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The present study examined cross-sectional and longitudinal associations between adherence to
Mediterranean lifestyle (MEDLS) and health outcomes in older adults in England. We analyzed data
from 565 adults aged >65 years in the English Longitudinal Study of Ageing. MEDLS adherence (0-24)
included diet quality, physical activity, hydration, sleep, social isolation, and cooking habits.
Outcomes included mobility limitations, basic (ADL) and instrumental (IADL) activities of daily living
disability, walking speed, cognition, depressive symptoms, and mortality. Results indicated that
higher MEDLS adherence was associated with lower ADL/IADL disability and reduced risk of
functional decline. It also correlated with better cognitive performance and maintenance of processing
speed, fluency, and memory, alongside fewer depressive symptoms. No associations with mortality
were found. Sensitivity analysis indicated that social isolation, cooking activities, and physical activity
were key contributors. In conclusion, greater MEDLS adherence relates to better physical and

cognitive aging in non-MED settings.

The Mediterranean (MED) diet is a traditionally defined dietary pattern that
emerged from millenary cultural exchanges among populations inhabiting
the regions surrounding the MED basin"”. It is characterized by high con-
sumption of fruits, vegetables, whole grains, legumes, nuts, and olive oil,
moderate intake of fish, occasional consumption of alcohol usually during
meals, mainly wine, and limited intake of red meat and processed foods'™.
The MED diet gained substantial scientific attention in the 1990s, when
population-based cohort studies reported a reduced risk of mortality among
individuals with higher adherence®. Since then, numerous investigations
have confirmed and expanded these findings, extending the benefits of the
MED diet to a wide range of health outcomes™".

Beyond the MED basin, growing attention has been directed toward
the potential role of the MED diet in promoting longevity, particularly in the
context of the so-called “Blue Zones,” geographic areas characterized by
exceptional life expectancy''. Although some of these regions (e.g., Ikaria,
Nicoya, Okinawa) differ culturally and geographically, their dietary patterns
often share similarities with the traditional MED diet, especially in terms of
high consumption of plant-based foods and limited intake of processed
products'.

A substantial body of research has shown that greater adherence to the
MED diet is associated with attenuated age-related deterioration in both
physical performance and cognitive function'*'>". Specifically, greater
adherence to the MED diet is associated with slower age-related decline in
physical performance and cognitive function, as well as a lower likelihood of
conditions related to functional impairment (e.g, frailty and
sarcopenia)'*"™"°,

Physical performance is a multidimensional construct referring to the
purposeful movements generated by muscle activity that enable individuals
to interact with their environment'®"”. It encompasses a wide range of
actions, from simple tasks involving small muscle groups, such as grasping
an object, to more complex activities, such as walking, which require the
coordinated integration of multiple muscle groups and physiological
systems'*"”. Physical performance is a component of physical functioning—
also called functionality—which refers to an individual’s ability to use
physical capacities (e.g., muscle strength and power) to perform funda-
mental physical tasks (e.g., rising from a chair, walking)”’. Similarly, cog-
nitive function is a broad construct encompassing the mental abilities that
enable individuals to perceive, process, store, and use information to interact
with and respond to their environment*"*.
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Table 1 | Main characteristics of study participants (n = 565)

Variables Values

Age, y 73.68 (5.95)
Female, % 55.8

Caloric intake, kcal/day 2106.82 (715.94)
Hospitalized during COVID-19, % 4.3

Current smoking, % 9.4

Mobility aids, % 2.2

Age at completion of education, %

Not yet finished 1.0

14 or under 3.8

At 15 39.3

At 16 23.4

At 17 7.5

At 18 71

19 or over 16.3
MEDLS, mean (SD) 9.2(2.7)
Dietary habits (0-18), mean (SD) 9.3(1.9)
Physical activity (600 MET-min/day), % 190 (33.7)
Hydration status (=5 glasses per day), % 37 (6.5
Presence of social isolation, % 462 (81.8)
Sleeping patterns (6-8 h), % 328 (95.6)
Cooking activities (yes), % 321 (58.6)
Physical function

ADL problems, % 100 (17.7)
IADL problems, % 117 (20.7)
Mobility problems, % 328 (58.1)
Prefrailty, % 496 (87.8)
Frailty, % 188 (33.3)
Prior falls, % 411 (72.7)
WS in seconds, mean (SD) 2.8(1.0)
Cognition

MMSE, mean (SD) 27.08 (3.2)
TICS, mean (SD) 2.82(0.48)
TMT-A, mean (SD) 51.83 (31.83)
TMT-B, mean (SD) 108.39 (53.58)
TMT-B - TMT-A, mean (SD) 59.63 (43.64)
TMT-B/TMT-A, mean (SD) 2.54 (2.32)
IR, mean (SD) 19.09 (5.31)
DR, mean (SD) 18.65 (2.38)
RM, mean (SD) 19.24 (4.88)
Verbal fluency, mean (SD) 5.67 (2.74)
Letter cancellation, mean (SD) 19.88 (9.22)
Raven’s Progressive Matrices, mean (SD) 13.82 (3.57)
Logical Memory, mean (SD) 4.11(1.5)
Backward Counting, mean (SD) 1.05 (1.42)
Constructional Praxis Recall, mean (SD) 33.55 (12.07)
CES-D, mean (SD) 7.55 (3.3)

ADL activities of daily living, CES-D Center for Epidemiologic Studies Depression Scale, DR delayed
recall, IADL Instrumental Activities of Daily Living, /R immediate recall, MMSE Mini-Mental State
Examination, RM recognition memory, SD standard deviations, TICS Telephone Interview for
Cognitive Status, TMT-A Trail Making Test Part A, TMT-B Trail Making Test Part B, WS

walking speed.

