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Background: The Mediterranean lifestyle is increasingly recognized as a multi-
dimensional determinant of health. However, cross-country comparisons using
harmonized instruments remain limited. This study aimed to provide a compre-
hensive country-by-country comparison of Mediterranean lifestyle adherence
and associated psychosocial and lifestyle correlates across 10 Mediterranean and
neighboring countries participating in the MEDIET4ALL project.

Methods: Cross-sectional data were collected from 4,010 participants (age:
37.2 + 154 years; 59.5% female) using the multinational MEDIET4ALL e-survey.
Mediterranean lifestyle adherence was assessed using the MedLife Index and its
three domains. Psychosocial status, sleep characteristics, physical activity, sed-
entary behaviour, social participation, and technology use were evaluated using
validated instruments.

Results: Significant cross-country differences were observed in global MedLife
adherence and across all domains (p < 0.001, > = 0.07-0.11), as well as in the dis-
tribution of adherence categories across countries (y? = 113.936, p < 0.001). Spain
consistently showed higher MedLife scores than several countries (z = 342-8.12,
adjusted p < 0.001-0.02) and tended to display higher proportions of partici-
pants in the high-adherence category, whereas lower adherence was observed
in multiple non-Mediterranean and North African contexts. Psychological dis-
tress differed significantly between countries (p < 0.001), with several contexts
showing elevated depression, anxiety, or stress levels (z ~ 3.57-14.29, adjusted
p < 0.001-0.05). Life satisfaction and social participation also varied substan-
tially (194.86, p < 0.001), with some European countries reporting lower social
participation compared with Mediterranean and neighboring contexts (z = 3.79—
9.31, adjusted p < 0.001-0.05). Sleep parameters and insomnia severity differed
markedly across countries (H = 66.64-198.63, p < 0.001), with less favourable
sleep profiles observed in several contexts (z ~ 3.28-12.82, adjusted p < 0.001-
0.05). Physical activity and sedentary behaviour showed pronounced variability
(p < 0.001), with Jordan reporting the lowest physical activity levels and Tunisia
lower sedentary time.

Conclusion: Mediterranean lifestyle adherence and its psychosocial and behav-
ioural correlates vary substantially across countries, reflecting distinct constel-
lations of sociocultural, socioeconomic, and lifestyle factors rather than dietary
patterns alone. These findings highlight the importance of multidimensional,
context-sensitive approaches to Mediterranean lifestyle promotion and provide
a descriptive framework to inform tailored public-health strategies and future
longitudinal and intervention research.

KEYWORDS

behavioural epidemiology, population-based survey, multidimensional lifestyle, health
behaviours, mental health, physical activity patterns, social participation, sleep health
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1 Introduction

Health is widely conceptualized as an integrated state of physical,
mental, and social wellbeing (1). This multidimensional status does
not arise randomly; it depends, to a large extent, on everyday health-
related behaviours, including nutrition, sleep quality, physical activity,
and the quality of social relationships and engagement (2).
Accordingly, modern public-health approaches increasingly empha-
size behavioural patterns rather than isolated lifestyle factors.

Within this constellation of interrelated health behaviours, dietary
patterns represent a central and widely investigated component of
lifestyle-related health determinants (3, 4). Rather than isolated nutri-
ent intake, overall dietary patterns provide a more comprehensive
framework for understanding how habitual eating behaviours influ-
ence health outcomes (3, 4). Among these, the Mediterranean Diet
(MedDiet) is one of the most extensively investigated and consistently
associated with favourable health outcomes (5). It is typically charac-
terized by high consumption of plant-based foods, olive oil as the
primary fat source, moderate intake of fish and dairy products, and
limited consumption of red and processed meat and sweets (6).
Substantial epidemiological and mechanistic evidence supports its
protective role against cardiometabolic diseases, neurodegenerative
disorders, and all-cause mortality, with proposed mechanisms includ-
ing improved lipid profiles, anti-inflammatory effects, modulation of
gut microbiota, and enhanced metabolic regulation (4, 5, 7, 8). Diet
alone does not fully capture the historical and cultural context in
which Mediterranean eating habits developed. The MedDiet has tra-
ditionally been embedded within a broader Mediterranean lifestyle
that integrates regular physical activity, restorative sleep, conviviality
and social engagement (3). This broader construct is operationalized
through the Mediterranean Lifestyle Index (MEDLIFE index), which
jointly assesses Mediterranean food consumption, Mediterranean
dietary habits, and lifestyle and social behaviours (9). Growing evi-
dence indicates that adherence to a Mediterranean lifestyle (MedLife)
pattern is associated with reduced mortality and improved health out-
comes beyond the effects of diet alone (3, 10), highlighting the rele-
vance of holistic lifestyle frameworks in health research and policy.

In this perspective, MedLife adherence can be understood as a
multidimensional configuration of interrelated behaviours and psy-
chosocial conditions rather than a purely dietary pattern (3, 9).
Lifestyle components such as physical activity, sleep quality, social
participation, and psychological wellbeing are not only outcomes of
health behaviour but may also influence the adoption and mainte-
nance of dietary practices through behavioural, social, and environ-
mental pathways (3, 4). Moreover, contemporary lifestyle contexts
increasingly involve technology-mediated behaviours that may inter-
act with dietary behaviour, physical activity, sedentary time, sleep,
social engagement, and stress exposure (11). Considering these
domains together therefore provides a more comprehensive frame-
work for understanding how MedLife adherence manifests across
populations and sociocultural contexts.

Despite its recognized benefits, adherence to the MedLife is
unevenly distributed and increasingly shaped by socioeconomic, cul-
tural, and environmental determinants (3). Structural barriers such as
healthy food affordability, education level, urbanization, time con-
straints, and broader socioeconomic inequalities repeatedly emerged
as determinants that may facilitate or hinder sustainable adoption,
while psychosocial stress and sleep disturbances may further interact
with lifestyle behaviours in complex bidirectional pathways (2, 3,
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12-14). Global evidence showed marked geographic variability, with
several studies reporting a gradual decline in adherence within
Mediterranean countries themselves, while non-Mediterranean popu-
lations show increasing interest and, in some cases, higher levels of
adherence (3, 6, 12, 15). Yet, even among neighboring countries that
share similar historical, cultural, and socioeconomic backgrounds,
systematic comparisons of MedDiet adherence and related lifestyle
behaviours remain relatively scarce, with many studies focusing on
single countries comparison and/or use different, non-comparable
tools, which makes it difficult to draw robust conclusions about cross-
country patterns and their correlates.

