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Abstract 

Background Migration is a phenomenon worldwide, with older migrants, particularly those with fewer socioeco‑
nomic resources, having an increased risk of developing adverse cognitive and health outcomes and social isolation. 
Therefore, it is of utmost importance to validate interventions that promote healthy aging in this population. Previous 
studies have shown a positive impact of mindfulness based‑stress reduction (MBSR) on outcomes such as cognition 
and sleep. However, only a few studies verified its potential in older adults, especially with vulnerable populations 
such as migrants. This article presents the protocol of the MEDITAGING study, which is the first to investigate the MBSR 
effects in migrants aged ≥55 in comparison to a health promotion program.

Methods MEDITAGING is a two‑arm randomized, double‑blinded, controlled study, which will include older 
Portuguese‑speaking migrants (n = 90). Participants are randomized to the MBSR or a health promotion program. 
Both interventions are conducted in groups over a total of 8 weeks, incorporating weekly meetings, an additional 
4‑hour class, and extra at‑home tasks. The health promotion program has the same structure as the MBSR but com‑
prises different activities related to dementia prevention, healthy habits, cognitive stimulation, sleeping, nutrition, 
watercolor painting, and physical activity. The assessment of executive functioning, physiological stress measures, 
self‑reported questionnaires, and qualitative interviews are conducted at baseline, after 8 weeks (post‑intervention), 
and at a follow‑up session (from one to 3 months thereafter). Analyzes will be conducted using a modified intention‑
to‑treat approach (all participants with at least 3 days of participation in the group‑sessions and one post‑intervention 
observation).

Discussion This study will test effects of a mindfulness‑based intervention against an active control condition 
in older adult migrants, which few studies have addressed.
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Background
Older adults, making up a growing part of aging popu-
lations all over the world, have an increased risk of 
chronic metabolic disorders, cognitive impairment, and 
dementia [1–3]. Additionally, migration is a phenom-
enon worldwide, with older migrants, particularly those 
with less socioeconomic resources, having an increased 
risk of developing adverse cognitive and health out-
comes and social isolation, which may impact the society 
and increase the need of care to promote health in this 
population [4, 5]. The Grand Duchy of Luxembourg has 
an opportune scenario to study this phenomenon, since 
the large inflow of first-generation immigrants from the 
1960s/70s, especially those from Portugal, are currently 
entering advanced ages. According to the Census data 
in 2020, more than 47% of the population in the coun-
try are foreign-born individuals, from which 34% are 
made up of Portuguese speakers, with more than 4% 
of the total population being composed of Portuguese 
migrants aged 65 and older [6, 7]. Most of these people 
have very low educational levels (87% of the Portuguese 
aged between 55 and 64 years old and 80% of those older 
than 65 have only primary or lower secondary educa-
tion), occupy low levels of the social structure, and they 
have poor emotional support, with many facing language 
barriers as they are unable to speak one of the national 
languages (i.e., French, German, or Luxembourgish) [7, 
8]. These circumstances have a considerable impact in 
their lives, including an increased risk of dementia [9, 10] 
and interventions to address this risk are needed for this 
population.

Mindfulness is the act of intentionally paying attention 
to the experiences of the present moment, acknowledg-
ing thoughts and feelings, and letting them come and go 
with stillness, without judgment or emotional attach-
ment [11]. Mindfulness training teaches individuals to 
be attentive, patient, and open to accept positive and 
negative experiences [12]. This training focuses on sus-
tained and selective attention, as well as cognitive flex-
ibility, which is the ability to adapt to new situations 
[13, 14]. From a cognitive perspective, the most promis-
ing results from mindfulness interventions are found on 
executive functions such as attention and working mem-
ory [15–20]. As the executive functions are diminishing 
across aging [21] and are transversal to almost all daily 
activities, restoration or maintenance of these capabili-
ties may amplify the benefits of mindfulness, including a 

generalization of mindfulness to other domains, as a far 
transfer effect [22, 23]. The mindfulness-based interven-
tions have also shown considerable benefits on other out-
comes such as emotion, depression, stress, anxiety, sleep, 
quality of life, and mindfulness-related measures [15, 17, 
24–27]. However, in general, the mean age of participants 
in the studies is relatively low [28–33] and some evidence 
is mixed [34]. The feasibility of a mindfulness-based pro-
gram has been demonstrated on low-income African 
American older adults and its effects on blood pressure 
[35]. The current article describes the study protocol to 
address the paucity of evidence on effects of mindful-
ness interventions for older and underserved populations 
especially with regard to cognitive outcomes.

Beyond effects on cognition, sleep, and mental health, 
testing possible pathways of an MBRS intervention is 
advised. Aging is associated with structural and func-
tional loss, underlying the reduction of several cognitive 
skills, such as attention [36], which when associated with 
stress, may exacerbate age-related cognitive and physical 
impairment [37], especially in the most vulnerable popu-
lations. Stress may affect neuroendocrine functioning 
via the hypothalamic-pituitary-adrenal (HPA) axis, caus-
ing an exaggerated physiological response and result-
ing in excessive cortisol production, which is suggested 
to lead to negative cellular and synaptic changes in the 
hippocampus and the prefrontal cortex [38]. It has also 
been linked to inflammatory activities, which may lead 
to other adverse health outcomes [39–41] as well as the 
immune system [42]. Thus, a more holistic intervention, 
focusing on both attention training and stress relief, such 
as the mindfulness-based stress reduction (MBSR) pro-
gram, is a promising tool to counteract those age-related 
conditions [43].