These outcomes are particularly relevant in late life because maintenance
of functionality and cognition are key determinants of healthy aging™**. Their
preservation has been consistently emphasized by the World Health Orga-
nization (WHO) as essential for sustaining quality of life in later years™.

More recently, the concept of MED diet has been expanded in response
to arguments that the functional benefits attributed to adequate nutritional
habits may stem not only from dietary intake itself but also from its inte-
gration within a broader MED way of living®*’. This lifestyle is traditionally
characterized by a combination of high levels of physical activity (PA),
strong social engagement, and adequate sleep, among other behaviors that
are strongly associated with better health outcomes” . Such reasoning led
to the emergence of the term Mediterranean lifestyle (MEDLS)>*.

Since then, an increasing number of studies have examined the effects
of the MEDLS framework™ . Nonetheless, data regarding physical func-
tion and cognition are still scarce, with just a few evidence available**"".
Furthermore, available studies restricted the analysis to frailty status,
examined older adults with advanced stages of cognitive decline (e.g., Alz-
heimer’s disease), and are based on a cross-sectional design. As such, a
comprehensive synthesis examining MEDLS is still lacking.

The applicability of the MED diet beyond its region of origin has been
extensively investigated, with numerous studies evaluating its transferability
to non-MED settings (e.g., United States of America, Sweden, Denmark,
Germany)">". These efforts reflect a broader attempt to establish a globally
adaptable dietary model capable of mitigating major risk factors in older
populations. However, this growing interest has raised concerns, as some
authors argue that adherence to the MED diet in non-MED contexts often
represents only the consumption of foods with similar nutrient profiles to the
traditional pattern'>*". In this scenario, the validity of applying the MED diet
in non-MED countries may be compromised, which also raises questions
about the potential effectiveness of MEDLS in these geographical locations.

Based on these premises, the present study examined data from the
English Longitudinal Study of Ageing (ELSA) to provide a comprehensive
assessment of the associations between MEDLS and its components with
physical function, cognition, and death among community-dwelling older
adults.

Results

Participants’ characteristics

Main characteristics of the study participants are presented in Table 1
(n =565). Characteristics of study participants according to MEDLS cate-
gories are shown in Tables S1 and S2. Participants were mostly female
(55.8%). MEDLS scores ranged from 4 to 18, with the majority of partici-
pants scoring between 6 and 10. Adherence to the MED diet ranged from 4
to 14, with most participants exhibiting results between 8 and 10. Feeling of
isolation (81.8%) was highly prevalent among participants. Additionally,
33.7% exhibited adherence to PA recommendations, 95.6% slept for 6-8 h,
and 6.5% maintained adequate hydration levels. Mobility problems, dis-
ability in basic (ADL) and instrumental (IADL) activities of daily living were
identified in 58.1%, 17.7%, and 20.7% of the study participants, respectively.
Walking aids (i.e., cane, walking stick, Zimmer frame, and walker) were used
by 2.2%. A high prevalence of prefrailty was observed (87.8%), whereas only
33.3% of the participants were identified as frail. Average Mini-Mental State
Examination (MMSE) was 26.3 £ 3.4, with most participants (82.3%)
scoring between 24 and 30 points. The majority of participants (84.1%) self-
reported that they had not experienced significant changes in their mental
abilities during the 2 years preceding data collection. Nearly 80% rated their
mental abilities as good/very good. During follow-up, the incidence of
mobility problems, falls, ADL disability, IADL disability, prefrailty, and
frailty was 64.9%, 27.5%, 24.9%, 15.1%, 7.9%, and 5.6%, respectively. A total
of 68 participants (2.7%) died during follow-up.

Cross-sectional and longitudinal associations between MEDLS
and physical function

Results of the cross-sectional and longitudinal unadjusted and adjusted
associations between MEDLS and physical function are shown in Table S3
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Table 2 | Binary longitudinal regressions between MEDLS and physical function*

MEDLS (Total score)

MEDLS (Quartiles)

Unadjusted Adjusted Unadjusted Adjusted

OR 95% CI P-value OR 95% CI P-value OR 95% ClI P-value OR 95% CI P-value
Variables
ADL problems 0.715 0.628,0.815  0.001 0.414 0.189,0.908  0.028 0.510 0.393, 0.661 0.001 0.141 0.189,0.908  0.028
IADL problems 0.947 0.832,1.078  0.408 0.750 0.157,1.343  0.013 0.954 0.686, 1.373 0.778 0.591 0.123, 2.581 0.513
Self-reported 0.833 0.812,0.960  0.003 0.280 0.453, 1.258 0.280 0.761 0.608,0.953  0.017 0.569 0.154,2.101 0.398
mobility
problems
Prefrailty 0.912 0.743,1.120 0.379 1.114 0.772, 1.606 0.565 0.886 0.547,1.435 0.622 1.514 0.538, 4.258 0.432
Frailty 0.873 0.756,1.007  0.062 0.628 0.265, 1.485 0.289 0.864 0.622, 1.199 0.382 0.371 0.073, 1.882 0.232
Prior falls 0916 0.827,1.014  0.090 1.167 0.882, 1.545 0.280 0.879 0.678, 1.141 0.333 2.413 0.865,6.743  0.093

Beta 95% ClI P-value Beta 95% Cl P-value Beta 95% ClI P-value Beta 95% ClI P-value
WS 0.290 —0.052, 0.481 —0.141  —0.490, 0.405 0.332 -0.227, 0.244 -0.187 —1.257, 0.717

0.111 0.208 0.892 0.883

Bold denotes significance.

