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ABSTRACT 

Introduction: Research has consistently shown associations between elevated impulsivity and 

adverse physical and mental health outcomes. Specifically, impulsivity has been associated with

higher body mass index and cardiometabolic issues. However, evidence from randomized 

clinical trials (RCTs) on whether impulsivity is responsive to a multidomain lifestyle 

intervention in older adults with overweight or obesity who are at high cardiovascular risk is 

limited.

Methods: Participants from the PREDIMED-Plus-Cognition sub-study, followed for 3 years as 

part of the PREDIMED-Plus RCT, were included. Eligible participants had overweight or 

obesity and metabolic syndrome at baseline. Participants were randomly allocated to either an 

intensive intervention group (IIG), with an energy-restricted Mediterranean diet (MedDiet), 

physical activity, and behavioral support, or to a control group (CG), advised to follow an ad 

libitum MedDiet. The primary outcome of the current study was the evaluation of impulsivity, 

which was only assessed in participants from the PREDIMED-Plus-Cognition sub-study. Trait 

impulsivity was assessed using the UPPS-P Impulsive Behavior Scale and behavioral 

impulsivity through 4 neuropsychological evaluations at baseline, 1-year, and 3-year follow-

ups. Z-score composites for Global, Trait, and Behavioral Impulsivity were estimated. 

Multivariate linear mixed models were used to assess the effect of the PREDIMED-Plus 

intervention on impulsivity among the participants who participated in the PREDIMED-Plus-

Cognition sub-study.

Results: A total of 306 participants (CG: n=156; IIG: n=150; mean age [SD]: 65.0 [4.7] years; 

45.7% female) had impulsivity data at baseline. Compared to the CG, participants in the IIG 

exhibited decreases in Trait Impulsivity at 1 year (mean z-score change [95%CI]: -0.26 [-0.49, -

0.03]), and in Global (-0.28 [-0.52, -0.03]) and Behavioral (-0.28 [-0.54, -0.02]) Impulsivity at 

3-year follow-up. 

Conclusion: An intensive lifestyle intervention combining MedDiet, physical activity, and 

behavioral support resulted in a long-term reduction of impulsivity among older adults at high 

cardiometabolic risk. Public health guidelines may consider multidomain lifestyle intervention 

strategies to decrease impulsivity. 
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INTRODUCTION 

Although impulsivity can be adaptive in some contexts [1], elevated levels are consistently 

linked to risky lifestyle behaviors [2], poor health outcomes [3,4], psychiatric conditions [1,5], 

suicidality [6], and reduced quality of life [5], underscoring the need for strategies to mitigate its

negative health outcomes. 

Impulsivity arises from a complex interplay between genetic and environmental factors [1,7], 

resulting in a multifaceted construct involving both personality traits and behavioral responses

[8]. As a personality trait, impulsivity is characterized by an urgency to respond rashly to 

emotional states, lack of premeditation, and sensation-seeking [8]. Behavioral impulsivity 

reflects the manifestation of trait impulsivity in observable actions, typically characterized by 

high reward sensitivity and risky decision-making and usually associated with altered prefrontal

cortex activity [8]. Impulsivity is further related to serotonin and dopamine pathways and the 

brain’s reward system, mechanisms underpinning addictive behavior [9,10]. Therefore, a global 

measure of impulsivity aims to capture its overall nature by encompassing both the personality 

predisposition to act on impulses and the cognitive impulsivity reflected in behaviors [8].

Lifestyle interventions promoting physical activity or dietary changes may mitigate the adverse 

consequences of high impulsivity. A meta-analysis of individuals with 

Attention-Deficit/Hyperactivity Disorder (ADHD), a condition characterized by elevated 

impulsivity [1], found that physical activity may reduce impulsivity [11]. Dietary interventions 

targeting serotonin and dopamine pathways have also shown potential to reduce impulsivity

[12,13], but studies of healthy patterns—such as the Mediterranean (MedDiet) or Nordic diets—

report inconclusive results in various populations [14–16]. Remarkably, a multimodal 

intervention without a control group in Spanish adolescents—including cognitive behavioral 

therapy, physical activity, and dietary counseling—was associated with reductions in 

impulsivity [17].

Targeting impulsivity in older adults with overweight or obesity at high cardiovascular risk is 

particularly relevant, as this growing population experiences reduced quality of life and a 

substantial burden of cardiovascular morbidity and mortality [18]. In individuals with obesity—

particularly those with diabetes—associations between heightened impulsivity and poorer 

glycemic control and adherence to treatment have been identified [19–21]. This suggests that 

impulsivity may hinder the adoption and maintenance of healthy lifestyle changes, thereby 

limiting health improvements. Evidence from a psychological-behavioral intervention indicates 

that reductions in impulsivity can be accompanied by improvements in mental health and 

weight status [22], but singular pharmacological treatments have yielded inconsistent results in 

mitigating impulsivity [23], and systematic reviews of isolated lifestyle, psychological, and 
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brain stimulation interventions report a lack of robust reliable randomized controlled trials 

(RCTs) [11,23–25]. Moreover, most existing studies have focused on children and young adults 

with ADHD or addiction, leaving the impact of intensive multidomain lifestyle interventions on 

impulsivity largely unexplored in older adults without psychiatric disorders. Multidomain 

programs promoting healthy diets and physical activity combined with behavioral support may 

reduce impulsivity through several mechanisms, including enhanced executive function and 

goal-setting, modulation of dopaminergic and serotonergic pathways, and reduced 

neuroinflammation [26,27]. Such reductions in impulsivity could, in turn, facilitate adherence to

sustained lifestyle changes, contributing to improvements in weight management, 

cardiovascular risk, and quality of life.

The primary question of the present study is whether a multidomain lifestyle intervention—

combining an energy-restricted MedDiet, physical activity, and behavioral support—can 

modulate impulsivity, considered an intermediate outcome in the PREDIMED-Plus trial. It was 

hypothesized that the intervention would decrease a global measure of impulsivity, as well as 

trait and behavioral impulsivity. Understanding these effects could inform non-pharmacological 

strategies to reduce impulsivity-related health risks and improve well-being.

METHODS 

Study design

This study was conducted using data from participants randomized to the PREDIMED-Plus-

Cognition sub-study within the PREDIMED-Plus trial. The PREDIMED-Plus is a 6-year, 

multicenter, randomized, parallel-group clinical trial conducted across 23 Spanish centers. The 

study’s primary objective is to assess the effect of a multidomain lifestyle intervention on the 

prevention of cardiovascular disease, focusing on weight loss maintenance. Psychological and 

neuropsychological measures were pre-specified in the study protocol as intermediate 

endpoints. PREDIMED-Plus participants were recruited between September 2013 and 

December 2016, and were randomly assigned in a 1:1 ratio to either the intensive intervention 

group (IIG) or the control group (CG) using a centrally controlled, computer-generated random-

number internet-based system. The personnel who enrolled participants did not have access to 

the random allocation sequence. The randomization process was stratified by study center, sex, 

and age categories (<65 years, 65–70 years, and >70 years). Household couples were 

randomized together as the randomization unit. The study protocol has been described 

elsewhere [28] and is available at: http://www.predimedplus.com. The trial was registered in the

International Standard Randomized Controlled Trial registry: 

http://www.isrctn.com/ISRCTN89898870.
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Participants were not involved in the design, conduct, or reporting of the PREDIMED-Plus-

Cognition sub-study. The study protocol of the PREDIMED-Plus Cognition sub-study was 

distributed to all participating research centers of this sub-study. There were no significant 

changes to the sub-study protocol after it commenced. Sample size was driven by voluntary 

enrollment of PREDIMED-Plus participants into the sub-study. Participating centers in the sub-

study were those that confirmed the availability of a neuropsychologist qualified to comply with

the sub-study protocol, resulting in a total of 4 of the 23 centers. The participation in the 

PREDIMED-Plus-Cognition sub-study was voluntary for participants involved in the primary 

trial. Neuropsychologists conducted impulsivity assessments for the sub-study, while 

intervention visits and data collection within the PREDIMED-Plus study were performed by 

trained staff, including dietitians and nurses. No interim analyses or stopping guidelines were 

applied for the sub-study. 

The CONSORT checklist is provided as a Supplementary File.

Study population

Eligible participants were men aged 55 to 75 years and women aged 60 to 75 years with 

overweight or obesity (27 kg/m2 ≥ BMI < 40 kg/m2) and meeting at least three criteria for 

metabolic syndrome at baseline. Participants with cardiovascular disease and other chronic 

illnesses such as cancer and severe depression at enrollment were excluded. Other exclusion 

criteria have been reported elsewhere [28]. 

As part of the initial PREDIMED-Plus population (n=6,874), the current analysis included 

participants from the PREDIMED-Plus-Cognition sub-study (n=486) who were recruited and 

randomized in 4 Spanish centers: Hospital del Mar Research Institute, Bellvitge University 

Hospital, Universitat Rovira i Virgili, and Universidad de Valencia. For the main analyses, only 

participants having all impulsivity assessments at baseline were considered (n=306). A detailed 

flowchart of the studied participants is shown in Supplementary Figure 1. 

Intervention

Participants in the IIG received recommendations to increase their adherence to an energy-

restricted MedDiet and physical activity levels, along with behavioral support. Detailed 

information can be found elsewhere [28]. The initial dietary recommendations aimed to achieve 

a 30% energy reduction, limiting the intake of specific foods such as processed meat, butter, 

margarine, cream, sweetened beverages, added sugars, biscuits, and refined cereals, while 

promoting fruits, vegetables, legumes, whole grains, and white meat to align with the caloric 

restriction characteristic of a MedDiet for the purpose of weight loss. Participants were also 

encouraged to gradually increase their aerobic physical activity, aiming for at least 45 minutes 

of walking per day or an equivalent activity for 6 days per week, along with exercises to 
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enhance strength, flexibility, and balance. During the first year of follow-up, participants were 

monitored 3 times per month through an individual motivational interview, a telephone 

consultation, and a group session, resulting in 36 contacts per year. Thereafter, the participants 

received monthly group sessions, individual sessions every 3 months, and two phone calls every

3 months, resulting in 24 contacts per year. In contrast, participants in the CG received general 

usual care recommendations to follow an energy-unrestricted MedDiet, without promotion of 

physical activity. These recommendations were delivered through an individual visit and a 

group session every 6 months, resulting in 2 contacts per year for participants in the CG.

Participants in both groups continued their usual medical care without restrictions. No harms 

related to the intervention or assessments were recorded or expected in this sub-study. All 

participants freely received extra virgin olive oil (1L/month) to reinforce their adherence.