Additionally, other factors appear to modulate mind-
fulness-related gains. For instance, it was reported that in 
women, mindfulness training may have a more substan-
tial impact on emotion, i.e., a greater decrease in nega-
tive affectivity than men, as well as a more pronounced 
increase in their mindfulness skills and self-compassion 
[44]. The number of attended lessons and home practice 
is also a factor to consider [45]. Thus, it is important to 
examine which factors may moderate mindfulness train-
ing, as they can be used to tailor interventions to better 
respond to individual differences and needs.

The current article describes the protocol of the MED-
ITAGING study whose aim is to quantitatively and 

Trial registration ClinicalTrials.gov NCT05615337 (date of registration: 27 September 2022; date of record verifica‑
tion: 14 November 2022).
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qualitatively evaluate and compare the effects of the 
MBSR in Portuguese-speaking migrants in Luxembourg, 
immediately after and around two-months post-interven-
tion, in comparison to a health promotion program as an 
active control condition. MEDITAGING is a monocen-
tric, randomized, double-blinded (assessor and partici-
pants blind) controlled superiority clinical trial with two 
parallel arms (with a 1:1 ratio).

Methods/design
See the Supplementary Material for the Standard Pro-
tocol Items Recommendations for Intervention Trials 
(SPIRIT) 2013 checklist.

Study setting
The group sessions are conducted at the premises of 
Zitha, a middle-sized company providing geriatric and 
gerontological care and assistance to older people living 
in Luxembourg, and other collaborating institutions such 
as senior public services and recreation clubs of Luxem-
bourg. Data is being collected with Portuguese-speaking 
migrants invited through these institutions and through 
wide dissemination in the local media.

Participants
Participants are 55 years older and over, community-
dwelling, Portuguese-speaking immigrants, living in Lux-
embourg or frontier regions. According to our eligibility 
criteria (see Table 1), participants have no major neuro-
logical or psychiatric disorders or current unstable ill-
ness. Moreover, as we previously verified that Portuguese 
older adults often present symptoms of anxiety, depres-
sion, pain, and sleep disorders [46, 47], we opted for 
broader inclusion criteria to maximize ecological valid-
ity. Additionally, we believe that participants presenting 

these symptoms would most likely benefit from the 
interventions [48]. Therefore, we did not exclude par-
ticipants with corresponding symptoms. The decision 
to use the age of participants starting at 55 was sup-
ported by the evidence that much of the cognitive decline 
observed in old adults already starts at middle age [49], 
so we expected that individuals from this age group could 
benefit from our interventions to preserve cognitive 
functioning. Additionally, we only included Portuguese-
speaking participants as they represent the largest (more 
than a third) and most vulnerable group of immigrants in 
Luxembourg [7].

Another important aspect observed among older Por-
tuguese immigrants is language barrier, as the Portu-
guese often is the only language, they are proficient in 
or comfortable to use. As a result, it can negatively influ-
ence their social relationships, feelings of belonging, and 
wellbeing [50]. Social participation in which individuals 
interact in their mother language can lead to an increase 
in social integration and has been shown to contribute 
to a healthier aging [50]. Therefore, the MEDITAGING 
offers the courses in Portuguese.

Regarding the scores on cognitive functioning, we 
exclude participants with Mini Mental State Examina-
tion (MMSE) below 22 because it is necessary to have 
a considerable level of insight to take advantage of the 
programs. Likewise, illiterate participants are excluded 
as reading and writing are indispensable to carry out the 
activities proposed in either one of the two groups.

Recruitment
Coordinated communication strategies include spread-
ing information about the MEDITAGING study to the 
Portuguese-speaking population, Portuguese Associa-
tions, local clinics, senior clubs, churches, brochures, and 

Table 1 Eligibility criteria

DSM-5 Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition, MMSE The Mini Mental State Examination

Inclusion Exclusion

‑ Being a Portuguese‑speaking migrant, residing in the Grand‑Duchy 
of Luxembourg or the Greater Region;
‑ Age: 55 years old or older;
‑ Mastery of spoken, written, and reading Portuguese;
‑ Subjects without cognitive impairment ‑ verified through the MMSE, 
cut‑off of < 22 adopted since most participants are expected to have a low 
education level (Kochhann et al., 2010).
‑ Full capacity of consent.

‑ Previous (up to 3 years before) or current weekly participation in medita‑
tion, yoga, or mindfulness‑based interventions;
‑ Concomitant participation in another kind of group interventions (e.g., 
cognitive training, psychological therapy);
‑ Attendance in psychological consultation;
‑ Severe hearing or visual impairment (not corrected);
‑ Severe medical condition requiring intensive medical care that makes it 
difficult to participate in the group sessions.
‑ Refusal to sign the informed consent;
‑ Diagnosis of dementia;
‑ Clinical neurodegenerative illness, psychotic disorder, unstable psy‑
chiatric condition which makes it difficult to participate in group work, 
posttraumatic stress disorder or history of trauma, acute psychosis, mania, 
suicidality, or substance abuse within the last 6 months (cutoff: 2 points 
at the Adult DSM‑5 Self‑Rated Level 1 Cross‑Cutting Symptom Measure).
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mass media (i.e., Facebook, newspaper advertising, radio 
programs, interviews). Communication materials are 
being made available in two languages (Portuguese and 
French). We have sent a printed letter to the institutions 
related to Portuguese-speaking people, informing them 
about the launch of the study and we are promoting lec-
tures and booths at public events. With this mix of com-
munication channels, we hope to reach our recruitment 
aim of 90 participants.

