11); dismissed rele-
vance (n = 1); main driver (n = 1).
Post: Increase in motivation (n = 3), holistic 
shift in perspective (n = 2).

ID12, baseline: “I want to change my diet, make it healthier, and if that also helps the envi-
ronment, even better”.

ID02, post-intervention: “The main reason has been a mix of several factors, with health 
at the core, but more than anything, the environmental and sustainability aspect. And, in a 
way, the holistic perspective I’d say I have about life and our… Well, going a bit deeper, but 
let’s say our relationship with nature in general.”

ID09, post-intervention: “You made me aware of the impact of how cows are raised and all 
that, which applies to red meat too, of course. Well, and the low impact of legumes. […], 
that has also helped me see the real impact of sustainability, which has helped me make 
change”.

ID10, follow-up: “I feel like I’ve learned to shop better, buy less, and buy more just for what 
I’ll eat today and tomorrow. And I feel like I waste less food now, or that I plan better.”

Ethical Pre: Motive present (n = 3).
Post: Increased importance (n = 5), greater 
attention to labor conditions (n = 4; one 
switched to a delivery service prioritizing the 
riders’ well-being), fair-trade products (n = 2; 
switched to fair-trade coffee), animal welfare 
(n = 2; switch to free-range eggs). N = 4 partic-
ipants acknowledged the relevance of ethical 
concerns, but made no behavior change in 
that direction.

ID05, post-intervention: “I’ve gained a much deeper dimension: considering labor condi-
tions, origins, and not just where things come from, but also the mental aspect of being 
aware of our food’s journey.”

ID03, post-intervention: “I always buy category 1 eggs, and I managed to get them in the 
fruit seller in my neighborhood, who sells them in bulk, to switch from category 3 to 1.”
ID12, post-intervention: “I had no idea sustainable food also meant caring for workers 
throughout the supply chain. I thought it was just about the environment; I didn’t consider 
the people.”

ID08, follow-up: “Since I took part in the study, I really try to pay much more attention. […] I 
make an effort to buy from local markets, even if it means splitting up my shopping instead 
of doing it all at once.”

Price Pre: Prioritized affordability (n = 7), prioritized 
quality/taste/ethics (n = 5).
Post: Price less important (n = 4), change 
attributed to strategies (n = 2).

ID11, baseline: “The salary we earn, sometimes isn’t enough to buy things that are organic, 
that are sustainable, because in the end they tend to cost more for that same reason – 
they reflect fair pricing.”

ID08, post-intervention: “We don’t focus so much on the price of food, but more on the 
quality, because it is a value that is included in the price. Something very cheap, highly 
processed, will always have less quality than something fresh, something local.”

ID02, post-intervention: “I used to think sustainable options were way more expensive, but 
that’s been proven wrong. […] Eating seasonal products, it’s something I’d never consid-
ered before, but it turns out to be beneficial in so many ways.

(Continued)
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Overall, individual-level integration showed three cases of concordance, six of expansion, and three of discordance, 
illustrating variability in motivational and behavioral change trajectories. Detailed individual level integrated results are 
available in S9 Table.

4.  Discussion

This mixed methods study examined longitudinal changes in motivational and psychological determinants over a-year-
long pilot blended digital intervention aimed at promoting sustainable diets. Quantitative results at the group level revealed 
significant increases in diet scores, environmental and ethical motives, and habit strength, while health motives and 
self-efficacy remained unchanged, and price-related motives significantly decreased. Although no covariations were found 
between motivational determinants and diet composition, network analysis revealed significant covariations between 
motivational determinants, with environmental motives and habits emerging as the most connected and central nodes. 
The qualitative results deepened these findings by revealing growing attention to environmental and ethical aspects of 
diet during the intervention, while also identifying persistent barriers regarding affordability, social influences, and time 
constraints. As a pilot study, these findings are intended primarily to provide preliminary insights on feasibility and potential 

Domains Main findings Examples of comments

Habit 
Strength

Pre: Automatic, low-awareness choices 
(n = 9).
Post: Increased conscious attention to diet 
and new sustainable behaviors (n = 12).
Follow-up: Maintained changes (n = 6), 
adopted new ones (n = 2), partial return 
(n = 5).