Impulsivity

The neuropsychologists evaluating impulsivity measures were blinded to group allocation. Trait

and behavioral impulsivity measurements were assessed at baseline, 1-year, and 3-year follow-

up visits. 

Trait impulsivity was evaluated using the Impulsive Behavior Scale (UPPS-P) [29], validated 

for the Spanish population [30]. The UPPS-P assesses five personality subfactors related to 

impulsivity: negative urgency, (lack of) premeditation, (lack of) perseverance, sensation 

seeking, and positive urgency. Scores for each dimension and a total score of the UPPS-P were 

calculated by adding respective items, with higher scores indicating higher impulsivity. 

Cronbach’s α values indicate excellent internal consistency for the UPPS-P total score at 

baseline (α=0.91) and 1-year (α=0.92) and 3-year (α=0.90) follow-ups. 

Four behavioral measures of impulsivity were assessed using three neuropsychological tasks. 

The Conners’ Continuous Performance Test (CPT) is a 14-minute computerized task in which 

participants press the spacebar whenever any letter except ‘X’. The CPT commission and 

perseveration scores were used to evaluate inattentiveness and anticipatory responses, 

respectively, with higher scores reflecting greater impulsivity [31]. The Iowa Gambling Task 

(IGT) is a computerized task where participants make 100 card selections from four decks, 

aiming to maximize monetary gain. Individuals with high impulsivity tend to select decks with 

high immediate rewards despite long-term losses, indicative of a preference for immediate over 

delayed gains. Higher IGT scores indicate better decision-making performance and, therefore, 

lower impulsivity [32]. The Stroop Color Word Test (SCWT) consists of three timed tasks 

requiring participants to name colors or words under congruent and incongruent conditions. The

SCWT interference score is derived from performance in the incongruent condition, which 

requires cognitive inhibition of a prepotent response. Higher SCWT interference scores reflect 
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greater inhibitory control and cognitive flexibility, which is indicative of lower impulsivity [33].

Additional details are provided in the Supplementary Methods.

Covariates

Potential confounders of the PREDIMED-Plus intervention effect on impulsivity were assessed 

at baseline. Intervention-related covariates included study center and participants sharing 

household. Sociodemographic covariates were self-reported, including sex, age, educational 

level, and marital status. Lifestyle covariates included self-reported smoking status, alcohol and 

total energy intakes estimated from a validated 143-item Food Frequency Questionnaire [34], 

adherence to the 17-item energy-restricted MedDiet [35], physical activity from the Regicor 

Short Physical Activity Questionnaire [36], and obesity (BMI>30 kg/m2) determined by 

anthropometric measures conducted by study staff. Disease history covariates encompassed 

self-reported hypercholesterolemia and hypertension, type 2 diabetes diagnosis per American 

Diabetes Association criteria [37], self-reported diabetes medication use (see Supplementary 

Methods), and depressive symptomatology determined by a Beck Depression Inventory-II 

score ≥14 [38].

Statistical analysis

The PREDIMED-Plus-Cognition database, updated in October 2024, was used for the present 

analyses.

To facilitate comparisons across impulsivity assessments, z-scores were generated for each 

impulsivity measurement, and z-score composites for Global, Trait, and Behavioral Impulsivity 

constructs were further obtained following specified methods [39] (see Supplementary 

Methods). Pearson correlation analyses were conducted to assess correlations between 

impulsivity assessments.

Baseline participant characteristics are presented as numbers and percentages for qualitative 

variables and as mean ± standard deviation (SD) for quantitative variables, with differences 

between CG and IIG examined using chi-square and t-tests, as appropriate, as this analysis used 

a sub-cohort within the PREDIMED-Plus.

For the main analysis, a complete case analysis (CCA) was conducted to select participants 

without missing values at baseline (n=306), and maximum likelihood estimation (MLE) was 

used to handle missing data over follow-ups. This approach ensured comparability across 

Global, Trait, and Behavioral impulsivity measures within the same population, and maximized 

the use of observed impulsivity evaluations. Additional rationale for the selection of this 

approach is presented in Supplementary Methods. Linear mixed models were performed to 

assess the effect of the PREDIMED-Plus intervention (difference between IIG and CG) on 
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impulsivity z-score changes. A total of three models were fitted, and the covariates were 

adjusted at baseline. Additional details are in Supplementary Methods. Random effects were 

hierarchically established at three levels: center, participants sharing a household, and 

individual. A random slope was specified for the individual level across time points. An 

unstructured covariance was specified.

Several sensitivity analyses were performed. First, a per-protocol analysis was conducted based 

on the intervention targets: a ≥5% reduction in body mass index (BMI), a ≥5% increase in 

leisure time physical activity, and a 17-point Mediterranean diet score of >13 points. Second, 

interactions by age (<65; ≥65 years), sex, MedDiet adherence (based on the median: <8; ≥8 

points), and presence of obesity (no; yes) or type 2 diabetes (no; yes) were assessed at baseline 

using the likelihood ratio test. Third, given the considerable missing data on impulsivity 

assessments (for Global Impulsivity: 37.0% missing at baseline, 43.4% at 1-year, and 61.5% at 

3-year follow-ups), several additional analyses were performed to confirm the robustness of the 

results. These analyses included: (1) a CCA at baseline with multivariate imputation by chained 

equations (MICE) across follow-ups; (2) MICE across all time points; (3) MLE across all time 

points; (4) a CCA across all time points. Detailed information in Supplementary Methods.

The STATA-18 software program (StataCorp) was used to perform the statistical analyses, and 

significance was defined as p<0.05. 

RESULTS 

Population characteristics 

Of the 486 individuals participating in the PREDIMED-Plus-Cognition study, 306 had complete

baseline data; among them, 126 had complete 3-year follow-up data on impulsivity 

(Supplementary Figure 1). A comparison of the general characteristics of the PREDIMED-

Plus cohort (n=6,874) with the total PREDIMED-Plus-Cognition sub-study (n=486) and the 

total population included in the main analysis (n=306) is displayed in Supplementary Table 1.

Population baseline characteristics according to the PREDIMED-Plus study arm groups are 

shown in Table 1. Similar population characteristics were shown when comparing the IIG and 

CG. For the total population included in the main analysis (n=306), the mean age was 65.0 ± 4.7

years, and females represented 45.7% of participants. Nearly 50% of participants had primary 

school education, 80% were married, and 13% were current smokers. Alcohol and total energy 

intakes were 9.6 ± 11.1 g/day and 2452 ± 619 kcal/day, respectively. Adherence to the MedDiet 

was 7.8 ± 2.5 points. Around three-quarters of participants presented obesity, 

hypercholesterolemia, and hypertension. Baseline type 2 diabetes prevalence was 26.8%, with 
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76.8% of these participants taking type 2 diabetes medications. In addition, 15.7% of 

participants showed depressive symptoms. Impulsivity assessments at baseline were similar for 

CG and IIG. A correlation matrix of impulsivity assessments at baseline is shown in 

Supplementary Table 2.

Within- and between-group intervention effects on impulsivity changes

The effect of the PREDIMED-Plus intervention on 3-year z-score changes in impulsivity 

constructs is shown in Table 2, with linear predictions graphically displayed in Figure 1. In the 

fully-adjusted model, significant between-group differences across the overall follow-up were 

observed for Behavioral Impulsivity (p<0.01), while Global and Trait Impulsivity did not reach 

statistical significance (both p≤0.08). Between-group z-score changes in impulsivity constructs 

from baseline to the 1-year follow-up revealed that the PREDIMED-Plus intervention resulted 

in a decrease in Trait Impulsivity (mean z-score change [95% CI]: -0.26 [-0.49, -0.03]; p=0.03), 

a non-significant increase in Behavioral Impulsivity (0.25 [-0.02, 0.52]; p=0.07), and no 

significant change in Global Impulsivity. At the 3-year follow-up, the IIG in comparison to CG 

had a significantly lower Global (-0.28 [-0.52, -0.03]; p=0.03) and Behavioral (-0.28 [-0.54, -

0.02]; p=0.03) Impulsivity, but no differences were observed for Trait Impulsivity. Within-

group z-score changes in impulsivity constructs from baseline to the 1-year follow-up revealed 

only a significant decrease in Behavioral Impulsivity (-0.22 [-0.40, -0.04]; p=0.02) in the CG 

group. At the 3-year follow-up, participants in both study arm groups showed decreases in 

Global (CG: -0.20 [-0.37, -0.03]; p=0.03); IIG: -0.48 [-0.66, -0.30]; p<0.01) and Behavioral 

(CG: -0.20 [-0.38, -0.02]; p=0.03); IIG: -0.48 [-0.67, -0.29]; p<0.01) Impulsivity, and only those

in the IIG additionally showed significant decreases in Trait Impulsivity (-0.19 [-0.33, -0.05]; 

p<0.01). 

The effect of the PREDIMED-Plus intervention on each specific trait and behavioral 

impulsivity z-score is shown in Supplementary Table 3, and on original values in 

Supplementary Table 4. Compared to baseline values, the IIG exhibited a mean decrease of -

4.35 points in the total UPPS-P original score (95% CI: -7.56, -1.14; p<0.01), and a mean 

increase of 8.81 points in the IGT (3.25, 14.38; p<0.01) and 2.19 in the SCWT (0.72, 3.66; 

p<0.01) at the 3-year follow-up. The overall intervention effect across follow-ups was 

statistically significant for the IGT (p=0.02), but not for the total UPPS-P and SCWT. 

Sensitivity analyses

None of the assessed interactions were found to be statistically significant. Per-protocol 

analyses revealed that, compared to participants in the CG, those in the IIG who adhered to the 

Mediterranean diet goals exhibited the largest decreases in Global Impulsivity at the 3-year 

follow-up (-0.66 [-1.11, -0.20]; p<0.01), followed by those who increased their leisure time 
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physical activity by 5% (-0.34 [-0.66, -0.01]; p=0.04). No significant reduction was observed 

among individuals with a 5% BMI decrease alone. Concomitant achievement of these goals 

further indicated decreases in Global Impulsivity at 3 years (Supplementary Table 5).