In case potential participants are interested in joining 
the program, ACT schedules an individual meeting, in 
which they are screened for eligibility and the informed 
consent is signed. During the first meeting, baseline 
assessments are performed, including sociodemographic 
and health-related questionnaires, cognitive tests, and 
qualitative interview). Participants also provide saliva 
for cortisol analysis and have their heart rate variability 

recorded. If any risk is identified (e.g., possibility of 
mild cognitive impairment), participants are informed 
about how to access specialist care services. Figure 1 and 
Table 2 provide a detailed description of the assessment 
timepoints. No financial compensation or inducements 
are provided to the subjects participating in this study.

Informed consent
Informed consent is requested from the participants 
before they participate. A model of informed consent 
form will be obtained from the authors upon request. 
Participants confirm that they were provided with oral 
and written information about their participation, the 
nature, objectives, methods, as well as anticipated ben-
efits and potential risks of the study. Additionally, by 
checking some boxes in the paper form, they authorize 

Fig. 1 Study design and participant flow diagram. Note. MBSR Mindfulness based‑stress‑reduction, HPP Health promotion program
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the research team to record, analyze, and use their data 
for scientific purposes and dissemination.

Sample size estimation
No previous study has examined the MBSR cogni-
tive effects on older migrant adults. However, a study 
with older adults reported a small MBSR effect size on 
attention [51]. Consequently, we assume a small effect 
(f = 0.14) and estimated the sample size using the G* 
Power – 3.1 statistical software [52] for repeated-meas-
ures ANOVA, considering within-between interaction 
(group x time interaction), with 80% of power and 5% 
of type I error probability. Taking an attrition rate of 5% 
reported in the mentioned study, we will need 90 partici-
pants, 45 in each arm.

Intervention procedures
At the end of the baseline session, participants are ran-
domized to one of two conditions: MBSR or health pro-
motion program. After the intervention, there are two 
assessments:  one immediately after the last program 
session and another during a  follow-up session, rang-
ing from one up to three months thereafter. This 3-month 
interval for the follow-up session is due to the fact that 
many participants frequently commute between Portugal 
and Luxembourg, which lead us to have a more spread 
interval for the assessments.

Both interventions, the MBSR and the health promo-
tion program, were matched in terms of duration, home 
practice, a half day intensive practice of four hours, and 
a psychoeducational component with group discussion. 
The sessions are weekly delivered in face-to-face groups 

of around nine people, having the duration of two and a 
half hours each one. Participants are asked to practice for 
around 40 minutes at home, on a daily basis. Participants 
from both groups receive printed manuals regarding the 
contents and activities performed. The sessions of both 
groups are led by the first author ACT, who is a psycholo-
gist qualified to apply the MBSR program by the UC San 
Diego Center for Mindfulness. ACT has vast experience 
and training in group intervention, community therapy, 
teaching, and background in Psychology of Aging. FR led 
the watercolor session of the health promotion program. 
The general structure of both programs is presented in 
Table 3.

Experimental condition – MBSR
The most used mindfulness-based training approach 
in Western societies is the MBSR [53, 54], which is the 
program we will apply in this study. It incorporates secu-
lar mindfulness meditation techniques into a structured 
program created to alleviate suffering through self-regu-
lation mechanisms. We will follow the original program 
of Kabat-Zinn [11, 55], an eight-week group-based psy-
choeducational program with weekly meetings with a 
duration of 2.5 hours, a retreat, and at-home activities. 
Participants are trained to be mindful (i.e., to be attentive 
to the present moment and to their thoughts, feelings, 
and body sensations, being more able to identify auto-
matic patterns and adopt more conscious and adaptive 
responses to the circumstances). Therefore, this training 
provides greater ability to monitor thoughts, noticing the 
wandering mind, and redirecting it to the object of inter-
est, usually called anchor [56].

Table 2 Screening and assessment measures

DSM Diagnostic and Statistical Manual of Mental Disorders, GAI Geriatric Anxiety Inventory, GDS-5 Geriatric Depression 5 Item Scale, MAAS Mindfulness Attention and 
Awareness Scale, MMSE Mini Mental State Examination, PPS Perceived Stress Scale, PSQI Pittsburgh Sleep Quality Index, TMT Trail Making Test

Measures Screening Baseline (T1) Post intervention (T2) Follow-up (T3)

Demographic and health questionnaire x

MMSE x x x

DSM‑5 Self‑Rated Level 1 Cross‑Cutting Symptom x

Saliva sample for cortisol analysis x x

TMT x x x

Stroop color word task x x x

Letter‑number sequencing x x x

PSQI x x x

PPS x x x

MAAS x x x

GAI x x x

GDS‑5 x x x

Heart rate variability x x x

Semi‑structured interviews x x x
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Table 3 Overview of the activities performed in both groups: MBSR and health promotion program

Session Number Activities in each group

MBSR Health promotion program

1 Theme:
‑ Automatic pilot vs. mindfulness.
Practices:
‑ Participants’ presentation;
‑ Agreements for the operation of the group;
‑ Eating meditation with raisins;
‑ Body scan;
‑ Group discussion.
Home practice:
‑ Body scan (audio‑guided);
‑ The Nine Dot Puzzle;
‑ Being mindful during a routine activity and a meal.

Theme:
‑ Modifiable lifestyle factors of dementia.
Practices:
‑ Participants’ presentation;
‑ Agreements for the operation of the group;
‑ Warm‑up dynamics with movement exercises and memory 
training;
‑ Lecture on modifiable risk factors.
Home practice:
‑ The Nine Dot Puzzle;
‑ Healthy Habits Agenda.

2 Theme:
‑ The role of perception in shaping our reality.
Practices:
‑ Standing yoga;
‑ Body Scan;
‑ The Nine Dot Puzzle;
‑ Discussion on perspective change;
‑ Sitting meditation.
Home practice:
‑ Body scan (audio‑guided);
‑ Sitting meditation (audio‑guided);
‑ Pleasant events calendar;
‑ Being mindful during a routine activity.

