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Abstract
Background  Food addiction (FA) has been proposed as a behavioural phenotype linked to obesity, potentially 
influencing adherence and response to lifestyle interventions. Its role within long-term, multicomponent weight-
loss programmes remains unclear. This study evaluated the impact of an intensive lifestyle intervention based 
on an energy-reduced Mediterranean diet (MedDiet) on FA symptomatology and examined whether baseline FA 
predicts adherence and weight-loss outcomes.
Methods  A total of 448 older adults (mean age = 65.3 ± 4.6 years) with overweight/obesity and metabolic syn-
drome from the PREDIMED-Plus Cognition sub-study were randomised to an intensive intervention (IIG; 
energy-reduced MedDiet, physical activity, behavioural support) or a control group (CG; ad libitum MedDiet). 
FA (measured using the Yale Food Addiction Scale 2.0), anthropometric measures, MedDiet and physical activity 
adherence, and quality of life (QoL) were assessed at baseline, 1- and 3-years follow-up. Longitudinal changes 
were analysed using repeated-measures ANOVA. Logistic and Cox regression models evaluated predictors and 
time-to-achievement of clinically meaningful outcomes. Structural equation modelling (SEM) explored 3-year 
pathways linking anthropometric measures, MedDiet adherence, QoL, and intervention group according to FA 
status.
Results  FA severity decreased in both groups, but reductions were sustained only in the IIG, which showed lower 
FA scores than the CG at 3 years (p = 0.011). The IIG increased the likelihood of achieving clinically meaning-
ful reductions in weight and waist circumference, particularly among participants without FA at baseline (≥ 8% 
weight loss: OR = 2.87, 95%CI 1.99–4.14; ≥5% waist circumference reduction: OR = 3.01, 95%CI 2.20–4.11). 
Improvements in MedDiet adherence were markedly greater in the IIG, with effects strongest among individuals 
without FA (OR = 5.82, p < 0.001). SEM indicated that adherence mediated long-term improvements in weight, 
waist circumference, and QoL only in individuals without FA.
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Conclusions  An intensive energy-reduced MedDiet-based intervention improves FA symptoms and cardio-
metabolic outcomes. However, baseline FA appears to limit adherence and attenuates long-term benefits. FA 
may represent a clinically relevant phenotype for personalising obesity treatment and enhancing intervention 
effectiveness.
Trial registration  International Standard Randomized Controlled Trial Number (ISRCTN): 89,898,870. Registra-
tion date: 24 July 2014.

Keywords  Obesity · Metabolic syndrome · Food addiction · Weight-loss intervention · Mediterranean diet

Background

Overweight and obesity represent major global public health challenges, contributing substantially to the burden 
of non-communicable diseases, including cardiovascular disorders, diabetes, cancers, neurological and gastroen-
terological conditions [1–3]. They are also associated with a broad range of psychological and social burdens, as 
well as impairments in health-related quality of life (QoL) [4, 5].

Lifestyle interventions incorporating healthful nutrition, physical activity, and behavioural support remain the 
primary strategy for obesity management. In this context, energy-reduced Mediterranean dietary patterns have 
been associated with beneficial effects on weight loss, cardiometabolic risk, and long-term sustainability [6, 7]. 
Nevertheless, there is substantial interindividual variability in treatment response, with adherence emerging as a 
pivotal factor in weight-loss success [8]. This underscores the necessity to identify the psychological and behav-
ioural mechanisms underlying treatment outcomes.

Among these factors, the construct of food addiction (FA) has received increasing attention in recent years. 
The FA model has been proposed as a pattern of compulsive overeating similar to addictive behaviours charac-
terised by impaired cognitive control, craving, and continued consumption despite adverse consequences, par-
ticularly in environments with high availability of ultra-processed foods (UPFs) [9, 10]. Recent meta-analytic 
evidence estimated a pooled prevalence of approximately 14% across non-clinical populations, with substantially 
higher rates reported among individuals with overweight/obesity of 24% [11]. Nurobiological models suggest 
that addictive-like eating behaviour may involve alterations in mesolimbic reward circuits, with UPFs potentially 
engaging dopaminergic pathways involved in reward processing, with some parallels to mechanisms implicated 
in substance use disorders, although this remains debated. Such mechanisms may contribute to compulsive intake 
and reduced inhibitory control [12–14] .

A growing body of evidence indicates that FA is associated with higher body mass index (BMI), emotional eat-
ing, and increased psychopathological burden, including impulsivity and affective dysregulation [15, 16]. Older 
adults with obesity and metabolic syndrome who present with FA exhibit higher depressive symptomatology, 
neurocognitive deterioration, and poorer QoL than those without FA, according to a prior study done within this 
study population [17]. Although the presence of FA was associated with higher BMI and waist circumference, no 
differences were observed in other metabolic comorbidities, suggesting that its role in obesity-related complica-
tions may depend on additional factors.

Nevertheless, the role of FA in weight-loss interventions remains unclear, with findings showing considerable 
variability across studies. Recent evidence, including a systematic review and meta-analysis [18], suggest that 
FA may act as a prognostic factor for weight-loss outcomes, although the magnitude of its effect appears to vary 
across intervention types. Some studies report poorer outcomes among individuals with FA [19–21], whereas 
others indicate that comprehensive interventions incorporating behavioural or psychological components may 
reduce FA symptoms and attenuate its impact on outcomes [22]. These discrepancies highlight the need for fur-
ther investigation into the mechanisms linking FA to treatment response.

Importantly, FA may represent a potentially modifiable phenotype in obesity. Understanding its role in adher-
ence and weight-loss success could support the development of more tailored interventions, potentially improving 
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cardiometabolic outcomes and QoL beyond standard lifestyle programmes. While bariatric surgery has been 
associated with significant reductions in FA symptoms [23], evidence from lifestyle intervention remains limited, 
particularly in older non-clinical populations and within comprehensive, real-world programmes.

Taking all this into account, the present study aimed to evaluate the effects of a psychosocial lifestyle weight-
loss intervention programme with energy-reduced MedDiet and physical activity on the presence and severity of 
FA symptoms; and to test a mediational model examining whether baseline FA predicts intervention adherence 
and weight-loss outcomes. We hypothesised that participants in the intensive intervention group will exhibit 
greater reductions in FA symptomatology compared to controls, and that baseline FA would be associated with 
lower adherence and poorer weight-loss outcomes.

Methods

Study design and participants

This study was conducted within the framework of the PREDIMED-Plus Cognition project, sub-study of the 
PREDIMED-Plus trial, a large-scale, multicentre, randomised, parallel-group clinical trial including 6874 partici-
pants recruited across 23 centres in Spain. The design, rationale, and methodology of the parent trial have been 
described in detail elsewhere [24, 25]. Briefly, the PREDIMED-Plus trial was designed to evaluate the long-term 
effects of an intensive lifestyle intervention based on an energy-reduced MedDiet, physical activity promotion, 
and behavioural support on cardiovascular disease prevention, weight loss, and metabolic outcomes.

