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Abstract

Background/Objectives: Problematic digital technology use may be associated with un-
healthy dietary behaviors, but different forms of digital dependence may not relate to diet
quality in the same way. This study examined the association between Mediterranean diet
adherence and problematic smartphone, Internet, and video game use in young adults.
Methods: A cross-sectional study was conducted in 496 adults aged 18-34 years partici-
pating in the EVA-Adic study. Mediterranean diet adherence was assessed using the 14-
item Mediterranean Diet Adherence Screener (MEDAS). Problematic digital use was eval-
uated using the EDAS-18 for smartphone dependence, the Compulsive Internet Use Scale
(CIUS), and the Questionnaire of Experiences Related to Video Games (CERV). Multivar-
iable regression models were adjusted for sociodemographic, anthropometric, and life-
style factors. Results: Of the participants, 339 had low-to-moderate Mediterranean diet
adherence, and 157 had high adherence. In fully adjusted models, higher EDAS-18 scores
were associated with lower MEDAS scores (3 =—0.022; 95% CI: -0.041 to -0.003), whereas
higher CIUS scores showed a small positive association with MEDAS scores (3 = 0.025;
95% CI: 0.002 to 0.049). CERYV scores and the global digital addiction index were not asso-
ciated with overall Mediterranean diet adherence. At the individual dietary-component
level, higher smartphone dependence was associated with lower compliance with fruit
and sugar-sweetened beverage recommendations. Conclusions: In this cross-sectional
sample of young adults, smartphone dependence and compulsive Internet use showed
small associations with Mediterranean diet adherence in opposite directions, whereas
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problematic video-game use and the exploratory global composite were not associated
with the overall MEDAS-14 score. The magnitude of the observed associations was mod-
est; their clinical and public-health relevance remains uncertain, and the component-level
findings should be considered exploratory in the context of multiple testing. These results
do not establish causality and require confirmation in longitudinal, multicenter studies
using objective and context-specific measures of digital use.

Keywords: mediterranean diet; smartphone addiction; compulsive internet use; lifestyle
factors; young adults

1. Introduction

The Mediterranean diet (MedDiet) is recognized as an optimal nutritional pattern
and a comprehensive lifestyle model with metabolic and cardiovascular implications [1-
3]. It is characterized by a high consumption of monounsaturated fats (mainly from extra
virgin olive oil), fruits, vegetables, legumes, nuts and fish, along with a low intake of red
meat and ultra-processed products. This dietary pattern has systemic antioxidant and
anti-inflammatory effects [2,3]. A high adherence to the MedDiet, between 18 and 35 years
of age, is a determining factor in mitigating premature cardiometabolic risk and consoli-
dating healthy habits in the long term [4,5]. However, contemporary sociodemographic
changes have led to a progressive move away from this traditional model, replacing it
with dietary patterns of lower nutritional quality and an increase in sedentary behaviours
[6,7].

At the same time, global digitalization has driven the emergence of screen-related
behavioral addictions, constituting a priority challenge for public health and nutritional
psychiatry [8,9]. The problematic and compulsive use of the internet, smartphones and
video games has substantially reconfigured the management of free time and the behavior
of the young population [10-12]. Biomedical studies over the past five years consistently
suggest that greater exposure to screens is inversely associated with overall diet quality
and, specifically, with lower adherence to the MedDiet [11,13]. However, the biological
and behavioral mechanisms underlying this phenomenon are complex and multidimen-
sional. A biological-behavioral axis has been proposed, whereby excessive technology use
may alter eating patterns through the dysregulation of appetite-related hormones, such
as leptin and ghrelin, thereby increasing hedonic hunger for energy-dense foods [14].
Likewise, the underlying impulsivity and deficit in inhibitory control characteristic of dig-
ital addictive behaviors undermine the ability to plan meals and make fresh food choices,
inducing unstructured patterns [15].

At the epidemiological level, the evidence of this negative impact is substantial in
young populations, so digital sedentary lifestyles displace the consumption of fruits and
vegetables and significantly increase the intake of sweets and fast food [13,16]. In Medi-
terranean populations, the use of mobile devices and social networks directly during main
meals has emerged as one of the distractions with the greatest predictive impact on the
consumption of ultra-processed foods and the destructuring of the traditional diet [17,18].
Similarly, the specific profile of problematic use of video games (Gaming) is associated
with prolonged sessions of immobility and automatic or unconscious eating (mindless
eating), increasing the consumption of sugary drinks, easily accessible and simultane-
ously consumed with the game [19]. Despite the growing volume of publications, the
translation of these findings to the population of young adults and university students
has important scientific limitations. Evidence in this age group remains scattered, less ho-
mogeneous, and methodologically heterogeneous [20]. The vast majority of recent scien-
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tific studies use assessment tools such as the Mobile Phone Addiction Index, the
Smartphone Addiction Scale or the Young Internet Addiction Test [8,20,21]. On the other
hand, the applicability of specific instruments adapted to the Spanish-speaking popula-
tion, such as the abbreviated version of the Smartphone Dependence and Addiction Scale
(EDAS-18) [22] or the Questionnaire of Experiences Related to Video Games (CERV) [23],
as well as using the Compulsive Internet Use Scale (CIUS) [24], their direct relationship
with adherence to the MedDiet quantified by the 14-item standardized MEDAS question-
naire has been little explored [25]. This knowledge gap makes it impossible to establish
whether the specific digital dependence profiles of young adults act in a coordinated way
in the deterioration of the protective dietary pattern par excellence [25].

To overcome this limitation, the present study aims to evaluate the relationship be-
tween adherence to the Mediterranean diet (measured through the 14-item MEDAS ques-
tionnaire) and different dimensions of problematic screen use (smartphone dependence
using EDAS-18, compulsive internet use using CIUS, and problematic experiences with
video games using CERV) in young adults between 18 and 34 years of age. It is hypothe-
sized that subjects with higher digital behavioral addiction scores will have lower adher-
ence to the MedDiet, characterized by a maladaptive food consumption profile driven by
the disruption of everyday technological habits.