ADL Activities of daily living, CI confidence interval, IADL Instrumental activities of daily living, OR odds ratio, WS walking speed.
*MEDLS (Total score): entered as a continuous variable; MEDLS (Quartiles): ordinal quartile variable (1-4) used to test linear dose-response trend across adherence levels.

and Table 2, respectively. In the cross-sectional analysis, MEDLS (overall
and quartiles) was significantly associated with ADL and IADL disability.
We also observed significant associations between MEDLS—as quartiles—
and self-reported mobility problems. In the longitudinal analysis, associa-
tions between MEDLS—overall, quartiles—and ADL disability, and overall
MEDLS scores and IADL disability, remained significant. No other sig-
nificant associations were found.

Sensitivity analysis was conducted to examine the associations between
MEDLS and the incidence of self-reported mobility problems and both ADL
and IADL disability (Table S4). After removing those individuals with self-
reported mobility problems, ADL, and IADL disability at baseline, no sig-
nificant associations were observed.

Cross-sectional and longitudinal associations between MEDLS

and cognitive function

Results of the cross-sectional and longitudinal unadjusted and adjusted
associations between MEDLS and cognitive function are shown in Table S5
and Table 3, respectively. In the cross-sectional analysis, MEDLS (overall)
was significantly associated with MMSE (overall, highest quartile), the time
to complete the Trail Making Test Part B (TMT-B), Raven’s Progressive
Matrices (RV), Backward Counting (BC), and Constructional Praxis Recall
(CPR) scores. MEDLS (quartiles) was also significantly associated with the
time to complete the TMT-A, Immediate Recall (IR), and RV scores. In the
longitudinal analysis, the association between increasing MEDLS adherence
quartiles and TMT-A performance remained significant, with each one-
quartile increase in MEDLS adherence associated with a shorter completion
time and, therefore, better performance. Moreover, the associations between
MEDLS adherence and BC and verbal fluency, as well as between increasing
MEDLS quartiles and changes in Center for Epidemiologic Studies
Depression Scale (CES-D) scores, became significant.

Associations between MEDLS and mortality
Associations between adherence to MEDLS and mortality are shown in
Table 4. No significant associations were observed.

Associations between MEDLS components and clinical
outcomes

A sensitivity analysis was conducted to examine the effects of individual
MEDLS components on the observed associations. Significant results are
shown in Table 5, while the complete results of the sensitivity analyses are
shown in Tables S6-S9. Numerous cross-sectional associations were

observed between MEDLS components and cognitive and functionality.
MED diet was significantly associated with MMSE scores, while PA was
significantly associated with verbal fluency and RV scores. Social isolation
was significantly associated with ADL, IADL, and self-reported mobility
problems and prior falls, as well as with MMSE, TMT-A, TMT-B, and RV
scores. Adequate sleep patterns were significantly associated with verbal
fluency, while cooking activity was significantly associated with CPR scores.
In the longitudinal analysis, social isolation was significantly associated with
ADL problems and changes in BC and CES-D scores. Cooking activity was
significantly associated with frailty and changes in TICS scores.

Discussion

The main findings of the present study indicate that high adherence to
MEDLS was significantly associated with a lower risk of worsening physical
function and cognitive performance among community-dwelling older
adults. Specifically, MEDLS—as an overall score or examined according to
those in the highest quartile—was significantly and negatively associated
with ADL and IADL disability, and positively with animal fluency, after
adjustment for many covariates. Furthermore, those with the highest
adherence to MEDLS had a lower risk of decline in TMT-A and CES-D.
Notably, significant differences were observed between the cross-sectional
and longitudinal associations. Furthermore, the sensitivity analysis indi-
cated that individual MEDLS components significantly contributed to its
effects on cognition and functionality. In particular, social isolation, cooking
activities, and PA levels were associated with a substantial number of these
relationships.

Only a few studies have examined the associations between MEDLS
and functionality or cognitive function'>'. Anastasiou et al."" analyzed data
from the Hellenic Longitudinal Investigation of Ageing and Diet (HELIAD)
study and observed better global cognitive function, memory, executive
visual-spatial function, and verbal fluency among older adults with higher
adherence to MEDLS. When each MEDLS aspect was examined indivi-
dually, MED diet, PA, and sleep patterns emerged as significant determi-
nants of the associations. Maroto-Rodriguez et al.*’ examined data from the
Seniors-ENRICA-1 prospective study to test the associations between
MEDLS and frailty. The analysis involved more than one thousand older
adults and an average follow-up period of 3.3 years. Results indicated that
each 2-point increment in MEDLS adherence was significantly associated
with a 27% lower relative risk of frailty.

Despite these important findings, to the best of our knowledge, no
comprehensive analysis has yet examined the relationships with MEDLS
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across various measures, clinical conditions (e.g., functionality, cognitive
function, mortality), and different time points (e.g., baseline and follow-up)
in community-dwelling older adults. Our findings add to the current
knowledge by providing such data and to emphasize the importance of
MEDLS as an effective strategy to reduce the risk of physical and cognitive
impairments in people with advanced age.

