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Abstract: Background: Diet and exercise interventions have been associated with improved body
composition and physical fitness. However, evidence regarding their combined effects in older
adults is scarce. This study aimed to investigate the impact of a combined 12-week Mediterranean
diet-based sustainable healthy diet (SHD) and multicomponent training (MT) intervention on body
composition, anthropometry, and physical fitness in older adults. Methods: Diet intervention
groups received a weekly SHD food supply and four sessions, including a SHD culinary practical
workshop. The exercise program included MT 50 min group session, three times a week, on non-
consecutive days. Body composition and physical fitness variables were assessed through dual X-ray
absorptiometry, anthropometric measurements, and senior fitness tests. Repeated measures ANOVA,
with terms for group, time, and interaction, was performed. Results: Our results showed that a
combined intervention significantly lowered BMI and total fat. Also, significant differences between
assessments in all physical fitness tests, except for aerobic endurance, were observed. Adjusted
models show significant differences in BMI (p = 0.049) and WHR (p = 0.037) between groups and in
total fat (p = 0.030) for the interaction term. Body strength (p < 0.001), balance tests (p < 0.001), and
aerobic endurance (p = 0.005) had significant differences amongst groups. Considering the interaction
term, differences were observed for upper body strength (p = 0.046) and flexibility tests (p = 0.004 sit
and reach, p = 0.048 back scratch). Conclusions: Our intervention study demonstrates the potential of
implementing healthy lifestyle and sustainable models to promote healthy and active aging.

Keywords: Mediterranean diet-based sustainable healthy diet; multicomponent training; body
composition; anthropometry; physical fitness; aging
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1. Introduction

The global population is aging at an exponential rate, accompanied by increased
comorbidities associated with aging. This leads to a progressive and irreversible decline in
functionality, autonomy, and quality of life [1]. Unhealthy lifestyle factors (e.g., unhealthy
dietary patterns or physical inactivity) can increase or worsen the incidence of age-related
comorbidities and can be modifiable to potentially improve health outcomes for the global
population [2].

Sustainable healthy diets (SHDs) promote a higher intake of plant-based foods and
poorer of animal-based foods, and the Mediterranean diet is an excellent example [3].
Recent studies showed that Mediterranean diet-based SHDs are associated with lower
weight, body mass index (BMI), waist circumference (WC), waist-to-hip ratio (WHR),
trunk fat, total fat [4], and higher lean mass [5]. A recent meta-analysis demonstrated that
higher adherence to the Mediterranean diet in older adults is associated with increased
cardiorespiratory, musculoskeletal, and overall physical fitness [6].

Multicomponent training (MT) implies a combination of endurance, strength, balance,
coordination, and flexibility exercises and, significantly, relies on aerobic metabolism [7].
It seems to have more beneficial effects than isolated training interventions improving
fall risk, mobility, balance, functional ability, muscle strength, and body composition [8].
Furthermore, MT programs promote weight loss and reduce body fat percentage [9].

Studies regarding the combined effect of diet and exercise interventions on older
adults’ health, particularly with these two approaches, are scarce. Most of them do not have
a practical component (are only based on counselling) nor do they have a continuous offer
of a food supply and, typically, they are based on an isolated type of training program (e.g.,
resistance or aerobic training). Recent systematic reviews and meta-analyses with combined
diet and exercise interventions in sarcopenic older adults showed that the combination
of resistance exercise and daily protein supplementation improved skeletal muscle mass,
total lean mass, strength, stability, and quality of life [10] and decreased fat mass [11]. A
randomized controlled trial (RCT) in a diabetic population also observed that a combined
intervention decreased body weight, fat mass, and visceral adipose tissue, and improved
the physical fitness of the individuals [12]. The existing literature on these two interventions
is mainly in older individuals with diseases, relying on educational or advisory programs
delivered at hospital, at home, or online [13,14]. However, the combined intervention
seems to improve several health indicators to a greater extent, and to reduce mortality
and promote a wealthy quality of life [13–17]. Combined diet and exercise interventions
have been shown also to be effective in increasing walking and daily moderate-to-vigorous
physical activity (MVPA) and in reducing fat intake [18]. Greater improvements in the
reduction of all-cause mortality, metabolic syndrome, and cardiovascular risk factors seem
to be observed when both healthy behaviors are adopted [19,20]. Still, there are gaps
regarding the synergistic effect of combined lifestyle intervention programs on specific
physical fitness variables and anthropometric variables, especially when combining the
Mediterranean diet and MT programs, and whether this can have a greater effect than the
isolated components, particularly regarding strength, as well as improving metabolic risk
factors and promoting a more autonomous elderly person.