2. Materials and Methods
2.1. Study Design

The results of this work are part of the EVA-Adic study. The protocol for the EVA-
Adic study has been previously published [26]. The EVA-Adic study is a cross-sectional
descriptive observational study carried out at the Primary Care Research Unit of Sala-
manca (APISAL). It is registered in ClinicalTrials.gov with the registration number
NCT05866133 (registration date: 29 July 2023).

2.2. Study Population

Using consecutive sampling, 501 participants from the urban health area of Sala-
manca were recruited. Participants completed the study procedures during two visits to
the research center, with all assessments performed within a period of less than eight days.
Of the 501 participants recruited, 496 (99.0%) provided complete data for the MEDAS-14,
EDAS-18, CIUS, and CERV questionnaires and were included in the final analytical sam-
ple. Five participants (1.0%) were excluded from the present analysis because of incom-
plete data in at least one of these instruments. Because of the cross-sectional design and
the absence of a longitudinal follow-up period, no conventional losses to follow-up oc-
curred. Inclusion criteria: age between 18 and 34 years of age and signing the informed
consent form to participate in the study. Exclusion criteria: being in a terminal situation
and not being able to travel to the research unit to carry out the tests. Figure 1. Flow dia-
gram of participant inclusion in the present analysis. A total of 501 participants were re-
cruited. Five participants were excluded because they had incomplete data for at least one
of the four questionnaires evaluated. The final analytical sample comprised 496 partici-
pants.
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Participants recruited and provided informed consent
(n=501)

v

Completed study procedures during two visits to the research center
All assessments performed within less than 8 days

Excluded from the present analysis
(n =5)
Reason: incomplete data in at least
one questionnaire

v

v

Complete data for MEDAS-14, EDAS-18,
CIUS, and CERV
(n = 496)

h 4

Included in the final analytical sample
(n = 496)

Figure 1. Flow diagram of participant inclusion in the present analysis.

2.3. Sample Size Calculation

Sample Size Calculation. Using version 7.2 of the GRANMO software and considering
the MEDAS questionnaire score as the main outcome, accepting an alpha risk of 0.05 and
a statistical power greater than 0.80 in a two-sided test, with 339 subjects in Group 1 (low
adherence) and 157 in Group 2 (high adherence), the study was able to detect a difference
equal to or greater than 0.54 units in the Mediterranean diet score. A common standard
deviation of 2.01 was assumed for the Mediterranean diet score.

In carrying out this work, they have followed the Strengthening the Reporting of Ob-
servational Studies in Epidemiology (STROBE) [27] guidelines (the checklist is shown in
Supplementary Table S1).

2.4. Variables and Measurement Instruments

The questionnaires used were collected from each participant in a period of less than
8 days. All tests were performed by 3 previously trained researchers in a standardized
way, with the quality by an independent investigator. All evaluations were performed
under standardized environmental conditions, and measurements were performed se-
quentially.
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2.4.1. Sociodemographic Variables and Personal History

Age and sex were recorded at the time of inclusion in the study using a structured
clinical interview.

2.4.2. Lifestyle Factors

Alcohol consumption was assessed using a structured, self-administered question-
naire that recorded the amount and type of alcohol commonly consumed during a week.
The amount of alcohol consumed was measured in grams/week. Smoking was recorded
following the standardized four-question questionnaire of the WHO MONICA study [28].
Physical activity was estimated with the International Physical Activity Questionnaire-
Short Form (IPAQ-SF) [29]. It consists of seven questions about the type of physical activ-
ity performed during the last seven days and the total time spent on these activities. The
result is the metabolic equivalent of the task per minute per week (MET-min/week).

2.4.3. Mediterranean Diet

The MedDiet was assessed using the abbreviated Mediterranean Diet Adherence
Screener (MEDAS) questionnaire of 14 items [25], validated and originally developed
within the framework of the PREDIMED study (PREvencién con Dleta MEDiterranea) by
Martinez-Gonzalez et al. [30], and extensively evaluated in the Spanish population [25].
This self-administered instrument is a validated nutritional screening tool that allows for
arapid and reproducible estimation of the degree of agreement of the participant’s eating
habits with the traditional Mediterranean dietary pattern. The questionnaire consists of 14
closed questions that assess the frequency of consumption of essential foods and behav-
iors characteristic of the MedDiet pattern (Table 52 shows the 14 items evaluated). The
overall score of the MEDAS is calculated by the arithmetic sum of all items, oscillating in
a continuous range from 0 to 14 points, where a higher score reflects a greater qualitative
and quantitative proximity to the Mediterranean standard. Following the standardized
methodological criteria of the PREDIMED cohort [30,31], the participants” adherence sta-
tus was classified into two adherence categories: Low-to-moderate adherence: global
score < 9 points; high adherence: global score > 9 points.

2.4.4. Screen Addiction and Dependence Assessment

To obtain a multidimensional assessment of the problematic use of technology and
screens, three independently validated psychometric instruments were administered, and
then the scores were combined to generate a Global Digital Addiction index, on a contin-
uous scale.

Smartphone Addiction: EDAS-18 Questionnaire. Mobile phone dependence was deter-
mined using the validated Smartphone Dependence and Addiction Scale in its short ver-
sion (EDAS-18) [22]. This instrument consists of 18 self-reported items that assess the di-
mensions of compulsive use, abstinence, tolerance, and interference with activities of
daily living. Responses are recorded using a 5-point Likert scale (from 1 = “strongly disa-
gree” to 5 = “strongly agree”). The continuous total score (edas18_total) is calculated by
adding up all items, ranging from 18 to 90 points, where higher scores reflect a higher
degree of smartphone addiction.