Eligible participants were community-dwelling adults at high cardiovascular risk, specifically men aged 55–75 
years and women aged 60–75 years, with overweight or obesity ([BMI] ≥ 27 and < 40 kg/m²), and meeting at 
least three criteria for metabolic syndrome according to the harmonized criteria of the International Diabetes 
Federation and the American Heart Association and National Heart, Lung and Blood Institute (including elevated 
waist circumference, hyperglycaemia, hypertension, hypertriglyceridemia, and low HDL cholesterol levels) [26]. 
Exclusion criteria included prior cardiovascular disease (e.g., myocardial infarction, stroke, or revascularization 
procedures), severe chronic illness, active malignancy, severe psychiatric or cognitive disorders, institutionaliza-
tion, substance abuse, inability to provide informed consent, or any condition limiting adherence to dietary or 
physical activity recommendations.

Participants were recruited through primary care centres using population registries and medical records, and 
were invited via telephone contact, informational sessions, or referral by healthcare professionals. Eligibility was 
confirmed during a screening visit.

The initial sample of eligible participants comprised n = 487 individuals. The present analysis was conducted 
on the subsample with complete baseline data (n = 448). No significant differences were observed between 
included and excluded participants in group allocation (CG vs. IIT; p = 0.552), sex (p = 0.117), age (p = 0.805), or 
BMI (p = 0.788). At the 3-year follow-up, data were available for n = 434 participants, corresponding to an attri-
tion rate of 3.1%. No significant differences were observed between completers and dropouts in group allocation 
(p = 0.798), sex (p = 0.165), age (p = 0.215), or BMI (p = 0.785). The participants’ flowchart is provided in the 
Figure S1, additional file 1: Fig.S1.

The present analysis includes a subsample of participants recruited from four centres (Hospital del Mar Medical 
Research Institute, Bellvitge University Hospital, Universitat Rovira i Virgili, and Universitat de València) par-
ticipating in the PREDIMED-Plus Cognition 3-year sub-study. Assessments were conducted at baseline, 1-year, 
and 3-year follow-up visits, allowing for the evaluation of both short-term and longer-term effects of the inter-
vention. The subsample was comparable to the overall PREDIMED-plus cohort in key baseline characteristics.
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Randomisation and intervention

Participants were randomised in the parent trial using a centralised, computer-generated allocation sequence, 
stratified by recruiting centre, sex, and age group. Allocation concealment was ensured using a secure web-based 
system.

Intensive intervention group (IIG)

Participants assigned to the IIG received an intensive, multicomponent lifestyle intervention aimed at achiev-
ing weight loss and improving cardiometabolic health. The intensive intervention included: (i) Energy-reduced 
Mediterranean diet (MedDiet): an individualized hypocaloric diet with an estimated energy deficit of 500–750 
Kcal/day, based on Mediterranean dietary principles. Recommendations emphasised high consumption of plant-
based foods, preferential use of extra virgin olive oil, moderate intake of fish, and reduced consumption of 
red and processed meats, refined grains, sugary beverages, and ultra-processed foods. Personalized meal plans 
and educational materials were provided by trained dietitians, taking into account baseline dietary habits, cul-
tural preferences, and metabolic needs. Participants received detailed dietary guidance, recipes, shopping lists, 
and behavioural strategies to facilitate adherence. (ii) Physical activity promotion: participants were encour-
aged to progressively increase their physical activity levels, with the goal of achieving at least 150–200 min/
week of moderate-to-vigorous physical activity, including aerobic and muscle-strengthening activities, and to 
reduce sedentary behaviour. Physical activity goals were individualized and monitored through self-reports and, 
where available, objective tools such as pedometers or accelerometers. (iii) Behavioural support: A structured 
behavioural intervention was delivered through a combination of individual and group sessions led by trained 
health professionals (dietitians, psychologists, and nurses). These sessions incorporated evidence-based behav-
ioural change techniques, including: motivational interviewing, goal setting, self-monitoring (e.g., dietary logs, 
physical activity tracking), problem-solving, cognitive restructuring, and relapse prevention strategies. Although 
behavioural strategies were delivered to support dietary and lifestyle change, no intervention components were 
specifically designed to address FA or addictive-like eating behaviours. Participants attended frequent group and 
individual meetings. During the first year of the follow-up period, they were monitored on three occasions per 
month via individual motivational interviews, telephone consultation and group sessions, resulting in 36 contacts 
per year. Subsequently, the participants received monthly group sessions, individual sessions every three months, 
and two phone calls every three months, resulting in 24 contacts per year.

To enhance adherence, participants in the IIG were provided free supplies of extra virgin olive oil, reinforcing 
key components of the Mediterranean dietary pattern.

Control group (CG)

Participants assigned to the CG received an active comparator intervention consisting of general advice to fol-
low a traditional MedDiet without energy restriction, consistent with the original PREDIMED trial [27]. This 
included general advice to follow a Mediterranean dietary pattern, educational materials (printed and/or digital), 
periodic group sessions promoting healthy eating habits, no specific caloric restriction or structured weight-
loss goals. Recommendations were delivered by trained health professionals involved in the PREDIMED-Plus 
programme, primarily dietitians and nursing staff, through one individual visit and one group session every six 
months, resulting in two contacts per year. Participants also received general healthy lifestyle recommendations, 
including advice to remain physically active and maintain healthy eating habits, without the structured behav-
ioural support, specific caloric restriction or weight-loss goals provided in the intervention arm.

As in the IIG, participants were provided with extra virgin olive oil. Therefore, the control group repre-
sents an active, evidence-based comparator rather than a no-treatment condition. While both groups received 
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Mediterranean diet counselling and lifestyle recommendations, only the IIG received an energy-restricted dietary 
prescription, intensive behavioural support, and a structured physical activity programme.

Psychometric and behavioural measures

The assessment of FA was conducted using the Spanish-validated version of the Yale Food Addiction Scale 2.0 
(YFAS 2.0) [28, 29], a 35-item self-report questionnaire designed to operationalise addictive-like eating behav-
iour in accordance with the criteria for substance use disorders as defined in 5th edition of the Diagnostic and 
Statistical Manual of Mental Disorders (DSM-5), with adaptations made to align with food consumption. The 
YFAS 2.0 is based on an eight-level Likert scale that ranges from 0 = never to 7 = every day. The present study 
employs two approaches that are derived from the scale. Firstly, a symptom count score ranging from 0 to 11 is 
employed, with higher scores indicating greater severity of addictive-like eating behaviour. Secondly, a diagnos-
tic classification (binary outcome: presence or absence of FA) is based on the presence of clinically significant 
impairment or distress in addition to symptom criteria. The instrument has demonstrated good psychometric 
properties in Spanish populations, including high internal consistency, convergent validity with related constructs 
(e.g., emotional eating, binge eating), and sensitivity to change. In the present sample, internal consistency was 
high (Cronbach’s α = 0.914).