Theme:
‑ Formation of healthy habits and self‑care.
Practices:
‑ Review of the agreements for the operation of the group;
‑ Warm‑up dynamics with singing and movement exercises;
‑ Group discussion on modifiable risk factors.
Home practice:
‑ Preparing a presentation for next class;
‑ Sleep diary.

3 Theme:
‑ There is more pleasure and power when we are present
Practices:
‑ Mindful Lying Down Yoga;
‑ Mindful Walking;
‑ Sitting meditation;
‑ Pleasant events calendar.
Home practice:
‑ Alternating yoga and body scan;
‑ Sitting meditation (audio‑guided);
‑ Unpleasant events calendar;
‑ Identify an autopilot during the week.

Theme:
‑ Healthy habits and Sleeping Hygiene.
Practices:
‑ Group discussion on healthy habits and perspective change;
‑ Body movement;
‑ Lecture on the Impact of Sleep on Mental and Physical Wellness.
Home practice:
‑ Having healthier habits;
‑ Sleep diary.

4 Theme:
‑ How conditioning and perception shape our experience.
Practices:
‑ Standing Yoga;
‑ Sitting meditation;
‑ Unpleasant events calendar;
‑ Stressor naming;
‑ Identification of body reaction to stress;
‑ Awareness cycle.
Home practice:
‑ Body scan (audio‑guided);
‑ Lying down yoga (audio‑guided);
‑ Sitting meditation (audio‑guided);
‑ Be attentive to one stress reaction during the week.

Theme:
‑ Sleep and Physical exercise;
‑ Group discussion on sleep;
‑ Physical exercises focusing on flexibility and strength.
Practices:
‑ Group discussion on healthy habits and on the Impact of Sleep 
on Mental and Physical Wellness.
Home practice:
‑ Having healthier habits;
‑ Sleep diary.
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Table 3 (continued)

Session Number Activities in each group

MBSR Health promotion program

5 Theme:
‑ Responding skillfully to stress.
Practices:
‑ Standing yoga;
‑ Sitting meditation;
‑ Poem;
‑ Reactivity and response cycle;
‑ Strategies to coping with stress, considering a breathing space 
before responding.
Home practice:
‑ Sitting meditation, body scan and standing yoga (audio‑
guided);
‑ Difficult communications calendar.

Theme:
‑ Sleep hygiene and physical exercises.
Practices:
‑ Participant presentation about sleep hygiene tasks;
‑ Physical exercises focusing on flexibility and strength.
Home practice:
‑ Physical exercises agenda.

6 Theme:
‑ Stressful communications.
Practices:
‑ Standing yoga;
‑ Sitting meditation;
‑ Active listening practice;
‑ Difficult communications calendar review;
‑ Role Play.
Home practice:
‑ Alternate sitting meditation recording with body scan and/
or standing or lying down Yoga;
‑ World diet ‑ how to take better care of oneself.

Theme:
‑ Nutrition.
Practices:
‑ Body movements;
‑ Lecture on eating well and label reading;
‑ Discussion about nutrition, and food portions.
Home practice:
‑ Learning healthier recipes.

Half-day class Activity:
‑ Silence retreat.
Tasks:
‑ Yoga;
‑ Body Scan;
‑ Walking Meditation;
‑ Mountain Meditation;
‑ Eating Meditation;
‑ Loving‑Kindness Meditation;
‑ Contemplation.

Activity:
‑ Watercolor workshop.
Tasks:
‑ Learning watercolor techniques;
‑ Learning the principle of primary, secondary, and tertiary colors;
‑ Painting of one or two arts (an animal or a flower).

7 Theme:
‑ Interacting with the World: Skillful Choices and Self‑Care.
Practices:
‑ Yoga (with participants guiding);
‑ Changing Seats: Exploring the familiar and the unfamiliar;
‑ Sitting meditation, mostly silent;
‑ Retreat discussion;
‑ World diet – reviewing daily habits (invigorating and exhaust‑
ing activities and exploring how to create a balance 
between them).
Home practice:
‑ Practice of sitting, yoga, walking and/or the body scan with‑
out recording;
‑ Being as aware as possible throughout the day.

Theme:
‑ Nutrition and revitalizing the mind.
Practices:
‑ Review of the nutritional habits;
‑ Body movement exercises;
‑ Attention training and discussion on how to stimulate cognition.
Home practice:
‑ Activities of cognitive stimulation.
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Participants practice acceptance and acknowledge 
whatever is present, including negative and unwanted 
experiences, feelings, and thoughts. They are also invited 
to be aware of the transitory and impersonality of the 
experiences of life. During the training, the importance 
of bringing mindfulness and the practices to life and to 
the daily routine is emphasized. Sessions usually start 
with formal mindfulness practices, which are followed by 
group discussion, review of home practices, and recom-
mendation of new activities.

More specifically, the program techniques consist of 
guided body scan, hatha yoga, and different meditation 
techniques (e.g., sitting, eating, walking). Discussion 
about relevant topics related to the physiology of stress 
and strategies of coping with stress is also included as 
well as daily at-home practice six days a week, including 
daily informal practices (e.g., make one activity of daily 
life mindfully). For home practice, participants were 
provided with audios containing guidance of the rec-
ommended practice. Participants are asked to record 
their home practice indicating the activity performed 
and its duration. There is also a silent retreat  towards 
the end of the program, during which meditation skills 
are addressed with different techniques. Participants 
have the opportunity for extended  introspection  dur-
ing this period. The retreat of the MEDITAGING pro-
tocol have the duration of four hours since an all-day 
retreat could be too tiring for older participants. Modi-
fication in the protocol, especially in the retreat session 
to adapt to the necessity of participants, has also been 
executed in previous studies [57, 58], with a literature 
review suggesting that a reduction in the duration of 

the protocol does not reduce the effectiveness of the 
traditional intervention [57].