Sensitivity analyses addressing missing data on impulsivity indicated that the direction of the 

between-group effects on impulsivity constructs was consistent with the main analyses, 

although statistical significance varied by method. Compared with the main model, conducting 

CCA at baseline and MICE across follow-ups revealed a significant between-group decrease in 

Trait Impulsivity at 3 years (Supplementary Table 6). MICE across all time points showed a 

significant between-group increase in Behavioral Impulsivity at 1 year (Supplementary Table 

7). MLE across all time points also indicated a significant between-group increase in Behavioral

Impulsivity at 1 year, while the decrease observed at 3 years was no longer significant 

(Supplementary Table 8). In contrast, CCA across all time points did not show a significant 

between-group decrease in Trait Impulsivity at 1 year (Supplementary Table 9). Moreover, 

when considering the overall intervention effect across follow-ups, these sensitivity analyses 

revealed additional statistically significant effects compared with the main model 

(Supplementary Tables 6–9). 

DISCUSSION 

The present results offer novel insights into the effects of a multidomain lifestyle intervention 

on impulsivity over 3 years in older adults at high cardiovascular risk who participated in the 

PREDIMED-Plus-Cognition sub-study within the PREDIMED-Plus RCT. Our findings provide

support for potential benefits of promoting an energy-restricted MedDiet and physical activity 

with behavioral support in modulating impulsivity.  

Evidence from a recent RCT of a multidomain lifestyle intervention in older adults at high 

cardiovascular risk indicated that adherence to intervention goals decreased with aging but 

increased with higher self-efficacy [40]. Among older adults with type 2 diabetes and obesity, 

greater behavioral impulsivity has been observed compared to healthy individuals, and higher 

trait impulsivity predicted poorer diabetes self-management, suboptimal glycemic control, and 

greater weight gain [21,41]. Therefore, reducing impulsivity in older adults with unhealthy 

profiles may enhance adherence to lifestyle modifications, ultimately contributing to improved 

cardiometabolic status.

Research on isolated lifestyle interventions and impulsivity remains inconsistent and has been 

conducted primarily in young individuals with ADHD, leaving a paucity of evidence in older 

populations without psychiatric disorders. A meta-analysis reported that among studies 

involving individuals with ADHD, only 3 of 23 included adults; of these, 2 found no effects of 
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physical activity interventions on attention or hyperactivity, while the remaining study reported 

reductions in emotional problems [11]. Dietary interventions targeting impulsivity mainly 

focused on specific nutrients rather than modifying overall dietary patterns. Acute tryptophan 

depletion, which reduces serotonin availability, may heighten impulsivity in young populations 

with ADHD, but findings in adults have been inconsistent [13]. 

To the best of our knowledge, the present study is the first RCT assessing combined effects of 

an energy-restricted MedDiet, physical activity, and behavioral support on impulsivity. Given 

impulsivity’s multifaceted nature, aggregating assessments into Global, Trait, and Behavioral z-

scores may offer a more comprehensive evaluation than only examining isolated characteristics,

as previously suggested [8]. Within this scope, an overall interpretation of the main and 

sensitivity analyses addressing missing data indicated that the effect of the PREDIMED-Plus 

intervention (IIG vs. CG) revealed distinct trajectories for trait and behavioral impulsivity. Trait 

Impulsivity showed a decreasing trend at 1 year, while these reductions became smaller or 

negligible at 3 years. Behavioral Impulsivity showed a trend to increase at 1 year and to 

decrease at 3 years. The divergent trajectories of Trait and Behavioral Impulsivity observed at 

the initial time point probably contributed to the absence of an effect on Global Impulsivity. 

However, the subsequent convergence of reductions may have yielded a significant decrease in 

Global Impulsivity at the final follow-up. 

It has been suggested that the short-term RCTs effects may be insufficient to determine long-

term impacts [42]. Our findings indicate that an intensive multidomain lifestyle intervention 

may have distinct short- and long-term effects on trait and behavioral impulsivity. A recent 4-

week RCT with 30 healthy adults found that at least 8 hours of time-restricted feeding increased

both trait and behavioral impulsivity [43]. Similarly, our results suggest a potential transient 

increase in behavioral impulsivity at 1 year, possibly due to the high cognitive load associated 

with an intensive intervention [44], which in the present trial involved 24–36 contacts per year 

while only 2 in the CG. In contrast, the intervention effect revealed its larger decreases in trait 

impulsivity at 1 year. Although personality traits are generally considered stable, impulsivity 

appears to be relatively malleable [7]. These findings suggest that the intensity of counseling 

and behavioral support may differentially influences self-perceived trait impulsivity tendencies 

over time. Overall, the observed trajectories of trait and behavioral impulsivity highlight 

differential short- and long-term responsiveness to lifestyle interventions, underscoring the need

to monitor both dimensions. 

It is important to note that significant benefits were observed in both the IIG and the active CG. 

Therefore, future clinical trials should assess not only the potentially greater long-term effects 

of intensive multidomain lifestyle interventions on impulsivity demonstrated in our IIG but also 
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their cost-effectiveness, given that even the less intensive approach in the CG—consisting of ad

libitum MedDiet advice combined with annual follow-up—also yielded reductions in 

impulsivity. 

Our per-protocol analyses indicated that participants with higher compliance with the 

Mediterranean diet goals exhibited the largest decreases in impulsivity over the 3 years of 

follow-up. Concomitant adherence to physical activity and weight reduction goals was also 

associated with decreased impulsivity at 3 years. These findings may be explained by multiple 

underlying mechanisms. First, adhering to an energy-restricted MedDiet may enhance brain 

function and self-regulation through its anti-inflammatory and neuroprotective properties. 

MedDiet components—such as antioxidants, polyphenols, and polyunsaturated fatty acids—

have been found to promote synaptic plasticity, brain-derived neurotrophic factor expression, 

and dopaminergic and serotonergic neurotransmitter balance, while also reducing oxidative 

stress and neuroinflammation [26,45]. Additionally, diet-gut-brain axis interactions have been 

proposed as important contributors to these pathways, with impulsivity potentially playing a 

role in the process [46,47]. Second, physical activity may reduce impulsivity by improving 

brain function. Aerobic exercise has been linked to improved prefrontal cortex activity and 

connectivity within neural networks involved in impulsivity regulation, which are crucial for 

emotional reactivity, cognitive flexibility, decision-making, and inhibitory control [1,10,48,49]. 

Moreover, physical activity is suggested to enhance brain-derived neurotrophic factor 

expression and dopamine and serotonin signaling [27,50,51], potentially reducing impulsivity. 

Furthermore, endorphin and serotonin release during exercise may further ameliorate mood 

disturbances and emotional reactivity through changes in the hypothalamic–pituitary–adrenal 

axis [27,51]. Third, the PREDIMED-Plus intervention showed beneficial effects on adiposity 

and body composition [52], suggesting reductions in brain oxidative stress and inflammation, 

which in turn may lower impulsivity [4,20]. Fourth, the behavioral support in the PREDIMED-

Plus intervention may have reinforced social interactions, self-monitoring, goal setting, and 

cognitive strategies, may reducing impulsivity predispositions and behaviors [23,24]. 

Consequently, the multifaceted intervention—combining diet, physical activity, and behavioral 

reinforcement for weight loss—may have produced a synergistic effect influencing multiple 

biological and psychological pathways leading to decreased impulsivity. Our findings and their 

biological plausibility are especially relevant, as the long-term effectiveness of weight-loss 

interventions is often modest and dependent on sustained adherence [53], in which impulsivity 

is probably playing a role.

Strengths of our study include the translational RCT design, relatively large sample size, long 

follow-up, and comprehensive impulsivity evaluations. The multidomain intervention enabled 

the examination of combined rather than isolated lifestyle effects. Moreover, the PREDIMED-
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Plus intervention was found to improve diet, physical activity, and BMI [52,54,55], suggesting 

that combined lifestyle changes and behavioral support underlie reductions in impulsivity. 

Limitations include that impulsivity was obtained using self-report and cognitive measurements,

which are susceptible to bias, although measurements administered by neuropsychologists. Our 

population consisted of older adults at high cardiovascular risk participating in a clinical trial, 

limiting generalizability to other populations as younger individuals or those with psychiatric 

conditions. Analyses were restricted to 4 of the 23 participating research centers participating in 

the PREDIMED-Plus study, also limiting the generalizability of the results. Considerable 

missing data on outcomes were present, which could impact validity. To address this, extensive 

sensitivity analyses were performed, revealing some discrepancies in statistical significance that

warrant a cautious interpretation of the findings. Multiple comparisons correction was not 

conducted because the CCA is already conservative due to the extensive missingness, and the 

likelihood of false negative results is higher than that of false positives in this case. Indeed, the 

comparison of the results between sensitivity and main analyses suggested that the latter may be

conservative in terms of statistical significance while maintaining similar directional trends. In 

addition, our study found small or negligible correlations between trait and behavioral 

impulsivity measures, consistent with prior reports [8]. There is an emerging debate concerning 

the validity of current impulsivity assessments [56,57], and the present work should be 

considered within this ongoing discussion. Finally, potential genetics interferences of 

impulsivity are not considered. Nevertheless, our models were controlled for extensive 

confounding factors. 

CONCLUSION

Given the well-documented detrimental links between impulsivity and health outcomes, 

interventions targeting impulsivity may have important public health implications. This study 

provides novel evidence that promoting a healthy diet, physical activity, and behavioral support 

can produce long-term reductions in impulsivity among older adults at high cardiovascular risk 

without psychiatric conditions. Although effects observed were small to moderate, scaling such 

interventions at the population level could meaningfully improve health outcomes. These 

findings suggest that multidomain lifestyle interventions may help mitigate impulsivity-related 

medical and mental health problems, highlighting the value of sustained behavioral change in 

public health initiatives. Future research should replicate these findings in other populations and

examine the potential benefits of combining lifestyle interventions with pharmacological or 

psychological treatments. 
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Figure 1. Graphical representation of linear predictions for the effect of the PREDIMED-Plus 

intervention on changes in impulsivity constructs.
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Table 1. Population characteristics.