Therefore, the main purpose of this study was to explore the effectiveness of a Mediter-
ranean diet-based SHD and MT interventions on body composition, anthropometry, and
physical fitness in community-dwelling older adults. The hypothesis posits that the com-
bined Mediterranean diet-based SHD and MT intervention will result in significant and
additional improvements in body composition and physical fitness. Due to its broad appli-
cability, it is pertinent to assess to what extent a combined Mediterranean diet-based SHD
and MT can contribute to better health-related outcomes as an alternative lifestyle approach
to mitigate biopsychosocial determinants of aging, raising awareness of the importance
and feasibility of these combined interventions as effective public health initiatives.
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2. Materials and Methods
2.1. Study Design and Setting

This quasi-experimental study results from the “Multidimensional Health Impact
of Multicomponent Exercise and Sustainable Healthy Diet Interventions in the Elderly
(MED-E)” project. The project was based in Oporto Metropolitan Area, North Portugal,
and data were collected between November 2021 and December 2022. The MED-E project
was approved by the Ethical Committee of the Faculty of Food and Nutrition Sciences
of the University of Porto (ref. 17/2021/CEFCNAUP/2021, 10 March 2021), the Ethics
Committee of the Northern Region Health Administration (report CE/2022/71, 7 July 2022)
and by the Data Protection Unit of the University of Porto (ref. P-9/2022, 18 November
2022). Informed consent and an attached file with information regarding confidentiality
and data transfer was obtained from interested participants.

The sample size was estimated based on the previous literature and the ANOVA to
analyze the differences between and within groups [21]. A sample size calculation was
conducted using G*Power 3.1.3 (Universität Düsseldorf, Düsseldorf, Germany) [22] and
based on a moderate effect size of 0.40, an alpha risk of 0.05, and a beta risk of 0.20 in a two-
sided test. A total sample of at least 100 community-dwelling older adults (25 participants
per group), both men and women, accounting for an anticipated dropout rate of 20%, was
estimated. Other details regarding the MED-E study protocol [23] and the project impact
on biomarkers, metabolome, and nutrients intake [24], can be found elsewhere.

2.2. Participants Eligibility Criteria

Community-dwelling older adults (aged 65 years or over), with autonomous mobility
and the absence of any neuropsychiatric, musculoskeletal and/or cardiovascular conditions
that contraindicate participation in moderate exercise and testing, were eligible to partici-
pate in the study. Individuals already engaged in regular MVPA and/or being followed by
a nutritionist [23] were excluded.

Individuals who agreed to participate were assigned into one of the four 12-week
intervention groups: Mediterranean diet-based SHD, MT, combined Mediterranean diet-
based SHD and MT (SHD + MT), or the control group (CG), according to their availability.

2.3. Interventions Description

The diet intervention consisted of a Mediterranean diet-based SHD that, despite being
healthy and nutritionally adequate, was also affordable, accessible, traditional, culturally
acceptable, safe, and with a low footprint impact. Also, seasonal foods and local producers
were preferred whenever possible. SHD and SHD + MT participants received, throughout
the intervention period, a weekly traditional and local SHD food supply, richer in plant
Mediterranean diet-based foods, guaranteed by a national food retailer chain. In accordance
with the latest EAT-Lancet recommendations [3] and the Mediterranean diet’s principles,
the food supply comprised 125 g of walnuts; 350 g of dry pulses (based on a daily serving of
50 g, varying from chickpeas to different types of beans); one bottle of extra-virgin olive oil
(per month); and two 100 g servings of oily fish (sardine fillets and tuna). The intervention
included four sessions, with a duration range of 30–60 min. All sessions aimed to improve
participants’ nutrition literacy, providing them with skills that enable healthier, traditional,
and seasonal food products choices. There was a Mediterranean diet-based SHD culinary
workshop, two theoretical sessions (an introductory one explaining the principles of a
Mediterranean diet-based SHD and its benefits in several health outcomes and another
on supermarket shopping, food storage, and strategies to tackle food waste), and one
individual telephone interview.

The MT exercise sessions were on non-consecutive days, three times a week, and lasted
50 min. The sessions comprised three core dimensions: 8–10 min warm-up (including
walking, postural, mobility, and stretching exercises), 30–35 min moderate intensity specific
training (comprising balance, coordination, strength, and aerobic conditioning), and a
5-min cooldown (including breathing and stretching exercises).
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Participants in the CG had a monthly social activity session, 50 min each, involving
a maximum of 25 individuals per session. Two sessions included low-intensity physical
activity (PA) and the theoretical one included information on nutrition-related topics (e.g.,
the principles of a healthy diet). Moreover, CG participants were instructed to follow their
usual dietary and exercise routines. Retention and motivation were ensured with weekly
phone calls.

The intervention lasted approximately 12 weeks. Specialized and well-trained re-
searchers on exercise and nutrition conducted the evaluations. Participants were tested at
two timepoints: prior (T1) and 12 weeks after intervention (T2).

2.4. Outcomes
2.4.1. Body Composition and Anthropometry Assessment

Total body scans through dual-energy X-ray absorptiometry (DXA) (QDR 4500/A,
Hologic Explorer, version 12.4, Bedford, MA, USA) were performed to assess body compo-
sition, specifically total lean, fat mass, and percent of body fat. Lean mass was integrated in
the analysis as a muscle mass proxy [25].

Height (with a portable stadiometer) and body mass (with a weighting scale) were
recorded, and body mass index (BMI) was calculated using the standard formula: mass
(kg)/height2 (m).

Anthropometric measures were obtained while subjects were dressed in light clothing
without shoes and with a spring-loaded measuring tape. Both measurements were taken
in centimeters, with the participant in a standing relaxed position with the arms folded
across the thorax, according with international standards [26]. Waist circumference (WC)
was measured at the narrowest point between the lower costal border and the iliac crest, in
the end of a normal expiration [26]. Hip circumference (HC) was collected at the level of
the greatest posterior protuberance of the buttocks, with the measurer standing at the side
of the subject [26]. The waist-to-hip ratio (WHR) was computed by the following formula:
waist circumference/hip circumference.