Internet addiction: CIUS questionnaire. Problematic Internet use in general was as-
sessed through the Compulsive Internet Use Scale (CIUS) validated in European and Span-
ish settings [24]. The scale includes 14 items that examine loss of control, mental worry,
the use of the internet as an emotional escape/regulation mechanism, and the resulting
social or academic conflict. Each item is scored on a 5-point Likert scale (0 = “never” to 4
= “very often”). The continuous global score (cius_total) is obtained by adding the items,
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with a possible range from 0 to 56 points, denoting a greater severity of compulsive use
the higher the score.

Problematic video game use: CERV questionnaire. Problematic experiences related to
video game use were assessed using the Questionnaire of Experiences Related to Video
Games (CERV) [23]. This self-administered instrument comprises 17 items assessing in-
trapersonal and interpersonal problems and difficulties related to excessive video game
use. Each item is scored on a four-point Likert scale ranging from 0 (“never or almost
never”) to 3 (“almost always”). The total score is calculated as the sum of the 17 items and
ranges from 0 to 51 points, with higher scores indicating greater severity of problematic
video game use.

Calculation of the Global Digital Addiction Index. The Global Digital Addiction Score
was calculated as the sum of the raw EDAS-18, CIUS, and CERYV total scores.

Internal consistency of the instruments was assessed in the present sample using
Cronbach’s alpha. Complete item-level data were available for 496 participants for the
MEDAS-14, 496 for the EDAS-18, 496 for the CIUS, and 496 for the CERV. Cronbach’s
alpha coefficients were 0.437 for the MEDAS-14, 0.886 for the EDAS-18, 0.927 for the CIUS,
and 0.893 for the CERV. For the MEDAS-14, which comprises dichotomous items,
Cronbach’s alpha is equivalent to the Kuder—Richardson 20 coefficient. The comparatively
lower coefficient observed for the MEDAS-14 should be interpreted in light of its nature
as a composite dietary adherence index comprising heterogeneous dietary behaviors ra-
ther than a strictly unidimensional psychometric scale.

2.5. Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics software for Windows,
version 30.0 (IBM Corp., Armonk, NY, USA). The threshold of statistical significance was
set at p < 0.05 for all two-sided tests. Quantitative variables were expressed as means and
standard deviations (SD), while categorical and nominal variables were summarized us-
ing absolute frequencies (1) and percentages (%). To explore possible variations in base-
line sample characteristics, comparative analyses were carried out by stratifying partici-
pants according to their adherence to the MedDiet (Adherents vs. Non-adherent) and ac-
cording to sex. Differences between groups for categorical variables were assessed using
the Chi-square test. For continuous variables, Student’s ¢-tests were applied for independ-
ent samples. The dependent variable (global MedDiet adherence score, MEDAS) and all
digital addiction metrics (EDAS-18, CIUS, CERV, and the global digital addiction index)
were treated as continuous variables to preserve the total statistical power and inherent
variability of the psychometric and nutritional scales, thus avoiding the arbitrary loss of
information associated with categorization. Initially, bivariate associations between the
global score of the Mediterranean diet and the four digital addiction scales were assessed
using Pearson’s correlation coefficient (r). Subsequently, multivariable linear regression
models were constructed to explore the independent predictive value of digital addictions
on adherence to the Mediterranean diet. To assess potential confounding effects, a hierar-
chical regression approach was employed through two sequential adjustment levels:
Model 1 was adjusted for major sociodemographic factors (age and sex); Model 2 was
additionally adjusted for anthropometric and lifestyle covariates, including alcohol con-
sumption (grams/week), physical activity levels assessed by the International Physical Ac-
tivity Questionnaire (IPAQ), smoking status, and Body Mass Index (BMI). To ensure the
absence of multicollinearity between predictors and covariates within the fully adjusted
equations, the Variance Inflation Factor (VIF) was explicitly calculated, considering a VIF
value < 2.0 as the threshold for accepting a correspondingly low collinearity. To assess
whether sex acted as a moderating variable in the relationship between measures of digi-
tal addiction and adherence to the Mediterranean Diet, multiplicative interaction terms
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(sex x digital addiction score) were explicitly calculated for ex x digital addiction score the
multivariable linear models analyzed. These terms were introduced into a final hierar-
chical block in multiple regressions. In case of detecting a statistically significant interac-
tion (p <0.05), we planned to perform independent sex-stratified analyses to decipher spe-
cific patterns. Otherwise, the global joint models duly adjusted for this covariate were re-
ported. Finally, to unravel exploratory component-level associations, independent multi-
variate binary logistic regression analyses were performed for each of the 14 individual
dietary components that make up the MEDAS questionnaire (treated as dichotomous out-
come variables: 0 = non-compliance; 1 = compliance with the healthy criterion). These
item-by-item regressions assessed the specific impact of each digital addiction metric us-
ing the covariate fit structure detailed in Model 2. The results of these logistic equations
were expressed as Odds Ratios (ORs) together with their corresponding 95% Confidence
Intervals (95% CI).

2.6. Ethical Considerations

The Ethics Committee in Drug Research of the Salamanca Health Area approved this
project on 10 July 2021 (CEIm Reference Code Ref. P12021 088671048) and on 24 July 2023
(CEIm Reference Code Ref. PI12023 071332). Throughout the study, the standards of good
practice in observational studies established by the Declaration of Helsinki and by the
WHO were carried out [32]. The confidentiality of the participants was always guaranteed
in accordance with Organic Law 3/2018, European Regulation 2016/679 and Council Di-
rective 27 April 2016 on Data Protection. All the subjects analyzed signed informed con-
sent before being included in the study and after receiving detailed information about the
procedures that would be performed.

2.7. Use of Artificial Intelligence Tools

During the preparation of the manuscript, ChatGPT (OpenAl, version 5.5) was used
to help with the English edition. Generative Al was not used to create scientific images,
generate data, perform analysis, or alter study results. All results and statistical analyses
were performed by the authors. The authors reviewed and approved all Al-assisted edits
and assume full responsibility for the final manuscript.