Particularly, individuals with high adherence to MEDLS had a lower
risk of experiencing worsening disability, impairments in semantic fluency
(i.e., animal fluency), processing speed, visual attention, and psychomotor
speed (i.e,, TMT-A), and depressive symptomatology. These results have
important clinical implications because maintaining physical functioning

Table 4 | Binary regressions between MEDLS and mortality*

MEDLS

Unadjusted Adjusted

OR 95% Cl P- OR 95% Cl P-

value value

MEDLS 0.729 0.644, 0.001 0.965 0.779, 0.741
(Total score) 0.825 1.194
MEDLS 0.46 0.352, 0.001 0.906 0.535, 0.713
(Quartiles) 0.600 1.533

Bold denotes significance.

Cl confidence interval, OR odds ratio.

*MEDLS (Total score): entered as a continuous variable; MEDLS (Quartiles): ordinal quartile variable
(1-4) used to test linear dose-response trend across adherence levels.

and cognition is central to the concept of successful aging, which focuses on
experiencing senescence with quality of life and dignity”**. Furthermore,
preserving these health parameters might significantly reduce the risk of
burden of major clinical events, including falls and fractures, hospitalization,
comorbidities,  polypharmacy, nursing-home  placement, and
mortality”"*,

Differences between cross-sectional and longitudinal findings on
cognitive function are notable and warrant further exploration. Along with
the intrinsic factors that may individually impact each cognitive domain®,
and the cross-sectional design that does not establish cause-and-effect
relationships, our results might reflect the difficulty of adhering to MEDLS
over long periods. Indeed, adherence to MEDLS is influenced by a complex
interplay of numerous parameters™”’.

For instance, moderate adherence to MEDLS is often observed
among older adults™. Perceived barriers include, among others, the
difficulty of acquiring and seasonality of MED foods, lack of knowledge
of how to incorporate MED diet components, high costs associated with
specific adapted gyms, lack of motivation to cook, resistance to dietary
changes, diminished sensory response to MED diet, fear of falling,
fractures, and pain, fatigue, monotonous exercise sessions, cultural
believes, poor environment, institutional ageism, physical limitations,
and presence of comorbidities™*".

Furthermore, the limited data available from the ELSA study prevented
us from adjusting for intermediate conditions, such as sarcopenia and
malnutrition, or from conducting more in-depth analyses to investigate
their potential role in the pathway between relatively good health and the
study outcomes.

Table 5 | Regressions between MEDLS components and both physical function and cognition

Variables Outcome domain OR/B 95% CI P-value
Cross-sectional analyses
MED diet
MMSE Cognitive function 0.538 0.047 to 1.029 0.040
Physical activity
Verbal fluency 2.456 0.223, 4.689 0.031
Raven’s Progressive Matrices 0.686 0.160, 1.213 0.011
Social isolation
ADL problems Physical function 0.672 0.575-0.786 <0.001
IADL problems Physical function 0.67 0.582-0.770 <0.001
Self-reported mobility problems Physical function 0.877 0.781-0.985 0.026
Prior falls Physical function 0.836 0.745-0.939 0.002
MMSE Cognitive function 0.285 0.011 to 0.559 0.041
TMT-A Cognitive function —4.124 —6.828 to —1.600 0.002
TMT-B Cognitive function —7.476 —12.734 to —2.218 0.005
Raven’s Progressive Matrices Cognitive function 0.442 0.142 t0 0.741 0.004
Sleep patterns
Verbal fluency Cognitive function —9.077 —17.393 to —0.761 0.033
Cooking activity
Constructional Praxis Recall Cognitive function 0.446 0.165t0 0.728 0.002
Longitudinal analyses
Social isolation
ADL problems Physical function 0.554 0.396-0.774 <0.001
Backward Counting Cognitive function 2.838 0.410 to 5.266 0.023
CES-D Cognitive function —1.154 —2.204 to —0.105 0.033
Cooking activity
Frailty Physical function 0.145 0.049-0.430 <0.001
TICS Cognitive function —0.451 —0.885t0 —0.017 0.043
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Another possible explanation is that MEDLS was assessed only at
baseline. Lifestyle behaviors are dynamic and may change over time, par-
ticularly in older adults as a consequence of changes in health status,
functional capacity, social circumstances, or life events. Consequently,
baseline MEDLS may not accurately reflect long-term lifestyle exposure
throughout follow-up, potentially attenuating longitudinal associations.

Finally, the possibility that high adherence to MEDLS is not sufficient
to counteract the development of age-related disorders might not be ruled
out. With advancing age, the human body undergoes progressive physio-
logical dysregulation across multiple systems” . This dysregulation is
characterized, among other changes, by increased markers of cellular
senescence (e.g, DNA damage), metabolic imbalance, and systemic
inflammation®* leading to declining homeostatic control, greater vulner-
ability to external stressors, and contributing to the development of
numerous chronic conditions **. In this context, more specific interven-
tion strategies, such as individualized nutritional interventions®’ (e.g., oral
protein supplementation when indicated) and structured exercise training™
(e.g., progressive resistance training), may be required to optimize the
preservation of physical function and cognition in older adults.