Characteristics Study arm
All (n=306) CG (n=156) IIG (n=150) p

Sex (female) 140 (45.75) 69 (44.23) 71 (47.33) 0.586
Age (in years) 65.03 ± 4.72 64.52 ± 4.68 65.56 ± 4.71 0.054
Educational level 0.382
     Primary school or less 146 (47.71) 71 (45.51) 75 (50.00)
     High school 97 (31.70) 48 (30.77) 49 (32.67)
     College 63 (20.59) 37 (23.72) 26 (23.72)
Civil status 0.090
     Single, divorced or separated 33 (10.78) 13 (8.33) 20 (13.33)
     Married 246 (80.39) 133 (85.26) 113 (75.33)
     Widower 27 (8.80) 10 (6.41) 17 (11.33)
Smoking status 0.062
     Never 140 (45.75) 62 (39.74) 78 (52.00)
     Former 126 (41.18) 74 (47.44) 52 (34.67)
     Current 40 (13.07) 20 (12.82) 20 (13.33)
Alcohol intake (g/day) 9.64 ± 11.12 9.37 ± 11.71 9.91 ± 12.57 0.695
Adherence to Mediterranean diet (0-17 points) 7.81 ± 2.47 7.93 ± 2.51 7.68 ± 2.42 0.377
Total energy intake (kcal/day) 2452 ± 619 2461 ± 600 2443 ± 641 0.805
Physical activity (MET min/week) 2471 ± 2019 2353 ± 2031 2593 ± 2006 0.300
BMI (kg/m²) 32.51 ± 3.38 32.43 ± 3.16 32.58 ± 3.59 0.705
Obesity (BMI≥30 kg/m2) 226 (73.86) 118 (75.64) 108 (72.00) 0.469
Hypercholesterolemia (yes) 223 (72.88) 113 (72.44) 110 (73.33) 0.860
Hypertension (yes) 254 (83.01) 125 (80.13) 129 (86.00) 0.172
HbA1c (%) 6.12 ± 0.86 6.18 ± 0.98 6.06 ± 0.73 0.206
Type 2 diabetes (yes) 82 (26.80) 35 (22.44) 47 (31.33) 0.079
     Medication for diabetes (yes) 63 (76.83) 23 (74.29) 37 (78.72) 0.638
Depressive symptomatology (BDI-II score; 0-63 points) 7.82 ± 6.86 7.97 ± 6.75 7.66 ± 7.00 0.689
Depressive symptomatology (yes; BDI-II≥14) 48 (15.69) 24 (15.38) 24 (16.00) 0.882
UPPS-P total score (59-236 points) 106.8 ± 21.36 107.6 ± 21.38 106.1 ± 21.38 0.532
UPPS-P Negative Urgency (12-48points) 22.56 ± 8.03 22.83 ± 8.10 22.26 ± 7.98 0.533
UPPS-P Positive Urgency (14-56 points) 24.08 ± 7.01 24.32 ± 6.80 23.84 ± 7.25 0.550
UPPS-P Lack of Premeditation (11-44 points) 19.40 ± 5.47 19.3 ± 5.59 19.45 ± 5.37 0.856
UPPS-P Lack of Perseverance (10-40 points) 18.73 ± 5.06 19.11 ± 5.00 18.35 ± 5.10 0.192
UPPS-P Sensation Seeking (12-48 points) 22.08 ± 6.01 22.00 ± 5.88 22.17 ± 6.16 0.809
CPT-Commissions 21.70 ± 15.03 21.69 ± 15.40 21.71 ± 14.70 0.992
CPT-Perseverations 0.78 ± 3.20 0.89 ± 4.02 0.66 ± 2.04 0.532
Iowa Gambling Task 2.47 ± 21.28 3.03 ± 20.21 1.89 ± 22.38 0.642
Stroop Color Word Test -2.17 ± 7.51 -1.48 ± 7.72 -2.89 ± 7.24 0.102

Abbreviations: CG, control group; IIG, intensive intervention group; BDI-II, Beck Depression Inventory-II; UPPS-P, Impulsive
Behavior Scale; CPT, Conners’ Continuous Performance Test.
Values are numbers and percentages for qualitative variables and mean ± standard deviation (SD) for quantitative variables, with
differences between CG and IG examined using chi-square and t-tests, as appropriate.



Table 2. Effect of the PREDIMED-Plus intervention on changes in impulsivity constructs.

Impulsivity constructs Model Study arm Baseline 1-year follow-up 3-year follow-up Overall follow-up
Mean z-score change

(95%CI)
p Mean z-score change (95%CI) p p

Global Impulsivity Crude CG Ref. -0.055 (-0.238, 0.128) 0.554† -0.196 (-0.363, -0.028) 0.022†

IIG Ref. -0.108 (-0.296, 0.081) 0.265‡ -0.499 (-0.683, -0.315)
<0.001

‡
Differenc
e 

Ref. -0.052 (-0.315, 0.211) 0.697# -0.303 (-0.552, -0.055) 0.017# 0.056*

Minimally adjusted CG Ref. -0.057 (-0.239, 0.126) 0.544 -0.198 (-0.366, -0.030) 0.021
IIG Ref. -0.092 (-0.281, 0.097) 0.340 -0.491 (-0.675, -0.307) <0.001
Differenc
e 

Ref. -0.035 (-0.298, 0.228) 0.792 -0.293 (-0.543, -0.044) 0.021 0.064

Fully adjusted CG Ref. -0.045 (-0.228, 0.138) 0.629 -0.200 (-0.368, -0.032) 0.019
IIG Ref. -0.088 (-0.277, 0.101) 0.359 -0.477 (-0.659, -0.296) <0.001
Differenc
e 

Ref. -0.043 (-0.307, 0.220) 0.748 -0.277 (-0.524, -0.030) 0.028 0.085

Trait Impulsivity Crude CG Ref. 0.131 (-0.029, 0.291) 0.109 -0.062 (-0.194, 0.071) 0.363
IIG Ref. -0.145 (-0.310, 0.021) 0.087 -0.208 (-0.350, -0.066) 0.004
Differenc
e 

Ref. -0.275 (-0.506, -0.045) 0.019 -0.147 (-0.341, 0.048) 0.139 0.051

Minimally adjusted CG Ref. 0.129 (-0.031, 0.289) 0.115 -0.063 (-0.196, 0.070) 0.352
IIG Ref. -0.136 (-0.302, 0.030) 0.109 -0.201 (-0.343, -0.058) 0.006
Differenc
e 

Ref. -0.269 (-0.509, -0.029) 0.028 -0.146 (-0.344, 0.051) 0.146 0.066

Fully adjusted CG Ref. 0.131 (-0.031, 0.292) 0.112 -0.051 (-0.183, 0.081) 0.450
IIG Ref. -0.126 (-0.292, 0.041) 0.139 -0.191 (-0.333, -0.050) 0.008
Differenc
e 

Ref. -0.256 (-0.488, -0.025) 0.030 -0.140 (-0.334, 0.053) 0.155 0.075

Behavioral Impulsivity Crude CG Ref. -0.214 (-0.398, -0.029) 0.023 -0.203 (-0.378, -0.028) 0.023
IIG Ref. 0.017 (-0.176, 0.211) 0.859 -0.473 (-0.662, -0.284) <0.001
Differenc
e 

Ref. 0.231 (-0.036, 0.498) 0.090 -0.270 (-0.527, -0.012) 0.040 0.003

Minimally adjusted CG Ref. -0.216 (-0.399, -0.032) 0.022 -0.198 (-0.374, -0.023) 0.027
IIG Ref. 0.024 (-0.169, 0.217) 0.809 -0.481 (-0.670, -0.291) <0.001
Differenc
e 

Ref. 0.239 (-0.027, 0.506) 0.078 -0.282 (-0.540, -0.024) 0.032 0.002

Fully adjusted CG Ref. -0.221 (-0.404, -0.037) 0.019 -0.200 (-0.376, -0.024) 0.026
IIG Ref. 0.028 (-0.164, 0.221) 0.774 -0.478 (-0.666, -0.289) <0.001
Differenc
e 

Ref. 0.249 (-0.017, 0.515) 0.067 -0.278 (-0.536, -0.020) 0.035 0.001

Abbreviations: CG, control group; IIG, intensive intervention group.



Linear mixed models were conducted to assess the effect of the PREDIMED-Plus intervention on Global, Trait, and Behavioral Impulsivity z-score changes. The term “difference” results from
the comparison between IIG and CG. All models included random effects (center, household, and individual), random slope across time points, and unstructured covariance.
Crude model: unadjusted. 
Minimally adjusted model: sex, age, educational level, and marital status. 
Fully  adjusted  model:  minimally  adjusted  model  +  smoking  status,  alcohol  intake,  17-point  Mediterranean  diet,  total  energy  intake,  physical  activity,  obesity,  hypercholesterolemia,
hypertension, type 2 diabetes, diabetes medication use, and depressive symptomatology. 
† (all such values) P-values within CG at specific follow-up points.
‡ (all such values) P-values within IIG at specific follow-up points.
# (all such values) P-values comparing IIG and CG at specific follow-up points.
* (all such values) Overall p-values comparing IIG and CG over the duration of follow-up.
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Supplementary Methods 

Impulsivity 

The CPT [1] is a computer-based task in which participants have to press the space bar in response to visual stimuli over 14 minutes. 

The CPT reports several measures, and the commissions and perseveration scores were chosen as they are impulsivity-related 

measures [1]. The commission score reflects failed targets (e.g., responding to a non-target), while the perseveration score reflects 

random, repetitive, or anticipatory responses (e.g., hit reaction time <100ms). Higher scores in both CPT measurements reflect 

higher behavioral impulsivity. The IGT [2] is a computerized task to evaluate risky decision-making, which has also been proposed 

as a measure of behavioral impulsivity [3]. Four decks (A, B, C, and D) are presented to the participants, and they have to make a 

total of 100 deck selections. A reward or punishment appears in each selection, where the A and B decks represent the worst selection 

options due to final losses being higher than the final gain. The final aim is to win as much money as possible. A total score is 

obtained by subtracting the number of cards selected from decks A and B from the number of cards selected from decks C and D. 

Higher scores indicate better performance under risky decision-making and hence, lower impulsivity. The Spanish version of the 

Stroop Color and Word Test (SCWT) [4] consists of three different tasks in which participants have to name as many words as they 

are able to in a total time of 45 seconds. In the first task participants have to name the written color from a list of words specifying 

colors printed in black text. In the second task participants have to name the printed color from a list of words printed in the following 

format: “XXXXX”. In the last task participants have to name the printed color in a list of words in which the written word naming 

a color and the printed color from the word are incongruent. A total interference score was obtained from the three tasks, assessing 

the participants’ capacity to inhibit cognitive interference, providing a measure of inhibition control which is a cognitive function 

related to impulsivity [3]. Higher scores indicate higher inhibition control performance and then, lower impulsivity. 

Covariates 

A composite of diabetes medication use was obtained from self-reported use of insulin, insulin secretagogues, other noninsulin 

hypoglycemics, thiazolidinediones, metformin, other biguanides, sulfonylureas, alpha-glucosidase inhibitors, GLP-1 analogs, DPP-

4 inhibitors, or SGLT2 inhibitors medications. 