The health promotion program
The health promotion program is used as an active con-
trol condition, which is rarely applied in the studies in the 
field since most of them use a passive control condition 
(see [12, 16, 17]). The control group is important to mon-
itor expectancy effects, such as the Hawthorne effect [59] 
and social interaction.

The health promotion program consists of a psychoe-
ducation program focusing on the following topics: risk 
factors for dementia, healthy habits, sleep quality, nutri-
tion, unhealthy behaviors, physical exercise, and cogni-
tive stimulation. Multidomain interventions have been 
previously proved to be well accepted by participants and 
have an impact in lifestyle (e.g., physical activity, sleep 
quality, and alcohol use), as well as subjective well-being 
and cognition [60, 61]. Therefore, from an ethical point of 
view, participants from both programs benefit from par-
ticipating in this study. Also, this kind of active control 
condition has been employed in previous mindfulness 
trials [62, 63].

The health promotion program follows the same 
structure of the MBSR program, but its sessions do not 
include mindfulness training. The discussions are fol-
lowed by practical exercises and at-home activity. There 
is a four-hour watercolor workshop similar in length 
to the retreat held in the MBSR group. Handouts are 
provided with activities to be performed at home. We 
developed the activities of this group based on previous 
literature [9, 60, 62, 64, 65].

Table 3 (continued)

Session Number Activities in each group

MBSR Health promotion program

8 Theme:
‑ The Beginning of a Mindful Life.
Practices:
‑ Recognition of feeling;
‑ Qi Cong massage;
‑ Body scan;
‑ Sitting meditation, mostly silent;
‑ Poem;
‑ Home practice discussion;
‑ Letter to self and reflection on what participants have learned 
in the course;
‑ Resources to sustain practice after the ending of the program.
Home practice:
‑ Accessing ongoing resources (eg., online, handouts, commu‑
nity, regional, internet);
‑ Keeping up the practice creating a plan of practice for the par‑
ticipant daily routine.

Theme:
‑ Revitalize your mind and review the program.
Practices:
‑ Cognitive training;
‑ Positive behaviors;
‑ Reflection on what participants have learned in the course.

MBSR mindfulness‑based stress reduction program
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Criteria for discontinuing intervention
All participants have the option to withdraw from the 
study and ask their samples and/or data to be destroyed 
at any time without the need to give a reason. However, 
whenever possible, reasons for dropping out will be 
recorded. In case adverse effects are identified, they will 
be explored and may result in the intervention being 
discontinued for the participants.

Adherence and feasibility
A previous study has shown a dropout rate of 5% 
[51]. However, the dropout rate may be higher in the 
MEDITAGING project since 25.2% of the Portuguese 
immigrants plan to commute between Portugal and 
Luxembourg [66]. The adherence of home practice in a 
previous review has shown to be around 60% [67]. To 
increase adherence, weekly feedback will be requested 
from participants throughout the intervention, in order 
to detect and resolve any situation that needs attention.

Due to the under-researched target population of the 
MEDITAGING study, it has a secondary aim of inves-
tigating the operational feasibility of the MBSR for 
older migrants, as well as the financial, physical, and 
psychological feasibility of participating in the pro-
gram. In particular, the following aspects will be evalu-
ated: if participants both, those remaining in the study 
and those lost to follow-up, report [1] the need of any 
adjustment in the program [2]; any difficulties encoun-
tered (e.g., time restriction, physical limitation, anxiety, 
financial problems).

For the adherence and dropout rate analysis, the pro-
portion of participants who completed the baseline 
assessment and went to the first group session and the 
number of participants that attended at least three ses-
sions will be considered.

Outcome measures
As outcome variables, we will assess executive func-
tioning as primary outcome, as well as general cogni-
tive ability, sleep quality, perceived stress, depression, 
anxiety, mindfulness-trait, cortisol level, and heart 
rate variability (HRV) as secondary ones. Additional 
exploratory analyses will be done to verify if the effects 
are moderated by demographic factors, such as gender 
and educational level, as well as number of attended 
sessions, stress, depression, mindfulness trait, anxi-
ety, cortisol level, and sleep quality. We anticipate that 
the MBSR group will present gains (post-intervention 
compared to baseline) in cognitive tasks and stress 
relief and these gains will be higher than in the control 
group (health promotion program). A summary of the 

outcome measures is provided in Table 4. We aimed to 
select brief measures to minimize participant fatigue.

Previous reviews have shown that mindfulness may 
improve executive attention (mental set shifting and 
inhibition), as well as working memory, but overall evi-
dence remains limited [32, 56, 68]. One study has shown 
the recruitment of attentional control regions such as the 
prefrontal cortex and anterior cingulate cortex in par-
ticipants during meditation activities [69]. Additionally, 
older adults have shown to benefit of mindfulness in cog-
nition, especially on attention regulation [70, 71]. There-
fore, primary outcomes will be the executive functioning 
measures, namely the score on TMT, Stroop color word 
task, and letter-number sequencing from WAIS-III [72].

