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Abstract: Background: Population aging is increasing and this process together with its characteristics
influence the prevalence and incidence of chronic conditions and musculoskeletal-functional outcomes such
as frailty, functional disability and sarcopenia. Nutritional strategies focused on dietary patterns, such as a
Mediterranean diet, can be protective from these outcomes. Purpose: To investigate the association between
adherence to a Mediterranean diet and frailty, functional disability and sarcopenia in community-dwelling
older people. Methods: We systematically reviewed electronic databases (MEDLINE, EMBASE, and others)
and grey literature for articles investigating the relationship between adherence to a Mediterranean diet and
frailty, functional disability and sarcopenia in community-dwelling people aged 60 and over. Study selection,
quality of study assessment and data extraction were conducted independently by two authors. Random effects
meta-analyses were performed, and pooled Odds Ratios (OR) were obtained. Results: After the literature
search, screening and eligibility investigation, we included 12studies, with a total of 20,518 subjects. A higher
adherence to a Mediterranean diet was found to be inversely associated with frailty (OR 0.42, 95% CI: 0.28-0.65,
12=24.9%, p=0.262) and functional disability (OR 0.75, 95% CI: 0.61-0.93, 12=0.0%, p=0.78). Highly different
study characteristics prevented us from performing a meta-analysis for sarcopenia. Cohort data indicated no
association between adherence to a Mediterranean diet and sarcopenia; however, cross-sectional results showed
a positive relationship. Conclusion: A Mediterranean diet is protective of frailty and functional disability, but not
of sarcopenia. More longitudinal studies are needed to understand the relationship between a Mediterranean diet

and sarcopenia.
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Introduction

A Mediterranean diet is a healthy eating pattern composed
of a combination of different types of food and nutrients that
have a potential protective effect against chronic diseases
and inflammatory conditions (1, 2). This diet might play an
important role, as the prevalence of chronic non-communicable
diseases increases among older people due to the phenomenon
of rapid population aging in many regions of the world (3-5).

The Mediterranean diet is characterized by a high intake
of nuts, whole grains, vegetables, fruits, fish (a source of
polyunsaturated fat); a moderate intake of alcohol, dairy
products, and olive oil; and a low intake of meat (6).
Researchers have related high adherence to a Mediterranean
diet to a lower risk of physical function impairments in
older people (7). Olive oil consumption is a good source of
monounsaturated fatty acids and it is also associated with
the prevention of frailty (8). Epidemiological research has
shown that dairy products, fruits and vegetables, and
micronutrients such as vitamins, calcium, folate and selenium
can have protective effects against disability (9-11). A higher
consumption of fruits and vegetables is also linked to protective
effects toward frailty (12), functional disability (13, 14) and
sarcopenia (15). Similarly, as the Mediterranean diet advocates
the consumption of good quality protein, such as fish and lean
meat, this type of diet has been shown to be protective of frailty
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(16), and sarcopenia parameters in the elderly (17-20) .

It is known that the aging process may lead to a decline in
physical function (21). Conditions such as frailty, functional
disability and sarcopenia negatively impact older persons’
quality of life and increase morbidity and mortality rates (22-
24), resulting in a potential influence on public healthcare
expenditures (25). Therefore, these conditions have been
considered for investigation in this study.

For some time, functional disability was referred to as a
synonym for frailty given their co-occurrence and similarities.
However, it is now known that although both conditions are
related to each other and may co-occur in a person, they are
not the same (22). While frailty is characterized by a state of
vulnerability to adverse health outcomes given to a deregulation
in multiple physiologic systems (22, 26), functional disability
is the presence of difficulty or dependency in carrying out
essential activities of independent living (22). Differentiating
between frailty and functional disability may help to understand
these conditions and might offer new strategies for their
prevention and the care of older persons (12, 27). Sarcopenia is
often reflected as an important element of frailty and functional
disability (25, 26). It is characterized by the loss of muscle
mass or strength related to age (24, 28), leading to decreased
independence, increased number of falls and fractures (29, 30).