Statistical analysis 

• Impulsivity z-scores obtention 

Z-scores were obtained at each time point for the UPPS-P total score (Trait Impulsivity construct), each UPPS-P subscale, and all 

the behavioral impulsivity tests using the mean and SD of their respective baseline data. Moreover, at each time point, a behavioral 

impulsivity z-score (Behavioral Impulsivity construct) and a global impulsivity z-score (Global Impulsivity construct) were also 

calculated. The Behavioral Impulsivity z-score was obtained by averaging all the behavioral impulsivity z-score tests at each time 

point, always standardizing by the mean and SD of all the behavioral impulsivity z-score tests at baseline. The Global Impulsivity 

z-score was calculated by averaging the Trait Impulsivity and the Behavioral Impulsivity z-scores at each time point, always 

standardizing by the mean and SD of the Trait Impulsivity and the Behavioral Impulsivity z-scores at baseline. 

• Approach to missing data and rationale for the main model selection 

The main analyses were conducted using Complete Case Analysis (CCA) at baseline and maximum likelihood estimation (MLE) 

for handling missing data over follow-ups. Baseline CCA (n=306) ensured comparability across Global, Trait, and Behavioral 

Impulsivity constructs by restricting analyses to participants with complete baseline data, anchoring impulsivity evaluations to the 

same analytic population. This is particularly relevant as baseline serves as the reference point for estimating longitudinal changes 

in impulsivity. MLE was then applied to the 1-year and 3-year follow-up data, making full use of all available observed repeated 

measures. 



Alternative approaches include a pure CCA across all time points or multiple imputation by chained equations (MICE). A pure CCA 

would have restricted analyses to only 126 of 486 participants (26%), resulting in a substantial loss of power. MICE, in contrast, 

creates multiple imputed datasets and combines results across them, accounting for uncertainty due to missingness and allowing 

inclusion of all participants. Both MLE and MICE rely on the assumption that data are missing at random; however, participants 

with higher impulsivity may be more prone to dropout, potentially raising concerns about missing not at random mechanisms [5]. 

Because a large fraction of baseline impulsivity would otherwise require imputation and the adequacy of auxiliary predictors in 

capturing missingness mechanisms for unobserved impulsivity is uncertain under MICE, we favored baseline CCA combined with 

MLE for follow-ups. This combined approach preserves operational comparability across impulsivity constructs, avoids imputing 

a substantial portion of baseline values while maximizing the use of observed follow-up impulsivity data, and limits reliance on 

imputation models which under potential deviations from missing at random could introduce an additional layer of uncertainty by 

adding model-dependent imputation bias.  

Nevertheless, several sensitivity analyses were performed using combinations of CCA, MLE, and MICE to assess the robustness of 

our findings and to explore that conclusions were not dependent on a particular approach to handling missing data. 

• Covariate adjustment 

Regarding covariate adjustment models, a total of three models were fitted. All models included random effects hierarchically 

specified at three levels (center, household, and individual), a random slope at the individual level across time points, and an 

unstructured covariance. The crude model was unadjusted. The minimally adjusted model (sociodemographics adjustment) 

included: sex (male; female), age (in years), educational level (primary school; secondary school; college), and marital status (single, 

divorced, or separated; married; widowed) at baseline. The fully adjusted model (lifestyle and disease adjustments) included: the 

minimally adjusted model + smoking status (smoker; former smoker; never smoked), alcohol intake (g/day), 17-point Mediterranean 

diet (score), total energy intake (kcal/day), physical activity (MET min/week), obesity (no; yes), hypercholesterolemia (no; yes), 

hypertension (no; yes), type 2 diabetes (no; yes), diabetes medication use (no; yes), and depressive symptomatology (no; yes) at 

baseline.  

• Sensitivity analyses with alternative approaches to handling missing data 

Sensitivity analyses were performed to assess the robustness of the findings of the main analyses. To accomplish this aim, several 

additional analyses were conducted. These included:  

(1) To conduct a CCA to select participants with complete data at baseline (n=306), but instead of using MLE for missing data over 

the follow-up as the main analyses, we performed a multivariate imputation by chained-equations (MICE) with fully conditioned 

specification (imputed datasets=20; seed=1234) on the Global Impulsivity z-score at 1-year (missing data=89/306; 29.1%) and 3-

year (missing data=158/306; 51.6%) follow-ups, on the Trait Impulsivity z-score at 1-year (missing data=74/306; 24.18%) and 3-

year (missing data=103/306; 33.6%) follow-ups, and on the Behavioral Impulsivity z-score at 1-year (missing data=53/306; 17.3%) 

and 3-year (missing data=140/306; 45.7%) follow-ups (Supplementary Table 6).  

(2) To perform a MICE (imputed datasets=20; seed=1234) for all missing data at baseline, 1-year follow-up, and 3-year follow-up 

(n=486). This included the imputation of the Global Impulsivity z-score at baseline (missing data=180/486; 37.0%), 1-year (missing 

data=211/486; 43.4%), and 3-year (missing data=299/486; 61.5%) time points, the Trait Impulsivity z-score at baseline (missing 

data=117/486; 24.1%), 1-year (missing data=115/486; 23.6%), 3-year (missing data=155/486; 31.9%) time points, the Behavioral 

Impulsivity z-score at baseline (missing data=92/486; 18.9%), 1-year (missing data=160/486; 32.9%), and 3-year (missing 

data=272/486; 56.0%) time points, and the HbA1c (missing data=17/486; 3.5%) and hypercholesterolemia (missing data=1/486; 

0.21%) covariates at baseline (Supplementary Table 7). The ancillary variables included in all MICE models were those included 

in the fully adjusted model.  

(3) To perform a pure MLE analysis, which maximized the use of all available data across all assessed time points, even though 

some data was only available at a single time point (Supplementary Table 8).  

(4) To conduct a pure CCA, which included only participants with complete data across all time points (Supplementary Table 9).  
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Supplementary Figure 1. Flowchart of the studied population. 



Supplementary Table 1. Population characteristics according to PREDIMED-Plus participants included and not included in the PREDIMED-Plus-Cognition sub-study.  

Characteristics 

PREDIMED-Plus participants 

not included in the 

PREDIMED-Plus-Cognition 

sub-study (n=6,388) 

PREDIMED-Plus participants 

included in the PREDIMED-

Plus-Cognition sub-study 

(n=486) 

p 

PREDIMED-Plus-Cognition 

participants included in the 

main analyses (n=306) * 

p 

Intervention study arm (intervention group) 3166 (49.56) 240 (49.38) 0.393 150 (49.02) 0.853 

Sex (female) 3089 (48.36) 245 (50.41) 0.336 140 (45.75) 0.436 

Age (in years) 64.92 ± 4.93 65.24 ± 4.71 0.176 65.03 ± 4.72 0.724 

Educational level   0.024  0.510 

     Primary school or less 3102 (48.56) 260 (53.50)  146 (47.71)  

     High school 1845 (28.88) 141 (29.01)  97 (31.70)  

     College 1441 (22.56) 85 (17.49)  63 (20.59)  

Civil status    0.411  0.260 

     Single, divorced or separated 840 (13.21) 54 (11.11)  33 (10.78)  

     Married 4853 (76.33) 381 (78.40)  246 (80.39)  

     Widower 665 (10.46) 51 (10.49)  27 (8.80)  

Smoking status   0.044  0.634 

     Never 2767 (43.51) 239 (49.18)  140 (45.75)  

     Former 2795 (43.95) 188 (36.68)  126 (41.18)  

     Current 798 (12.55) 59 (12.14)  40 (13.07)  

Alcohol intake (g/day) 11.39 ± 15.57 8.94 ± 11.74 <0.001 9.64 ± 11.12 0.052 

Adherence to Mediterranean diet (0-17 points) 8.55 ± 2.68 7.77 ± 2.47 <0.001 7.81 ± 2.47 <0.001 

Total energy intake (kcal/day) 2417 ± 636 2406 ± 585 0.719 2452 ± 619 0.339 

Physical activity (MET min/week) 2470 ± 2320 2364 ± 2038 0.324 2471 ± 2019 0.994 

BMI (kg/m²) 32.57 ± 3.46 32.52 ± 3.41 0.778 32.51 ± 3.38 0.759 

Obesity (BMI≥30 kg/m2) 4693 (73.47) 353 (72.63) 0.689 226 (73.86) 0.880 

Hypercholesterolemia (yes) 4408 (69.54) 356 (73.40) 0.091 223 (72.88) 0.263 

Hypertension (yes) 5303 (83.02) 410 (84.36) 0.190 254 (83.01)  

HbA1c (%) 6.11 ± 0.88 6.14 ± 0.84 0.555 6.12 ± 0.86 0.831 

Type 2 diabetes (yes) 1945 (30.45) 148 (30.45) 0.998 82 (26.80) 0.175 

Medication for diabetes (yes) 1685 (86.63) 121 (81.76) 0.096 63 (76.83) 0.012 

Depressive symptomatology (BDI-II score; 0-63 points) 8.49 ± 7.48 8.53 ± 6.91 0.893 7.82 ± 6.86 0.126 

Depressive symptomatology (yes; BDI-II≥14) 1302 (20.47) 97 (19.96) 0.787 48 (15.69) 0.042 

Values are mean ± standard deviation for quantitative variables and number (%) for qualitative variables. 

Chi-square for qualitative variables and t-test for quantitative variables were performed comparing the total PREDIMED-Plus population with the total population of the PREDIMED-Plus-

Cognition cohort and the total population of the PREDIMED-Plus-Cognition cohort included for the main analyses. 

* Participants with data on all impulsivity assessments at baseline. 

  



Supplementary Table 2. Correlation matrix of impulsivity assessments. 

 

Global 

Impulsivity 

Trait 

Impulsivity 

UPPS-P 

Positive 

Urgency 

UPPS-P 

Negative 

Urgency 

UPPS-P 

Premeditation 

UPPS-P 

Perseverance 

UPPS-P 

Sensation 

Seeking 

Behavioral 

Impulsivity 

CPT-

Commissions 

CPT-

Perseverations 

Iowa 

Gambling 

Task § 

Stroop 

Color 

Word 

Test § 

Global 

Impulsivity 
1.00            

Trait 

Impulsivity 
0.72*** 1.00           

UPPS-P 

Positive 

Urgency 

0.65*** 0.83*** 1.00          

UPPS-P 

Negative 

Urgency 

0.57*** 0.79*** 0.72*** 1.00         

UPPS-P 

Premeditation 
0.42*** 0.62*** 0.28*** 0.26*** 1.00        

UPPS-P 

Perseverance 
0.35*** 0.55*** 0.21*** 0.26*** 0.65*** 1.00       

UPPS-P 

Sensation 

Seeking 

0.36*** 0.49*** 0.35*** 0.22*** 0.07 -0.04 1.00      

Behavioral 

Impulsivity 
0.76*** 0.11# 0.16** 0.09 0.02 -0.01 0.06 1.00     

CPT-

Commissions 
0.50*** 0.18** 0.18** 0.19*** 0.15* 0.02 0.18* 0.54*** 1.00    

CPT-

Perseverations 
0.45*** 0.08 0.08 0.08 0.02 0.11* 0.03 0.57*** 0.05 1.00   

Iowa 

Gambling 

Task § 

-0.37*** 0.02 -0.05 -0.02 0.05 0.07 0.04 -0.54*** -0.07 0.03 1.00  

Stroop Color 

Word Test § 
-0.34*** 0.02 -0.02 -0.01 0.07 -0.02 0.06 -0.50*** -0.06 -0.07 0.15** 1.00 

Pearson correlation analyses were performed between z-scores of impulsivity constructs (in bold) and each specific impulsivity z-score assessment at baseline. 