Health-related QoL was assessed using the Short Form-36 Health Survey (SF-36) [30], a widely used instru-
ment consisting of 36 items grouped into eight domains: physical functioning, role limitations due to physical 
health, bodily pain, general health perceptions, vitality, social functioning, role limitations due to emotional prob-
lems, mental health. Scores for each domain are transformed to a 0–100 scale, with higher scores indicating better 
perceived health status. Physical and mental component summary scores can also be derived. The SF-36 has been 
extensively validated in Spanish populations and demonstrates high reliability and validity. In the present study, 
internal consistency was high (Cronbach’s α = 0.933).

Leisure-time physical activity was assessed using the validated Minnesota-REGICOR leisure-time physical 
activity questionnaire, which captures the frequency, duration, and intensity of a wide range of leisure-time and 
daily activities. Total physical activity was estimated as metabolic equivalent task minutes per week (MET-min/
week), computed by weighting each activity by its estimated energy expenditure. This measure has been previ-
ously validated and widely used in epidemiological studies within Spanish populations [31].

Adherence to the intervention

Adherence to the MedDiet intervention was assessed using the 17-item MedDiet Adherence Screener (er-
MEDAS), a questionnaire specifically developed and validated within the PREDIMED-Plus framework [32] and 
used to guide dietary recommendations. The questionnaire evaluates compliance with key aspects of the Med-
Diet. Each item is scored dichotomously (0 or 1), yielding a total score ranging from 0 to 17, with higher scores 
indicating greater adherence. For descriptive and analytical purposes, adherence levels can be categorized as: low 
adherence (0–7 points), moderate adherence (8–10 points), high adherence (11–17 points).

Anthropometric and clinical outcomes

Anthropometric measurements were obtained by trained personnel following standardized operating procedures 
to ensure reliability and reproducibility across centres.

Body weight was measured using calibrated electronic scales, with participants wearing light clothing and 
no shoes. Height was measured using a wall-mounted stadiometer. BMI was calculated as weight in kilograms 
divided by height in meters squared (Kg/m²). Waist circumference was measured at the midpoint between the 
lowest rib and the iliac crest using a non-elastic tape. All measurements were performed in duplicate, and the 
average value was used for analyses.
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Therapeutic success was operationalised on the basis of clinically meaningful changes in anthropometric 
parameters, as established by protocol at the beginning of the study in accordance with the predefined objec-
tives of the PREDIMED-Plus trial. The weight-loss objectives were specifically defined as follows: to achieve 
an average weight loss reduction of ≥ 8% in baseline body weight, a waist circumference decrease of ≥ 5% from 
baseline, and a final objective of a between group average absolute difference in weight loss and waist circumfer-
ence reduction of over 5% [25].

Other variables

Additional clinical and sociodemographic data were collected at baseline using structured questionnaires admin-
istered by trained staff. Sociodemographic variables included age (continuous variable, recorded in years), sex 
(binary, with values male and female), educational level (categorical, with values: primary, secondary or uni-
versity), marital status (categorical, with values: single, married/cohabiting, separated/divorced, or widowed), 
and employment status (categorical, with values: employed, homemaker, retired, unemployed with income, or 
unemployed without income).

Statistical analysis

All statistical analyses were conducted using Stata version 19.0 for Windows. Baseline comparability between the 
IIG and CG was assessed using chi square (χ2) tests for categorical variables and analysis of variance (ANOVA) 
for quantitative variables.

Changes over time in FA severity, assessed using the YFAS-2 total score, as well as changes in body weight, 
waist circumference, adherence to the MedDiet, leisure-time physical activity, and health-related QoL, were 
examined using repeated-measures ANOVA. Time (baseline, 1-year, and 3-year follow-up) was included as a 
within-subjects factor, while intervention group (control vs. experimental) and baseline FA status were included 
as between-subjects factors. All models were adjusted for sex, age, and baseline BMI. Post hoc pairwise compari-
sons were conducted to examine within- and between-group differences over time.

To identify predictors of clinically meaningful treatment outcomes, a series of logistic regression models 
were fitted. The primary outcomes were defined as: (a) achieving a ≥ 8% reduction in body weight; (b) achieving 
a ≥ 5% reduction in waist circumference; (c) achieving a simultaneous ≥ 5% reduction in both body weight and 
waist circumference; (d) high adherence to the MedDiet; and (e) improvements in selected dimensions of health-
related QoL. Each model included intervention group, baseline FA status, and their interaction (group × FA) as 
independent variables, and was adjusted for sex, age, and baseline BMI.

To evaluate the rate of achieving clinically meaningful reductions in weight and waist circumference, Cox pro-
portional hazards regression models were used. This approach, commonly employed in time-to-event (survival) 
analysis, estimates the hazard (i.e., the instantaneous probability) of achieving a given outcome over time while 
accounting for differences in follow-up duration and censoring. Time was defined as the duration from baseline to 
the first observation meeting the predefined reduction criteria. All models included intervention group, FA status, 
and their interaction (group × FA), and were adjusted for sex, age, and baseline BMI.

To explore the longitudinal relationships between anthropometric variables, dietary adherence, QoL, and 
intervention allocation, path analysis was performed within a structural equation modelling (SEM) framework. 
Separate models were estimated for participants with and without FA at baseline. The models included baseline 
measures of weight, waist circumference, and QoL, as well as adherence to the MedDiet as a potential mediating 
variable, and the corresponding outcomes measured at the 3-year follow-up. The SEM analyses were adjusted for 
sex, age, and baseline BMI. Models were estimated using maximum likelihood procedures, and only statistically 
significant paths were retained in the final models. Model fit was evaluated using standard indices, including the 
χ² test, root mean square error of approximation (RMSEA), comparative fit index (CFI), Tucker–Lewis index 
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(TLI), and standardized root mean square residual (SRMR). Adequate model fit was defined as non-significant 
result in the χ² test (p > 0.05), RMSEA ≤ 0.08, CFI and TLI ≥ 0.90, and SRMR ≤ 0.10.

This study included 14 couples, resulting in a nested data structure where observations elements are clustered 
within higher-level units. However, hierarchical-multilevel modelling was not conducted because the number of 
clusters was very small, which can lead to unreliable estimates of higher-level variance components [33].