3. Results

Table 1 shows the sociodemographic, anthropometric and behavioural characteris-
tics of the sample according to the level of adherence to the Mediterranean Diet. Of the
496 participants included, 339 had low adherence to the Mediterranean pattern, and 157
had high adherence. Participants with high adherence were older and had a higher pro-
portion of women, a lower prevalence of smoking and a lower BMI compared to the low-
adherence group. No differences were observed between the groups in alcohol consump-
tion or physical activity levels. Regarding the digital addiction scales, the EDAS-18, CIUS,
CERYV scores and the global digital addiction score were similar between the groups.

Table 1. Sociodemographic, anthropometric, behavioral, and digital addiction characteristics of the

sample according to Mediterranean diet adherence level.

Variables and Instruments

Total Sample Low Adherence High Adherence

Value »
(N=496) (MEDAS <9; =339) (MEDAS>9; n=157) /" "¢

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

Male

Female

26.60 + 4.41 26.29 +4.53 27.28 + 4.06 0.015*
<0.001 *
220 (44.4) 171 (50.4) 49 (31.2)
276 (55.6) 168 (49.6) 108 (68.8)
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Alcohol consumption (g/week), mean + SD 48.93 £73.90 52.19 +74.03 41.88 £73.36 0.149
ggys ical activity (MET-min/weel), mean+ (5, 049048 262346 +2739.65 274049+ 188460  0.628
Smoking status, 1 (%) 0.002 *
Non-smoker 407 (82.1) 266 (78.5) 141 (89.8)
Smoker 89 (17.9) 73 (21.5) 16 (10.2)
BMI (kg/m?), mean + SD 24.01 £3.80 24.30+3.96 23.38+3.35 0.008 *
Digital addiction scales
EDAS-18 (smartphone), mean + SD 40.87 £12.24 41.02 +12.63 40.57 +11.37 0.703
CIUS (Internet), mean + SD 13.83 +9.89 13.57 £9.50 14.38 +10.70 0.418
CERYV (video games), mean + SD P 3.54+5.22 3.80+5.29 2.98 +5.06 0.103
Global digital addiction score, mean + SD  58.25 + 21.76 58.39 + 21.77 57.93 +21.80 0.826

Values are presented as mean + standard deviation or 1 (%). Abbreviations: SD, standard deviation;
BMI, body mass index; MEDAS, Mediterranean Diet Adherence Screener; EDAS-18, Smartphone
Addiction Scale; CIUS, Compulsive Internet Use Scale; CERV, Video Game Experiences Question-
naire. @ p-values were calculated using the X2 test for categorical variables and independent-samples
t-tests for continuous variables, with Welch’s correction when variances were unequal. ® CERV
scores were available for the full analytic sample (N = 496). * Statistically significant difference (p <
0.05).

Table 2 presents the characteristics of the participants according to sex. Men were
older and showed higher values of body mass index, alcohol consumption and physical
activity. No differences were observed in smoking. Regarding the variables related to the
problematic use of technologies, no differences were detected by sex in EDAS-18, CIUS or
in the global problematic use of screens. However, men had higher scores in CERV, indi-
cating a greater problematic use of video games.

Table 2. Sociodemographic, anthropometric, behavioral, and digital addiction characteristics of the

sample according to sex.

Variables and Instruments Men (n = 220) Women (n = 276) p-Value @

Age (years), mean + SD 27.09 £4.40 26.22 +4.38 0.029 *
Score Mediterranean diet, mean + SD 6.96 +£2.06 7.81 +1.88 <0.001 *
Alcohol consumption (g/week), mean + SD 61.56 +91.54 38.86 + 54.11 0.001 *
Physical activity (MET-min/week), mean + SD 3172 + 3140 2253 +1737 <0.001 *
Smoking status, n (%) 0.413

Non-smoker 184 (83.6) 223 (80.8)

Smoker 36 (16.4) 53 (19.2)
BMI (kg/m?), mean + SD 25.30 + 3.67 22.98 +3.59 <0.001 *
Digital Addiction Scales

EDAS-18 (smartphone) 40.37 +12.15 41.28 +12.31 0.411

CIUS (internet) 13.38 £9.75 14.18 £10.01 0.370

CERV (video games) 594 +6.18 1.63 +3.23 <0.001 *

Global digital addiction 59.69 + 22.09 57.09 +21.46 0.187

Values are presented as mean * standard deviation or n (%). SD: standard deviation; BMI: body
mass index; MET: metabolic equivalent of task; EDAS-18: Smartphone Dependency and Addiction
Scale; CIUS: Compulsive Internet Use Scale; CERV: Video Game Experiences Questionnaire. 2 p-
values were calculated using Student’s t-test for continuous variables, with Welch’s correction when

variances were unequal, and the chi-square test for categorical variables. * p <0.05.
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Figure 2 shows the differences in the Mediterranean Diet adherence score according
to the presence or absence of problematic screen use. No differences in MEDAS score were
observed between participants with and without problematic use of smartphones, the in-
ternet, video games or global digital addiction.

[ No problematicuse B Problematic use
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Figure 2. Mediterranean diet adherence score according to problematic screen use. Bars represent
the mean Mediterranean diet score + standard error according to the presence or absence of prob-
lematic use of smartphones, internet, video games, and global digital addiction. Comparisons be-
tween groups were performed using Student’s t-test. MEDAS: Mediterranean Diet Adherence
Screener; SE: standard error.

Figure 3 shows the correlation between adherence to the Mediterranean diet, as-
sessed using the MEDAS-14 questionnaire, and digital addiction scores. A weak inverse
correlation was observed between the MEDAS-14 score and smartphone addiction meas-
ured by EDAS-18 (r = -0.126; p = 0.005), video game addiction assessed by CERV (r =
-0.127; p = 0.005), and the global digital addiction score showed a weak negative correla-
tion with adherence to the Mediterranean diet (r = —0.112; p = 0.013). In contrast, Internet
addiction assessed by CIUS showed a positive correlation with MEDAS-14 (r = 0.012; p =
0.790).