2.4.2. Physical Fitness Assessment

A senior fitness test (SFT) was used to evaluate physical fitness, comprising six func-
tional tests, as follows [27]:

(i) Chair stand—the participant was instructed to stand (completely) and sit as many
times as possible in 30 s, to assess lower body strength;

(ii) Arm curl—the participant flexes the arm in full range of motion, with their palm up,
and then returns to a completely extended arm. The maximum number of repetitions
in 30 s is monitored to assess upper body strength;

(iii) Six-minute walk—measures the participants’ aerobic endurance, advising them to
walk as quickly as possible. The number of laps (and the respective meters) within
the six-minute limit is recorded;

(iv) Chair sit and reach—the participant slowly leans forward, with their leg extended,
keeping the spine as straight as possible. The aim is to try to touch the toes by sliding
the hands, one on top of the other, and the distance achieved is recorded as a measure
of lower body flexibility;

(v) Back scratch—a surrogate of upper body flexibility, as the participant must place
their dominant hand on top of the same shoulder, with their palm open and fingers
extended, trying to reach the middle of the back as much as possible. The hand of the
other arm should be placed behind the back, with the elbow close to the waist and the
hand upwards, trying to reach as high as possible, in an attempt to touch or overlap
the extended middle fingers of both hands;

(vi) Timed up-and-go (TUG)—the participant must get up from a chair and walk to a
cone, walk around it, return to the chair and sit down, as quickly as possible, to assess
dynamic balance.
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The one-leg balance test was applied to assess static balance, in which participants
must stand unassisted on one leg for as long as possible, without touching the other leg or
the ground. The maximum time achieved (up to 45 s) was recorded in seconds [28].

Lastly, a digital Jamar hand dynamometer (Sammons Preston Inc., Illinois, IL, USA)
was used to evaluate handgrip strength [29], with the final value being the best result of
three trials.

2.4.3. Sociodemographic and Additional Assessments

A semi-structured questionnaire was applied to gather data on sociodemographic and
economic status, clinical history, tobacco use, medication, cognition [30,31], and quality of
life [32,33].

Participants provided the highest qualification completed, and education was subse-
quently classified in three categories according to years of education (≤3, 4–6, and ≥7).

Also, blood samples were collected, and standard biochemical analysis and untargeted
nuclear magnetic resonance (NMR)-based metabolomics were performed in certified labo-
ratories. The results of the MED-E intervention’s impact on clinical parameters is presented
elsewhere [24].

2.4.4. Dietary Intake Assessment and Mediterranean Diet Adherence

As recommended by the European Food Safety Authority [34] for this population
group, two repeated 24 h dietary recalls, on non-consecutive days, were applied to evaluate
dietary intake. The nutritional analysis module eAT24 (an electronic instrument that uses
the FoodEx2 classification system [35]) estimated energy and nutritional intake.

Participants’ adherence to the Mediterranean diet was scored through the Mediter-
ranean Diet Adherence Screener (MEDAS). Scores greater than 9 (in a range of 14 points)
indicate high adherence to the dietary pattern [36].

2.4.5. Physical Activity

Daily PA was assessed through the short version of the International Physical Activity
Questionnaire (IPAQ-SV) [37], already validated in Portuguese [38]. IPAQ-SV data were
converted as median MET-minutes/week of vigorous physical activity (VPA), moderate
physical activity (MPA), and walking, according to the guidelines [39]. Total PA was
computed as the sum of these three variables and expressed in total MET-minutes/week.

2.5. Statistical Analysis

Descriptive measures were calculated for all variables. Measures of central tendency
and dispersion, presented as mean and standard deviation (SD) and frequencies (percent-
ages), were used as appropriate to describe sample characteristics. Data distribution was
verified by analyzing symmetry and flatness.

Pearson’s chi-square test, one-way analysis of variance (ANOVA), and the correspon-
dent non-parametric test (Kruskal–Wallis) were used to study significant heterogeneity in
the participants baseline characteristics.

Paired samples t-Student tests were used to compare means of body composition,
anthropometry, and physical fitness tests outcomes at T1 and T2 timepoints in each inter-
vention group. When the variables departed from normality, the related-samples Wilcoxon
signed rank test was used instead.

The outcomes were assessed, with normal or log-transformed data (depending on
distribution), using repeated measures ANOVA, for differences in main effects (p(group)
and p(time)) and time by group interactions (p(time × group)). The association models
are presented with crude and adjusted data, considering sex, age, total energy intake, and
physical activity variables as covariates. Although education and occupation were initially
considered potential covariates, they were ultimately excluded from the final adjusted
models since there were no statistically significant baseline differences between groups.
Pairwise comparisons used the Sidak post hoc test.
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All statistical procedures were executed with Statistical Package for the Social Sciences
(SPSS)® software, version 29.0 (IBM, Armonk, NY, USA), considering a significance level
of 0.05.