Missing data were handled following widely used procedures for intention-to-treat (ITT) analyses. Specifically, 
when data for a given time point were missing, the value from the preceding assessment was carried forward. For 
participants who permanently dropped out, the last available observation was retained for all subsequent time 
points (last observation carried forward, LOCF).

Results

Descriptive characteristics at baseline

Table 1 displays the distribution of the sociodemographic variables and weight status at baseline. Overall, the 
sample showed a relatively even sex distribution, with a slight predominance of women. Participants were pre-
dominantly of European origin, and most were married. In terms of educational level, over half of the sample 
had primary education, followed by secondary education, while a smaller proportion had completed university 
studies. Regarding employment status, the majority of participants were retired (smaller proportions were unem-
ployed or engaged in domestic work). In terms of weight status, nearly half of the participants were classified as 
having class I obesity, with the remainder distributed between overweight and class II obesity categories. Mean 
age was around 65 years old. Based on the YFAS 2.0 classification, 26 participants (5.8%) met the criteria for FA, 
whereas 422 participants (94.2%) were classified as not meeting the criteria.

No statistically significant differences were observed between the IIG and CG for any of these baseline vari-
ables, suggesting that the randomization procedure was successful in generating comparable and well-balanced 
groups at baseline prior to the intervention.

Evolution of the FA severity

Table 2 presents the results of a repeated-measures ANOVA with three assessment points (baseline, 1-year fol-
low-up, and 3-year follow-up), one between-subject factor (IIG vs. CG), and three adjustment covariates (sex, 
age, and baseline BMI) (see also Fig. 1). The outcome variable corresponds to the YFAS 2.0 total score, which 
reflects the severity of FA symptoms. Within-group comparisons showed a statistically significant reduction in 
FA severity from baseline to 1-year and from baseline to 3-year follow-up in both intervention groups. In the IIG, 
an additional significant decrease was observed between the 1-year and 3-year assessments, whereas this change 
was not significant in the CG. Between-group comparisons indicated no significant differences at baseline or at 
the 1-year follow-up. However, at the 3-year follow-up, FA severity was significantly lower in the IIG compared 
to the CG.

Inspection of the mean trajectories over time revealed distinct patterns (trends) across groups (dash lines in 
Fig. 1). In the CG, the evolution followed a quadratic trend, characterised by an initial decrease from baseline to 
1-year followed by a slight increase at 3-year follow-up. In contrast, the IIG showed a more linear pattern, with 
a progressive decrease over time. These patterns are consistent with the pairwise comparisons, which revealed 
significant differences between baseline and both follow-up assessments (1 year and 3 years) in the CG, whereas 
no significant differences were observed between the 1-year and 3-year follow-ups. This suggests that FA sever-
ity improved between baseline and the 1-year follow-up and then remained relatively stable through the 3-year 
follow-up.
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Table 1  General characteristics of the PREDIMED-Plus Cognition participants at baseline
Total sample
(n = 448)

CG
(n = 229)

IIG
(n = 219)

n % n % n % χ2 df p1

Sex
    Male 217 48.4% 109 47.6% 108 49.3% 0.13 1 0.716
    Female 231 51.6% 120 52.4% 111 50.7%
Origin
    Europe 440 98.2% 224 97.8% 216 98.6% 0.42 1 0.516
    South-America 8 1.8% 5 2.2% 3 1.4%
Marital status
    Single 17 3.8% 7 3.1% 10 4.6% 4.03 3 0.258
     Married 351 78.3% 187 81.7% 164 74.9%
    Divorced-separated 30 6.7% 11 4.8% 19 8.7%
    Widowed 50 11.2% 24 10.5% 26 11.9%
Education level
    University (high) 42 9.4% 24 10.5% 18 8.2% 1.98 3 0.576
  University (grade) 37 8.3% 22 9.6% 15 6.8%
   Secondary 129 28.8% 64 27.9% 65 29.7%
   Primary 240 53.6% 119 52.0% 121 55.3%
Employment
   Unemployed 80 17.9% 39 17.0% 41 18.7% 7.80 4 0.099
   Work at home 46 10.3% 23 10.0% 23 10.5%
  Retired 288 64.3% 149 65.1% 139 63.5%
   Unemployed (incomes) 21 4.7% 15 6.6% 6 2.7%
  Unemployed (no-incomes) 13 2.9% 3 1.3% 10 4.6%
Group weight
   Over-weight 123 27.5% 59 25.8% 64 29.2% 1.16 2 0.559
   Obesity I (BMI 30–35) 218 48.7% 117 51.1% 101 46.1%
   Obesity II (BMI ≥ 35) 107 23.9% 53 23.1% 54 24.7%
Food Addiction      Positive 26 5.8% 15 6.6% 11 5.0% 0.48 1 0.625
    Negative 422 94.2% 214 93.4% 208 95.0%

Mean SD Mean SD Mean SD F df p
   Age (years-old) 65.25 4.63 65.15 4.73 65.35 4.53 0.21 1;446 0.650
Note. BMI, Body Mass Index; CG, Control Group. IIG, Intensive Intervention Group. SD: standard deviation. df: degrees of freedom. 1P-values 
based on the comparison between the intervention groups: χ2 tests (categorical variables) and ANOVA (quantitative variables)

Table 2  Evolution of the FA severity (YFAS-2 total score): results obtained in mixed ANOVA adjusted by sex, age and BMI 
at baseline

Descriptives Multivariate tests
Baseline (BS) 1-year 3-years F df p η2

Mean SD Mean SD Mean SD Time-by-Group 1.60 2;431 0.205 0.004
CG 1.85 1.39 1.57 1.16 1.62 1.13 Time 0.42 2;431 0.644 0.001
IIG 1.68 1.19 1.51 1.14 1.38 0.97 Group 3.25 1;431 0.072 0.007
Contrast Time (within CG) |MD| p η2 Time (within IIG) |MD| p η2

1-year vs. BS 0.28 0.001* 0.030 1-year vs. BS 0.17 0.034* 0.032
3-years vs. BS 0.23 0.002* 3-years vs. BS 0.30 0.001*
3-years vs. 1-year 0.05 0.422 3-years vs. 1-year 0.13 0.035*

Contrast Group (IIG - CG) |MD| p η2

At Baseline 0.173 0.143 0.005
At 1-year 0.063 0.555 0.001
At 3 years 0.246 0.011* 0.014

Note. BS, Baseline; CG, Control Group; IIG, Intensive Intervention Group. MD: mean difference. SD: standard deviation. df: degrees of free-
dom. η2: partial eta- squared. *Bold: significant comparison. Sample size: n = 434
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Evolution of weight, waist circumference, adherence to MedDiet and physical activity, and QoL

The evolution of weight, waist circumference, adherence to the MedDiet, physical activity, and QoL is summa-
rized in Table 3 and displayed in Fig. 2. Statistical significance tests were performed for all outcomes presented 
in Table 3 using repeated-measures ANOVAs analogous to those described for FA severity in Table 2. To facilitate 
presentation of the results, Table 3; Fig. 2 report adjusted means and trajectories, while the complete statistical 
results, including post-hoc pairwise comparisons, are provided in Additional File 1: Table S1. Overall, these 
results support a consistent pattern across outcomes, with more favourable trajectories in the IIG compared to the 
CG, particularly among participants without FA at baseline.