As shown in Figure 4, smartphone addiction was inversely associated with the
MEDAS questionnaire score in both the age- and sex-adjusted model and the fully ad-
justed model. In separate fully adjusted models, higher EDAS-18 scores were associated
with slightly lower MEDAS-14 scores, whereas higher CIUS scores were associated with
slightly higher MEDAS-14 scores. CERV scores and the exploratory global raw-score com-
posite were not associated with overall Mediterranean diet adherence. The magnitude of
both statistically significant associations was small: a 10-point difference in EDAS-18 cor-
responded to an approximately 0.22-point difference in MEDAS-14, and a 10-point differ-
ence in CIUS corresponded to a 0.25-point difference.
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Figure 3. Correlations between digital addiction-related scores and Mediterranean diet adherence.

Scatter plots showing the association between MEDAS-14 score and: (a) smartphone addiction as-
sessed using EDAS-18; (b) Internet addiction assessed using CIUS; (¢) videogame addiction assessed
using CERV; and (d) global digital addiction score. The black line represents the linear regression

trend. Pearson’s correlation coefficients are shown for each panel. MEDAS-14: 14-item Mediterra-
nean Diet Adherence Screener; EDAS-18: Smartphone Addiction Scale; CIUS: Compulsive Internet
Use Scale; CERV: Questionnaire of Experiences Related to Video Games.
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Figure 4. Association between measures of digital addiction and adherence to the Mediterranean

diet. The non-standardized P coefficients and their 95% confidence intervals are shown for each
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measure of digital addiction. Panel (a) shows the model adjusted for age and sex. Panel (b) shows
the model with full adjustment. EDAS-18: smartphone addiction scale; CIUS: Compulsive Internet
Use Scale; CERV: questionnaire of experiences related to video games; CI: confidence interval; Ad-
justed R?: adjusted coefficient of determination. Estimates in blue indicate statistically significant

associations.

In order to determine whether the impact of problematic use of technology on dietary
patterns differed between men and women, the effects of interaction with sex were eval-
uated for each psychometric scale individually and for the global construct. In no case did
the terms of interaction reach statistical significance (Model 1 [Smartphone]: p = 0.668;
Model 2 [Internet]: p = 0.361; Model 3 [Video games]: p = 0.790; Model 4 [Global]: p = 0.578).
None of the sex-by-digital addiction interaction terms reached statistical significance.
Therefore, no statistical evidence of effect modification by sex was observed in the present
sample. However, non-significant interaction tests should not be interpreted as evidence
that the associations are equivalent in men and women, particularly because the study
may have had limited statistical power to detect small interaction effects. Accordingly, the
overall models adjusted for sex are presented, while potential sex-specific differences
should be further examined in larger studies specifically powered for interaction analyses.

The component analyses presented in Figures 5 and 6 were exploratory, and the p
values are nominal.

Figure 5 shows the adjusted association between EDAS-18 and CIUS scores and com-
pliance with each of the 14 criteria of the MEDAS questionnaire using the total fit model.
A higher score on EDAS-18 was associated with a higher probability of meeting the crite-
rion for olive oil consumption > 4 tablespoons/day (OR = 1.026). Conversely, higher EDAS-
18 scores were associated with a lower probability of meeting the fruit consumption criterion 23
pieces/day (OR = 0.980) and the criterion of low consumption of sugary drinks (<1/day) (OR
= 0.956). No significant associations were observed with the rest of the MEDAS criteria.
Similarly, a higher CIUS score was associated with a higher probability of meeting the
criterion for olive oil consumption 2 4 tablespoons/day (OR = 1.035) and sofrito consump-
tion > 2 times/week (OR = 1.026). However, an inverse association was also observed with
the criterion of low consumption of sugar-sweetened beverages (<1/day) (OR =0.955). The
criterion related to wine consumption had unstable confidence intervals and should there-
fore be interpreted with caution and was not considered conclusive.

Figure 6 shows the adjusted association between CERV and global digital addiction
scores with compliance with each of the 14 criteria of the MEDAS questionnaire using the
total fit model. A higher score on CERV was associated with a higher probability of meet-
ing the criterion of low consumption of butter, margarine or cream (<1 serving/day) (OR
= 1.641). No significant associations were observed between CERV and the rest of the
MEDAS criteria. The criterion for wine consumption had unstable confidence intervals
and should therefore be interpreted with caution. In relation to global digital addiction,
higher scores were significantly associated with a higher probability of meeting the crite-
rion for olive oil consumption > 4 tablespoons/day (OR = 1.016). Conversely, a higher
global digital addiction score was associated with a lower probability of meeting the fruit
consumption criterion > 3 pieces/day (OR = 0.990) and the criterion of low consumption
of sugary drinks (<1/day) (OR = 0.975). No associations were observed with the other com-
ponents of MEDAS.
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Adjusted association of EDAS-18 and CIUS scores with MEDAS 14-item criteria

a. EDAS-18 smartphone dependence

b= 0—
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Figure 5. Adjusted association of EDAS-18 and CIUS scores with individual 14-item MEDAS crite-
ria. The odds ratio (OR) and 95% confidence intervals for the fulfillment of each MEDAS criterion
are shown for each one-point increase in the EDAS-18 or CIUS score. Panel (a) represents associa-
tions with smartphone dependence as measured by EDAS-18, and panel (b) represents associations
with problematic internet use as measured by CIUS. Model 2 was adjusted for age, sex, body mass
index, smoking, alcohol consumption, and physical activity. Blue circles and lines indicate statisti-
cally significant associations; Gray circles and lines indicate non-significant associations. The wine

consumption criterion had unstable confidence intervals and is shown only as an indication.
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However, exploratory item-level analyses identified several nominally significant as-
sociations with individual MEDAS criteria. However, because multiple comparisons were
performed and no multiplicity correction was applied, these results should be interpreted
as hypothesis-generating and not as evidence that specific dietary components mediate or
explain the overall associations.