3. Results
3.1. Participants Characteristics

Participants’ baseline characteristics are presented in Table 1. No significant differ-
ences were found at baseline, except for the BMI and usual physical activity, demonstrating
a homogeneity amongst participants of the four intervention groups. Most of the partici-
pants were female (73.6%), married (58.6%), and retired (97.7%). Participants’ education
attainment was lower than six years in 40.2%, with a mean of approximately 9 ± 4 years,
and almost all were non-smokers (98.9%). Baseline BMI showed statistically significant
differences between groups: SHD + MT participants presented the lowest values. The
total mean energy intake was 1726 (±570) kcal/day, with higher intakes observed in the
CG participants, but these were not statistically significant. Also, although no signifi-
cant differences were observed in macronutrients intake (except for saturated fat), added
sugars intake was higher in SHD, and total and saturated fat presented higher values
in CG. Baseline adherence to the Mediterranean diet was moderate and similar between
groups, with a mean score of 9 ± 2 (however, SHD and SHD + MT presented higher scores,
representing a good/very good adherence at baseline). There were significant baseline
differences in the daily physical activity levels: the SHD + MT had higher levels for habitual
moderate-to-vigorous physical activity (MVPA) and walking, especially when compared to
CG and SHD.

Table 1. Baseline sample characteristics.

Characteristics Total (n = 87) CG (n = 19) MT (n = 20) SHD (n = 26) SHD + MT (n = 22) p-Value

Age (years), mean (SD) + 72 ± 5 71 ± 4 75 ± 5 72 ± 5 71 ± 5
0.083

Age, range 63–88 65–79 66–82 64–88 63–85

Sex (female), n (%) ∀ 64 (73.6) 13 (68.4) 16 (80.0) 16 (61.5) 19 (86.4) 0.215

Civil status, n (%) ∀

Single 5 (5.7) 3 (15.8) - - 2 (9.1)

0.169Married 51 (58.6) 11 (57.9) 13 (65.0) 16 (61.5) 11 (50.0)

Divorced/separated 10 (11.5) 3 (15.8) - 3 (11.5) 4 (18.2)

Widowed 21 (24.1) 2 (10.5) 7 (35.0) 7 (26.9) 5 (22.7)

Years of formal education,
mean (SD) # 9 ± 4 11 ± 5 9 ± 4 8 ± 3 9 ± 5 0.320

Education levels, n (%) ∀

≤3 years 3 (3.4) 1 (5.3) - - 2 (9.1)
0.3724–6 years 32 (36.8) 4 (21.1) 9 (45.0) 11 (42.3) 8 (36.4)

≥7 years 52 (59.8) 14 (73.7) 11 (55.0) 15 (57.7) 12 (54.5)

Work condition (retired),
n (%) ∀ 85 (97.7) 18 (94.7) 20 (100.0) 26 (100.0) 21 (95.5) 0.509

Current smoker (no), n (%) ∀ 86 (98.9) 18 (94.7) 20 (100.0) 26 (100.0) 22 (100.0) 0.305

BMI (kg/m2), mean (SD) + 28.8 ± 4.3 28.2 ± 4.0 28.5 ± 4.2 30.9 ± 3.9 27.0 ± 4.1 0.012

Total energy intake
(kcal/day), mean (SD) # 1726 ± 570 1907 ± 675 1693 ± 552 1715 ± 579 1612 ± 468 0.690
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Table 1. Cont.

Characteristics Total (n = 87) CG (n = 19) MT (n = 20) SHD (n = 26) SHD + MT (n = 22) p-Value

Macronutrients intake (% TEV), mean (SD)

Protein # 17 ± 4 16 ± 3 18 ± 3 17 ± 5 15 ± 3 0.108

Carbohydrates + 54 ± 8 53 ± 7 53 ± 7 54 ± 9 56 ± 8 0.456

Added sugars # 6 ± 5 6 ± 5 6 ± 5 7 ± 4 5 ± 5 0.334

Lipids + 29 ± 7 31 ± 6 29 ± 6 29 ± 8 28 ± 8 0.756

MUFA + 12 ± 3 12 ± 3 12 ± 4 12 ± 3 12 ± 3 0.977

PUFA # 5 ± 2 5 ± 2 5 ± 2 5 ± 2 6 ± 3 0.675

SFA + 9 ± 3 10 ± 3 9 ± 3 8 ± 3 8 ± 3 0.046

MEDAS score, mean (SD) # 9 ± 2 9 ± 2 9 ± 2 10 ± 2 10 ± 1 0.185

Daily physical activity (MET-min/week), mean (SD) #

Total physical activity 2322 ± 2753 1227 ± 1151 1957 ± 1115 1577 ± 2120 4479 ± 4080 <0.001

Vigorous physical
activity (VPA) 945 ± 2148 152 ± 438 926 ± 550 594 ± 2048 2064 ± 3380 <0.001

Moderate physical
activity (MPA) 756 ± 1187 212 ± 473 769 ± 1115 509 ± 673 1505 ± 1727 <0.001

Walking 621 ± 792 864 ± 1136 262 ± 392 473 ± 485 910 ± 867 0.002

WHOQOL-OLD score, mean
(SD) + 101 ± 11 101 ± 12 103 ± 11 99 ± 12 102 ± 10 0.594

MoCA score, mean (SD) + 20 ± 4 21 ± 4 20 ± 5 21 ± 4 20 ± 4 0.602
+ Listed p values for one-way ANOVA test, # Listed p values for the independent samples Kruskal–Wallis test,
∀ Listed p values for χ2: Pearson’s chi-square test, bolded p-values are significant at the 0.05 level. BMI: body
mass index, MEDAS: The Mediterranean Diet Adherence Screener Questionnaire, WHOQOL-OLD: The World
Health Organization Quality of Life for Old Module, MoCA: Montreal Cognitive Assessment, % TEV: percentage
of total energetic value, MUFA: monounsaturated fatty acids, PUFA: polyunsaturated fatty acids, SFA: saturated
fatty acids.