Despite the large body of evidence concerning the
improvement of general health and the prevention of chronic

Published online December 16,2017, http://dx.doi.org/10.1007/s12603-017-0993-1

655



J Nutr Health Aging
Volume 22, Number 6, 2018

MEDITERRANEAN DIET AND MUSCULOSKELETAL-FUNCTIONAL OUTCOMES IN COMMUNITY-DWELLING

non-communicable diseases among young adults who adhere
to the Mediterranean diet, few studies have extended these
benefits to older adults. As frailty, functional disability and
sarcopenia can lead to serious negative consequences for
older people, and the Mediterranean diet might influence the
prevention of these conditions, this study reviewed the literature
on this topic. The present study investigated the association
between the adherence to a Mediterranean diet pattern and
sarcopenia, frailty and functional disability in older adults
through a systematic review and meta-analysis.

Methods and Settings

This systematic review followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
checklist (31).

Record and protocol

The systematic review protocol was registered with the
International Prospective Register of Systematic Reviews
(PROSPERO), under registration number CRD42016052473.

Eligibility criteria

Inclusion Criteria: Observational studies (cohort, case-
control and analytical cross-sectional that investigated the
association between adherence to a Mediterranean diet and
frailty, functional disability, or sarcopenia in community-
dwelling individuals aged =60 years old. Eligible studies
assessed a Mediterranean diet defined a priori, comparing the
highest adherence score with the lowest one. There was no
restriction regarding the language, period or publication status
in order to reduce publication and retrieval bias.

Assessment of the Mediterranean diet

The Mediterranean diet defined a priori can be assessed
using scales or scores. The most common way of assessing
it is through the Mediterranean Diet Score (MDS) (32).
Nowadays, there are modified versions of the MDS that can be
used to assess adherence to this diet. Fung et al, for example,
adapted the Greek version of the MDS to be applied in a non-
Mediterranean country (33). The MeDi score is another used
way of assessing adherence to a Mediterranean diet, and it was
developed using dietary consumption data (34, 35).

Assessment of frailty, functional disability and sarcopenia

The outcomes addressed in this review are frailty,
functional disability and sarcopenia. Frailty can be assessed
using the frailty phenotype (27), which evaluates the presence
of unintentional weight loss, weakness, poor endurance
or exhaustion, slowness and low activity level. Morley et
al, for example, developed modified diagnostic criteria for
frailty where low activity was substituted by illness (36).
Functional disability is usually assessed using Activities of
Daily Living scale (37) and, Instrumental Activities of Daily

Living scale (38). However, this outcome can also be identified
using the Short Physical Performance Battery, the Rosow
and Breslau disability scale, the SF-12 questionnaire and the
Physical Function Questionnaire (39, 40). Sarcopenia may be
assessed by measuring muscle mass (using dual-energy x ray)
or appendicular lean mass, muscle strength (grip strength) and
physical performance (leg explosive power) (41, 42).

This systematic review included studies that used either the
original tools and parameters, or their modified versions to
define the exposure and outcomes investigated.

Exclusion Criteria: Studies with (1) HIV positive patients
or elderly diagnosed with neurodegenerative diseases,
(2) participants diagnosed with any of the three outcomes
of interest at the beginning of the follow-up period, (3)
institutionalized elderly patients, (4) elderly presenting an
inadequate caloric consumption (<500 kcal or>4,000 kcal),
(5) the evaluation of dietary patterns derived a posteriori or
consumption of specific types of food and beverages, ingestion
or adequacy of nutrients or use of nutritional supplements, (6)
reviews, letters and editorials.

Odds Ratios (OR) regarding the association between
adherence to a Mediterranean diet and frailty, functional
disability and sarcopenia with a 95% confidence interval were
included in the meta-analysis. Sample size of the selected
articles, studies methodological quality, and different
assessments of adherence to a Mediterranean diet were not
considered as exclusion criteria.

Sources of information and search strategy

The literature searches for eligible articles were performed
on September 8, 2016 (first search) and November 28,
2016 (last search), using the following electronic databases:
MEDLINE (via PubMed), EMBASE, Web of Science, Scopus,
CINAHL, LILACS and SciELO. A search on the grey literature
was also performed using Google Scholar and ProQuest. The
Google Scholar search was limited to the first 60 most relevant
articles. Additional articles were identified by hand searching
the reference sections of papers included in the review.