Adjusted association of CERV and global digital addiction scores with MEDAS 14-item criteria

a. CERV problematic video game use OR (95% CI)
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6. Butter/margarine/cream <1 serving/day

7. Sugary beverages <1/day

8. Wine = 7 glasses/week

9. Legumes = 3 servings/week

10. Fish/seafood = 3 servingsfweek

11. Commercial pastries <2/week

12. Nuts = 3 servings/week

13. Prefer poultry/rabbit over red meat

14. Sofrito = 2 times/week

b. Global digital addiction

1. Olive oil as main cooking fat

2. Olive oil = 4 thsp/day

3. Vegetables = 2 servings/day

4. Fruit = 3 pieces/day

5. Red/processed meat <1 serving/day

6. Butter/margarine/cream <1 serving/day

0.997 (0.927-1.073)
1.006 (0.962-1.052)
0.995 (0.957-1.036)
0.967 (0.923-1.013)
0.992 (0.954-1.032)
1.641 (1.145-2.352)
0.960 (0.912-1.011)
> 9.430; unstable CI
1.012 (0.974-1.051)
0.982 (0.936-1.029)
0.999 (0.961-1.038)
1.013 (0.975-1.053)
0.988 (0.948-1.029)

1.000 {0.959-1.043)

OR (95% CI)
0.997 (0.981-1.014)

—_— e
.- 1.016 (1.006-1.026)

| S 1.004 (0.996-1.013)
e 0.990 (0.981-0.999)
jial e iy 0.997 (0.988-1.005)

1.006 (0.984-1.027)

7. Sugary beverages <1/day ——— 0.975 (0.962-0.987)
8. Wine = 7 glasses/week > 1.371; unstable CI
9. Legumes = 3 servings/week p——— 1.003 (0.995-1.012)
10. Fish/seafood = 3 servings/week —— 1.003 (0.993-1.013)
11. Commercial pastries <2/week —_e—— 0.986 (0.966-1.004)
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Figure 6. Adjusted association of CERV and global digital addiction scores with individual MEDAS
14-item criteria. Odds ratios (ORs) and 95% confidence intervals (95% Cls) are shown for the asso-
ciation between digital addiction scores and each Mediterranean Diet Adherence Screener (MEDAS-
14) criterion. Panel (a) shows the association for problematic videogame use measured by the CERV
score, and panel (b) shows the association for the global digital addiction score. Blue estimates in-
dicate statistically significant associations, whereas grey estimates indicate non-significant associa-
tions. For the wine criterion, the confidence interval was unstable and is therefore indicated sepa-
rately. CERV: Video Game Experiences Questionnaire; MEDAS: Mediterranean Diet Adherence

Screener; OR: odds ratio; CI: confidence interval.
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4. Discussion

The principal finding is that different digital-use constructs showed small associa-
tions with Mediterranean diet adherence in different directions. The inverse EDAS-18 as-
sociation was directionally consistent with a less favorable dietary pattern, but its magni-
tude was modest. The positive CIUS association was unexpected, small, and may reflect
residual confounding, measurement differences, or chance. Therefore, neither association
should be considered clinically meaningful without confirmation in longitudinal studies.
From a conceptual perspective, smartphone use during meals may influence eating be-
havior through attentional distraction and context-specific patterns of use. Experimental
evidence has shown that using a smartphone while eating can increase energy and fat
intake, while ecological and population-based studies indicate that its dietary effects may
vary according to the specific function, duration, and content of smartphone use
[17,33,34]. These device- and context-specific mechanisms may partly explain why
smartphone dependence showed a less favorable association with diet quality in our sam-
ple than compulsive Internet use assessed as a broader construct. The positive association
observed with CIUS should be interpreted with caution: it does not necessarily imply a
healthy effect of problematic internet use, but may reflect differences in the type of online
activity, in the profile of the participants, in access to nutritional information or in residual
factors not fully captured by the models. Overall, EVA-Adic provides a relevant message
for behavioral nutrition research: it is not enough to measure “screen time” or “digital
addiction” as unique constructs; It is necessary to differentiate between the device, con-
tent, purpose of use, time of day and food context.

The inverse association between EDAS-18 and adherence to the MetDiet is consistent
with recent literature that relates greater exposure to screens with poorer diet quality. In
the Spanish population, the PASOS study showed that more screen time was associated
with poorer adherence to the MetDiet, including lower consumption of foods characteris-
tic of the Mediterranean pattern such as fruits, vegetables, fish, legumes and nuts [35].
Along the same lines, a study published in Italy found that certain digital activities, espe-
cially digital games and time spent on television or streaming platforms, were associated
with lower adherence to the Mediterranean diet [16]. In addition, several publications in-
dicate that the problematic use of mobile devices alters eating routines and is inversely
associated with diet quality [8,11]. The specific association found in this study between
EDAS-18 scores, reduced fruit consumption, and increased sugar-sweetened beverages
supports the biological-behavioral axis theory proposed by Helvaci and Tayhan (2025)
[13]. According to this model, the constant distraction of screens and the use of mobile
devices directly during main meals encourage unstructured and unconscious eating
(mindless eating), displacing fresh foods that require preparation for ultra-processed op-
tions that are easy to consume simultaneously [17,18]. On the other hand, although EVA-
Adic focuses on addictive behavior scales and not only on exposure time, these results
support a common interpretation: the digitalization of daily habits can displace protective
eating routines and favor less structured eating behaviors. There are also prospective data
that reinforce this hypothesis. In a large cohort of U.S. adolescents, different screen time
modalities, including television, video games, videos, messages, and social media, were
associated cross-sectionally and prospectively with lower overall diet quality as measured
by a MIND index, which shares elements with the Mediterranean pattern and with the
DASH dietary approaches to stop hypertension (DASH) diet [36]. Likewise, in Turkish
adolescents, it has been described that levels of digital addiction tend to decrease as ad-
herence to the Mediterranean diet and physical activity increase, suggesting that digital
addiction is usually integrated into a cluster of lower behavioral health: more sedentary
lifestyle, greater probability of eating during the use of social networks, more nighttime
intake and less adherence to healthy dietary patterns [13]. These findings are consistent
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with the negative direction observed between EDAS-18 and MEDAS-14 in EVA-Adic. The
literature on smartphones and eating behavior offers plausible mechanisms to explain this
association. A recent systematic review found that problematic smartphone use and
longer daily use time are associated with more symptoms of eating disorders, body dis-
satisfaction, emotional eating, loss of control, and food addiction, although the overall
certainty of the evidence is limited by the predominance of cross-sectional designs [37].
Observational studies in university students have also described relationships between
smartphone addiction, risk of eating disorders, poorer sleep quality, evening chronotype
and lifestyle changes [21,38]. In this context, the smartphone can act as a marker of impul-
sivity, emotional dysregulation, insufficient sleep, exposure to food marketing, social
comparison and distracted eating, all factors capable of deteriorating adherence to a struc-
tured dietary pattern.