Of the 87 participants submitted to T1 assessments, 3 participants dropped out from
the CG, resulting in incomplete T2 assessments. There were no statistically significant
differences between the dropout and intervention groups participants for any descriptive
parameters. The reasons for dropping out (illness) were not concomitant to possible adverse
effects of the program.

3.2. Body Composition and Anthropometry

Table 2 demonstrates that all the intervention groups, especially the MT and SHD + MT
groups, exhibited notable improvements in their body composition and anthropometric
outcomes. The SHD + MT and MT groups were the ones that improved all the body
composition and anthropometric measures (statistically significant differences in BMI
(p = 0.005 and p = 0.002), total fat percent (p = 0.007 and p = 0.043), and total fat mass
(p = 0.009 and p = 0.033). For the CG and SHD, there were no significant differences
between assessment timepoints. However, we can observe an increase in BMI in CG
participants. WHR remained similar for CG participants and decreased in the other groups.
Total fat mass increased for SHD participants, and lean mass decreased.

Table 3 shows that, when adjusting data for all the crucial covariates (adjusted model
2), BMI changes remained statistically significant only between groups (p = 0.049) and
total fat (percent and mass) exhibited changes for the interaction term (p = 0.030). WHR
maintains its significant changes for groups (with SHD participants presenting significantly
lower values than CG—Table 4). The significance of lean mass dissipated after adjustment.
Table 5 shows that, when considering the interaction term, significant decreases along the



Nutrients 2024, 16, 3527 8 of 15

intervention are observed in the combined intervention group. Also, total fat percent and
mass have significant improvements in the SHD + MT and MT participants (Table 5).

Table 2. Pre- (T1) and post-intervention (T2) differences in body composition, anthropometry, and
physical fitness outcomes differences.

Outcomes

CG MT SHD SHD + MT

Mean
Difference
(T2 − T1)

p-Value
Mean

Difference
(T2 − T1)

p-Value
Mean

Difference
(T2 − T1)

p-Value
Mean

Difference
(T2 − T1)

p-Value

BMI (kg/m2) ∋ 0.05±0.37 0.599 −0.49±0.58 0.002 −0.05±0.70 0.726 −0.58±0.86 0.005

WHR (cm) ∋ 0.01±0.05 0.470 −0.02±0.04 0.090 −0.01±0.05 0.251 −0.02±0.04 0.054

Total fat percent (%) ∋ −0.09±1.58 0.828 −1.03±1.87 0.043 0.39±1.68 0.254 −1.32±1.96 0.007

Total fat mass (kg) ∋ −0.17±0.92 0.477 −0.91±1.55 0.033 0.33±1.48 0.284 −1.04±1.59 0.009

Total lean mass (kg) ∋ 0.17±1.26 0.605 0.40±1.38 0.271 −0.36±1.47 0.234 0.22±1.34 0.465

Chair stand (nr. repetitions) ∋ 0.50±3.08 0.526 1.32±4.00 0.169 0.96±3.19 0.137 4.64±4.23 <0.001

Arm curl (nr. repetitions) ∋ −0.06±3.30 0.941 1.15±4.31 0.247 1.54±2.63 0.006 4.86±3.67 <0.001

Aerobic endurance (m) ε 42.88±99.61 0.069 11.10±55.74 0.257 4.70±37.93 0.716 0.18±85.13 0.426

Sit and reach (cm) ε −2.03±4.58 0.108 5.70±7.50 0.003 −1.40±6.80 0.241 6.10±6.90 <0.001

Back scratch (cm) ∋ 0.93±3.63 0.336 1.29±3.05 0.082 −0.62±4.26 0.468 2.68±3.78 0.005

Dynamic balance (TUG, s) ε 0.12±0.95 0.535 −0.41±1.06 0.030 −0.17±1.24 0.057 −0.35±0.29 <0.001

Static balance (s) ε −3.33±10.47 0.272 8.40±16.58 0.030 1.10±12.85 0.968 8.21±14.18 0.007

Handgrip strength (kg) ε 0.67±1.64 0.117 0.82±2.58 0.026 0.63±3.40 0.403 2.95±2.28 <0.001

∋ Listed p values for the paired samples t-Student test, ε Listed p values for the related-samples Wilcoxon
signed rank test, Bolded p-values are significant at the 0.05 level. T1: first timepoint—baseline, T2: second
timepoint—post-intervention, end of the study, BMI: body mass index, WHR: waist-to-hip ratio, TUG: timed
up-and-go.