To perform the search strategy, we used MeSH terms for
PubMed and EMTREE terms for EMBASE, as well as a
combination of keywords. The Peer Review of Electronic
Search Strategies (PRESS) checklist was applied, which is
an instrument used for independent and peer review of the
search strategy. This tool evaluates the correct use of Boolean
operators (e.g., AND, OR), topics related to the research
question, spelling of terms, and filters to expand or restrict the
search (43).

The following search strategy was applied primarily to
PubMed and later adapted to other databases: (“older adults”
OR elderly OR “older people”) AND (“Mediterranean diet”
OR “dietary pattern” OR “dietary score” OR diet [Mesh] OR
“dietary adherence” OR Mediterranean) AND (frail* OR frailty
OR sarcopenia [Mesh] OR “physical disability” OR “functional
disability” OR “disabled persons” [Mesh]).
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Selection of studies

The study selection process was performed in two phases.
In phase 1, two authors (RS and NP) independently reviewed
the titles and abstracts of all electronic database citations. After
the withdrawal of duplicate records, the titles and abstracts
were evaluated, with discordant events to be resolved either by
consensus or by a third author intervention (MKI). In phase 2,
reading of the full texts was carried out independently by two
authors (RS and NP), and articles that did not appear to meet
the eligibility criteria were excluded.

Data extraction

Data from the selected articles were extracted to a Microsoft
Excel® spreadsheet (2010) independently by three authors (RS,
NP and FM). We selected the following information: author’s
name, publication year, study country, data collection year,
study group, study design, the Mediterranean diet adherence
score, outcomes of interest (frailty, physical disability and
sarcopenia), sample size, mean age, association measure and
confidence interval. In the case of studies that used more
than one score to assess adherence to a Mediterranean diet,
we considered the Mediterranean Diet Score proposed by
Trichopoulou et al (32). By choosing this score, which is the
most commonly used in the literature, we aimed to standardize
the inter-study exposure measure. We contacted the authors in
order to gather important additional information for the review
and meta-analysis.

Methodological quality assessment

The Joanna Briggs Institute tools were used to evaluate the
study quality. For cohort studies, the checklist evaluated eleven
questions related to similarity between groups, exposure and
outcome measures, strategies to control for confounding factors,
absence or presence of the outcome at the beginning of follow-
up, follow-up time and statistics (44). For case-control studies,
ten questions evaluated characteristics such as matching of
cases and controls, comparability between groups, measurement
of exposures and outcome and statistical analysis (45). For
analytical cross-sectional studies, the checklist was composed
of eight questions related to inclusion and exclusion criteria,
description of study participants, exposure definition and
outcome measures, strategies to control for confounding factors,
and statistical analysis (46). Each question from the checklists
could be answered with “yes” or “no”. The greater the number
of “yes” answers, the higher the probability of being a good
quality study. Two reviewers (RS and NP) independently
assessed the quality of each study. Discordances were resolved
by consensus or by a third author (FM).

Data analysis

Random-effects meta-analyses were performed using the
DerSimonian and Laird method. The association measure
used was odds ratio (OR) with a 95% confidence interval
(CI). The presence of heterogeneity between the studies was

identified using the chi-square test (X2) at p <0.10. This more
conservative p-value was adopted because the chi-square
test has low power in meta-analyses that have few studies
(47). The magnitude of inconsistency was measured using
the I-squared statistic (I2). Values of 12 higher than 75%
indicate high heterogeneity, values between 75 and 50% are
indicative of moderate heterogeneity, and lower than 25% of
low heterogeneity (47). All statistical analyses were performed
using STATA 13®.

Results

Selection of studies

A total of 1,667 articles were retrieved from database
searches. After removal of duplicates and the title/abstracts
screening, 25 full-text articles were read and assessed for
eligibility. In the end, 11 articles were considered for the
systematic review. Eligible studies were published between
2011 and 2017. One article (7) presented information from two
different studies; therefore, a total of 12 studies were included
in the systematic review. Figure 1 shows a flow diagram of the
selection process.