We will run exploratory secondary analyses includ-
ing the following measures: the Pittsburgh sleep quality 
index (PSQI), Perceived Stress Scale (PPS), Mindfulness 
Attention and Awareness Scale (MAAS), Geriatric Anxi-
ety Inventory (GAI), Geriatric Depression 5 Item Scale 
(GDS-5), the Mini Mental State Examination (MMSE) 
scores, as well as cortisol levels and heart rate variability 
(HRV). Cortisol level was only assessed at baseline and 
during post-intervention assessment (not in follow-up 
session, as the financial resources are limited). For the 
self-reported measures, the total score for the scale and 
subscales will be used as outcomes.

A cortisol test measuring the diurnal cortisol cycle is 
done with saliva samples collected at the participants’ 
home following manufacturer’s instructions (Salivette®, 
Sarstedt, Nümbrecht, Germany). Saliva collection is 
self-administered before and upon completion of the 
intervention, at three time points: 1) upon waking up, 
2) 30 minutes after waking up, and 3) at 8 hours after 
waking up. Sarstedt salivette® kits are delivered to par-
ticipants at baseline and after the intervention. Partici-
pants receive explanations on how to collect the saliva, 
specifically, participants are told to remove the swab 
from the Salivette® and place it in the mouth for about 
120 seconds. Then, they return the swab to the Salivette®, 
replace the stopper, and store the sample in the home 
fridge. Normally, up to 1 day after saliva collection, par-
ticipants themselves bring the collected samples to the 
place of intervention and give them to ACT who brings 
the samples to the laboratory for processing, analysis, 
and storage. At the laboratory, salivettes are stored frozen 
for up to 7 days (the tests are done once a week). Samples 
are centrifuged at 1000 rpm and aliquots are analysed by 
ELISA (Demeditec Saliva Free Cortisol Kit – Demeditec 
DES6611, Demeditec Diagnostics GmbH, Kiel, Germany) 
following the user manual. The samples are diluted if the 
results are greater than 30 ng/ml.

Heart rate (HR) assessments are performed individu-
ally during rest at baseline, post-test, and follow-up 
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Table 4 Summary of primary and secondary outcomes

Outcome Construct/surrogate Description

Primary outcomes
TMT (Cavaco et al., 2013) Executive functions TMT Part A evaluates attention, visual scanning, 

the speed of eye‑hand coordination, and infor‑
mation processing. Part B assesses working 
memory and executive functions associated 
with the capacity to switch between sets 
of stimuli. The resulting scores include difference 
(B‑A), ratio (B/A), and proportion (B‑A/A).

Stroop color word task (Golden, 1978) Selective attention, inhibitory control, and cog‑
nitive flexibility

The Stroop Test evaluates cognitive flexibility 
and attention span through a series of three dis‑
tinct subtests. In each subtest, there are 100 items 
organized in 5 columns with 20 items per column. 
The time allocated for each subtest is limited 
to 45 seconds. In the initial subtest, individuals are 
instructed to verbally read aloud the color names 
(such as red, green, or blue) that are written 
in black ink. For the second subtest, participants 
are presented with three letters “X” printed in red, 
green, or blue and are required to state the color 
of the ink. In the third subtest, subjects are 
asked to announce the color of the ink in which 
the words are printed (for instance, if the word 
“blue” is printed in green ink, the individual should 
say “green”). The time taken to complete each 
task and the number of errors made are recorded. 
The total score is calculated as the sum of scores 
from all three subtests, or alternatively, an interfer‑
ence index can be determined by subtracting 
the time taken to complete the color‑naming trial 
from the word‑reading trial.

Letter‑number sequencing from WAIS‑III 
(Wechsler, 2008)

Working memory In the Letter‑Number Sequencing task, individu‑
als are presented with a series containing a mix 
of letters and numbers. Their task involves repeat‑
ing these sequences by initially stating the num‑
bers in ascending order and subsequently reciting 
the letters in alphabetical order. The score is deter‑
mined by the count of correctly manipulated lists.

Secondary outcomes
PSQI (del Rio João et al., 2017) Sleep quality The PSQI is a questionnaire comprising 19 items 

designed to assess sleep quality and disrup‑
tions over a one‑month period. There are five 
supplementary questions that require responses 
from the participant’s roommate. These questions 
are divided into seven distinct categories: 1) 
subjective sleep quality, 2) sleep latency, 3) sleep 
duration, 4) usual sleep efficiency, 5) sleep dis‑
turbances, 6) use of sleeping medication, and 7) 
daytime dysfunction. The cumulative scores 
from these categories yield a global score ranging 
from 0 to 21, with a higher score indicating poorer 
sleep quality. An overall PSQI score exceed‑
ing 5 suggests significant difficulties in at least 
two of these categories or moderate difficulties 
in more than three of them.
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Table 4 (continued)

Outcome Construct/surrogate Description

PPS (Mota‑Cardoso et al., 2002) Perceived stress The PSS is a five‑point Likert scale consisting, 
designed to evaluate the individual’s perception 
of stress. In its Portuguese version, it com‑
prises 10 items. Participants are asked to assess 
the frequency of their emotions and thoughts 
concerning situations that have arisen in the past 
month. Responses range from “never” to “very 
often.” Four of the items are positively worded 
and are subsequently reverse scored before being 
combined with the negatively worded items. 
The resulting score falls within a range of 0 to 40, 
with a higher score indicating a heightened level 
of stress perception.

MAAS (Gregório & Pinto‑Gouveia, 2013) Dispositional quality of mindfulness The MAAS evaluates the dispositional aspect 
of mindfulness, particularly focusing on the atten‑
tion and awareness that individuals have in their 
daily life experiences. This assessment comprises 
15 items, and the overall score is derived by sum‑
ming the individual scores. The scoring scale 
ranges from 15 to 90, with higher scores indicat‑
ing a higher degree of mindfulness.