Table 3. Impact of the intervention time and group on body composition, anthropometry, and
physical fitness outcomes in the four experimental groups, with unadjusted and adjusted models.

Outcomes

Unadjusted Model • Adjusted Model 1 •• Adjusted Model 2 •••

p(Time) p(Group)
p

(Time ×
Group)

p(Time) p(Group)
p

(Time ×
Group)

p(Time) p(Group)
p

(Time ×
Group)

Body composition and anthropometry

BMI (kg/m2) 0.002 0.013 0.019 0.832 0.019 0.039 0.460 0.049 0.285

WHR (cm) 0.089 0.046 0.339 0.666 0.064 0.373 0.464 0.037 0.708

Total fat percent (%) 0.014 0.510 0.007 0.714 0.023 0.028 0.784 0.078 0.030

Total fat mass (kg) 0.007 0.066 0.007 0.746 0.023 0.027 0.740 0.077 0.030

Total lean mass (kg) 0.463 0.027 0.208 0.439 0.084 0.191 0.261 0.074 0.134

Physical fitness

Chair stand (nr. repetitions) <0.001 <0.001 0.010 0.367 <0.001 0.016 0.979 <0.001 0.304

Arm curl (nr. repetitions) <0.001 <0.001 0.003 0.189 <0.001 0.005 0.625 <0.001 0.046

Aerobic endurance (m) 0.012 0.051 0.222 0.082 <0.001 0.276 0.106 0.005 0.347

Sit and reach (cm) 0.002 0.678 <0.001 0.986 0.433 <0.001 0.899 0.429 0.004

Back scratch (cm) 0.020 0.580 0.058 0.845 0.850 0.045 0.893 0.908 0.048

Dynamic balance (TUG, s) <0.001 <0.001 0.075 0.141 <0.001 0.046 0.950 <0.001 0.099

Static balance (s) 0.030 <0.001 0.062 0.516 <0.001 0.184 0.840 <0.001 0.312

Handgrip strength (kg) <0.001 0.011 0.004 0.741 0.082 0.007 0.377 0.091 0.150

• Listed p values for within- and between-subject effects assessed by repeated measures ANOVA, unadjusted
model, •• Listed p values for within- and between-subject effects assessed by repeated measures ANOVA,
unadjusted model further adjusted for baseline age (years) and sex, ••• Listed p values for within- and between-
subject effects assessed by repeated measures ANOVA, adjusted model 1 further adjusted for baseline energy
intake (kcal/day) and total physical activity (MET-min/week); bolded p-values are significant at the 0.05 level.
BMI: body mass index, WHR: waist-to-hip ratio, TUG: timed up-and-go.
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Table 4. Significant differences between groups through post hoc Sidak pairwise comparisons, based
on estimated marginal means for the adjusted model 2.

Outcomes
(I) Participants’

Group
Identification

(J) Participants’ Control or
Intervention Group

Identification

Mean
Difference

(I − J) *

Std.
Error

Sig. b
95% Confidence Interval for

Difference b

Lower Bound Upper Bound

WHR (cm) CG SHD −0.05 0.02 0.039 −0.11 −0.00

Chair stand (nr.
repetitions)

CG
MT −6.12 1.22 <0.001 −9.42 −2.82

SHD + MT −4.97 1.23 <0.001 −8.30 −1.64

SHD
MT −6.87 1.07 <0.001 −9.78 −3.97

SHD + MT −5.72 1.07 <0.001 −8.62 −2.82

Arm curl (nr.
repetitions)

CG
MT −4.82 1.38 0.005 −8.56 −1.07

SHD + MT −4.35 1.39 0.016 −8.12 −0.57

SHD
MT −5.21 1.21 <0.001 −8.51 −1.92

SHD + MT −4.74 1.21 0.001 −8.03 −1.44

Aerobic endurance (m) SHD MT −35.15 9.82 0.004 −61.81 −8.48

Dynamic balance
(TUG, s)

CG
MT 0.50 0.13 0.002 0.15 0.85

SHD + MT 0.48 0.13 0.003 0.12 0.83

SHD
MT 0.56 0.11 <0.001 0.25 0.87

SHD + MT 0.54 0.11 <0.001 0.22 0.85

Static balance (s) SHD
MT −7.75 1.72 <0.001 −12.42 −3.07

SHD + MT −5.96 1.72 0.006 −10.64 −1.29

* The mean difference is significant at the 0.05 level, b Adjustment for multiple comparisons: Sidak. WHR:
waist-to-hip ratio, TUG: timed up-and-go.

Table 5. Significant differences for the interaction term through post hoc Sidak pairwise comparisons,
based on estimated marginal means for the adjusted model 2.