§ Higher scores on this test is indicative of lower impulsivity. 

# p<0.010; * p<0.05; ** p<0.01; *** p<0.001 

 



Supplementary Table 3. Effect of the PREDIMED-Plus intervention on impulsivity changes for each trait and behavioral impulsivity assessment (n=306). 

Impulsivity assessment Study arm Baseline  1-year follow-up  3-year follow-up  Overall follow-up 

  Mean z-score change (95%CI) p  Mean z-score change (95%CI) p  p 

UPPS-P Negative Urgency CG  Ref.  0.029 (-0.109, 0.168) 0.679†  -0.178 (-0.324, -0.032) 0.017†   

 IIG Ref.  -0.222 (-0.365, -0.078) 0.002‡  -0.245 (-0.400, -0.089) <0.001‡   

 Difference  Ref.  -0.251 (-0.450, -0.052) 0.014#  -0.067 (-0.280, 0.147) 0.541#  0.044* 

UPPS-P Positive Urgency CG  Ref.  0.096 (-0.067, 0.259) 0.247  -0.065 (-0.214, 0.083) 0.388   

 IIG Ref.  -0.095 (-0.263, 0.073) 0.269  -0.168 (-0.326, -0.010) 0.038   

 Difference  Ref.  -0.191 (-0.425, 0.043) 0.110  -0.102 (-0.319, 0.114) 0.355  0.262 

UPPS-P Lack of Premeditation CG  Ref.  0.139 (-0.029, 0.307) 0.106  0.167 (0.011, 0.323) 0.036   

 IIG Ref.  0.061 (-0.113, 0.236) 0.491  -0.095 (-0.260, 0.069) 0.256   

 Difference  Ref.  -0.077 (-0.320, 0.165) 0.533  -0.262 (-0.552, -0.035) 0.023  0.072 

UPPS-P Lack of Perseverance CG  Ref.  0.054 (-0.098, 0.206) 0.486  -0.058 (-0.196, 0.080) 0.411   

 IIG Ref.  -0.085 (-0.242, 0.071) 0.286  -0.068 (-0.215, 0.079) 0.367   

 Difference  Ref.  -0.139 (-0.357, 0.079) 0.211  -0.010 (-0.212, 0.192) 0.925  0.409 

UPPS-P Sensation Seeking CG  Ref.  0.123 (-0.027, 0.273) 0.108  -0.047 (-0.173, 0.078) 0.460   

 IIG Ref.  -0.055 (-0.211, 0.101) 0.488  -0.063 (-0.196, 0.070) 0.355   

 Difference  Ref.  -0.078 (-0.395, 0.038) 0.106  -0.015 (-0.199, 0.168) 0.869  0.248 

CPT Commissions CG  Ref.  -0.142 (-0.257, -0.028) 0.015  -0.193 (-0.334, -0.052) 0.007   

 IIG Ref.  -0.020 (-0.263, 0.073) 0.747  -0.200 (-0.354, -0.052) 0.011   

 Difference  Ref.  0.123 (-0.043, 0.289) 0.148  -0.007 (-0.215, 0.201) 0.945  0.242 

CPT Perseverations CG  Ref.  -0.183 (-0.422, 0.057) 0.135  -0.184 (-0.315, -0.053) 0.006   

 IIG Ref.  0.124 (-0.125, 0.374) 0.328  -0.091 (-0.226, 0.044) 0.186   

 Difference  Ref.  0.307 (-0.039, 0.652) 0.082  0.093 (-0.096, 0.281) 0.335  0.220 

Iowa Gambling Task § CG  Ref.  0.111 (-0.090, 0.312) 0.277  0.080 (-0.162, 0.322) 0.518   

 IIG Ref.  -0.077 (-0.288, 0.133) 0.472  0.408 (0.150, 0.666) 0.002   

 Difference  Ref.  -0.189 (-0.480, 0.103) 0.204  0.328 (-0.025, 0.682) 0.069  0.018 

Stroop Color Word Test § CG  Ref.  0.033 (-0.091, 0.156) 0.601  0.020 (-0.120, 0.160) 0.782   

 IIG Ref.  0.129 (-0.001, 0.257) 0.050  0.221 (0.073, 0.369) 0.003   

 Difference  Ref.  0.096 (-0.083, 0.274) 0.294  0.201 (-0.002, 0.405) 0.053  0.151 

Abbreviations: CG, control group; IIG, intensive intervention group; 95%CI, 95% confidence interval; CPT, Conners’ Continuous Performance Test 3rd Edition; CCA, complete case analysis; 

MLE, maximum likelihood estimation. 

Linear mixed models were conducted to assess the effect of the PREDIMED-Plus intervention on each specific trait and behavioral impulsivity z-score assessment over three years of follow-up 

in the PREDIMED-Plus-Cognition sub-study. Within-group effects (for CG and IIG) and between-group effects (difference between CG and IIG) were evaluated. For this analysis, a CCA was 

conducted to select participants with complete baseline data (n=306), and MLE was used to handle missing data at the 1-year and 3-year follow-ups. All models included random effects (center, 

household, and individual), random slope across time points, and unstructured covariance. 

Models were adjusted for sex (male; female), age (in years), educational level (primary school; secondary school; college), marital status (single, divorced, or separated; married; widowed), 

smoking status (smoker; former smoker; never smoked), alcohol intake (g/day), 17-point Mediterranean diet (score), total energy intake (kcal/day), physical activity (MET min/week), obesity 

(no; yes), hypercholesterolemia (no; yes), hypertension (no; yes), type 2 diabetes (no; yes), diabetes medication use (no; yes), and depressive symptomatology (no; yes) at baseline.  

§ A negative coefficient value indicates higher impulsivity; † (all such values) P-values within CG at specific follow-up points; ‡ (all such values) P-values within IIG at specific follow-up 

points; # (all such values) P-values comparing IIG and CG at specific follow-up points; * (all such values) Overall p-values comparing IIG and CG over the duration of follow-up. 

  



Supplementary Table 4. Effect of the PREDIMED-Plus intervention on original impulsivity score changes for each trait and behavioral impulsivity assessment (n=306). 

Impulsivity assessment Study arm Baseline  1-year follow-up  3-year follow-up  Overall follow-up 

  Mean score change (95%CI) p  Mean score change (95%CI) p  p 

UPPS-P Total score CG  Ref.  2.97  (-0.69, 6.64) 0.112†  -1.16 (-4.16, 1.84) 0.450†   

 IIG Ref.  -2.86 (-6.64, 0.93) 0.139‡  -4.35 (-7.56, -1.14) 0.008‡   

 Difference Ref.  -5.83 (-11.10, -0.56) 0.030#  -3.19 (-7.59, 1.20) 0.155#  0.075* 

UPPS-P Negative Urgency CG  Ref.  0.22 (-0.81, 1.24) 0.679  -1.31 (-2.39, -0.24) 0.017   

 IIG Ref.  -1.63 (-2.69, -0.58) 0.002  -1.80 (-2.95, -0.66) <0.001   

 Difference  Ref.  -1.85 (-3.32, -0.38) 0.014  -0.49 (-2.06, 1.08) 0.541  0.044 

UPPS-P Positive Urgency CG  Ref.  0.79 (-0.55, 2.14) 0.247  -0.54 (-1.76, 0.69) 0.388   

 IIG Ref.  -0.78 (-2.16, 0.60) 0.269  -1.38 (-2.69, -0.08) 0.038   

 Difference  Ref.  -1.57 (-3.50, 0.36) 0.110  -0.84 (-2.63, 0.94) 0.355  0.262 

UPPS-P Lack of Premeditation CG  Ref.  0.78 (-0.16, 1.72) 0.106  0.93 (0.06, 1.81) 0.036   

 IIG Ref.  0.34 (-0.63, 0.32) 0.491  -0.53 (-1.46, 0.39) 0.256   

 Difference  Ref.  -0.43 (-1.79, 0.93) 0.533  -1.47 (-2.74, -0.20) 0.023  0.072 

UPPS-P Lack of Perseverance CG  Ref.  0.27 (-0.49, 1.02) 0.486  -0.29 (-0.97, 0.40) 0.411   

 IIG Ref.  -0.42 (-1.20, 0.35) 0.286  -0.34 (-1.06, 0.39) 0.367   

 Difference  Ref.  -0.69 (-1.77, 0.39) 0.211  -0.05 (-1.05, 0.95) 0.925  0.409 

UPPS-P Sensation Seeking CG  Ref.  0.74 (-0.16, 1.65) 0.108  -0.29 (-1.05, 0.47) 0.460   

 IIG Ref.  -0.33 (-1.28, 0.61) 0.488  -0.38 (-1.19, 0.43) 0.355   

 Difference  Ref.  -1.08 (-2.39, 0.23) 0.106  -0.09 (-1.20, 1.02) 0.869  0.248 

CPT Commissions CG  Ref.  -2.25 (-4.07, -0.44) 0.015  -3.05 (-5.28, -0.83) 0.007   

 IIG Ref.  -0.31 (-2.21, 1.59) 0.747  -3.17 (-5.60, -0.74) 0.011   

 Difference  Ref.  1.94 (-0.69, 4.57) 0.148  -0.12 (-3.41, 3.18) 0.945  0.242 

CPT Perseverations CG  Ref.  -0.52 (-1.21, 0.16) 0.135  -0.53 (-0.90, -0.15) 0.006   

 IIG Ref.  0.36 (-0.36, 1.07) 0.328  -0.26 (-0.65, 0.13) 0.186   

 Difference  Ref.  0.88 (-0.11, 1.87) 0.082  0.27 (-0.27, 0.81) 0.335  0.220 

Iowa Gambling Task § CG  Ref.  2.41 (-1.93, 6.75) 0.277  1.73 (-3.50, 6.95) 0.518   

 IIG Ref.  -1.67 (-6.22, 2.88) 0.472  8.81 (3.25, 14.38) 0.002   

 Difference  Ref.  -4.08 (-10.37, 2.22) 0.204  7.09 (-0.54, 14.71) 0.069  0.018 

Stroop Color Word Test § CG  Ref.  0.33 (-0.90, 1.55) 0.601  0.20 (-1.19, 1.58) 0.782   

 IIG Ref.  1.28 (-0.01, 2.55) 0.050  2.19 (0.72, 3.66) 0.003   

 Difference  Ref.  0.95 (-0.82, 2.72) 0.294  2.00 (-0.02, 4.01) 0.053  0.151 

Abbreviations: CG, control group; IIG, intensive intervention group; 95%CI, 95% confidence interval; CPT, Conners’ Continuous Performance Test 3rd Edition; CCA, complete case analysis; 

MLE, maximum likelihood estimation. Linear mixed models were conducted to assess the effect of the PREDIMED-Plus intervention on each raw score of trait and behavioral impulsivity 

assessment over three years of follow-up in the PREDIMED-Plus-Cognition sub-study. Within-group effects (for CG and IIG) and between-group effects (difference between CG and IIG) were 

evaluated. For this analysis, a CCA was conducted to select participants with complete baseline data (n=306), and MLE was used to handle missing data at the 1-year and 3-year follow-ups. All 

models included random effects (center, household, and individual), random slope across time points, and unstructured covariance. 