Within this evolving landscape, the MEDIET4ALL e-survey was
established to map Mediterranean lifestyle adherence and its correlates
across Mediterranean and neighboring countries using a standardized,
multilingual international e-survey (16). To date, MEDIET4ALL pub-
lications have documented heterogeneity by region (15), sex (17), and
determinants of adherence and health status (3, 18), and have further
highlighted country-context effects in a focused Germany-Tiirkiye
comparison (19). Collectively, these studies provide a coherent yet frag-
mented picture of Mediterranean lifestyle adherence, revealing vari-
ability across regions, sexes, and selected countries. However, a critical
gap remains, as no MEDIET4ALL study has yet provided a compre-
hensive country-by-country comparison across all participating
nations integrating MedLife adherence (global and domain scores)
with the broader psychosocial and lifestyle domains measured in the
survey. Addressing this gap is essential because aggregation can mask
meaningful heterogeneity and because domain-specific profiles are
needed to guide context-tailored prevention and intervention priorities.

Accordingly, the present study aims to provide a comprehensive
comparative analysis of Mediterranean lifestyle adherence and associ-
ated psychosocial and lifestyle factors across 10 Mediterranean and
neighboring countries participating in MEDIET4ALL. Specifically, we
sought to (i) compare adherence to the Mediterranean lifestyle using
the MedLife Index (global score and three domain blocks), and (ii)
compare cross-country distributions of depression, anxiety, and stress;
life satisfaction; sleep characteristics and insomnia severity; physical
activity and sedentary behaviour; social participation; and technology
use. We hypothesized that Mediterranean lifestyle adherence would
differ significantly across countries. Additionally, we expected that
cross-country differences in MedLife adherence would co-occur with
differences in psychosocial and lifestyle factors, yielding distinct
national profiles across the measured domains.

2 Methods

2.1 Survey development and participant
recruitment

This cross-sectional study examined adherence to the MedDiet and
MedLife, as well as potential determinant factors, using the international
MEDIET4ALL electronic survey. The survey was designed, reviewed,
and refined by a multidisciplinary research team (public health, nutri-
tion, sport and movement sciences, psychology, and sociology) at
Johannes Gutenberg University Mainz (Germany), in collaboration with
partner institutions participating in the MEDIET4ALL PRIMA project.
The overall methodology and core survey framework are consistent
with those reported in prior MEDIET4ALL analyses (15, 17).
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Before dissemination, the questionnaire underwent a 1-week pilot
phase led by the project steering group, followed by revisions based on
stakeholder feedback to improve clarity and content validity. The final-
ized survey was administered over a four-month period starting in
summer 2024 in 10 Mediterranean and adjacent countries (Germany,
France, Italy, Spain, Luxembourg, Tunisia, Algeria, Morocco, Tiirkiye,
and Jordan).

Data were collected using the GDPR-compliant SoSci Survey
platform hosted at Johannes Gutenberg University. The survey link
was distributed via consortium and partner networks through email
invitations, institutional and consortium webpages, and social media
channels. Eligible participants were adults aged 18 years or older,
with no predefined upper age limit, residing in one of the 10 partici-
pating countries and able to complete the questionnaire in one of the
available survey languages. Individuals who self-reported a diagnosis
of cognitive impairment were excluded from participation.
Additional exclusions were applied during data screening, as
described below.

Initial recruitment yielded >8,000 responses. After systematic
completeness and validity screening, 4,010 responses were retained for
analysis. Completeness required full survey finalization, and partial
submissions were excluded. Validity checks included logic-based con-
sistency screening (e.g., discordant physical activity responses), dupli-
cate detection (IP address concordance, timestamp proximity, and
highly similar response patterns), and removal of extreme/unrealistic
values (e.g., implausible sleep durations).

The study followed the Declaration of Helsinki (20) and received
ethics approval from the Ethics Committee of the Faculty of Medicine,
University of Sfax (Approval Code: 058/24).

2.2 Data privacy and consent of
participation

Participation was voluntary. No personally identifiable informa-
tion (e.g., names or contact details) was collected. Participants could
discontinue at any time prior to final submission; incomplete
responses were automatically discarded. Submission of the completed
questionnaire constituted informed consent for the anonymized sci-
entific use of the data.

2.3 Survey questionnaires

The MEDIET4ALL e-survey integrates several validated question-
naires assessing Mediterranean lifestyle adherence and related behav-
ioural, psychosocial, and health-related factors. The survey collects
information on Mediterranean lifestyle adherence, psychological dis-
tress, life satisfaction, sleep characteristics, physical activity and sed-
entary behaviour, social participation, technology use, and key
of the
MEDIET4ALL survey framework, questionnaire items, and method-

sociodemographic variables. Detailed descriptions
ological procedures have been reported in previous publications from
the project (1, 15-19). The instruments included in the survey have
been widely used in international research and have demonstrated
acceptable psychometric properties across diverse cultural contexts.
The survey was available in seven languages (English, German,
French, Italian, Spanish, Arabic, and Turkish). Items without existing
official translations were translated and back-translated using stan-
dard procedures (21), and all language versions demonstrated excel-
reliability (r=0.81-0.94). This

lent test-retest harmonized
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measurement approach was intended to maximize cross-country
comparability and continuity with previous MEDIET4ALL analyses.

2.3.1 Life satisfaction (SLSQ)

Life satisfaction was assessed using the Short Life Satisfaction
Questionnaire (SLSQ), a brief adaptation derived from the Satisfaction
with Life Scale framework (22) and previously applied in large-scale
lockdown research (23). The SLSQ includes three items rated on a
7-point Likert scale (1 = strongly disagree to 7 = strongly agree), yielding
a total score from 3 to 21 (higher scores reflect higher life satisfaction).