GAI (Ribeiro et al., 2011) Anxiety symptoms The GAI is a tool designed to evaluate anxiety 
symptoms in older individuals. It comprises a set 
of 20 statements where respondents indicate 
their agreement or disagreement. The recom‑
mended threshold for identifying severe anxiety 
symptoms is when the score reaches 8 or 9.

GDS‑5 (Santos et al., 2019) Depressive symptomatology The GDS‑5 represents a condensed version 
of the Geriatric Depression Scale, consisting 
of only five items. It serves as a screening tool 
for detecting depressive symptoms among older 
individuals. In the Portuguese adaptation, 
there are only four items and they are scored 
with either 0 or 1. The overall score is derived 
by summing these items, and the suggested 
cutoff point for identifying depressive symptoms 
is set at 2 points.

MMSE (Freitas et al., 2015) General cognitive state The MMSE is a brief screening assessment 
that offers a concise evaluation of cognitive 
abilities. It encompasses various tasks to assess 
orientation regarding time and place, the ability 
to register information, attention and calculation 
skills, spontaneous recall, language proficiency 
(including naming, repetition, reading, and spon‑
taneous writing), and visual construction aptitude. 
Participants receive one point for each correct 
response, with a maximum achievable score of 30 
points upon completion.

Salivary Cortisol Stress marker Saliva samples are gathered for cortisol analysis 
through the utilization of Salivette assays. These 
samples are obtained immediately upon wak‑
ing, as well as at 30 minutes and eight hours 
after awakening. Various indices related to diurnal 
cortisol measurements, such as the peak cortisol 
level and the area under the curve concern‑
ing the baseline, will be thoroughly examined 
(Fekedulegn et al., 2007; Lenze et al., 2012).
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Table 4 (continued)

Outcome Construct/surrogate Description

Resting heart rate variability ‑ HRV  
(Kim et al., 2018)

 Surrogate for psychological health and stress HRV pertains to the fluctuations in the duration 
of intervals between heartbeats. It is closely linked 
to the heart’s capacity to respond to a range 
of physiological and environmental stimuli. 
Reduced HRV is associated with compromised 
regulation and homeostatic functions of the auto‑
nomic nervous system, which in turn diminishes 
the body’s ability to handle stressors effectively. 
One of the simplest time‑domain analysis metrics 
is the standard deviation of the NN interval 
(SDNN). A higher SDNN value indicates a greater 
level of HRV. Another commonly utilized index 
is the root mean square of the successive differ‑
ences (RMSSD), which is essentially the square 
root of the mean of the sum of the squares of dif‑
ferences between adjacent NN intervals.

Screening
Sociodemographic and health‑related  
information

Sociodemographic and health‑related  
information

It is a structured interview in which participants 
answered questions regarding age, gender, years 
of formal education, country of origin, number 
of years living in Luxembourg, mother language, 
marital status, professional occupation, people 
living in the household, disease history, surgical 
interventions, pharmacological treatments, health 
complaints, difficulties in daily life, psychological 
intervention, mindfulness or meditative practices, 
religion, physical exercise, weight, and height.

DSM‑5 Self‑Rated Level 1 Cross‑Cutting  
Symptom (Bastiaens & Galus, 2018)

Assessment of psychopathology The DSM‑5 is a screening tool to assess various 
forms of psychopathology, including depression, 
anger, mania, anxiety, somatic symptoms, suicidal 
ideation, psychosis, sleep disturbances, memory 
issues, repetitive thoughts and behaviors, dis‑
sociation, personality functioning, and substance 
use. For this specific protocol, we have chosen 
to focus solely on items related to the domains 
of mania, suicidal ideation, psychosis, and sub‑
stance use. Each item is evaluated using a 5‑point 
scale, where 0 represents the absence of symp‑
toms or no occurrence, 1 indicates mild or infre‑
quent symptoms occurring for less than 2 days, 2 
denotes mild symptoms experienced over several 
days, 3 signifies moderate symptoms occurring 
on more than half of the days, and 4 indicates 
severe symptoms experienced nearly every day. 
A rating of 2 or higher is considered a potential 
indicator for further investigation. However, 
for substance use and suicidal ideation, a rating 
of 1 is used as the cutoff point for considering 
additional inquiry.

Qualitative outcome
Semi‑structured interview Subjective effects and feasibility Semi‑structured interview asking about motiva‑

tion, expectations, the need of any adjustment 
in the program, the difficulties that participants 
struggled during the program (e.g., time restric‑
tion, physical limitation, anxiety, financial prob‑
lems), if participants realized any change in their 
daily life due to the program and so were moti‑
vated to keep practicing during and after the pro‑
gram, if the group was supportive for the devel‑
opment of the program, if participants keep using 
the techniques learned at the follow‑up session, 
perceived effects, and suggestions.

GAI Geriatric Anxiety Inventory, GDS-5 Geriatric Depression 5 Item Scale, HRV Heart rate variability, MAAS The Mindfulness Attention and Awareness Scale, MMSE The 
Mini Mental State Examination, PPS Perceived Stress Scale, PSQI Pittsburgh sleep quality index, TMT Trail making test
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sessions. Participants comfortably sit using a Polar H10 
chest strap and are instructed to lean back in the chair, 
to relax, and avoid movement for 15 minutes. In the last 
5 minutes, HR is recorded using the Elite HRV smart-
phone application (Elite HRV Inc., Asheville, NC, USA). 
Each HR measure is recorded at two different times on 
the same day.