Models were adjusted for sex (male; female), age (in years), educational level (primary school; secondary school; college), marital status (single, divorced, or separated; married; widowed), 

smoking status (smoker; former smoker; never smoked), alcohol intake (g/day), 17-point Mediterranean diet (score), total energy intake (kcal/day), physical activity (MET min/week), obesity 

(no; yes), hypercholesterolemia (no; yes), hypertension (no; yes), type 2 diabetes (no; yes), diabetes medication use (no; yes), and depressive symptomatology (no; yes) at baseline.  

§ A negative coefficient value indicates higher impulsivity; † (all such values) P-values within CG at specific follow-up points; ‡ (all such values) P-values within IIG at specific follow-up 

points; # (all such values) P-values comparing IIG and CG at specific follow-up points; * (all such values) Overall p-values comparing IIG and CG over the duration of follow-up. 



Supplementary Table 5. Effect of the PREDIMED-Plus intervention on changes in Global Impulsivity based on per-protocol analyses (n=306). 

Per-protocol  Study arm Baseline  1-year follow-up  3-year follow-up  Overall follow-up 

  Mean z-score change (95%CI) p  Mean z-score change (95%CI) p  p 

BMI decrease of 5% CG (n=25) Ref.  0.027 (-0.358, 0.412) 0.890†  -0.230 (-0.591, 0.132) 0.213†   

IIG (n=94) Ref.  -0.049 (-0.246, 0.149) 0.630‡  -0.545 (-0.749, -0.342) <0.001‡   

Difference  Ref.  -0.076 (-0.508, 0.357) 0.514#  -0.316 (-0.730, 0.098) 0.135#  0.323* 

Physical activity increase of 5% CG (n=102) Ref.  -0.072 (-0.310, 0.165) 0.551  -0.243 (-0.472, -0.015) 0.036   

IIG (n=106) Ref.  -0.052 (-0.275, 0.171) 0.648  -0.580 (-0.809, -0.352) <0.001   

Difference  Ref.  0.020 (-0.306, 0.347) 0.902  -0.337 (-0.659, -0.014) 0.041  0.089 

17-point Mediterranean diet score > 13 CG (n=37) Ref.  -0.115 (-0.589, 0.359) 0.635  0.011 (-0.360, 0.381) 0.955   

IIG (n=85) Ref.  0.064 (-0.227, 0.354) 0.667  -0.645 (-0.905, -0.385) <0.001   

Difference  Ref.  0.179 (-0.378, 0.735) 0.529  -0.655 (-1.107, -0.203) 0.005  0.007 

2 goals CG (n=38) Ref.  -0.071 (-0.505, 0.362) 0.748  -0.140 (-0.484, 0.203) 0.424   

IIG (n=104) Ref.  -0.001 (-0.254, 0.252) 0.994  -0.619 (-0.848, -0.389) <0.001   

Difference  Ref.  0.070 (-0.432, 0.572) 0.784  -0.478 (-0.891, -0.066) 0.023  0.049 

3 goals CG (n=7) Ref.  -0.037 (-0.847, 0.773) 0.929  0.011 (-0.601, 0.623) 0.971   

IIG (n=49) Ref.  0.060 (-0.175, 0.295) 0.615  -0.652 (-0.895, -0.408) <0.001   

Difference  Ref.  0.097 (-0.746, 0.940) 0.821  -0.663 (-1.321, -0.008) 0.048  0.088 

Abbreviations: CG, control group; IIG, intensive intervention group; 95%CI, 95% confidence interval; BMI, body mass index; CCA, complete case analysis; MLE, maximum likelihood 

estimation. 

The per-protocol analyses include an average decrease of 5% in BMI, an increase in leisure-time physical activity, and an increase in adherence to the Mediterranean diet, as measured by a score 

of >13 points. Additionally, participants who accomplished two or three goals were evaluated. 

Linear mixed models were conducted to assess the effect of the PREDIMED-Plus intervention on Global, Trait, and Behavioral Impulsivity z-score constructs over three years of follow-up in 

the PREDIMED-Plus-Cognition sub-study under a per-protocol approach. Within-group effects (for CG and IIG) and between-group effects (difference between CG and IIG) were evaluated. 

For this analysis, a CCA was conducted to select participants with complete baseline data (n=306), and MLE was used to handle missing data at the 1-year and 3-year follow-ups. All models 

included random effects (center, household, and individual), random slope across time points, and independent covariance was specified (due to convergence problems resulting from the small 

number of participants). 

Models were adjusted for sex (male; female), age (in years), educational level (primary school; secondary school; college), marital status (single, divorced, or separated; married; widowed), 

smoking status (smoker; former smoker; never smoked), alcohol intake (g/day), 17-point Mediterranean diet (score), total energy intake (kcal/day), physical activity (MET min/week), obesity 

(no; yes), hypercholesterolemia (no; yes), hypertension (no; yes), type 2 diabetes (no; yes), and diabetes medication use (no; yes) at baseline.  

† (all such values) P-values within CG at specific follow-up points; ‡ (all such values) P-values within IIG at specific follow-up points; # (all such values) P-values comparing IIG and CG at 

specific follow-up points; * (all such values) Overall p-values comparing IIG and CG over the duration of follow-up. 

  



Supplementary Table 6. Effect of the PREDIMED-Plus intervention on changes in impulsivity constructs with CCA at baseline and MICE over follow-ups (n=306). 

Impulsivity constructs Study arm Baseline  1-year follow-up  3-year follow-up  Overall follow-up 

  Mean z-score change (95%CI) p  Mean z-score change (95%CI) p  p 

Global Impulsivity CG  Ref.  -0.065 (-0.208, 0.078) 0.373†  -0.215 (-0.340, -0.089) 0.001†   

 IIG Ref.  -0.101 (-0.247, 0.045) 0.175‡  -0.476 (-0.604, -0.348) <0.001‡   

 Difference  Ref.  -0.036 (-0.241, 0.169) 0.731#  -0.261 (-0.440, -0.082) 0.004#  0.009* 

Trait Impulsivity CG  Ref.  0.122 (-0.009, 0.252) 0.067  -0.046 (-0.151, 0.059) 0.388   

 IIG Ref.  -0.117 (-0.250, 0.016) 0.085  -0.206 (-0.313, -0.099) <0.001   

 Difference  Ref.  -0.239 (-0.425, -0.052) 0.012  -0.160 (-0.309, -0.010) 0.036  0.026 

Behavioral Impulsivity CG  Ref.  -0.188 (-0.352, -0.024) 0.025  -0.201 (-0.334, -0.067) 0.003   

 IIG Ref.  0.013 (-0.154, 0.180) 0.878  -0.462 (-0.598, -0.326) <0.001   

 Difference  Ref.  0.201 (-0.033, 0.436) 0.092  -0.261 (-0.452, -0.070) 0.007  <0.001 

Abbreviations: CG, control group; IIG, intensive intervention group; 95%CI, 95% confidence interval; CCA, complete case analysis; MICE, multivariate imputation by chained-equations. 

Linear mixed models were conducted to assess the effect of the PREDIMED-Plus intervention on Global, Trait, and Behavioral Impulsivity z-score constructs over three years of follow-up in 

the PREDIMED-Plus-Cognition sub-study. Within-group effects (for CG and IIG) and between-group effects (difference between CG and IIG) were evaluated. For this analysis, a CCA was 

conducted to select participants with complete baseline data (n=306), and MICE was used to handle missing data at the 1-year and 3-year follow-ups. All models included random effects (center, 

household, and individual), random slope across time points, and unstructured covariance.  

Models were adjusted for sex (male; female), age (in years), educational level (primary school; secondary school; college), marital status (single, divorced, or separated; married; widowed), 

smoking status (smoker; former smoker; never smoked), alcohol intake (g/day), 17-point Mediterranean diet (score), total energy intake (kcal/day), physical activity (MET min/week), obesity 

(no; yes), hypercholesterolemia (no; yes), hypertension (no; yes), type 2 diabetes (no; yes), and diabetes medication use (no; yes) at baseline.  

† (all such values) P-values within CG at specific follow-up points; ‡ (all such values) P-values within IIG at specific follow-up points; # (all such values) P-values comparing IIG and CG at 

specific follow-up points; * (all such values) Overall p-values comparing IIG and CG over the duration of follow-up.  



Supplementary Table 7. Effect of the PREDIMED-Plus intervention on changes in impulsivity constructs with MICE across all time points (n=486). 