Table 3  Evolution in weight, waist, adherence and quality of life: mean and SD estimates adjusted by sex, age and BMI at 
baseline

Descriptives
Baseline 1-year 3-years
Mean SD Mean SD Mean SD

Weight CG FA− 85.18 12.89 83.07* 12.94 83.39* 13.46
FA+ 86.18 11.25 84.45 9.78 86.05 9.69

IGG FA− 86.25 13.90 80.18* 13.10 80.66* 13.45
FA+ 87.25 18.45 81.56* 18.94 83.32† 19.04

Waist CG FA− 107.60 9.57 105.79* 9.62 106.38* 9.78
FA+ 107.37 11.90 107.56 10.71 107.92 8.99

IGG FA− 108.00 10.73 100.98* 9.88 102.24*† 9.50
FA+ 107.77 10.21 102.75 12.09 103.78 11.07

Adherence MedDiet CG FA− 7.78 2.43 10.67* 2.64 10.72* 2.75
(er-MEDAS score) FA+ 7.84 2.92 10.25* 2.94 10.22* 2.78

IGG FA− 7.62 2.40 12.93* 2.59 12.71* 2.47
FA+ 7.68 2.90 12.51* 2.29 12.21* 2.21

Leisure-time physical CG FA− 2284.40 1900.15 2792.85* 2424.82 2830.08* 1900.28
activity (total energy FA+ 2981.20 3285.82 3283.97 3199.03 3248.49 2480.42
expenditure, MET ∙ min/week) IGG FA− 2408.42 2075.08 3592.26* 2738.16 3639.77* 2491.28

FA+ 3105.22 1794.90 4083.38 1412.45 4058.19 963.54
Quality of life CG FA− 78.40 15.96 77.47 16.81 78.06 15.05
SF-36 FA+ 66.04 19.04 65.07 19.47 71.42 19.26

IGG FA− 77.99 16.77 81.09* 14.39 80.37* 15.03
FA+ 65.64 17.38 68.68 13.65 73.73† 10.77

Note. CG: Control Group; IIG: Intensive Intervention Group; SD, Standard Deviation

Fig. 1  Evolution of the FA severity (YFAS-2 total score). 
Note: FA severity: mean registered in the YFAS-2 total 
score. Mean estimates obtained in mixed ANOVA adjusted 
by sex, age and BMI at baseline. Dash line: polynomial qua-
dratic trend within the control group, and lineal trend within 
the experimental group. Sample size: n = 434

 



Article in Press

BMC Medicine

https://doi.org/10.1186/s12916-026-05283-z

FA−: Food addiction negative screening group at baseline. FA+: Food addiction positive screening group at 
baseline.

*Significant change from baseline (p < 0.05). † Significant change from 1-year (p < 0.05).
Regarding anthropometric measures (labelled as weight and waist in Table 3; Fig. 2), body weight decreased 

at the 1-year follow-up across all groups, with more pronounced reductions observed in the IIG and among par-
ticipants without FA at baseline. These improvements were maintained at 3 years in those participants without FA 
at baseline, whereas participants with FA exhibited a tendency toward partial weight regain over time. Notably, 

Fig. 2  Evolution in weight, waist, adherence and quality of life. Note: CG and FA−: Control group and food addiction nega-
tive screening group. CG and FA+: Control group and food addiction positive screening group. IIG and FA−: Intensive inter-
vention group and food addiction negative screening group. IIG and FA+: Intensive intervention and food addiction positive 
screening group. Results obtained in mixed ANOVA adjusted by sex, age and baseline BMI
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participants in the IIG with FA at baseline reached mean weight values comparable to those of participants in the 
control group without FA (83.3 kg vs. 83.4 kg, respectively).

Waist circumference showed a pattern similar to that observed for body weight. Mean values decreased at 
the 1-year follow-up across all groups, with more pronounced reductions in the IIG and among participants 
with FA − at baseline. These improvements were generally maintained at 3 years, although a slight regain was 
observed.

Adherence to the MedDiet (labelled as er-MEDAS score in Table 3; Fig. 2) increased markedly from baseline 
to 1 year in both groups, with higher levels consistently observed in the IIG. These improvements were largely 
maintained at 3 years. Notably, participants in the IIG achieved higher adherence scores regardless of FA status, 
suggesting a robust intervention effect.

For leisure-time physical activity (labelled as MET min/week in Table 3; Fig. 2), all groups showed increases 
at the 1-year follow-up, which were maintained over the remaining follow-up period. These increases were more 
pronounced in the IIG. Notably, baseline levels of leisure-time physical activity were strongly associated with 
baseline FA status, with higher values observed among participants with FA at baseline. From the 1-year follow-
up onward, participants in the IIG consistently reported higher mean values compared to those in the CG.

In terms of QoL (as measured in the SF-36, as labelled in Table 3; Fig. 2), baseline differences between par-
ticipants with and without FA at baseline were evident, with lower scores observed among those with FA. The 
longitudinal trajectories suggested more favorable outcomes in the IIG than in the CG, particularly among par-
ticipants without FA at baseline.

Predictors of good outcomes after the intervention

The results of the logistic regression analyses adjusted for sex, age, and baseline BMI are presented in Table 4 
and graphically illustrated in Fig. 3. Overall, the intervention effect was consistently observed among participants 
without FA at baseline, whereas findings were weaker and more heterogeneous among those with FA.

Adherence based on the er-MEDAS score: Low: 0 to 7, mean: 8 to 10, high: 11 to 17. Quality of life based 
on the SF-36: the cut-off for considering bad versus good is based on the percentile 75 for old age populations.

For weight loss, FA− participants in the IIG were 2.97 times more likely than FA− participants in the CG to 
achieve a weight reduction of at least 8% (OR = 2.97, p < 0.001). No significant intervention effect was observed 
among participants with FA at baseline.

For waist circumference, FA− participants in the IIG were 5.91 times more likely than FA− participants in the 
CG to achieve a reduction of at least 5% (p < 0.001). In contrast, among participants in the IIG, those with FA at 
baseline were significantly less likely to achieve this outcome than those without FA (OR = 0.21, p = 0.018).

When considering the combined criterion of achieving both a ≥ 5% reduction in body weight and waist cir-
cumference, FA− participants in the IIG were 4.75 times more likely than FA− participants in the CG to meet 
this target (p < 0.001), whereas no significant differences were observed among participants with FA at baseline.