2.3.2 Psychological distress (DASS-21)

Depression, anxiety, and stress symptoms over the preceding week
were evaluated using the Depression Anxiety Stress Scales-21 (24).
The 21 items form three subscales (7 items each), rated from 0 (“did
not apply to me”) to 3 (“applied to me very much/most of the time”).
Subscale totals were multiplied by two to align with DASS-42 scoring
guidelines (24).

2.3.3 Sleep quantity, quality, latency, and
efficiency

A shortened set of items derived from the Pittsburgh Sleep Quality
Index (25) assessed four sleep dimensions over the previous month
including sleep efficiency (calculated as total sleep time divided by
time spent in bed and categorized as >85% vs. <85%), sleep latency
(<20 min vs. >20 min), subjective sleep quality (rated on a four-point
scale from very good to very bad), and sleep duration classified
according to age-specific recommendations (26).

2.3.4 Technology use (STuQL)

Technology use for social participation, dietary practices, and
physical activity was assessed using the Short Technology-Use
Questionnaire (STuQL), previously used in confinement-related life-
style research (27). It contains three items rated on a 5-point scale
(never to all the time), with total scores ranging from 3 to 15.

2.3.5 Insomnia severity (ISI)

Insomnia symptom severity and impact were measured with the
ISI (24). The 7 items are scored from 0 to 4, producing a total score
from 0 to 28, with established severity thresholds (28).

2.3.6 Social participation (SSPQ)

Social participation over the preceding 12 months was assessed
using the Short Social Participation Questionnaire (SSPQ), previously
validated and applied in confinement-related studies (23). The instru-
ment includes 14 items (10 Likert-type items and 4 yes/no items),
summed to a total score from 14 to 70 (higher scores indicate greater
participation).

2.3.7 Physical activity (IPAQ-SF)

Physical activity was assessed using the IPAQ-SF (29). The
IPAQ-SF estimates weekly activity (MET-min/week) across vigorous,
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moderate, and walking activities and supports classification into low
(<1,500), moderate (1,500-2,999), and high (>3,000) activity catego-
ries (29). Mediterranean lifestyle adherence (MEDLIFE Index).

MedLife adherence was evaluated using the MEDLIFE Index (9),
selected based on prior evidence supporting its conceptual and psy-
chometric utility among existing MedDiet/MedLife indices (30). The
MEDLIFE Index comprises 28 dichotomous items (0 = non-adher-
ence; 1 = adherence), grouped into three domains (blocks): (i) food
consumption frequency (15 items), (ii) MedDiet habits (7 items), and
(iii) lifestyle behaviours (6 items). In addition to the overall MEDLIFE
score, domain-specific (block) scores were calculated to examine
cross-country differences across these three dimensions of the
Mediterranean lifestyle. Total scores range from 0 to 28 and were cat-
egorized into low (<12), medium (12-14, 31, 32), and high (>16)
adherence using tertile-derived cut-points (3).

2.4 Statistical analyses

All statistical analyses were performed using Statistica (version
12). Descriptive data are presented as mean + standard deviation
(SD). The distribution of continuous variables was evaluated using
the Shapiro-Wilk test. Because assumptions of normality were not
consistently met, between-country differences were examined using
the Kruskal-Wallis H test (33). When a significant country effect was
detected, pairwise comparisons were conducted using Dunn’s post
hoc test with adjustment for multiple testing (34). The effect size for
the main (country) effect was calculated as eta-squared (n?),

10.3389/fnut.2026.1807414

interpreted using conventional benchmarks: small (~0.01), medium
(=0.06), and large (=0.14) (35). Statistical significance was set at
p <0.05.

The MedLife Index was defined as the primary outcome, as it rep-
resents a composite indicator integrating dietary, lifestyle, and social
dimensions of the Mediterranean lifestyle. Psychosocial indicators and
behavioural variables were analysed as secondary outcomes to provide
complementary information on multidimensional lifestyle profiles
across countries.

3 Results
3.1 Medlife Index

Figure 1 presents between-country differences in MEDLIFE block
and total scores. Block 1 differed significantly between countries
(H(9) = 120.84, p < 0.001, * = 0.07). Spain exhibited higher scores than
several countries, including Algeria, France, Germany, Tunisia,
Morocco, Tiirkiye, and Jordan (z = 3.29-9.03, adjusted p < 0.001-0.005).
Conversely, Germany and France showed consistently lower Block 1
scores than Spain and Italy (z = 3.29-9.03, adjusted p < 0.001-0.005).

Block 2 also differed significantly between countries (H(9) = 95.94,
P <0.001, #*=0.09). Algeria showed lower scores compared with
France, Italy, Luxembourg, and Spain (z=3.34-6.50, adjusted
p <0.001-0.05). Spain and France frequently ranked among
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higher-scoring countries relative to Morocco, Tiirkiye, and Jordan
(z = 3.34-6.50, adjusted p < 0.001-0.05).

Block 3 showed significant cross-country variation (H(9) = 78.84,
P <0.001, #* = 0.11). Tunisia and Morocco tended to score higher than
several European countries, including France and Italy (z = 3.26-6.50,
adjusted p < 0.001-0.05). Italy and France showed lower scores relative
to North African countries (z = 3.92-6.50, adjusted p < 0.001-0.05).

Global MedLife Index scores differed significantly between coun-
tries (H(9) = 103.99, p < 0.001, * = 0.08). Spain displayed consistently
higher global scores than Algeria, France, Germany, Tunisia, Morocco,
Tiirkiye, and Jordan (z=3.42-8.12, adjusted p <0.001-0.02).
Germany scored lower than Italy and Luxembourg (z = 3.62-8.12,
adjusted p < 0.001-0.05), while Italy scored higher than Tiirkiye and
Jordan (z = 3.42-4.62, adjusted p < 0.001-0.02).

Figure 2 illustrates the distribution of Mediterranean lifestyle
adherence categories across countries. The distribution of MedLife
adherence levels differed significantly between countries (y* = 113:936,
p <0.001), with Spain and Italy showing relatively higher proportions
of participants in the high-adherence category, whereas lower propor-
tions were observed in several non-Mediterranean and North African
contexts. Conversely, the prevalence of low adherence tended to be
more pronounced in Jordan, Morocco, and Germany.