ID12, baseline: “I buy whatever is cheaper or what I feel like. I’m not really aware of how 
it’s made or where it comes from.”

ID08, post-intervention: “The fact of having continuity, of reporting and thinking every 
day – what did I do today? What did I eat? What can I do tomorrow? How can I be better 
tomorrow? That continuity also helps”

ID02, follow-up: “I’ve internalized it much more […] I try to incorporate it into my rou-
tine so it’s not a moment of stopping and reflecting – it becomes automatic, but already 
premeditated.”

ID10, follow-up: “I started cutting meat on weekdays about a month after the intervention 
ended. I think something from the study stayed with me - it took time, but the idea stuck.”

ID09, follow-up: “I found substitutes in my daily life and adopted them routinely. I’ve basi-
cally kept it up every day.”

Self- 
efficacy

Pre: Intended to change but lacked tools 
(n = 6).
Post: Increased confidence (n = 7) applied 
practical strategies (n = 8), valued autonomy- 
supportive feedback (n = 2). Increased knowl-
edge (n = 12).

ID05, post-intervention: “I think the study gave me both the tools in terms of knowledge and 
the push to say, “Come on, let’s change this pattern toward healthier and more sustainable 
eating.”

ID09, post-intervention: “First it was red meat, then dairy, then legumes... it progressed little 
by little, through the feedback sessions, the app, and resolving doubts with you. »

ID01, post-intervention: “I prefer this over having a nutritionist who plans your diet or even 
makes your menu, because I see that as more intrusive. Here, it’s more about the freedom 
to eat what you want, but you’re helping me with ideas.”

ID03, follow-up: “I surprised myself because at first, I didn’t have much confidence. I 
thought, “Damn, someone as aware as me who can’t make these changes - it must be 
impossible.” But breaking it down, I saw that it was actually easier.”

ID05, follow-up: “I had wanted to do this for a long time, but I didn’t know how to start. The 
study was the catalyst. »

Table 3. Main findings and examples of comments from each motivational determinant.

https://doi.org/10.1371/journal.pdig.0001113.t003

Table 3.  (Continued)
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effects of this intervention, rather than definitive, generalizable conclusions. Still, this study provides particularly novel 
results on year-long, intensive longitudinal changes—data that are especially scarce in the domain of sustainable diet 
research.

Health motives were high at baseline and showed no significant change over time, suggesting a ceiling effect whereby 
participants’ health motives were maximal or near maximal at baseline, limiting potential for further improvement. The 
observed stability, rather than reduction, suggests that the intervention appeared to complement these pre-existing health 
motives without replacing them or diminishing their importance in food choices. The qualitative results confirmed health as 
a central reason for diet change, often alongside other motives, consistent with previous evidence indicating that health 
remains a primary concern in sustainable diet research and in consumers’ and health professionals’ conceptualization 
of what a sustainable diet is [42,69,70]. Quantitative increases were observed in diet scores, environmental and ethical 
motives, suggesting a gradual adoption of more sustainable dietary patterns alongside a broadening of motivational driv-
ers beyond personal health. This pattern aligns with studies showing that targeted information or reflective opportunities 
on the broader consequences of dietary choices can increase the salience of underrecognized motives such as animal 
welfare, fair labor, and ecological concerns [71–74]. While health, taste and price remain primary motivators for most con-
sumers [28], sustainability concerns can also contribute to incremental dietary changes [29,71].