Measure
Participants’ Control or

Intervention Group
Identification

Mean Difference
(T2 − T1) * Std. Error Sig. b

95% Confidence Interval for
Difference b

Lower Bound Upper Bound

BMI (kg/m2) SHD + MT −0.53 0.19 0.006 −0.90 −0.15

Total fat percent (%)
MT −1.16 0.50 0.024 −2.17 −0.16

SHD + MT −1.45 0.487 0.004 −2.42 −0.47

Total fat mass (kg)
MT −0.96 0.41 0.021 −1.78 −0.15

SHD + MT −1.18 0.39 0.004 −1.97 −0.40

Chair stand (nr.
repetitions) SHD + MT 3.49 1.02 0.001 1.45 5.53

Arm curl (nr. repetitions)
SHD 1.79 0.81 0.030 0.18 3.40

SHD + MT 4.42 1.01 <0.001 2.41 6.43

Aerobic endurance (m) CG 14.18 6.93 0.045 0.33 28.03

Sit and reach (cm)
MT 4.76 1.48 0.002 1.81 7.71

SHD + MT 5.22 1.43 <0.001 2.37 8.07

Back scratch (cm) SHD + MT 3.19 1.03 0.003 1.14 5.25

Dynamic balance (TUG, s)
MT −0.28 0.08 0.001 −0.44 −0.11

SHD −0.18 0.06 0.006 −0.31 −0.05

Static balance (s) MT 2.82 1.14 0.016 0.53 5.11

Handgrip strength (kg) SHD + MT 1.04 0.25 <0.001 0.55 1.53

* The mean difference is significant at the 0.05 level, b Adjustment for multiple comparisons: Sidak. BMI: body
mass index, TUG: timed up-and-go.
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3.3. Physical Fitness

Regarding physical fitness outcomes, SHD + MT participants significantly improved
their performance in all the physical fitness tests between assessment timepoints, except
for aerobic endurance (p = 0.426). For the MT participants, significant differences were
observed in lower body flexibility (sit and reach: p = 0.003), balance tests (p = 0.030),
and handgrip strength (p = 0.026). CG participants were the only ones on the balance
tests that did not improve their results, as well as in the lower body flexibility (sit and
reach test) in CG and SHD participants. Lower body, upper body, handgrip strength, and
aerobic endurance were improved in all groups, although some did not present significant
differences.

When adjusting the model for all the covariates (Table 3), significance remained
between groups only for upper body and lower body strength and balance (p < 0.001): CG
and SHD had significantly worse results in the physical fitness tests in comparison to MT
and SHD + MT participants (Table 4). Table 3 shows that aerobic endurance (p = 0.005)
was only significantly different between SHD and MT participants, with the latter group
having better results. Static balance (p < 0.001) was also significantly lower in SHD when
compared to MT and SHD + MT participants—Table 4. Additionally, the interaction term
revealed significant changes for aerobic endurance and upper and lower body flexibility
(p = 0.046, the back scratch test: p = 0.048, and the sit and reach test: p = 0.004, respectively).
Table 5 demonstrates that significant improvements in the physical fitness tests are observed
mainly in the SHD + MT and MT groups.

4. Discussion

The 12-week combined Mediterranean diet-based sustainable healthy diet and mul-
ticomponent training intervention resulted in beneficial and additional improvements in
body composition, anthropometry, and physical fitness in community-dwelling older adults.

Significant differences were observed between groups for BMI and WHR and when
considering the interaction term for total fat percent and mass. In general, participants
from all intervention groups improved their physical fitness results, although some of them
did so without statistical significance. Body strength, aerobic endurance, and balance tests
showed significant differences between groups and when considered the interaction term
differences were observed for the upper body strength and flexibility tests.

Previous findings corroborate our results, showing that combining diet interventions
with moderate-to-vigorous physical activity (MVPA), resulted in greater body weight
and fat reduction while maintaining or increasing the lean mass [40]. In the present
study, we can observe that the SHD + MT and MT participants improved all the body
composition and anthropometric parameters. This shows that diet itself does not have such
a strong potential to significantly modulate these outcomes [41]. The previous literature
demonstrated that combining a greater adherence to the Mediterranean diet with better
physical fitness promotes significant improvements in body weight, WC, WHR, and total
fat [42]. The higher intake of plant-based foods (e.g., fruit and vegetables) and higher levels
of PA seem to be related to a decreased risk of being overweight or obese [43] and, therefore,
may contribute to weight loss or maintenance. Although our intervention encouraged a
higher intake of plant-based products, pulses and nuts were the promoted foods. Also, the
level of the PA sessions was moderate.