Regarding adherence to the Mediterranean diet, FA− participants in the IIG were 5.82 times more likely than 
FA− participants in the CG to achieve high adherence (p < 0.001). However, among participants in the IIG, those 
with FA at baseline were significantly less likely to achieve high adherence than those without FA (OR = 0.183, 
p = 0.023). Moreover, a significant Group×FA interaction was observed (p = 0.032), indicating that the beneficial 
effect of the intervention on Mediterranean diet adherence was attenuated among participants presenting FA at 
baseline.

Finally, no significant effects of group, baseline FA status, or their interaction were observed for any of the QoL 
dimensions assessed (all p > 0.05).

Results of the Cox proportional hazards models conducted to examine the rate of achieving clinically mean-
ingful reductions in weight and waist circumference are displayed in Table 5; Fig. 4. Overall, these results rein-
force the findings from previous analyses, suggesting that the IIG not only increases the likelihood of achieving 
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clinically meaningful improvements but also accelerates their occurrence, primarily among individuals without 
FA at baseline.

Specifically, participants in the IIG showed a significantly higher rate of achieving a ≥ 8% weight reduction 
compared to their counterparts in the CG. For this measure, the absence of FA was related to little increase in 
the rate of occurrence. For the waist circumference, the IIG without FA subgroup reached a ≥ 5% reduction more 
rapidly than other groups. Moreover, the IIG subgroup of patients with FA displayed a survival function similar 
to the CG. For the combined outcome (simultaneous ≥ 5% reduction in weight and waist circumference), the IIG 
without FA group again showed a significantly higher rate of achieving this target relative to both CG subgroups.

Path analysis

Figure 5 displays the path-diagrams obtained in the SEM estimated separately for participants with and without 
FA and adjusted for sex, age, and baseline BMI. Standardized coefficients are reported.

Table 4  Logistic regression: results adjusted by sex, age and BMI at baseline
Criteria Predictors B SE p OR 95% CI OR
Decrease > = 8% weight Group Within FA- 1.090 0.222 0.001* 2.973 1.925 4.592
1 = Yes versus 0 = No Within FA+ 1.349 0.989 0.172 3.854 0.555 26.769

FA Within CG -0.642 0.786 0.414 0.526 0.113 2.456
Within IIG -0.383 0.652 0.557 0.682 0.190 2.449
Interaction: Group-by-FA 0.259 1.014 0.798 1.296 0.178 9.448

Decrease > = 5% waist Group Within FA- 1.776 0.218 0.001* 5.907 3.853 9.056
1 = Yes versus 0 = No Within FA+ 0.116 0.840 0.890 1.123 0.216 5.828

FA Within CG 0.106 0.582 0.855 1.112 0.355 3.482
Within IIG -1.554 0.658 0.018* 0.211 0.058 0.767
Interaction: Group-by-FA -1.660 0.868 0.056 0.190 0.035 1.043

Decrease > = 5% weight and waist Group Within FA- 1.558 0.223 0.001* 4.749 3.066 7.358
1 = Yes versus 0 = No Within FA+ 1.349 0.988 0.172 3.854 0.555 26.751

FA Within CG -0.571 0.786 0.468 0.565 0.121 2.638
Within IIG -0.780 0.652 0.232 0.458 0.128 1.646
Interaction: Group-by-FA -0.209 1.013 0.837 0.812 0.111 5.914

Adherence MedDiet Group Within FA- 1.762 0.326 0.001* 5.824 3.072 11.042
1 = High versus 0 = Mean/Low Within FA+ -0.371 0.942 0.693 0.690 0.109 4.369

FA Within CG 0.434 0.674 0.520 1.543 0.411 5.788
Within IIG -1.699 0.749 0.023* 0.183 0.042 0.793
Interaction: Group-by-FA -2.133 0.997 0.032* 0.118 0.017 0.836

Quality of life: SF-36 mental health Group Within FA- 0.029 0.274 0.916 1.029 0.601 1.762
1 = Bad 0 = Good Within FA+ -0.205 0.957 0.831 0.815 0.125 5.316

FA Within CG 0.444 0.647 0.493 1.559 0.438 5.546
Within IIG 0.211 0.769 0.784 1.234 0.273 5.576
Interaction: Group-by-FA -0.233 0.996 0.815 0.792 0.112 5.574

Quality of life: SF-36 role-emotional Group Within FA- -0.162 0.278 0.561 0.851 0.493 1.467
1 = Bad 0 = Good Within FA+ -1.261 1.020 0.216 0.283 0.038 2.093

FA Within CG 0.686 0.640 0.284 1.985 0.566 6.959
Within IIG -0.414 0.851 0.627 0.661 0.125 3.505
Interaction: Group-by-FA -1.099 1.058 0.299 0.333 0.042 2.650

Quality of life: SF-36 social Group Within FA- 0.302 0.366 0.410 1.352 0.660 2.773
1 = Bad 0 = Good Within FA+ -1.144 1.262 0.365 0.318 0.027 3.781

FA Within CG 1.091 0.712 0.125 2.977 0.738 12.007
Within IIG -0.355 1.123 0.752 0.701 0.078 6.336
Interaction: Group-by-FA -1.446 1.314 0.271 0.235 0.018 3.096

Note. CG: Control Group. IIG: Intensive Intervention Group. FA: Food addiction at baseline (1 = Positive versus 0 = Negative). OR: odds ratio. 
95%CI: 95% confidence interval. *Significant parameter
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The model for participants without FA at baseline showed good fit to the data: χ² = 26.46 (p = 0.118), 
RMSEA = 0.031, CFI = 0.995, TLI = 0.991, and SRMR = 0.026. Strong temporal stability was observed for anthro-
pometric and QoL measures across the 3-year follow-up. In addition, several cross-domain associations emerged. 
Higher baseline body weight was associated with greater waist circumference and lower QoL at 3 years. Allo-
cation to the IIG was positively associated with greater adherence to the MedDiet, as well as with lower body 
weight and waist circumference at the 3-year follow-up. Higher baseline QoL was also significantly associ-
ated with greater MedDiet adherence. In turn, MedDiet adherence showed significant associations with all three 
3-year outcomes, such that greater adherence to the MedDiet was associated with lower body weight, smaller 
waist circumference, and better QoL at follow-up.