These explanations remain speculative and should be interpreted with
caution. Future longitudinal studies with repeated assessments of lifestyle
behaviors and potential mediators are needed to determine the mechanisms
underlying the differences observed between cross-sectional and long-
itudinal associations.

We observed that specific MEDLS components, with special
emphasis on social isolation, cooking activities, and PA levels, played a
key role in some of the observed associations. Numerous studies have
found significant and independent associations between low engage-
ment in social activities and cognitive impairments***”. Candidate
explanations for these observations rely on the fact that poor social
engagement limits cognitive stimulation, reducing reserve accumula-
tion, while loneliness may be associated with increased psychological
distress and long-term activation of stressful pathways (e.g., inflam-
mation, hypothalamic-pituitary-adrenal axis), which might make the
brain more susceptible to damage™®.

Furthermore, social isolation may contribute to disability through
several pathways”’. Reduced social engagement can increase inflammation
and stress-related responses, which may accelerate physical decline and
increase the risk of frailty”’. In addition, socially isolated individuals may be
less physically active and have fewer opportunities for social participation,
leading to declines in mobility, muscle function, and independence”.

PA is widely recognized as a protective modifiable factor against cog-
nitive impairment. Higher PA levels are associated with slower cognitive
decline among non-demented older adults™”'. Moreover, results from
randomized clinical trials have shown that older adults engaged in PA
programs experience significant improvements in many cognitive
domains””°. Numerous mechanisms have been proposed to explain these
results, including improvements in cerebral blood flow, increased synthesis
of myokines and neurotrophins, as well as reductions in inflammation and
tau deposition™’"">”".

Cooking activities represent an important aspect of daily living,
reflecting not only dietary behaviors but also culinary traditions, autonomy;,
and engagement in meaningful activities. Participation in cooking may
contribute to the maintenance of physical and cognitive function, as meal
preparation requires planning, organization, attention, and motor skills.
Previous studies have shown that cooking practices and methods are
associated with frailty’® and cognitive outcomes’, suggesting that dietary
preparation behaviors may reflect broader aspects of health status and
functional capacity.

Notably, adherence to these lifestyle factors appears to be inter-
dependent, as some studies suggest that higher adherence to one factor is
often associated with greater adherence to others®. Taken as a whole, these
findings indicate that preventive and treatment strategies based on the
adoption of MEDLS could be implemented holistically, integrating all
components, as their effects are interrelated.

Higher adherence to MEDLS was not associated with mortality in the
present study. These findings are contrary to a comprehensive body of
literature that supports lower mortality among older adults who adhere to
MEDLS and its components®'~**. These distinct results might be explained
according to participants’ characteristics, follow-up length, MEDLS index
components™, and mortality rate.

A final finding that warrants attention is that, among all MEDLS
components, adherence to the MED diet was only significantly associated
with global cognitive function. Although this finding is noteworthy,
numerous studies have demonstrated that adherence to the MED diet is
associated with a wide range of clinical outcomes, including physical
function, cognitive domains, and mortality'*'"*"". The transferability of the
MED diet to non-MED countries has been a theme of debate*>*. Although
traditional MED diet indexes might be adapted to other geographical
locations distinct from those where they were developed*>*, food compo-
sition and the way it is produced and prepared might differ significantly
between MED and non-MED countries, impacting the possible benefits of
this diet pattern on health aspects**.

An alternative or complementary explanation is based on the average
adherence to the MED diet observed in the present study, which is relatively
lower than that found among older adults from MED countries”. In fact,
pooled analyses have shown lower adherence to the MED diet in non-MED
countries”****. Hence, the possibility that different results might be
obtained in MED populations with higher adherence levels cannot be
ruled out.

The present study has several limitations that should be acknowledged.
First, participants in the ELSA represent a cohort of relatively healthy
individuals, with a notably low prevalence of mobility limitations, frailty,
and moderately adequate nutritional intake. While this population provides
valuable insights into a reasonably healthy segment of older adults, findings
may not fully apply to individuals with more severe clinical conditions, such
as sarcopenia and malnutrition. Therefore, further research including those
with worse clinical profiles or more advanced frailty status is needed to
broaden and complement our findings, offering a fuller understanding of
how nutrition influences health aspects in older adults. Second, the ELSA
study does not include variables indicating the number of years of education
completed or the highest level of formal education attained. Therefore, we
used age at completion of education as a proxy for educational attainment to
adjust the model. This approach may have limitations and should be con-
sidered when interpreting the findings. Third, participants in ELSA Wave 11
(2023-2024) are survivors of the COVID-19 pandemic. Despite our efforts
to control for this scenario by adjusting the analysis for those hospitalized
due to the virus, the possibility that it could still affect our results cannot be
ruled out. Fourth, mortality data were based on Wave 10 (2021-2023), as
more recent data are not yet available. Fifth, the incidence of dementia was
relatively low, which limited our ability to conduct further analysis on this
condition. Sixth, MEDLS was based on self-reported measures, which
increases the risk of recall bias, particularly in this population. Regarding
MEDLS, thresholds for sleep patterns were determined using an instrument
validated for the Spanish population and were based solely on a single night
of sleep. Another aspect that warrants attention is hydration status. In the
present study, only water intake was analyzed, as detailed information on
total fluid consumption is not available in the ELSA study. Finally, although
the overall sample included a relatively balanced distribution of males and
females, the number of incident cases and deaths was insufficient to support
adequately powered sex-stratified analyses. Dividing the sample by sex
substantially reduced the number of events within each subgroup, limiting
the robustness and reliability of these analyses. Future studies with larger
samples and a greater number of outcome events are necessary to confirm
and expand findings of the present study.