3.2 Psychological distress and life
satisfaction

Figure 3 presents between-country differences in psychological
distress (DASS-21) and life satisfaction scores. Country effects were
significant for depression (H(9) = 189.02, p < 0.001, > = 0.04), anxiety
(H(9) =312.82, p<0.001, *=0.02), and stress (H(9)=177.97,

10.3389/fnut.2026.1807414

P <0.001, 7” = 0.05). Algeria exhibited markedly higher scores across
all three domains relative to other countries (z = 3.85-14.29, adjusted
p <0.001-0.05). Germany generally showed lower anxiety and stress
compared with several countries (z = 3.32-10.63, adjusted p < 0.001-
0.03), whereas Jordan frequently ranked among higher-distress profiles.

Similarly, life satisfaction differed significantly between coun-
tries (H(9) = 81.62, p < 0.001, #*> = 0.02). Algeria reported lower
life satisfaction relative to several European countries (e.g.,
France, Germany, Luxembourg, Spain, and Tiirkiye), while Italy
tended to show lower scores compared with Germany,
Luxembourg, Spain, and Tirkiye (z=3.34-6.34, adjusted
p <0.001-0.05).

The distribution of categorical outcomes across countries is addi-
tionally illustrated in Supplementary Figure S1.

3.3 Social participation, physical activity and
sitting time

Figure 4 presents between-country differences in social participa-
tion scores, physical activity (IPAQ) scores, and sitting time. Social
participation score varied substantially across countries (H(9) = 194.86,
P <0.001, #* = 0.04). France, Germany, and Italy showed lower SSPQ
scores than Tunisia, Spain, Morocco, Tiirkiye, and Jordan (z = 3.79-
9.31, adjusted p < 0.001-0.05). Conversely, Tunisia and Morocco dem-
onstrated higher social participation levels compared with several
European countries (z = 3.79-8.13, adjusted p < 0.001-0.05).

Physical activity differed strongly between countries (H(9) = 357.29,
P <0.001, > = 0.02), with Jordan showing consistently lower IPAQ score
than all other countries, except Algeria, (z=3.57-14.72, adjusted
P <0.001-0.05), while Germany followed by Luxembourg and Spain

Medlife index
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Morocco; i: significantly different compared to Turkiye.

Between-country differences in DASS-21 and life satisfaction scores (mean + SD). 'Significantly different compared to all countries; a: significantly
different compared to Algeria; b: significantly different compared to France; c: significantly different compared to Germany; d: significantly different
compared to ltaly; f: significantly different compared to Tunisia; g: significantly different compared to Spain; h: significantly different compared to

generally exhibited higher physical activity levels compared with Italy,
Tunisia, Morocco, and Tiirkiye (z=3.57-14.72, adjusted p < 0.001-
0.05). Sitting time also differed significantly (H(9) = 103.31, p < 0.001,
7* = 0.08), with Luxembourg and Spain often showing higher sitting
time than several countries, whereas Tunisia tended to report lower sit-
ting time than most countries (z = 3.32-7.21, adjusted p < 0.001-0.05).

The distribution of categorical outcomes across countries is addi-
tionally illustrated in Supplementary Figure S2.

3.4 Sleep, insomnia, and technology use
behaviour

Figure 5 presents between-country differences in sleep patterns,
Insomnia Severity Index (ISI) scores, and technology use behaviours.

Sleep indicators differed significantly between countries (sleep
latency: H(9) =198.63, p<0.001, 5*=0.04; sleep duration:
H(9) = 66.64, p < 0.001, * = 0.13; sleep efficiency: H(9) = 166.07,
P <0.001, * = 0.05; subjective sleep quality: H(9) = 49.99, p < 0.001,
n* = 0.05). Algeria consistently exhibited a less favourable sleep pro-
file, characterized by higher sleep latency and poorer sleep efficiency
compared with all other countries (z=3.40-12.82, adjusted
p <0.001-0.05), and lower subjective sleep quality relative to
Germany. In contrast, Jordan tended to show a more favourable
sleep profile, with longer sleep duration and higher subjective sleep
quality than several European countries (z = 3.36-6.05, adjusted
P < 0.001-0.05). France and Morocco also exhibited relatively higher
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sleep latency compared with multiple countries (z = 3.45-3.46,
adjusted p = 0.02), whereas Italy demonstrated lower latency and
relatively better sleep efficiency compared with Luxembourg,
Tunisia, Spain, Morocco, and Jordan (z=3.40-5.14, adjusted
p <0.001-0.05).

Insomnia severity differed significantly across countries
(H(9) =192.15, p<0.001, *=0.04). Algeria reported higher ISI
scores than all other countries (z = 3.34-9.77, adjusted p < 0.001-
0.05). France and Germany also exhibited higher insomnia severity
compared with Italy and Spain (z = 4.20-5.18, adjusted p < 0.001),
whereas Jordan tended to show higher ISI scores than several
European countries (z = 3.39-4.69, adjusted p < 0.001-0.03).

Significant country differences were observed for Technology use
behaviours score (H(9) = 17.56, p = 0.041, n* = 0.01). Italy reported
lower technology use behaviour compared to Jordan (z=3.28,
P < 0.047), while other countries showed broadly comparable levels.