Price-related motives significantly decreased over time, likely reflecting a reframing of cost as one among several 
decision-making criteria. Participants reported realizing that a healthy and sustainable diet could be less expensive than 
initially perceived, particularly when applying cost-mitigation strategies such as seasonal eating, buying in bulk, and better 
planning to reduce food waste – approaches promoted via messages and feedback sessions. These findings are in accor-
dance with prior research indicating that price concerns may be reduced when sustainable behaviors demonstrate eco-
nomic viability [44,75]. At the same time, qualitative interviews revealed that cost remained a barrier for some participants, 
indicating that these concerns were not uniformly experienced. The persistence of cost-related challenges for certain 
individuals highlights the need for structural interventions alongside individual behavioral change efforts to further improve 
access to sustainable diets.

Habit strength increased significantly over time, likely due to the intervention’s high-frequency engagement (through 
dietary and motivational questionnaires, messages, and regular feedback), as well as its longitudinal nature. Although this 
likely contributed to habit formation through self-monitoring, we interpret these changes as the early stages of routinization 
rather than complete behavioral automaticity, given the study’s 12-month duration and the complex nature of sustainable 
eating [40,41]. Network analysis identified habit strength as a central node, covarying with environmental motives and 
self-efficacy. This is consistent with dual-process models where deliberative and automatic processes interact to support 
sustained behavior [40,57,76]. The qualitative results echo these findings: participants described a shift from low- 
awareness routines to more intentional practices and new forms of routinization for the new behaviors. For example, 
one participant reported an internal conflict leading to emotional discomfort (i.e., feeling guilty when choosing convenient 
processed foods despite valuing sustainability and health). This internal tension motivated changes, aligning with prior 
literature indicating that this mismatch can often catalyze dietary change [25].

Self-efficacy did not show significant changes in the quantitative analyses. However, qualitative interviews revealed that 
participants experienced increased confidence. Participants valued autonomy-supportive guidance and actionable tips, 
both of which are known to enhance self-efficacy and promote long-term adherence in behavioral interventions [51]. This 
discrepancy between the quantitative and qualitative results might be attributed to the use of a single-item measure, or to 
the social desirability bias, as interviews often elicit more optimistic self-reports compared to the private, real-time assess-
ments that capture the daily challenges of behavior change. Future studies should incorporate more comprehensive 
measures of self-efficacy.

Throughout the intervention, participants increasingly linked health, environmental, and ethical considerations within 
a multidimensional motivational framework. Rather than citing a single dominant motive, most participants described a 
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dynamic mix of motives guiding their choices – a pattern that aligns with broader consumer research on co-occurring values 
such as well-being, social responsibility, and ecological concerns [77,78]. Similar patterns of multidimensional motives have 
been described cross-sectionally [26,27] but are rarely examined longitudinally. By addressing multiple motives and behav-
iors simultaneously, and by emphasizing synergies (e.g., sustainable eating as both healthy and ethical), our intervention 
likely contributed to broadening and deepening participants’ motivational perspectives beyond what is typically captured 
in single-focus designs [79,80]. This is further supported by the within-person network analysis, which identified significant 
covariations between motivational variables. However, the absence of covariations between motivational determinants and 
diet contrasts with the qualitative results, where participants frequently reported increases in knowledge and awareness, 
practical tools, and self-efficacy as important conditions in enabling dietary changes. This discrepancy may be explained by 
the fact that network analyses, as specified here, captured overall covariation across the full study period, whereas the qual-
itative interviews reflected changes occurring between baseline, post-intervention and follow-up [81,82]. Performing these 
network analyses separately for each study phase (baseline, intervention, and follow-up) was not feasible due to the limited 
statistical power afforded by our small sample and intensive longitudinal design, which constrained phase-specific inference.

For clinical practice, our findings suggest that practitioners should broaden dietary counseling beyond traditional 
health-centric advice to include environmental and ethical dimensions, as these motives can become important anchors 
for long-term behavioral maintenance. This aligns with emerging frameworks such as the updated sustainable Mediter-
ranean Diet pyramid and reflects trends observed in broader European contexts where environmental sustainability is 
increasingly being integrated into national food-based dietary guidelines and health-promotion policies [83,84]. Addition-
ally, the high individual variability observed in the motivational trajectories highlights the potential value of digital tools that 
allow for personalized, real-time monitoring to address individual fluctuations throughout the behavior change process.