In conclusion, our findings suggest that higher adherence to the
MEDLS is associated with a lower risk of decline in physical function and
cognitive performance among community-dwelling older adults living in
England. Additionally, we found that cognitive function was most strongly
linked to the social isolation, cooking activities, and PA domains of the
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MEDLS. These findings underscore the potential of MEDLS as an effective
strategy to mitigate the negative effects of aging on physical function and
cognition. Furthermore, these data provide a foundation for developing
tailored interventions aimed at non-MED populations.

Methods

Study design and population

This prospective study examined both the cross-sectional and longitudinal
associations between adherence to the MEDLS and health outcomes in older
adults in England.

The ELSA is a longitudinal cohort of adults aged >50 years in England,
with repeated assessments of physical performance, cognition, health
behaviours, chronic conditions, and biological markers™. The study began
in 2002-2003, and the most recent data collection occurred in Wave 11
(2023-2024). Nutritional information, including detailed dietary intake
assessed through the FFQ, was collected only at Wave 9 (2018-2019).
Therefore, Wave 9 was considered the baseline for the present analysis.
Cognitive function data were recovered from the ELSA: Harmonised
Cognitive Assessment Protocol, 2018-2023 database. Wave 11 (2023-2024)
was used as the follow-up point, providing approximately 6 years of long-
itudinal observation. Mortality data were retrieved from Wave 10
(2020-2023), which captures deaths occurring between the baseline and the
most recent wave available.

For this study, we restricted the analytical sample to participants aged
265 years at baseline. Individuals using mobility aids (i.e., a manual or
electric wheelchair, buggy, or scooter) were excluded because they were
unable to perform the physical performance tests and were, by definition,
dependent, with disability and a high likelihood of frailty. We also excluded
participants with major chronic conditions at baseline (i.e., cancer, Par-
kinson’s disease, psychiatric disorders, Alzheimer’s disease, multiple
sclerosis, or motor neurone disease), as these conditions are strongly asso-
ciated with cognitive and/or physical impairments and could substantially
influence the associations between MEDLIFE adherence and the outcomes
under investigation. Participants who developed any of these conditions
during follow-up were also excluded from the longitudinal analyses to
minimize potential bias arising from incident diseases that could affect
physical or cognitive function.

Regarding nutritional information, 6730 participants were excluded
due to missing Food Frequency Questionnaire (FFQ) data. Among those
with available FFQ data, 1880 were further excluded because of insufficient
information to compute the Medi-Lite score. Participants lacking sufficient
data to construct the overall MEDLS score were also excluded, except for
sleep duration, which was retained despite 222 missing values.

The final analytical cohort is depicted in Fig. S10. The ELSA study
adhered to the ethical principles outlined in the Declaration of Helsinki and
received ethical approval for the National Research Ethics Service (MREC/
01/2/91). Informed consent was obtained from each participant before data
collection. The study is reported in accordance with the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) guidelines
(Table S11)°".

Mediterranean lifestyle. Adherence to MEDLS was estimated using an
adapted version of the index proposed by the Department of Preventive
Medicine and Public Health of the School of Medicine of the Universidad
Auténoma de Madrid, Madrid, Spain3 * The MEDLS index used in the
present study comprises a combination of 17 variables — 9 MED diet
components and 8 lifestyle or social behavior items™*. The nine dietary
variables were scored according to the Medi-Lite system, with each
component receiving 0-2 points and contributing up to 18 points to the
total score. The eight lifestyle and social behavior items were used to
derive five components: (i) PA levels, (ii) water intake, (iii) social isola-
tion, (iv) sleeping patterns, and (v) cooking and food-preparation
activities. PA, water intake, sleeping patterns, and cooking and food-
preparation activities were scored dichotomously from 0 to 1, whereas
social isolation was scored from 0 to 2. Together, the lifestyle and social

components contributed up to six additional points. Individual compo-
nent scores were summed to generate the total MEDLS score, ranging
from 0 to 24, with higher scores indicating greater adherence to the
Mediterranean lifestyle.

Adherence to the MED diet was assessed using the Medi-Lite score
(0-18)"*Y, calculated across nine food categories. A score from 0 (lowest
intake) to 2 (highest consumption) was assigned to food items usually
included in a Medi-Diet (i.e., cereals, fruits, legumes, fish, and vegetables).
For dietary categories not included in a typical Medi-Diet (e.g., meat and
dairy products), 2 points were allocated to the lowest intake, 1 point to an
intermediate consumption, and 0 points to the highest consumption. In the
case of olive oil, 2 points were assigned for daily usage, 1 point for regular use,
and 0 points for occasional consumption. For alcohol intake, 1 and 2 points
were assigned to participants with near-to-moderate and moderate con-
sumption, respectively, while non-consumers received 0 points. Overall
scores ranged from 0 to 18, with higher scores indicating greater adherence
to the MED diet.

Dietary data in ELSA are collected using a food-frequency ques-
tionnaire rather than quantitative gram/day intake. Accordingly, Medi-Lite
scoring was operationalized using reported frequency of consumption for
each food group following the validated approach commonly applied in
population-based cohort studies using FFQ data.