The main discrepancy of EVA-Adic with respect to part of the literature is the posi-
tive association between CIUS and MEDAS-14. In adolescents, a study of mediation and
network analysis observed that problematic use of the internet was associated with lower
adherence to the MetDiet and that diet quality partially mediated the relationship be-
tween problematic use of the internet and risk of altered eating behavior [39]. Similarly,
Helvaci and Tayhan’s work found an inverse relationship between digital addiction and
adherence to the MetDiet [13]. At first glance, these data contrast with the positive result
observed for CIUS in EVA-Adic. However, there are several reasons that may explain this
apparent discrepancy. First, CIUS measures compulsive use of the internet in a broad
sense, but does not distinguish whether the use is oriented towards social networks,
search for information, work, study, social interaction, shopping, passive leisure or health
content. It is possible that, in certain profiles, greater use of the internet coexists with
greater exposure to information on nutrition, healthy recipes, physical activity or Medi-
terranean eating patterns. Second, the scales used in other studies are not necessarily
equivalent to CIUS, and much research has been carried out in adolescents or university
students, so extrapolation to the EVA-Adic sample should be prudent. Third, some recent
studies have not found a direct relationship between Mediterranean adherence and inter-
net addiction. For example, a pilot study published in Nutrients in Greek adolescents and
university students observed that Mediterranean adherence was not significantly associ-
ated with internet addiction or altered eating behavior; On the other hand, female sex and
moderate internet addiction were associated with an increased risk of disordered eating
[11]. This result supports the idea that the relationship between the internet, the Mediter-
ranean diet and eating behavior is complex and may depend on the digital phenotype
evaluated. For all these reasons, the positive association observed between CIUS and
MEDAS-14 should be considered exploratory and interpreted with caution. CIUS assesses
compulsive Internet use as a broad construct but does not characterize the content ac-
cessed, the purpose of use, the device employed, or the context in which Internet use oc-
curs [24]. Young adults commonly use social media, websites, and Internet search engines
to access nutrition information, recipes, and health-related content; however, exposure,
intentionality, engagement, and the quality of such content vary substantially [40]. There-
fore, although greater exposure to nutrition-related information, healthy recipes, physical
activity content, or Mediterranean dietary recommendations could hypothetically con-
tribute to this association in some participants, this explanation cannot be confirmed with
the data collected. Moreover, the magnitude of the association was small, and residual
confounding or chance may also have contributed. Consequently, the result should not be
interpreted as evidence that compulsive Internet use has a beneficial effect on diet quality.
Future studies should characterize digital activity according to content, purpose, device,
timing, intentionality, engagement, and eating context to clarify this unexpected associa-
tion. This cautious interpretation is particularly relevant for the positive association be-
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tween CIUS and MEDAS-14, which was small and unexpected and should be considered
exploratory rather than evidence of a beneficial effect of compulsive Internet use.

On the other hand, the lack of significant association of video game score (CERV)
with global diet differs from that reported by Ribeiro et al. [19], who associate the gamer’s
profile with a high consumption of energy drinks and fast foods. In our sample, although
men scored significantly higher on the CERYV, problematic video game use was only asso-
ciated in isolation with low consumption of butters or cream, suggesting that in a general
college population (not exclusively esports) the pattern of problematic gaming might be
more segregated from the household’s core shopping and eating habits. These opposing
associations underscore that not all digital users share the same nutritional risk. Therefore,
the results of EVA-Adic invite us to abandon a simplistic approach based exclusively on
“more digital use = worse diet” and to move towards more precise digital phenotypes:
compulsive smartphone, academic/work internet, social networks, streaming, gaming,
night use, use during meals and exposure to food content.

Nor can we forget that psychological and sleep-related factors may also contribute to
the observed associations. Anxiety, depressive symptoms, perceived stress, and poor
sleep quality have been associated with problematic smartphone and Internet use in
young adults [41,42]. These factors have also been linked to less favorable dietary behav-
iors, including emotional eating and poorer adherence to healthy dietary patterns,
whereas greater adherence to the Mediterranean diet has been associated with better sleep
quality and lower levels of depression, anxiety, and stress [43]. Because these variables
were not assessed in the present analysis, residual confounding cannot be excluded. It is
also possible that psychological distress or sleep disturbances partly mediate the relation-
ship between problematic digital use and adherence to the Mediterranean diet, although
the cross-sectional design does not allow these pathways to be established. Future studies
should include validated measures of mental health, sleep quality, and chronotype and
should explore potential mediation and moderation pathways.