4 Discussion

The present MEDIET4ALL analysis provides a comprehensive
country-by-country comparison of Mediterranean lifestyle adherence
and a broad set of co-occurring psychosocial and lifestyle correlates
across 10 Mediterranean and neighboring countries. Several consis-
tent patterns emerged. First, Mediterranean lifestyle adherence

frontiersin.org


https://doi.org/10.3389/fnut.2026.1807414
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Ammar et al. 10.3389/fnut.2026.1807414
60 6000
bed b
bed  a  bed  bear c
50 a i b . 5000
a I3
) ad ace
l < a d ace
I L1l] :
40 £ 4000 be
= 2
< =
o 30 E 3000
B > bedefg
7 P
7] 3
20 & 2000
(=4
<
10 & Jo00
0 0
‘.“, é’c 5\- & é% . é“’ ;9«\ é’e \,\z S’Q ‘-{p é’c QA §x e‘% ;@ 2 é’e ,\i‘ s,(»
V}ﬂg‘ Qo C""& ¥ ¥ g > &"Q\ K @0‘8 &'o‘* 50‘ ng g“’ é&$ A P éo° &o& KR @e@ &@" \é
& &
W W
12
bed
10 bear T
abcde 8 %
7 8
<
<
£
o0
£
@ 4
2
0
& & oY N & & I3 & & &
Q‘"" Q"Q o ‘&o & &0“0 &QQ\ %Qe Q\éec. &'é s s“‘b
§¢4
\?
FIGURE 4
Between-country differences in social participation score, IPAQ score, and sitting time (mean + SD). a: Significantly different compared to Algeria; b:
Significantly different compared to France; c: Significantly different compared to Germany; d: Significantly different compared to Italy; e: Significantly
different compared to Luxembourg; f: Significantly different compared to Tunisia; g: Significantly different compared to Spain; i: Significantly different
compared to Turkiye.

differed markedly between countries at both global and domain levels,
with Spain showing one of the most favourable MedLife profiles,
whereas several non-Mediterranean and North African contexts
exhibited comparatively lower adherence. Second, pronounced het-
erogeneity was observed in psychological distress and insomnia sever-
ity, with a distinct high-burden profile in Algeria and, more broadly,
higher distress and sleep-related problems in North African and
Middle Eastern contexts compared with several European countries.
Third, meaningful cross-country differences were found in life satis-
faction and social participation, with particularly large contrasts in
social participation and generally lower levels in some European con-
texts relative to North African and Middle Eastern countries (e.g.,
Tunisia, Morocco and Jordan). Fourth, physical activity and sedentary
behaviour varied substantially across countries, with Germany report-
ing higher physical activity levels and Tunisia showing lower seden-
tary time. Finally, sleep parameters differed markedly across countries,
with especially large contrasts in sleep latency, efficiency, and ISI with
comparatively less favourable sleep indicators and higher ISI observed
in some North African (e.g., Algeria and Morocco) context and more
favourable indicators in others (e.g., Spain and Italy).

Collectively, these findings reinforce that MedLifestyle adherence
is context-dependent and that similar global adherence levels may
conceal distinct country-specific behavioural and psychosocial pro-
files. This interpretation extends earlier MEDIET4ALL evidence of
heterogeneity by region (15), sex (17), and selected country compari-
sons (19). Importantly, the present study addresses a remaining gap
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by moving beyond aggregated comparisons and single-country analy-
ses to provide a granular, multi-domain profiling of 10 countries,
thereby offering a deeper and more detailed empirical basis for con-
text-sensitive prevention strategies and policy interventions.

4.1 MedLife Index: country-level
heterogeneity and domain-specific patterns

The MedLife Index differed significantly between countries, and
the presence of significant effects across Blocks 1-3 indicates that
national differences were not confined to a single behavioural domain.
This is relevant because the Mediterranean lifestyle is inherently mul-
tidimensional (3). Global scores can conceal “compensatory patterns,”
whereby higher dietary adherence co-exists with poorer sleep or lower
social participation, or vice versa. A similar phenomenon has been
observed in sex-specific MEDIET4ALL analyses, which revealed
domain-level differences between men and women despite compa-
rable global adherence (17). Extending this concept to the country
level, the present findings suggest that interventions should be ori-
ented toward country-specific domain deficits rather than treating
Mediterranean lifestyle adherence as a uniform behavioural construct.

Beyond domain-specific differences, the results indicate that
Mediterranean countries tended, on average, to display more favour-
able dietary-related patterns, albeit with substantial heterogeneity,
reinforcing the notion that geographic proximity does not necessarily
translate into behavioural homogeneity. In the present analysis, Spain
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consistently emerged among the countries with higher global MedLife
scores relative to multiple contexts (e.g., Algeria, France, Germany,
Tunisia), whereas Germany and France exhibited lower global adher-
ence compared with Spain and/or Italy and Luxembourg. These pat-
terns are broadly consistent with previous regional MEDIET4ALL
findings (15), but they also demonstrate that a simple “Mediterranean
vs non-Mediterranean” categorization is insufficient, as meaningful
variability exists within both Mediterranean and neighboring regions.

Beyond continuous scores, the distribution of MedLife adherence
categories further illustrated cross-country heterogeneity. Spain and
Italy showed relatively higher proportions of participants in the high-
adherence category, whereas several other contexts exhibited larger
proportions of low or moderate adherence, including countries such

Frontiers in Nutrition

as Jordan, Morocco, and Germany. This categorical perspective com-
plements the continuous-score analysis and supports the notion that
Mediterranean lifestyle patterns vary not only in degree but also in
their population-level distribution across countries.

Such heterogeneity aligns with broader international evidence
indicating that adherence to the Mediterranean lifestyle varies widely
across populations and is shaped by sociocultural and economic con-
texts (4, 6, 12). Several studies have reported a gradual decline in
adherence within parts of the Mediterranean region alongside increas-
ing interest in Mediterranean-like dietary patterns in some non-Med-
iterranean populations (6, 12, 36), suggesting that modernization,
urbanization, and evolving food environments may progressively
reshape traditional lifestyle patterns (3, 4, 37).
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From an interpretive perspective, cross-country differences in
MedLife adherence may reflect variations in demographic composi-
tion, socioeconomic conditions, psychosocial profiles, and lifestyle
behaviours (3, 12-15, 38). Evidence from the MEDIET4ALL deter-
minants analyses indicates that higher Mediterranean lifestyle adher-
ence is associated with higher educational attainment, greater
awareness of MedLife principles, lower perceived barriers, normal
BMI, better self-reported health status, and more favourable psycho-
social profiles (3, 19). Moreover, individuals with higher adherence
tend to report greater social participation, higher physical activity
levels, better sleep quality, and lower psychological distress, highlight-
ing the clustering of behavioural and psychosocial factors within life-
style profiles.