Dietary intake was assessed using the FFQ administered in Wave 9 of
the ELSA via the Oxford web questionnaire. The FFQ captures usual dietary
intake over the previous 12 months by recording the frequency of con-
sumption for a comprehensive list of foods and beverages. The score is based
on FFQ-derived intake of key food groups, with higher values indicating
greater adherence. Beneficial components (vegetables, fruits, legumes, cer-
eals, fish, olive oil, and moderate alcohol) were scored positively according to
consumption frequency, while detrimental components (red and processed
meat, and high-fat dairy) were reverse-scored.

PA levels, expressed as metabolic equivalent task (MET)-min/day, were
obtained from the derived MET variable available in the ELSA Wave 9
Nutrition Dataset. According to the ELSA Wave 9 Nutrition Data User
Guide, MET-min/day on the day of the questionnaire was calculated based
on participants’ responses to the physical activity questions. These questions
assessed the frequency of vigorous-, moderate-, and light-intensity physical
activities using four response categories: more than once per week, once per
week, one to three times per month, or hardly ever. PA levels were
dichotomized as high (=600 MET-min/day) or low (<600 MET-min/day).
Participants classified as having high PA levels received 1 point in the
MEDLS score”™.

Hydration status was assessed based on participants’ reported intake of
water consumed from a glass or beaker (e.g., still, sparkling, or tap water).
The original MEDLIFE index”™ defines adequate hydration as >6 glasses of
water per day. However, because only 3.4% of ELSA participants met this
criterion, the threshold was adapted to =5 glasses/day to improve the dis-
tribution of the variable in this cohort. Participants meeting this criterion
received 1 point in the MEDLS score.

Social isolation was assessed using items evaluating feelings of
lacking companionship and perceived isolation from others. Response
options included: hardly ever or never, some of the time, and often.
Participants who reported feeling a lack of companionship or social
isolation often were classified as having high social isolation (0 points),
those reporting these feelings some of the time as moderate social iso-
lation (1 point), and those reporting them hardly ever or never as having
low social isolation (2 points). Higher scores indicated lower levels of
social isolation and contributed positively to the MEDLS score. These
parameters represent complementary social constructs, as social isola-
tion refers to structural social deprivation, while loneliness is linked to
subjective emotional distress™.

Sleep patterns were assessed by calculating the total hours slept during
the 24-h period preceding data collection. Participants who reported
sleeping between 6 and 8 h were classified as having adequate sleep duration
and received 1 point in the MEDLS score™.
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Cooking activity was assessed using a questionnaire item asking par-
ticipants how often they prepared and cooked meals at home. Participants
who reported cooking at home regularly received 1 point in the
MEDLS score.

Clinical outcomes and death

Physical functioning. Mobility problems were defined as the presence of dif-
ficulty in any of following tasks: (i) walking 100 yards, (i) sitting for 2 h, (iii)
getting up from a chair after sitting for long periods, (iv) climbing several flights
of stairs without resting, (v) climbing a single flight of stairs without resting, (vi)
stooping, kneeling, or crouching, (vii) reaching or extending the arms above
shoulder level, (viii) pulling or pushing large objects, (ix) lifting or carrying
weights over 10 pounds, and (x) picking up a 5-pence coin from a table.

ADL disability was defined as reporting difficulty in at least one ADL
item: (i) dressing (including putting on shoes and socks), (ii) walking across
a room, (iii) bathing or showering, (iv) eating (such as cutting up food), (v)
getting in or out of bed, and (vi) using the toilet, while IADL disability
included difficulties in at least one of the following variables: (i) using a map
to navigate in an unfamiliar place, (ii) recognizing situations of physical
danger, (iii) preparing a hot meal, (iv) shopping for groceries, (v) making
telephone calls, (vi) communicating because of speech, hearing, or eyesight
limitations, (vii) taking medications, (viii) doing work around the house or
garden, and (ix) managing money (e.g., paying bills or keeping track of
expenses)”*”.

Frailty status was assessed using an adapted FRAIL scale™. Fatigue was
assessed using the CASP-19 item “How often do you feel full of energy these
days?”, with responses coded as 1 for always or sometimes and 0 for not often
or never. Resistance was defined as reporting difficulty climbing several
flights of stairs without resting. Ambulation was defined as difficulty
walking 100 yards. Illness was computed as the sum of chronic conditions.
Only ten conditions are available in ELSA (chronic kidney disease was not
assessed). Loss of weight was based on self-reported current body weight
and weight 1 vyear earlier, with percent change calculated as
[(weightyeqqg, — current weight) /weight y.,,q,] X 100. A reduction greater
than 5% was coded as 1 and less than or equal to 5% as 0. Participants
reporting extreme weight change (>20 kg; n = 64) were excluded from the
weight-loss component due to implausibility. Possible scores range from 0
to 5 points, and individuals are classified as robust (0 points), pre-frail (1-2
points), and frail (=3 points).

Prior falls were assessed through self-report. Participants were classi-
fied as positive for prior falls if they answered “yes” to the question asking
whether they had fallen since the previous interview.

Walking speed was derived from the timed 8-foot walk test. Partici-
pants completed two walking trials at their usual pace, and the time (in
seconds) required to complete each walk was recorded. WS was calculated as
the mean of the two trials, with lower values indicating faster performance.