Abdominal obesity can usually be evaluated by either WC or WHR [44]. Significant
changes were observed between groups in the WHR. However, this parameter decreased
(non-statistically significant) after 12 weeks in the MT, SHD, and SHD + MT groups and
remained the same in CG: significant differences were only observed between CG and
SHD participants. To substantially improve WC, and subsequently impact WHR, a longer
intervention period may be necessary. Previous studies with extended intervention periods
(6 to 12 months) observed significant circumference reductions [45], as well as shorter-term
studies promoting hypocaloric and energy or nutrient restricted diets [11].
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A study that combined a high-protein diet with a resistance training program observed
that only combined intervention could effectively preserve lean body mass [46]. Nonethe-
less, no significant differences in total lean mass were observed in our study, which can be
attributed to the exercise sessions’ insufficient intensity [40], lower volume of resistance
training [47], or the participants’ better baseline body composition. This parameter in-
creased in all groups except for SHD, where it remained approximately the same. As such,
it appears that a SHD intervention contributes to maintaining lean mass. Also, the literature
states that combined exercise training programs can produce a concurrent training effect,
in which aerobic training can delay the development of maximum strength and muscle
mass [48]. Furthermore, older adults often experience a blunted muscle production, sug-
gesting a potential need for an overall higher protein intake [49]. Previous studies showed
that the combination of exercise with protein or n-3 polyunsaturated fatty acids (PUFA)
seems to be more effective in the enhancement of total lean mass [50–53]. Although our
intervention mixed food supply promoted intake of oily fish and walnuts and plant-based
protein foods, providing protein and different types of n-3 PUFA intake, no higher protein
intake above the recommendations was suggested, considering that this was not the aim of
this study. However, it is noteworthy that all intervention groups presented mean protein
intakes within the recommended values of 0.83 g of protein per kg of total body weight
per day [24,54]. In the traditional Mediterranean diet, the contribution of protein intake
to total energetic value (TEV) is balanced, at approximately 10–12%, with a moderate
contribution from plant-based, fish, and poultry sources and a reduced intake of red and
processed meat. This dietary pattern has been associated with greater longevity and health
of populations [3]. Therefore, the intervention proposed a total protein intake in low to
moderate amounts, in accordance with these standards and age group, and considering
the main aim of investigating the impact on overall health status in the elderly. However,
previous evidence debated higher protein intake for elderly (≥1–1.2 g/kg/day) to sustain
muscle mass, strength, and function and to prevent sarcopenia and frailty in older individ-
uals [55,56]. Our participants have a mean age of 72 years old and are physically active.
Despite not having statistical significance, lean mass increased in all intervention groups
(except for SHD). In the future, it would be interesting to analyze the impact of a similar
intervention but with a resistance training program, which has been well described in the
literature for its potential to promote an increase in lean mass.

The combined intervention group achieved significantly better physical fitness results
(except for handgrip strength), which aligns with previous studies [13,14]. Also, it was
observed that participants from groups with the exercise intervention (MT and SHD + MT
groups) had significantly better results than the individuals from the CG or SHD group,
demonstrating that exercise is a crucial factor in improving physical fitness results, as
expected. When comparing data from both exercise groups, we can observe that SHD + MT
participants had a higher improvement and better performance, except for lower body
flexibility.

To the best of our knowledge, this may be the first study in an older urban South Euro-
pean population that has investigated the effects of a combined Mediterranean diet-based
SHD and MT interventions on body composition, anthropometry, and physical fitness.
There is a lack of studies in the literature that combine these two intervention approaches,
namely a sustainable healthy dietary pattern and, specifically, a multicomponent training
program (most studies include isolated types of training, e.g., resistance or aerobic train-
ing). Both outcomes were assessed through a combined approach, which includes both
subjective—two repeated 24 h recall questionnaires, i.e., the Mediterranean Diet adher-
ence score and IPAQ-SV questionnaire, and objective measurement techniques, i.e., DXA
canning. The utilisation of DXA scanning as a gold-standard method further bolsters the
robustness of our methodology. Furthermore, it should be highlighted that our Mediter-
ranean diet-based SHD intervention featured a practical component (a Mediterranean diet
workshop) alongside the provision of a complete mixed food supply comprising nuts,
pulses, extra-virgin olive oil, and oily fish, throughout the 12-week intervention, which



Nutrients 2024, 16, 3527 12 of 15

can contribute to better nutritional adequacy through the provision and promotion of
Mediterranean diet-based healthier food items. The latest nutrition and exercise recommen-
dations for this population group were followed. Also, using the exact same intervention
location for all participants can help minimize bias in the study. Moreover, MED-E aimed
to investigate the impact of these interventions in a major and broader dimension: clinical,
cognitive, and quality of life data were also assessed.

Some limitations of this study must be acknowledged. A crossover and randomized
trial design was expected but, due to recruitment and time challenges during and after
the long pandemic situation, the study design had to be restructured. As such, the lack
of randomization inhibits the possibility of establishing a causal relationship. Because
our sample was not representative of Portuguese older population, generalizability of
our results is not feasible. Similarly, type I errors due to our multivariate analysis and
comparisons can also occur. However, it is noteworthy that the resulting groups did not
display significant heterogeneity, which empowers the study. The 24 h recall repeated
questionnaires rely on very recent memory, which can bias the data collected regarding
dietary intake. Nevertheless, the study followed the international recommendations from
the European Food Safety Authority [34] in multicentric studies with adults to assess
dietary intake. Participants already had higher levels of MVPA at baseline. However, we
accounted for this possible bias by adding these variables as covariates in the association
models. Also, an objective assessment of PA was not achievable, as many participants
refused to use the accelerometer for the seven days required.

5. Conclusions

In summary, the data show that a 12-week combined Mediterranean Diet-based SHD
and MT intervention program resulted in beneficial and additional improvements in body
composition, anthropometry, and physical fitness in community-dwelling older adults.
Although longer-term, larger, and randomized clinical trials are essential for validating
these findings, our research contributes to broadening public health aging strategies. Given
the paramount importance of primary prevention in promoting healthy dietary patterns,
such as the Mediterranean diet and active healthy lifestyles, while decreasing the health
burden through the promotion of a better body composition and physical fitness contribute
to a globally enhanced health status, our findings help to expand public health aging
strategies. The program’s vast applicability and feasibility reinforce its potential impact on
promoting healthier and successful aging strategies in the community, enhancing a better
global quality of life in this population.
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