In this context, the relatively favourable MedLife profile observed
in Spain may reflect the coexistence of several facilitating conditions
identified within the MEDIET4ALL framework. In the present analy-
sis, Spain consistently ranked among the countries with higher global
MedLife scores and showed comparatively favourable patterns in
dietary adherence, social participation, and physical activity, alongside
relatively balanced psychosocial and sleep-related indicators. By con-
trast, several North African and Middle Eastern countries displayed
less favourable MedLife profiles, often characterized by higher psycho-
logical distress, greater sleep disturbances, or lower physical activity
levels. These patterns mirror determinants and barriers previously
reported within the MEDIET4ALL population, including higher psy-
chosocial burden, perceived structural constraints, and less supportive
lifestyle environments (3, 13). Similarly, some Central and Western
European countries, despite relatively favourable socioeconomic con-
ditions, exhibited lower social participation or domain-specific defi-
cits, which may partly explain their comparatively lower global
MedLife scores. This observation resonates with earlier MEDIET4ALL
findings showing that lifestyle domains do not necessarily evolve uni-
formly across contexts and that high socioeconomic status does not
automatically translate into holistic Mediterranean lifestyle adherence.

Taken together, these cross-country contrasts suggest that varia-
tions in MedLife adherence are not driven by dietary factors alone but
rather reflect distinct constellations of behavioural, psychosocial, and
contextual characteristics. In this sense, the present findings extend
previous MEDIET4ALL analyses by illustrating how different combi-
nations of facilitators and constraints may shape country-specific
Mediterranean lifestyle profiles, thereby contributing to the observed
heterogeneity in both global and domain-specific adherence patterns.
Importantly, Block-specific differences further suggest that dietary
habits, contextual lifestyle practices, and social-lifestyle components
do not evolve uniformly across countries. This reinforces the notion
that Mediterranean lifestyle adherence cannot be reduced to dietary
behaviour alone and highlights the need for domain-targeted, cultur-
ally sensitive intervention strategies rather than purely diet-centered
approaches.

4.2 Psychosocial wellbeing: cross-country
gradients in psychological distress and life
satisfaction

The present findings show substantial cross-country variability in
psychosocial wellbeing, captured by both psychological distress
(depression, anxiety, stress) and life satisfaction. Several countries
exhibited comparatively elevated distress across multiple DASS-21
domains, whereas others showed more favourable psychosocial
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profiles. For example, some European contexts (notably Germany and
Spain) tended to report lower levels of depressive and anxiety symp-
toms than several other countries in multiple post-hoc contrasts,
while higher distress profiles were more frequently observed in some
non-European contexts (e.g., Jordan and Morocco) across anxiety
and/or depression comparisons. In parallel, life satisfaction also dif-
fered across countries, with higher satisfaction levels in several
European settings (e.g., Germany, Luxembourg, Spain), and lower
satisfaction observed in some other contexts (e.g., Jordan compared
with Tiirkiye).

Although causal inference is not possible in this cross-sectional
survey, the convergence of negative (distress) and positive (life satis-
faction) indicators suggests that psychosocial wellbeing tends to clus-
ter with broader lifestyle profiles (39-41). Importantly, the present
dataset includes several lifestyle correlates that plausibly co-vary with
psychosocial status. For instance, contexts characterized by higher
psychological burden also tended to show less favourable sleep-related
outcomes and/or insomnia severity (e.g., Jordan showing higher
insomnia severity and sleep latency than some European contexts).
Likewise, large cross-country differences in physical activity may be
relevant for interpretation. Indeed, Jordan consistently reported the
lowest IPAQ levels compared with all other countries, a pattern that
may align with a less favourable psychosocial profile in some settings,
given well-established links between low activity and poorer mental
health (42, 43).

These co-occurring patterns support an integrated interpretation
in which psychological distress, sleep disturbance, and movement
behaviours jointly contribute to country-specific psychosocial-life-
style configurations.

Insights from the MEDIET4ALL framework provide a coherent
interpretive lens for these gradients. Previous regional analyses docu-
mented geographic variability in psychosocial factors and perceived
barriers (15), and determinant models highlighted associations
between lifestyle behaviours, sociodemographic characteristics, and
psychological status (3, 19). Within this framework, the current find-
ings suggest that psychological distress and life satisfaction represent
complementary components of context-dependent lifestyle profiles
rather than isolated outcomes.

From a public-health perspective, the observed cross-country gra-
dients in distress and life satisfaction reinforce that Mediterranean
lifestyle promotion should not be framed as diet-only messaging. In
settings characterized by elevated psychological burden and poorer
sleep outcomes, interventions may need to integrate mental-health-
sensitive components (e.g., stress management, sleep hygiene, and
support for sustainable physical activity) alongside dietary guidance
to better match the multidimensional nature of Mediterranean life-
style patterns and the country-specific needs highlighted by this com-
parative analysis.

4.3 Social participation: cross-country
variability within Mediterranean lifestyle
profiles

Social participation showed pronounced cross-country differ-
ences, with several European contexts (notably France, Germany, and
Italy) reporting lower SSPQ scores relative to multiple other countries.
In contrast, higher levels of social participation were observed in sev-
eral Mediterranean and neighboring contexts, including Tunisia,
Spain, Morocco, Tiirkiye, and Jordan. This pattern highlights
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substantial heterogeneity in the social dimension of lifestyle behav-
iours across countries.

This finding is particularly relevant because conviviality and social
connectedness constitute core dimensions of the Mediterranean life-
style, potentially shaping dietary habits, physical activity patterns, and
psychosocial wellbeing through shared practices, collective meals, and
social norms (3, 44, 45). The present results extend previous
MEDIET4ALL evidence, including the Germany-Tiirkiye compari-
son, which identified social participation as a key differentiating
domain between national contexts (19). The current multi-country
analysis further indicates that social participation represents one of
the most variable lifestyle dimensions across countries, suggesting that
national contexts differ not only in dietary adherence but also in the
social environments that support or constrain Mediterranean lifestyle
behaviours.

More broadly, the observed cross-cultural variability in social par-
ticipation may reflect differences in family structures, community
engagement traditions, urbanization patterns, and social norms across
countries (3, 15, 46). For example, contexts characterized by stronger
family networks and community-oriented social practices tended to
show higher levels of social participation, whereas more urbanized
and individual-oriented contexts tended to display lower levels. Such
patterns are consistent with MEDIET4ALL findings and broader
international evidence identifying sociocultural and structural factors
as important correlates of lifestyle behaviours and wellbeing (13-15).