Fig. 3  Therapy outcomes in the study: good adherence to the different elements of the intervention. Note: CG: control group. 
IIG: intensive intervention group. FA−: Food addiction negative screening group. FA+: Food addiction positive screening 
group. Good adherence MedDiet based on the er-MEDAS score: Low: 0 to 7, mean: 8 to 10, high: 11 to 17
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The model for participants with FA at baseline also showed adequate goodness-of-fit: χ² = 23.67 (p = 0.539), 
RMSEA = 0.001, CFI = 0.999, TLI = 0.998, and SRMR = 0.084. As in the group without FA, strong stability effects 
were observed over time for body weight, waist circumference, and QoL. Significant cross-lagged associations 
between anthropometric measures were also identified: higher baseline body weight was associated with greater 
waist circumference and poorer QoL at 3 years. Higher baseline QoL was also related to greater adherence to the 
MedDiet. Allocation to the IIG was positively associated with adherence to the MedDiet. However, in contrast to 
the SEM results obtained for participants without FA at baseline, adherence to the MedDiet was not significantly 
associated with weight, waist circumference, or QoL at 3 years among participants with FA.

In summary, the path analyses highlight clear differences according to FA status. While both groups showed 
strong stability of anthropometric and QoL measures over time, adherence to the MedDiet played a central medi-
ating role linking group assignment and long-term outcomes (anthropometric and QoL) in participants without FA 
at baseline. In contrast, among participants with FA+, long-term anthropometric and QoL outcomes were largely 
explained by baseline levels rather than by changes in dietary adherence and/or intervention group allocation.

Discussion

The present study aimed to provide a better understanding of the role of food addiction (FA) within a multido-
main psychosocial lifestyle intervention combining an energy‑reduced MedDiet and physical activity promotion. 
Overall, the findings suggest that such intervention can effectively reduce FA severity over 3 years of follow-up. 
Furthermore, our results lend support to the hypothesis that FA impacts long-term outcomes, as individuals with 
FA demonstrated a reduced or absence of response in comparison to those without FA. Nevertheless, the IIG 
produced modest favourable effects on weight, QoL and adherence response to the intervention guidelines even 
in the presence of FA, thereby underscoring its clinical effectiveness.

The longitudinal analysis of FA severity revealed significant differences between the two randomisation groups. 
Although both groups showed significant reductions in FA severity during the first year of intervention, suggest-
ing that the initial engagement in a structured plan may yield early improvements, their subsequent trajectories 
diverged substantially. In the CG, FA severity showed an initial decline from baseline to 1 year, and this reduc-
tion was sustained at 3-year follow-up, with values remaining lower than baseline. Conversely, the individuals 
allocated to the IIG showed a progressive and sustained reduction in FA severity across all follow-up time points. 
The linear downward trajectory, together with the significant improvement between the 1-year and 3-year follow-
ups, suggests that the intervention may have facilitated more durable changes in the psychological or behavioural 
mechanisms underlying FA. The significant differences between groups at three-year follow-up further support 
the long-term superiority of the IIG programme, despite the absence of differences at baseline or at the one-year 

Table 5  Cox regression exploring the rate to the outcomes: results adjusted by sex, age and BMI at baseline
Decrease Predictors Wald (df = 1) p OR 95% CI OR
Weight (8%) *Condition 35.019 0.001
1 = Yes / 0 = No IIG and FA− versus CG and FA− 31.557 0.001 2.865 1.985 4.136

IIG and FA− versus CG and FA+ 5.105 0.024 5.082 1.240 20.823
Waist (5%) *Condition 50.252 0.001
1 = Yes / 0 = No IIG and FA− versus CG and FA− 47.403 0.001 3.005 2.197 4.110

IIG and FA− versus CG and FA+ 4.357 0.037 2.608 1.060 6.415
Weight and waist (5%) *Condition 42.283 0.001
1 = Yes / 0 = No IIG and FA− versus CG and FA− 40.274 0.001 2.297 1.777 2.970

IIG and FA− versus CG and FA+ 4.750 0.029 2.336 1.089 5.010
Note. CG and FA−: Control group and food addiction negative screening group. CG and FA+: Control group and food addiction positive screen-
ing group. IIG and FA−: Intensive intervention group and food addiction negative screening group. IIG and FA+: Intensive intervention group 
and food addiction positive screening group. OR: odds ratio. 95%CI: 95% confidence interval. *Significant contrasts are displayed
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follow-up. Previous studies have shown that lifestyle interventions can reduce FA symptom burden, but the evi-
dence is uneven [20]. In adults with obesity or overweight, reductions in YFAS symptoms have been reported 
after behavioural weight-loss programmes [34], whole-food dietary fibre-focused behavioural intervention [20, 
35], and metabolic health programmes [36].

Fig. 4  Survival functions 
obtained in the Cox regres-
sion. Note: CG and FA−: 
control group and food 
addiction negative screening 
group. CG and FA+: control 
group and food addiction 
positive screening group. IIG 
and FA−: intensive interven-
tion group and food addiction 
negative screening group. IIG 
and FA+: intensive interven-
tion group and food addiction 
positive screening group. 
Results adjusted by sex, age 
and baseline BMI. OR: odds 
ratio. 95%CI: 95% confidence 
interval. *Significant contrasts 
are displayed
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Furthermore, our study also focused on the longitudinal effects of the presence of FA across anthropometric, 
behavioural, and psychosocial outcomes. Our findings suggest consistent and clinically significant improvements 
associated to the IIG, particularly among participants without FA at baseline. While both intervention arms exhib-
ited early improvements, the magnitude, stability, and long‑term maintenance of these changes were consistently 
greater in the IIG. Notably, a reduction in weight and waist circumference was observed in all groups following 
one year of intervention; however, these decreases were larger and more consistent over time in the IIG. Individu-
als without FA demonstrated sustained improvements over the three-year period, while those with FA showed a 
partial regain. These results are consistent with prior evidence linking FA symptoms to difficulties in sustaining 

Fig. 5  Path diagram with the standardized coefficients obtained in the SEM. Note: CG: control group; IIG, intensive inter-
vention group; MedDiet, Mediterranean diet. Only significant parameters retained in the final models. Results adjusted by 
sex, age and BMI at baseline
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weight loss and heightened vulnerability to relapse [37]. The IIG appears to attenuate this vulnerability, as indi-
viduals with FA in this group reached mean weight levels comparable to those without FA in the CG, suggesting 
a reduction in the adverse effects of FA, potentially by targeting processes that interfere with long‑term weight 
regulation. Although the mechanisms cannot be inferred directly from our data, this pattern is consistent with the 
notion that structured, high-support lifestyle programmes may help counteract behavioural and regulatory pro-
cesses such as impaired self-control, heightened reward sensitivity, or difficulties in sustaining dietary adherence 
that characterise FA and contribute to poorer weight-loss maintenance [38, 39]. Waist circumference followed 
a similar trend, with early reductions observed across all groups and more pronounced improvements in the 
experimental group. Given the strong association between central adiposity and cardiometabolic risk [40], these 
findings underscore the clinical relevance of sustained improvements in this parameter.