Studies and participant characteristics

We included 8 cohort (n=12,230) (21, 34, 35, 48-52) and
4 analytical cross-sectional studies (n=8,288) (7, 53, 54)
totaling 20,518 subjects. No case-control studies were found.
The studies collected had average follow-up periods ranging
from 3.5 (50) to 9 years (51). The majority of studies covered
countries such as Italy (21, 51), Spain (50, 52) and China (48,
49). The literature search provided 5 studies for frailty (21, 35,
48, 50, 53), 5 studies for disability (7, 34, 51, 52) and 2 studies
for sarcopenia (49, 54). In most studies, women represented the
major proportion of the sample (7, 21, 34, 35, 48, 49, 51, 53,
54). The mean age reported ranged from 68 (50, 52) to 84 years
(53). The main addressed confounders in the studies were age,
sex, BMI, energy intake, educational level, chronic diseases
or comorbidities, depression, alcohol use, smoking status and
physical activity (Table 1).

Outcome definitions and quality assessment

Frailty was assessed using the frailty phenotype (21, 27,
53), modified versions of the frailty phenotype (35, 48), and
the FRAIL Scale (50). Disability assessment was based on five
different methods and definitions: Activities of Daily Living
(ADL) (7), ADL and Instrumental Activities of Daily Living
(TADL) scale (34), the Short Physical Performance Battery (51),
the Physical Function Questionnaire (7) and the Rosow-Breslau
scale and SF-12. (52) Sarcopenia was assessed using either
the Asian Working Group for Sarcopenia’s definition (49) or
by evaluating sarcopenia parameters (skeletal muscle mass,
strength and function/power) (54). Cohort and analytical cross-
sectional studies seemed to be of good quality, with an average
of 7 and 10 “yes” answers, respectively. This result indicates
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that the studies included in this review have a low risk of bias,
according to the items evaluated with the critical appraisal,
such as identification of confounding factors and appropriate
statistical analysis. (See Supplementary Tables 2 and 3).

Figure 1
Flowchart of the selection process

Records idennfied through database searching

(n=1.66%)
Pubmad (z=383) EMBASE (2=280)
Sco;n;} (2=115) CINAHL $n=lO§)
Web of Science (n=318) Lilacs (2=2) Additional racords identified through
Sciglo (2=1) Proqusst (z=26) .
Goozle Scholar (2=60) other sources (hard search from reference

lists and contact with authors)

CAPES Academic Works (o=373) @=3)

Identified records (o =1.667) |

] Records screened after duplicate removal (a = 1.325) |

I

| Full-text articles assessed for elizbility (n=27) I

Excluded records (2=16)
(2=8) Did not assass dietary parrem (12, 68-73)
(2=5) Did not assess 3 Mediteranean diat (75-

7

— (o=1) Did not ass2ss the outcomes of mterest
(79)

(2=1) 4 posteriori analysis (80)

(2=1) Data reported in 2 more recent
puabkcation (81)

| Amcles mehsdintereview @=11)0.19.32.33.4650) |
T
I Studies included in the qualitative synthesis (n =12) ]
7
I Studies inchuded in the quantitative synthesis (n =7) (19, 32, 33, 36, 48-50) I

Assessment of the Adherence to a Mediterranean diet

Adherence to a Mediterranean diet was assessed using the
Trichopoulou index (32) in the majority of the studies (21,
48-52, 54), while the remaining studies used the modified
version of the Trichopoulou index (7), the alternative
Mediterranean Diet Score (53) and the MeDi Score (34, 35).

Meta-analysis and the association between a
Mediterranean diet and the outcomes

The meta-analysis was performed with 4 cohort studies
(n=5,789) and showed that the highest adherence to
the Mediterranean diet compared with the lowest one was
associated with a reduced risk of frailty in community-dwelling
older adults (OR 042, 95% CI: 0.28-0.65). We observed non-
significant heterogeneity between these studies (12=24.9%,
p=0.262) (Figure 2). The cross-sectional study included in the
review showed a positive association between higher adherence
to the Mediterranean diet and lower odds of frailty in a sample
of 192 community-dwelling older adults (OR 0.19, 95% CI:
0.05-0.82) (53).