Impulsivity constructs Study arm Baseline  1-year follow-up  3-year follow-up  Overall follow-up 

  Mean z-score change (95%CI) p  Mean z-score change (95%CI) p  p 

Global Impulsivity CG  Ref.  -0.029 (-0.131, 0.073) 0.575†  -0.197 (-0.282, -0.112) <0.001†   

 IIG Ref.  -0.088 (-0.192, 0.015) 0.094‡  -0.471 (-0.557, -0.385) <0.001‡   

 Difference  Ref.  -0.059 (-0.205, 0.086) 0.425#  -0.274 (-0.395, -0.153) <0.001#  <0.001* 

Trait Impulsivity CG  Ref.  0.139 (0.029, 0.249) 0.013  -0.098 (-0.208, 0.012) 0.080   

 IIG Ref.  -0.161 (-0.273, -0.050) 0.005  -0.131 (-0.242, -0.019) 0.021   

 Difference  Ref.  -0.301 (-0.457, -0.144) <0.001  -0.033 (-0.189, 0.124) 0.684  <0.001 

Behavioral Impulsivity CG  Ref.  -0.204 (-0.349, -0.059) 0.006  -0.263 (-0.359, -0.166) <0.001   

 IIG Ref.  0.147 (-0.001, 0.294) 0.050  -0.498 (-0.596, -0.400) <0.001   

 Difference  Ref.  0.351 (0.144, 0.558) 0.001  -0.235 (-0.373, -0.098) 0.001  <0.001 

Abbreviations: CG, control group; IIG, intensive intervention group; 95%CI, 95% confidence interval; MICE, multivariate imputation by chained-equations. 

Linear mixed models were conducted to assess the effect of the PREDIMED-Plus intervention on Global, Trait, and Behavioral Impulsivity z-score constructs over three years of follow-up in 

the PREDIMED-Plus-Cognition sub-study. Within-group effects (for CG and IIG) and between-group effects (difference between CG and IIG) were evaluated. For this analysis, MICE was 

conducted to impute missing data across all time points (n=486). All models included random effects (center, household, and individual), random slope across time points, and unstructured 

covariance. 

Random effects were hierarchically established by center, members sharing the same household unit, and participants’ responses. The random slope was determined at baseline, 1-year follow-

up, and 3-year follow-up. An unstructured covariance was specified. For this analysis, MICE was conducted to impute missing data across all time points (n=486). The term "difference" refers 

to the comparison of effects between IIG and CG. 

Models were adjusted for sex (male; female), age (in years), educational level (primary school; secondary school; college), marital status (single, divorced, or separated; married; widowed), 

smoking status (smoker; former smoker; never smoked), alcohol intake (g/day), 17-point Mediterranean diet (score), total energy intake (kcal/day), physical activity (MET min/week), obesity 

(no; yes), hypercholesterolemia (no; yes), hypertension (no; yes), type 2 diabetes (no; yes), and diabetes medication use (no; yes) at baseline.  

† (all such values) P-values within CG at specific follow-up points; ‡ (all such values) P-values within IIG at specific follow-up points; # (all such values) P-values comparing IIG and CG at 

specific follow-up points; * (all such values) Overall p-values comparing IIG and CG over the duration of follow-up.  



Supplementary Table 8. Effect of the PREDIMED-Plus intervention on changes in impulsivity constructs with MLE across all time points (n=486). 

Impulsivity constructs Study arm Baseline  1-year follow-up  3-year follow-up  Overall follow-up 

  Mean z-score change (95%CI) p  Mean z-score change (95%CI) p  p 

Global Impulsivity CG  Ref.  -0.041 (-0.225, 0.143) 0.664†  -0.171 (-0.337, -0.005) 0.043†   

(n=373) IIG Ref.  -0.050 (-0.239, 0.139) 0.606‡  -0.468 (-0.644, -0.293) <0.001‡   

 Difference  Ref.  -0.009 (-0.273, 0.255) 0.948#  -0.297 (-0.538, -0.056) 0.016#  0.044* 

Trait Impulsivity  CG  Ref.  0.115 (-0.041, 0.271) 0.109  -0.114 (-0.266, 0.038) 0.143   

(n=443) IIG Ref.  -0.177 (-0.336, -0.017) 0.030  -0.196 (-0.354, -0.037) 0.015   

 Difference  Ref.  -0.292 (-0.515, -0.069) 0.010  -0.082 (-0.302, 0.137) 0.463  0.030 

Behavioral Impulsivity CG  Ref.  -0.266 (-0.464, -0.069) 0.008  -0.231 (-0.386, -0.076) 0.003   

(n=406) IIG Ref.  0.125 (-0.083, 0.333) 0.240  -0.432 (-0.594, -0.270) <0.001   

 Difference  Ref.  0.391 (0.104, 0.678) 0.008  -0.201 (-0.424, 0.023) 0.078  <0.001 

Abbreviations: CG, control group; IIG, intensive intervention group; 95%CI, 95% confidence interval; MLE, maximum likelihood estimation. 

Linear mixed models were conducted to assess the effect of the PREDIMED-Plus intervention on Global, Trait, and Behavioral Impulsivity z-score constructs over three years of follow-up in 

the PREDIMED-Plus-Cognition sub-study. Within-group effects (for CG and IIG) and between-group effects (difference between CG and IIG) were evaluated. For this analysis, MLE was 

conducted to address missing data across all time points (n=486). All models included random effects (center, household, and individual), random slope across time points, and unstructured 

covariance. 

Models were adjusted for sex (male; female), age (in years), educational level (primary school; secondary school; college), marital status (single, divorced, or separated; married; widowed), 

smoking status (smoker; former smoker; never smoked), alcohol intake (g/day), 17-point Mediterranean diet (score), total energy intake (kcal/day), physical activity (MET min/week), obesity 

(no; yes), hypercholesterolemia (no; yes), hypertension (no; yes), type 2 diabetes (no; yes), and diabetes medication use (no; yes) at baseline.  

† (all such values) P-values within CG at specific follow-up points; ‡ (all such values) P-values within IIG at specific follow-up points; # (all such values) P-values comparing IIG and CG at 

specific follow-up points; * (all such values) Overall p-values comparing IIG and CG over the duration of follow-up.  



Supplementary Table 9. Effect of the PREDIMED-Plus intervention on changes in impulsivity constructs with CCA across all time points (n=126). 

Impulsivity constructs Study arm Baseline  1-year follow-up  3-year follow-up  Overall follow-up 

  Mean z-score change (95%CI) p  Mean z-score change (95%CI) p  p 

Global Impulsivity CG  Ref.  0.065 (-0.179, 0.309) 0.603†  -0.077 (-0.277, 0.122) 0.447†   

 IIG Ref.  0.061 (-0.195, 0.316) 0.642‡  -0.426 (-0.635, -0.217) <0.001‡   

 Difference  Ref.  -0.004 (-0.357, 0.349) 0.982#  -0.349 (-0.638, -0.059) 0.018#  0.044* 

Trait Impulsivity CG  Ref.  0.193 (-0.018, 0.403) 0.073  -0.051 (-0.212, 0.111) 0.539   

 IIG Ref.  -0.052 (-0.273, 0.169) 0.644  -0.188 (-0.358, -0.019) 0.029   

 Difference  Ref.  -0.245 (-0.550, -0.061) 0.116  -0.138 (-0.372, 0.096) 0.249  0.227 

Behavioral Impulsivity CG  Ref.  -0.099 (-0.383, 0.186) 0.496  -0.062 (-0.286, -0.163) 0.590   

 IIG Ref.  0.140 (-0.158, 0.438) 0.358  -0.429 (-0.665, -0.194) <0.001   

 Difference  Ref.  0.239 (-0.173, 0.651) 0.256  -0.368 (-0.693, -0.043) 0.027  0.007 

Abbreviations: CG, control group; IIG, intensive intervention group; 95%CI, 95% confidence interval; CCA, complete case analysis. 

Linear mixed models were conducted to assess the effect of the PREDIMED-Plus intervention on Global, Trait, and Behavioral Impulsivity z-score constructs over three years of follow-up in 

the PREDIMED-Plus-Cognition sub-study. Within-group effects (for CG and IIG) and between-group effects (difference between CG and IIG) were evaluated. For this analysis, a pure CCA 

was conducted to select participants with complete data across all time points (n=126).  All models included random effects (center, household, and individual), random slope across time points, 

and unstructured covariance. 

Models were adjusted for sex (male; female), age (in years), educational level (primary school; secondary school; college), marital status (single, divorced, or separated; married; widowed), 

smoking status (smoker; former smoker; never smoked), alcohol intake (g/day), 17-point Mediterranean diet (score), total energy intake (kcal/day), physical activity (MET min/week), obesity 

(no; yes), hypercholesterolemia (no; yes), hypertension (no; yes), type 2 diabetes (no; yes), and diabetes medication use (no; yes) at baseline.  

† (all such values) P-values within CG at specific follow-up points; ‡ (all such values) P-values within IIG at specific follow-up points; # (all such values) P-values comparing IIG and CG at 

specific follow-up points; * (all such values) Overall p-values comparing IIG and CG over the duration of follow-up. 
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Plain Language Summary

Impulsivity is the tendency to act quickly without careful thought. It is often linked to unhealthy 

behaviors, mental health problems, and a higher risk of disease. This study examined whether a 3-year

healthy lifestyle program could reduce impulsivity in older adults at risk of cardiovascular disease.

Participants in the intervention group were encouraged to follow a calorie-reduced Mediterranean diet

rich in fruits, vegetables, whole grains, and healthy fats. They also received guidance to increase 

physical activity and behavioral support to maintain these habits. In contrast, participants in the 

control group received general advice about following Mediterranean diet without calorie restriction 

or exercise recommendations.

After 3 years, participants in the intensive lifestyle program showed larger reductions in impulsivity 

compared with those in the control group. Although both groups lowered impulsivity, combining a 

healthy diet, regular physical activity, and behavioral support produced stronger effects.

These findings suggest that a multicomponent lifestyle intervention using counseling to promote 

balanced diets and physical activity, with continued behavioral support to adopt healthy lifestyle 

habits, may help lower impulsivity in older adults at risk of cardiovascular disease and improve their 

adherence to healthier lifestyles. Further studies are needed to confirm these results and to better 

understand how lifestyle modifications influence impulsivity.

1



Figure legend 1:
Figure 1. Graphical representation of linear predictions for the effect of the

PREDIMED-Plus intervention on changes in impulsivity constructs

Description 1:
Abbreviations: CG, control group; IG, intervention group. Dash lines: CG; Dot

lines: IG; Solid lines: difference between IG and CG. A graphical representation
of the linear predictions of the linear mixed models is displayed in this figure.
Linear mixed models were conducted to assess the effect of the PREDIMED-

Plus intervention on Global, Trait, and Behavioral Impulsivity z-score changes.
The term “difference” results from the comparison between IIG and CG.

Models were adjusted for sex, age, educational level, marital status, smoking
status, alcohol intake, 17-point Mediterranean diet, total energy intake,

physical activity, obesity, hypercholesterolemia, hypertension, type 2 diabetes,
diabetes medication use, and depressive symptomatology.
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