4.1  Strengths and limitations

A strength of this study lies in the longitudinal collection of both quantitative and qualitative data, which allowed us a 
comprehensive understanding of the impact of the intervention on behavior change and related motivational factors over a 
whole year. The mixed methods design added depth by integrating quantitative trajectories with qualitative insights, offer-
ing a more complete account of how changes occurred and how participants experienced them. Brief, continuous assess-
ments implemented through the app, together with qualitative interviews conducted across three time points, provided a 
high-resolution and dynamic view of the changes in dietary consumption and motivation. This approach yields additional 
advantages, especially when compared to studies using more traditional, lower-resolution designs (e.g., cross-sectional 
studies or pre- and post- intervention). Our broad characterization of sustainable diets beyond the consumption of specific 
food groups (e.g., red meat) is also a strength.

This study has also several limitations. First, the recruitment strategy likely resulted in a relatively homogenous sample, 
which, together with the small sample size, limited the generalizability of the results to a broader population. While sufficient 
for the study’s idiographic aims, this small sample precludes robust group-level inferences [85,86]. Future studies should 
allocate more resources to recruitment strategies to include more diverse populations (e.g., individuals from lower socio- 
economic backgrounds). Further, we deliberately excluded participants already adhering to sustainable diets to focus on 
individuals with room for improvement, allowing us to observe meaningful changes in motivation and behavior. While this 
enhances the study’s ability to capture change processes, findings may not generalize to those already adhering to sustain-
able eating. Second, to minimize participants’ burden, we used short-custom items to measure motivational determinants 
longitudinally. However, longer questionnaires could have provided a more detailed understanding of the changes occurring 
during the study. We also acknowledge that single-item measures have limitations, including potential ceiling effects, reduced 
internal consistency, and lower reliability compared with multi-item scales. Third, the unique specificities of our design 
(intensive longitudinal design with a small number of participants) prevented us from testing formal mediation hypotheses, 
where a change in psychological constructs would explain a subsequent change in diet. Such mediations, however, should 
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be conducted in future similar studies to identify formal mechanisms of change. Fourth, while we integrated quantitative and 
qualitative findings using joint displays, we did not apply strict thresholds to categorize concordance, discordance, or expan-
sion due to the large scope of outcomes and the inclusion of both group- and individual-level analyses. This may introduce 
subjectivity in the interpretation of mixed-methods integration, and future work could explore formalized operational criteria 
to enhance transparency and facilitate meta-analytic syntheses for more specific questions. Finally, the intensive longitudinal 
design may have induced participant reactivity, as frequent self-monitoring required by the protocol can influence the behav-
iors and motivational factors being measured, this should be further explored in future studies.

5.  Conclusion

This mixed methods study offers unique insights into the motivational and psychological dynamics underlying dietary 
change, leveraging a year-long pilot blended digital intervention with intensive longitudinal measurements. While health 
motives remained largely stable—likely due to a ceiling effect in this health-conscious sample—participants increasingly 
integrated environmental, ethical, and cost-related considerations into their dietary choices. Habit strength also increased, 
reflecting the development of more consistent routines. Qualitative findings further illuminated the influence of barriers 
such as affordability, time constraints, and social factors.

Taken together, these results underscore the complex interplay between motivational determinants, behaviors, and 
contextual barriers, and suggest that individual-level interventions could complement broader policy efforts aimed at 
improving access to sustainable foods. Although the modest number of participants precludes broad generalizability, 
the study’s intensive longitudinal design, integration of qualitative and quantitative data, and focus on multidimensional 
motives make it a particularly valuable exploratory investigation. These findings provide a foundation for future research 
and the development of digital tools that leverage motive-profiling algorithms to accommodate diverse trajectories of 
dietary behavior change over time.
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