Figure 2
Adherence to a Mediterranean diet and frailty
%
Author Year OR (95% C1) Werght
Chanetal 2015 +{4§— 093(031,277) 1329
Lodn-Mufoz ot al 2014 -~ 048 (0.30,0.77) 467
Talegawkar et al 2012 -E— 0.26(0.11,059) 2060
Rubi ot al 017 = 032(0.14,072) 2144
Overal (lsquared = 24 9%, p = 0.262) @ 0.42(0.28, 0.65) 100.00
INOTE: Weights are from random effects analyss.
T T
1 1 909
Figure 3

Adherence to a Mediterranean diet and functional disability

Study OR (95% C1) Waight %

v
H

Fésnetal - 0.67(0.45,1.01) 2695
H
[

Mlanes chi et al —8-  0T3(041.1.29) 1343
H

Struik etal E 0.80 (0.81, 1.05) 5962
H

Overal (Fsquared = 0.0%, p=0.783) 0.75 (0.61, 0.53) 100.00
v
'
H
H

NOTE Weights are from random effects analyss

T T

The odds ratios from 3 cohort studies (n=3,493) were meta-
analyzed and showed that there was a positive association
between higher adherence to the Mediterranean diet and
functional disability/disability parameters (OR 0.75, 95% CI:
0.61-0.93) in community-dwelling older adults. The 12statistic
of 0.0% (p=0.78) suggests there was no significant between-
study heterogeneity (Figure 3). Cross-sectional data from one
study in this review (7) also showed a positive association
between higher adherence to a Mediterranean diet and fewer
disabilities in older people from Israel (OR 0.51, 95% CI: 0.27-
0.93).

We could not perform a meta-analysis between adherence
to a Mediterranean diet and sarcopenia due to different study
designs between the selected studies (49, 54). The cohort
study included in the review failed to show association (49).
However, cross-sectional data from another study included in
the review showed a positive association between adherence to
a Mediterranean diet and sarcopenia parameters (54).
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Discussion

In this study, we systematically reviewed observational
studies that investigated the association between Mediterranean
diet adherence and three musculoskeletal-functional outcomes
in community-dwelling older people. The main results showed
that older people with higher adherence to a Mediterranean diet
were less likely to develop frailty and functional disability. The
results regarding sarcopenia were inconclusive.

The results showed that, in most studies included in this
systematic review, women represented the major proportion
of the sample. This information is similar to the latest United
Nations worldwide demographics statistics; in 2015, women
aged 60 and older represented 54% of the world’s population,
and of those aged 80 and over, women represented 61% (5).

A Mediterranean diet has been suggested as a key element
for the prevention of age-related chronic diseases, and
it is related to a decreased risk all-cause mortality (55) of
cardiovascular diseases (56), different types of cancer (57),
musculoskeletal-functional (58), and cognitive diseases
(59). The outcomes reported in this systematic review are
related, composing a progressive process. Sarcopenia precedes
frailty and functional disability, as frailty is a risk factor for
functional disability (25-27). Both cohort and cross-sectional
data from our study showed that older people with higher
adherence to a Mediterranean diet have a reduced probability
of developing frailty and functional disability and sarcopenia
(cross-sectionally). The dietary components of a Mediterranean
diet, such as fruits and vegetables, serve as main nutritional
sources of antioxidants needed for correct action of metabolism
enzymes. A dose-response analysis from 3 European cohorts
showed that community-dwelling older people with a higher
consumption of fruits and vegetables had a lower risk of frailty
(12). Regarding anti-inflammatory effects, Mediterranean diet
stimulates fish intake, a source of polyunsaturated fatty acids; a
higher intake of these nutrients is related to less muscular tissue
oxidative stress and a lower inflammatory response (60) and a
lower inflammatory body status (20, 61). Another mechanism
of action that contributes to elucidate the beneficial actions of
the Mediterranean diet is the phytochemicals presented in other
items, such as red wine, fruits and vegetables that also have
strong anti-inflammatory properties, and are related to protect
against the accentuated inflammation in frail older people (62).