Importantly, interpretation must remain cautious, as cross-cul-
tural differences in self-reported social participation may also be influ-
enced by cultural norms, social desirability, and measurement
equivalence. Nevertheless, the magnitude and consistency of cross-
country differences suggest that Mediterranean lifestyle promotion
should explicitly consider the social participation environment,
including community structures, family networks, and opportunities
for collective engagement, rather than focusing solely on individual
behavioural change.

4.4 Physical activity and sedentary
behaviour: distinct but interrelated
behavioural domains

Physical activity and sedentary behaviour exhibited marked cross-
country differences, highlighting their relevance as distinct yet inter-
related components of Mediterranean lifestyle profiles. In the present
analysis, Jordan consistently reported the lowest physical activity
levels compared with all other countries, indicating that physical
activity may represent a key limiting domain within certain national
contexts. At the same time, sedentary behaviour varied substantially
across countries, with Luxembourg and Spain frequently showing
higher sitting time, whereas Tunisia reported comparatively lower
sedentary behaviour in multiple contrasts.

More broadly, several European contexts (e.g., Germany,
Luxembourg, and Spain) tended to display higher physical activity
levels, whereas Tunisia exhibited lower sedentary behaviour, illustrat-
ing that physical activity and sitting time do not necessarily follow the
same cross-country gradient. These findings highlight the importance
of treating physical activity and sedentary behaviour as related but
distinct behavioural targets, as countries may exhibit favourable pro-
files in one domain but not in the other.

The observed cross-country patterns are consistent with
MEDIET4ALL determinant analyses and international evidence
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indicating that physical activity and sedentary behaviour are shaped
by contextual factors such as urban design, occupational demands,
cultural norms, and access to recreational opportunities (3, 14).
Within the present dataset, movement behaviours also tended to align
with psychosocial and sleep-related profiles, reinforcing the concept
of clustered lifestyle patterns across countries.

From a public-health perspective, these findings suggest that
Mediterranean lifestyle promotion should incorporate context-sensi-
tive strategies addressing both physical activity and sedentary behav-
with
Mediterranean lifestyle adherence, psychosocial wellbeing, and self-
reported health status observed within the MEDIET4ALL framework
(3, 19) and other population-based studies (47-49). In settings char-
acterized by low activity levels, interventions may prioritize opportu-

iour, particularly given their consistent associations

nities for structured and incidental movement, whereas contexts with
high sedentary time may require targeted approaches aimed at reduc-
ing prolonged sitting in daily routines.

4.5 Sleep patterns and insomnia severity:
cross-country variability within lifestyle
profiles

Sleep parameters and insomnia severity differed significantly
across countries, highlighting substantial cross-national variability in
sleep-related health. Several contexts displayed less favourable sleep
profiles, characterized by higher insomnia severity and longer sleep
latency, whereas others exhibited comparatively more favourable
sleep patterns. More specifically, less favourable sleep profiles were
observed in several North African and Middle Eastern contexts,
where higher insomnia severity and longer sleep latency were
reported compared with multiple European countries. For instance,
Jordan and Morocco tended to show higher insomnia severity and
longer sleep latency than several European contexts, whereas Spain
and Italy generally exhibited more favourable sleep indicators.
Similarly, France and Germany displayed higher insomnia severity
compared with Italy and Spain in multiple contrasts, highlighting that
sleep disturbances are not restricted to non-European settings but
also vary within Europe.

Conversely, more favourable sleep patterns were observed in some
Southern European contexts, particularly Spain and Italy, which
tended to report lower insomnia severity and shorter sleep latency
relative to several other countries. These patterns suggest that sleep
health may represent a critical but unevenly distributed dimension of
Mediterranean lifestyle profiles across countries.

These cross-country patterns align with MEDIET4ALL determi-
nant analyses, which identified sleep quality as an important correlate
of Mediterranean lifestyle adherence and perceived health status (3,
19). Beyond cross-country contrasts, the observed sleep variability
resonates with broader evidence indicating that sleep behaviours are
shaped by sociocultural, occupational, and psychosocial factors,
including stress, work schedules, and urban environments (50, 51).
Within the present dataset, sleep profiles also tended to co-occur with
psychological distress patterns, reinforcing the notion that sleep and
mental health constitute interconnected dimensions within broader
lifestyle configurations.

Taken together, these findings suggest that sleep should be con-
sidered an integral component of Mediterranean lifestyle interven-
tions, particularly in contexts where sleep disturbances and
psychological burden co-occur. Rather than treating sleep as an
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ancillary outcome, future public-health strategies may benefit from
integrating sleep-health promotion alongside dietary and physical
activity interventions within a multidimensional lifestyle framework.

4.6 Technology use: emerging behavioural
dimension within lifestyle profiles

Technology use behaviour differed significantly across countries,
although the magnitude of differences was smaller than that observed
for other lifestyle domains. Despite the modest effect size, technology-
related behaviours remain relevant given their growing influence on
sleep patterns, sedentary behaviour, and psychosocial wellbeing
(52-54).

Cross-country differences in technology use were less pronounced
than differences in dietary, social, or psychosocial domains, suggesting
that technology-related behaviours may be less culturally differenti-
ated within the MEDIET4ALL sample. Nevertheless, international
evidence indicates that digital behaviours can interact with broader
lifestyle patterns, particularly through their associations with screen
time, sleep quality, physical inactivity, and mental health outcomes
(55-58). Importantly, the health relevance of technology use may
depend less on the frequency of digital engagement itself and more on
how and when technology is integrated into daily routines, including
its timing, purpose, and relationship with sleep, physical activity, and
social interaction (11, 31, 57-59). In this sense, technology-related
behaviours may function less as a standalone lifestyle domain and
more as a contextual behavioural layer that can either support or
undermine healthy lifestyle practices (11, 58, 59).