Behavioural outcomes, as MedDiet adherence, leisure-time physical activity and QoL followed a similarly 
favourable pattern. Adherence to MedDiet increased significantly during the first year of follow-up and remained 
higher in the IIG at all time points, regardless of FA status. This finding aligns with evidence that intensive life-
style programmes enhance long-term adherence [41–43]. Improvements in MedDiet adherence may be indica-
tive of a reduce UPF intake, one of the primary triggers of FA, and previously demonstrated to ameliorate the 
FA symptoms [44]. Leisure time physical activity also improved across groups, with consistently higher levels 
observed in the IIG, consistent with prior findings on structured interventions [45]. In relation to QoL, our find-
ings indicated improvements over time, which is consistent with previous research showing that adherence to 
MedDiet, especially in combination with structured physical activity plans, enhances psychological wellbeing 
and health-related QoL [46]. The most significant improvements were observed among participants with FA, 
who started with lower baseline scores, which provided a wider window for improvement. Given that individu-
als with addictive-like eating behaviours often present with greater psychological distress [47, 48], it is possible 
that our results reflect a broader psychosocial benefit of the intervention, which may be mediated by improve-
ments in behavioural regulation and reductions in psychological distress. These results suggest that individuals 
with FA may experience significant benefit from behaviourally oriented lifestyle support. Previous studies have 
demonstrated that lifestyle interventions, encompassing dietary modification, structured physical activity pro-
grammes, and behavioural or psychological support, have the capacity to reduce FA symptoms [49]. These types 
of interventions have reported improvements in craving regulation, emotional eating, and loss of control eating 
suggesting that FA represents a meaningful behavioural phenotype that responds to target lifestyle strategies [50, 
51]. The integration of FA assessment within obesity management protocols, could, therefore improve the preci-
sion of treatment by identifying individuals who are more likely to benefit from intervention components that 
address addictive eating patterns.

The analysis of predictors of good outcomes revealed that the IIG not only increases the likelihood of achieving 
clinically meaningful improvements, but also accelerates their occurrence. While these findings were primarily 
evidenced among individuals without FA at baseline, results were weaker and more heterogeneous among those 
with FA. These findings are consistent with evidence that FA symptoms predicted lower weight-loss success after 
behavioural interventions [18]. This is coherent with the characterisation of FA that involves loss of control over 
eating, and intense and persistent craving for highly palatable foods, mechanisms that can be directly impairing 
adherence to dietary prescriptions [14, 52]. The results of the path analysis further emphasise these observations, 
indicating that among participants with FA, long-term anthropometric and QoL outcomes were predominantly 
explained by baseline status rather than by changes in MedDiet adherence or group allocation. These results sug-
gest that while the IIG is effective for individuals without FA, addictive mechanisms may limit the capacity of 
those with FA to fully benefit from the programme, with their long-term outcomes more strongly shaped by initial 
clinical characteristics than by behavioural changes achieved during the intervention.

This study presents several notable strengths. Firstly, the study was conducted within the framework of the 
PREDIMED Plus trial, a large, multicentre, randomised controlled study with long-term follow-up. This provides 
a robust methodological foundation and enhances the internal validity of the findings. An additional strength 
is the low dropout rate and high follow up retention, which further reinforces the reliability of the longitudinal 



Article in Press

BMC Medicine

https://doi.org/10.1186/s12916-026-05283-z

assessments. A further important strength lies in the comprehensive nature of the intervention, which combined 
an energy-reduced MedDiet, structured physical activity promotion, and behavioural support. This multicompo-
nent approach allowed for the evaluation of FA within an ecologically valid lifestyle programme, as opposed to 
an isolated or single modality interventions. The study also benefited from repeated assessments at baseline, 1 
year, and 3 years, enabling the examination of both short-term and sustained changes in food addiction symp-
toms, adherence, anthropometric outcomes, and quality of life. In addition, the use of well-validated instruments 
with high internal consistency, together with advanced statistical modelling provided a rigorous analytical frame-
work to explore both outcomes and underlying mechanisms.

Despite these strengths, several limitations should be acknowledged. The analysis was based on a subsample 
of 448 participants from four centres, which may limit statistical power for subgroup comparisons, particularly 
for individuals with FA, and may reduce generalizability within the broader PREDIMED Plus cohort. The present 
sample exclusively comprised older adults with overweight or obesity and metabolic syndrome, which restricts 
the extrapolation of findings to younger populations or to individuals with different sociodemographic or clinical 
characteristics. The prevalence of FA was relatively low, resulting in an imbalance between FA + and FA− groups 
that may have reduced sensitivity to detect differences in intervention effects. Several key variables including FA 
symptoms, MedDiet adherence, physical activity, and QoL were assessed through self-report measures, which 
are subject to recall and social desirability biases. Moreover, the control group received an active MedDiet inter-
vention, including provision of extra virgin olive oil, which may have attenuated between group differences and 
underestimated the true effect of the intensive programme. Finally, the study was conducted exclusively in Spain, 
where cultural familiarity with the MedDiet may influence adherence patterns, potentially limiting generalizabil-
ity to non-Mediterranean settings.

Conclusions

To summarise, a psychosocial lifestyle intervention grounded in an energy-reduced MedDiet, structured physical 
activity, and behavioural support, was associated with sustained improvements in FA. Although these improve-
ments were observed in both the intervention and control groups, only participants receiving the intensive inter-
vention further enhanced these progresses over time. These findings underscore the capacity of comprehensive 
lifestyle programmes to modify addictive-like eating behaviour patterns in older adults with overweight/obesity 
and metabolic syndrome. Furthermore, baseline FA was identified as a pivotal factor influencing the intervention 
response. Participants without FA consistently showed the most favourable trajectories in the different outcomes, 
including greater reductions in weight and waist circumference, higher odds of achieving clinically meaningful 
outcomes, and faster attainment. Taken together, these findings suggest that FA is both a modifiable behavioural 
phenotype and a clinically relevant moderator of long-term intervention effectiveness.

Clinical implications

The present findings highlight the clinical relevance of FA as a behavioural phenotype that meaningfully shapes 
adherence and long-term response to lifestyle interventions in obesity. These findings support the clinical rel-
evance of assessing FA prior to lifestyle interventions and suggest that FA may represent an important stratifica-
tion variable for personalised obesity management. Standard lifestyle interventions appear highly effective for 
individuals without FA, but those with FA may require additional or alternative therapeutic strategies, potentially 
incorporating psychological, addiction informed, or neurobehavioral components, to improve long term efficacy. 
The incorporation of FA assessment into obesity management has the potential to enhance the precision of life-
style interventions and support the development of tailored strategies that address the specific behavioural vul-
nerabilities associated with addictive-like eating behaviours. Future interventions should explicitly address the 
addictive dimension of eating to enhance outcomes in this high-risk subgroup.
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