96

Coghnition

Global cognitive function. Global cognitive function was assessed using the
MMSE, a widely used 30-point screening tool evaluating orientation,
registration, attention, recall, language, and visuospatial skills. Higher scores
indicate better global cognition. The Telephone Interview for Cognitive
Status is an 11-item cognitive screening instrument used to assess global
cognition via telephone. It evaluates orientation, immediate and delayed
recall, attention, and language. Higher scores reflect better cognitive status”.

Executive function, attention, and processing speed. The TMT assesses
multiple cognitive processes using two complementary parts. TMT-A
measures visual search, psychomotor speed, and attention by requiring
participants to connect numbered circles in ascending order as quickly as
possible. TMT-B evaluates set shifting and cognitive flexibility, with parti-
cipants alternating between numbers and letters in ascending sequence
(1-A-2-B...). For both parts, total completion time (in seconds) is recor-
ded, with longer times indicating poorer performance. Two additional
indices were derived to contextualize executive functioning: a difference

score (TMT-B - TMT-A) and a ratio score (TMT-B / TMT-A)*. Attention
and visual scanning were assessed using a Letter Cancellation task that
required identifying target letters within a structured array. Higher scores
reflected better attentional control and processing speed”.

Verbal memory. Verbal memory was assessed using the Consortium to
Establish a Registry for Alzheimer’s Disease (CERAD) Word List Learning
task, comprising immediate recall, delayed recall, and recognition memory.
Immediate recall assessed the learning and recall of newly presented verbal
information across three trials, whereas delayed recall assessed retention and
retrieval following a delay. Recognition memory required participants to
identify previously presented words among distractors, providing a measure
of recognition and discrimination accuracy'”.

Language and verbal fluency. Language and semantic retrieval were eval-
uated with an animal naming verbal fluency task in which participants
generated as many animal names as possible within 60 s. Higher scores
indicated more efficient lexical retrieval and semantic organization.

Fluid reasoning. Nonverbal reasoning was assessed using Raven’s Pro-
gressive Matrices (RV). This measure required participants to identify
patterns and complete abstract visual analogies, providing an established
index of fluid intelligence. Higher scores reflected stronger abstract rea-
soning. Baseline and follow-up scores were used to calculate reasoning

o
change over time”.

Working memory. Working memory and attention were measured using a
Backward Counting (BC) task, in which participants counted backward
from a specified starting point. Higher scores reflected stronger attentional
control, working memory capacity, and mental sequencing. Change scores
were computed to capture performance shifts across time *.

Visuospatial memory. Visuospatial recall was assessed through Construc-
tional Praxis Recall (CPR), which required reproducing previously viewed
geometric designs from memory. Higher CPR scores indicated better
visuospatial memory and constructional ability. Longitudinal comparisons
were used to evaluate change in visuospatial recall'”’.

Depressive symptomatology. Depressive symptoms were assessed using the
Center for Epidemiologic Studies Depression Scale (CES-D), a 20-item
measure evaluating mood, somatic complaints, and interpersonal difficul-
ties. Higher scores indicate greater depressive symptomatology and are

frequently used to adjust cognitive models'”.

Death. Survival status was obtained from the End-of-Life interviews
(elsa_endoflife_hcap2 w10; wave 10). Time to death was calculated from the
date of the baseline visit to that of death. All events were included in the analysis.

Covariates. Age was recorded in years, and sex was documented as male or
female. Because severe COVID-19 infection may influence subsequent
health trajectories, we also included an indicator of whether the participant
had been hospitalized due to COVID-19 during the study period. Addi-
tional covariates were smoking status (yes/no), number of comorbidities,
use of mobility aids, and age at completion of education (consolidated).

Statistical analysis. Sample sizes for each variable are provided in Table S12.
Continuous variables were expressed as means + standard deviations, and
categorical variables as %. Comparisons between included and excluded
participants are provided in Table S13. MEDLS was examined both as a total
adherence score (ranging from 4 to 18) and by quartiles (1-4). Quartiles were
entered as an ordinal variable to evaluate linear dose-response trends across
increasing levels of adherence rather than as separate categorical compar-
isons. Logistic regression models were used to examine associations between
MEDLS and history of falls, frailty status, mobility limitations, ADL and
IADL disability, and mortality. Linear regression analyses were applied to
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investigate associations with cognitive domains. The final model was adjusted
for age, sex, whether participants had been hospitalized due to COVID-19
during the study period, smoking status (yes/no), number of comorbidities,
age at completion of education (for cognition variables), and, for physical
function variables, use of mobility aids, including cane, walking stick, Zimmer
frame, and walker. For longitudinal analyses, outcome-specific approaches
were used: for categorical outcomes (e.g., disability, mobility problems, and
frailty), models evaluated both worsening cases or incident cases by excluding
participants presenting the condition at baseline, whereas for continuous
variables (e.g., walking speed and cognitive tests), change scores between
baseline and follow-up were analyzed. To identify which MEDLS compo-
nents contributed to the observed significant associations, each aspect was
analyzed individually. In these cases, models were composed of age, sex,
number of comorbidities, and either age at completion of education or use of
mobility aids. Effect sizes and 95% confidence intervals were calculated for all
analyses, and significance was set at p < 0-05. Analyses were conducted using
SPSS version 23 (IBM, New York, NY, USA).

Data availability

The datasets analyzed in this study can be accessed under subscription via
the English Longitudinal Study of Ageing (ELSA) website. Researchers
interested in using these data are required to register and comply with
ELSA’s data access policies.
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