Taken together, these findings suggest that technology use repre-
sents an emerging but context-dependent dimension of Mediterranean
lifestyle profiles, warranting consideration in future lifestyle research
and intervention strategies, even when cross-country variability
appears relatively modest. Future MedLife promotion strategies may
therefore benefit from considering digital environments not only as
potential risk factors (e.g., excessive screen exposure and sedentary
behaviour) but also as possible channels for delivering culturally
adapted health promotion and lifestyle-support interventions.

4.7 Strengths and limitations

This study has several strengths that should be interpreted in light of
limitations commonly reported in MEDIET4ALL analyses and compa-
rable international survey-based investigations. A key strength is the
large multinational sample and the inclusion of 10 Mediterranean and
neighboring countries assessed using a standardized, multilingual survey
and harmonized measurement framework. The simultaneous assessment
of multiple lifestyle domains, including diet, physical activity, sleep, psy-
chosocial status, social participation, and technology use, enabled a com-
prehensive and multidimensional characterization of Mediterranean
lifestyle profiles across countries. The use of validated instruments and
consistent analytic procedures further enhances the comparability and
interpretability of cross-country findings. In addition, the present coun-
try-by-country approach extends previous MEDIET4ALL studies that
focused on regional, sex-specific, determinant-based, or bilateral com-
parisons, thereby providing a more granular descriptive framework for
understanding cross-national heterogeneity.

Several limitations should also be acknowledged. First, the cross-
sectional design precludes causal inference, and observed associations
should be interpreted as correlational rather than directional. Second,
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reliance on self-reported measures may introduce recall bias and
social desirability bias, particularly for lifestyle behaviours such as
physical activity, diet, and sleep. Third, online recruitment may have
resulted in selection bias, with potential overrepresentation of indi-
viduals with higher education or digital literacy. Fourth, the samples
constitute convenience samples and are not fully representative of the
respective national populations. Sample composition also differed
between countries, including variations in sociodemographic charac-
teristics, which may influence the constructs examined and limit strict
cross-country comparability and generalizability of country-specific
findings. Fifth, sample sizes varied across countries, which may fur-
ther influence the stability of some estimates. Sixth, although validated
instruments were used, cross-cultural differences in interpretation and
response styles may affect measurement equivalence across contexts.
Finally, multiple testing in cross-country comparisons increases the
risk of type I error, although post-hoc corrections were applied.

Taken together, these strengths and limitations indicate that the
present findings provide a comprehensive descriptive overview of
cross-country Mediterranean lifestyle patterns while highlighting the
need for cautious interpretation and complementary longitudinal and
experimental research designs.

5 Conclusions and public-health
implications

This MEDIET4ALL country-by-country analysis reveals substantial
heterogeneity in Mediterranean lifestyle adherence and its psychosocial
and behavioural correlates across 10 Mediterranean and neighboring
countries. Differences were observed not only in global MedLife adher-
ence but also across specific lifestyle domains, including dietary patterns,
physical activity, sleep, social participation, psychological distress, and
technology use. These findings suggest that Mediterranean lifestyle
adherence is multidimensional and context-dependent, and that similar
global adherence levels may conceal distinct national configurations of
behavioural and psychosocial factors. Importantly, these differences were
evident not only in mean MedLife scores but also in the population-level
distribution of adherence categories, indicating that countries differ both
in overall adherence levels and in the proportion of individuals with high
or low Mediterranean lifestyle adherence.

Countries characterized by more favourable MedLife profiles
tended to display more balanced combinations of dietary adherence,
physical activity, social participation, and psychosocial wellbeing,
whereas less favourable profiles were often accompanied by higher
psychological burden, sleep disturbances, or lower engagement in key
lifestyle domains. These cross-country differences suggest that
Mediterranean lifestyle patterns are shaped by complex constellations
of sociocultural, socioeconomic, and behavioural characteristics
rather than by dietary factors alone. This interpretation extends previ-
ous MEDIET4ALL determinants-based analyses by illustrating how
different combinations of facilitators and constraints may contribute
to country-specific lifestyle profiles.

From a public-health perspective, the present findings highlight
the need for context-sensitive and domain-targeted intervention
strategies rather than uniform Mediterranean diet promotion.
Interventions aiming to foster Mediterranean lifestyle adoption may
benefit from simultaneously addressing diet, movement behaviours,
sleep health, psychosocial wellbeing, and social participation, with
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priorities adapted to country-specific deficits and strengths. For
example, in countries showing comparatively lower MedLife adher-
ence and/or lower physical activity levels, such as Jordan, interven-
tions may prioritize movement promotion and broader lifestyle
counselling alongside culturally adapted MedLife education. In con-
texts marked by higher psychological burden and less favourable
sleep indicators, such as Algeria, integrated strategies combining
lifestyle promotion with sleep-health and mental wellbeing support
may be particularly relevant. In countries where social participation
appeared comparatively lower, including some European contexts
such as France, Germany, and Italy, public-health initiatives may ben-
efit from incorporating community-based and socially engaging for-
mats rather than focusing on dietary change alone. Conversely,
countries displaying comparatively favourable profiles in selected
domains, such as Spain for MedLife adherence or Tunisia for lower
sedentary time and higher social participation, may provide useful
contextual examples for strengths-based adaptation and knowledge
transfer within the broader Mediterranean region.

Overall, these findings emphasize that effective Mediterranean
lifestyle promotion should consider the broader behavioural and psy-
chosocial ecosystem in which dietary practices are embedded. A
nuanced understanding of country-specific lifestyle profiles may
therefore contribute to more equitable and effective public-health
strategies aimed at promoting holistic healthy lifestyles across diverse
sociocultural contexts.

6 Future research directions

Future research should build on these findings by employing
longitudinal designs to explore temporal relationships between life-
style domains and psychosocial outcomes, as well as experimental
and intervention studies to test the effectiveness of multidimen-
sional Mediterranean lifestyle programs. In addition, person-cen-
tered analytical approaches such as cluster or latent profile analysis
may help identify multidimensional lifestyle configurations at the
individual level and complement the country-comparative perspec-
tive adopted in the present study. Further work is also needed to
refine cross-cultural measurement tools, investigate structural,
socioeconomic, and environmental determinants of lifestyle behav-
iours, and explore how digital technologies can be leveraged to sup-
port culturally adapted lifestyle interventions.
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