Although several associations reached statistical significance, their magnitude was
generally small. A 10-point increase in EDAS-18 was associated with an estimated 0.22-
point decrease in the MEDAS-14 score, whereas a 10-point increase in CIUS was associ-
ated with an estimated 0.25-point increase. These differences are modest relative to the
full 0-14 range of the MEDAS-14. Similarly, most statistically significant odds ratios for
the individual MEDAS components were close to 1.00, indicating small changes in the
odds of meeting each dietary criterion. Therefore, statistical significance should not be
equated with clinical or public health relevance, which remains uncertain. The findings
should be interpreted as preliminary evidence of differential behavioral patterns rather
than as demonstrating substantial effects of problematic digital use on diet quality.

Clinical and public health implications. These findings may support the inclusion of con-
text-specific digital-use measures in future nutritional research. However, the small effect
sizes and cross-sectional design do not currently justify specific clinical screening or inter-
vention recommendations based on these results alone. From a clinical point of view, the
results suggest that “screen time” or “digital addiction” should not be evaluated as a ho-
mogeneous block, since each device and technological behavior modulates health habits
in different ways. The negative association between EDAS-18 and MEDAS-14 may sug-
gest that the smartphone could act as a warning sign of lower adherence to healthy eating
habits. In consultation, this can be translated into simple and applicable recommenda-
tions: telephone-free meals, structured digital schedules, reduction in nighttime use, con-
scious eating strategies, planning of Mediterranean menus and replacing ultra-processed
snacks with options in line with the Mediterranean pattern [14,15]. However, the positive
association with CIUS makes it necessary to avoid excessively reductionist clinical mes-
sages. The Internet can also be a tool for health promotion if it is channeled into nutritional

https://doi.org/10.3390/nu18152425


https://doi.org/10.3390/nu18152425

Nutrients 2026, 18, 2425

17 of 21

education, goal tracking, healthy recipes, support communities, telemonitoring or brief
digital interventions. Recent studies have indicated that smartphone addiction can be in-
versely related to health-promoting behaviors and worse intuitive eating [44]. Conse-
quently, the clinical message should not only be to “reduce screens”, but to “order digital
use”, separating disruptive, impulsive and nocturnal use from informative, planned and
self-care oriented use. From a public health perspective, these findings suggest that the pro-
motion of the Mediterranean diet may benefit from interventions that integrate digital
literacy, food literacy, and online food marketing education. Mediterranean pattern is as-
sociated with better quality of life in adults in recent reviews published in Nutrients [45],
and a healthy diet is associated with better sleep quality, while processed foods rich in
free sugars are associated with worse sleep characteristics [46]. Since sleep, physical activ-
ity, digital use and diet form an interdependent behavioral system, the most promising
interventions are likely to be multicomponent: limiting smartphone use at critical mo-
ments, improving sleep hygiene, increasing physical activity and reinforcing Mediterra-
nean habits.

Limitations of the study. This study has several limitations that must be recognized.
First, the cross-sectional design prevents causality or directionality from being estab-
lished. It is not possible to determine whether problematic smartphone use leads to less
Mediterranean adherence, whether poorer organization of habits favors greater digital
vulnerability, or whether both phenomena share common determinants such as stress,
anxiety, insufficient sleep, sedentary lifestyle, or emotional dysregulation. Second, the pri-
mary variables are based on self-reported questionnaires, which can introduce recall bias,
social desirability, and misclassification. Although MEDAS-14 is a useful and brief tool, it
does not replace more detailed dietary methods or allow you to fully capture total energy,
portion sizes, ultra-processed foods, hourly eating patterns or episodes of distracted eat-
ing. Third, digital addiction scales assess related but not identical dimensions. EDAS-18,
CIUS and scales linked to video games or gaming are not interchangeable, so the associa-
tions should be interpreted as specific to each construct. Fourth, objective measures of
screen time, mobile unlocks, night-time use, specific applications, exposure to food con-
tent or use during meals are not necessarily available. This absence limits the identification
of mechanisms. Fifth, although adjusted models reduce confusion, residual confounding
by socioeconomic level, weight status, anxiety, depression, perceived stress, sleep quality,
physical activity, shifts, coexistence, educational level or motivation towards health can-
not be ruled out. Also, the consecutive recruitment of participants from a single urban
area may limit the external validity of the study. Therefore, the findings should be gener-
alized with caution to populations from other geographic, rural, socioeconomic, or soci-
ocultural contexts. Multicenter studies with more diverse samples are warranted.

Finally, the sample size of 496 subjects is adequate for detecting global associations,
but certain stratified analyses or interactions may require larger samples to avoid unstable
estimates. In summary, the results of EVA-Adic provide novel evidence by showing that
digital addictive behaviors are differentially related to adherence to the Mediterranean
diet. The inverse association between EDAS-18 and MEDAS-14 is consistent with recent
studies linking intensive or problematic screen use to poorer diet quality. On the other
hand, the positive association between CIUS and MEDAS-14 introduces a relevant nu-
ance: problematic use of the internet should not automatically be assumed as equivalent
to problematic use of smartphones. These findings support the need to analyse the differ-
ent digital phenotypes separately and to incorporate digital behaviour into the promotion
strategies of the Mediterranean diet. Future longitudinal studies, with objective measures
of digital use and more detailed dietary assessment, will clarify the causal direction and
design personalized interventions that integrate digital health and preventive nutrition.
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5. Conclusions

In this cross-sectional sample of young adults, smartphone dependence and compul-
sive Internet use showed small associations with Mediterranean diet adherence in oppo-
site directions, whereas problematic video-game use and the exploratory global compo-
site were not associated with the overall MEDAS-14 score. The magnitude of the observed
associations was modest; their clinical and public-health relevance remains uncertain, and
the component-level findings should be considered exploratory in the context of multiple
testing. These results do not establish causality and require confirmation in longitudinal,
multicenter studies using objective and context-specific measures of digital use.
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