Absence of functional disability or activity limitation is a
major component of successful aging, and the disablement
process leads to a poorer quality of life (34). The biological
basis for the apparent benefits of the Mediterranean diet in
preventing disability and frailty is the reduced oxidative stress
and inflammation status. In the InCHIANTI (Invecchiare
in Chianti, aging in the Chianti region) study, high-plasma
carotenoids protected against declines in walking speed and in
the development of a severe walking disability in adults aged
65—-102 years, as well as influenced a reduced inflammation
status (63). A cohort study performed with Japanese older

adults showed that a dietary pattern rich in fruits, vegetables
and fish was inversely associated with a lower risk of disability
(64). The cross-sectional study included in our review showed
that higher adherence to a Mediterranean diet was inversely
associated with sarcopenia parameters in older women. These
results were also seen in another cross-sectional analysis of
older women from the OSPRE-FPS cohort (65). Longitudinal
data failed to show an association between adherence to a
Mediterranean diet and the risk of sarcopenia in a Chinese
cohort study included in this review. This result may be
explained due to the lower consumption of olive oil, nuts and
wine in this population compared with those who live in the
Mediterranean region (49).

Regarding the three outcomes reported in this study, the most
addressed confounding variables in the adjusted analyses of the
original articles were age, sex, BMI, energy intake, educational
level, chronic diseases or comorbidities, depression, alcohol
use, smoking status and physical activity. Physical activity
and other lifestyle factors such as leisure time outdoors and
having meals with family can be confounders in the relationship
between the Mediterranean diet and frailty, functional disability
and sarcopenia (66, 67).

It is known that this dietary pattern is present in many
countries across the Mediterranean region, but it is also
identified in non-Mediterranean countries, such as the
United States of America, Iran, China, Japan and Germany.
Differences in the production and preparation of food may
affect the potential benefits from this diet. Submitting olive oil
to high temperatures, eating vegetables but not much from the
dark green leaf ones, eating fruits that are not raw, consuming
salty nuts, refined salted or sweetened cereals, and consuming
baked and canned beans are a few examples of the differences
on how food is prepared and consumed between Mediterranean
and non-Mediterranean countries. These factors combined with
the lifestyle factors mentioned above is may affect the overall
benefit of the Mediterranean diet (66, 67).

The results obtained in this systematic review should be
interpreted within its limitations. First, the meta-analyses
performed for frailty and functional disability generated
pooled ORs from adjusted measures provided by the authors.
It was not possible to access crude ORs and then calculate the
pooled measure because the studies included in the review
did not include enough data for this purpose; moreover, this
information could not be obtained by contacting the authors.
The pooled ORs were not generated from incidence measures;
the majority of studies included only baseline association
measures between adherence to a Mediterranean diet and
the outcomes. Second, since this review included fewer than
10 studies for each outcome, we could not perform meta-
regressions or other sensitivity analyses to investigate possible
sources of heterogeneity. The pooled OR for frailty presented
41% heterogeneity, and variables such as definitions of
outcomes, sample size and location of the study may have
influenced this variability between the studies. Third, our
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meta-analyses were performed using measures that did
not consider the period of time each participant was in the
study. Therefore, we encourage future studies to analyze this
relationship considering person-time measures. Fourth, we
could not perform a meta-analysis for sarcopenia, as the studies
included for this outcome had different methodological designs.
Although we could not obtain a pooled OR for sarcopenia,
it is important to state that the lack of association between
adherence to a Mediterranean diet and sarcopenia observed in
this review may be a false negative since we included only two
studies. More studies are needed to detect this association.

In our view, this was the first systematic review to
investigate the association between the adherence to
a Mediterranean diet and frailty, functional disability and
sarcopenia. It is known that sarcopenia is related to both frailty
and disability; the available studies show that a Mediterranean
diet is inversely associated with sarcopenia. Since sarcopenia
precedes the process of frailty and functional disability (27),
more studies are needed to provide results regarding the
prevention of sarcopenia. We also conducted a broad literature
search of 10 databases and the grey literature. Additionally,
corresponding authors were contacted for additional
information relevant to this review.

In conclusion, higher adherence to a Mediterranean diet
was protective of frailty and functional disability. Overall,
the Mediterranean dietary pattern probably contributes to the
understanding of good health parameters in people who have
a high adherence to this diet. Further longitudinal studies in
different populations are needed to confirm this association
and to understand the potential protective effect of the
Mediterranean diet on sarcopenia.
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