Randomization and blindness
At the end of the baseline assessment, participants are 
randomized to the MBSR or the health promotion pro-
gram intervention. The randomization list was gener-
ated through a website (http:// www. rando mizat ion. com) 
in blocks of 10 participants with a ratio of 1:1 to receive 
the MBSR or the health promotion program (i.e., five 
individuals randomly allocated to each group). The allo-
cation list is masked from all study personnel. The con-
dition of each participant is described in different excel 
sheets in a way that the researcher responsible for the 
randomization would only have access to the allocation 
of the next participant (allocation concealment). Asses-
sors and participants are blinded to the conditions prior 
to randomization. During the intervention, although par-
ticipants know which activity they are included in, they 
do not know which the experimental or control condi-
tions are. If participants want to know about our hypoth-
eses, they may be disclosed after the study is completed. 
To test participants’ blinding, they fill out a question-
naire of credibility and expectancy adapted from Devilly 
and Borkovec [73]. Due to the researchers’ availability, 
the intervention facilitator and the data analyst are not 
blinded for participants’ conditions since it is performed 
by the first author of this study (ACT).

Management of data collection
Training is provided for all assessors in order to guaran-
tee the quality of the assessment and the safety of partici-
pants. Adverse effects of the interventions are assessed 
through the Positive and Negative Affect Schedule 
(PANAS) and a Visual Analog Scale (VAS), administered 
in five different sessions of the project, as well as by the 
interview performed during the post-intervention ses-
sion. This allows us to identify any unwanted effects asso-
ciated with the MBSR. Although the risks related to the 
participation in this study are minimal, ACT, JS, and AKL 
periodically review the adverse effects and make deci-
sions when they are verified. Changes to the study proto-
col will be updated accordingly in clinicaltrials.gov. ACT 
has the responsibility to conduct and monitor the neces-
sary tasks to run the study. A monthly meeting is held to 
discuss the quality and development of the project, inter-
calated with specific meetings focusing on specific tasks 
and aims of the project.

Most of the information is collected on paper and 
will be stored in a database. All samples and data are 
pseudonymized. Only one researcher (ACT) and the 
neuropsychologist assessor are able to match the partici-
pants’ name with their data. Names are replaced by codes 
from which identification is impossible. No personally 
identifiable information is transferred to the laboratory 
that process and analyze the saliva samples. All data 
collected will be entered into an eCRF system (Redcap) 
hosted under control of the researchers (ACT and AKL) 
acting as the Data Controller. The database of the eCRF 
system is protected by the firewall and has secure online 
access for the investigators. Data quality is checked by a 
second person not responsible for data entry. No Data 
Monitoring Committee is designated to this study, which 
is justified given it is a low-risk intervention.

Statistical analyses
Regarding statistical analyses, data will be explored for 
missing and impossible values and descriptive statis-
tics will be provided. The analyzes will be based on the 
modified intention-to-treat (mITT) population (i.e., par-
ticipants that participated in at least three group-sessions 
and have at least one post-intervention assessment). We 
chose three sessions based on previous studies showing 
cognitive changes after three sessions of cognitive train-
ing [74]. A level of significance of less than 5% will be 
used in the analyses.

We will use mixed-effect regression models with maxi-
mum likelihood estimation to analyze change in cognitive 
scores as a function of the interaction group*time and 
participants will be treated as a random effect. P-value 
will be set at p < .05. Effect sizes (Hedges, g) will be calcu-
lated for each score [75–77]. Demographic factors, such 
as gender and educational level, the number of attended 
sessions, as well as the score differences in stress relief, 
depression, anxiety, mindfulness state, and sleep qual-
ity will be analyzed by running separate models for each 
factor.

Concerning the interview, it will be recorded in 
audio and transcribed in Portuguese by a member of 
the research team. The interview data will be analyzed 
according to Malterud’s principles of systematic text con-
densation and guidelines for qualitative research [78]. 
Content analysis can be conducted using the software 
package NVivo 12 [79].

Reporting and dissemination
Results of the MEDITAGING project will be published 
in scientific journals and conferences. All scientific con-
tributors will be included as authors according to inter-
national authorship guidelines. Only aggregated data will 
be published. Furthermore, specific scientific talks open 

http://www.randomization.com
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to the public are being organized, with the entities par-
ticipating in the study, to present the main findings to the 
participants, as well as to give them strategies to promote 
the successful aging. We will also take advantage of the 
mass media (e.g., newspapers, Facebook, Twitter, web-
sites) to share findings with the scientific community and 
the public.

Discussion
The study protocol was developed to provide good quality 
interventions to promote active aging among vulnerable 
older immigrants, especially focusing on cognition, stress 
reduction, and social interaction. Luxembourg offers a 
suitable context to run the MEDITAGING study since 
many immigrants, especially Portuguese speakers, are 
nowadays older adults with less favorable social partici-
pation profiles [8]. Consequently, older migrants may be 
more vulnerable to physical and mental disorders, which 
may come with increased needs for health and social care.

The MEDITAGING study aims to compare the effects 
of two group-programs (MBSR and health promotion 
program) offered to Portuguese-speaking immigrants 
aged 55 or over, living in Luxembourg and frontier 
regions. Other secondary aims such as characteriza-
tion of the cognitive functioning and emotional state of 
the participants are also planned. Regarding the inter-
ventions, the MBSR follows the traditional curriculum 
[55], while the health promotion program was made 
following the literature in the field [9, 60, 62, 64]. As we 
developed an innovative control condition, we address 
the ethical and methodological challenge of providing 
health promotion education to the control group as well, 
in contrast to earlier studies that used a passive control 
condition only (see [12, 16, 17, 65]). Due to the active 
control condition [15–18], we believe that both interven-
tion groups will benefit from the interventions. None-
theless, due to the nature of the intervention condition, 
we hypothesize that the MBSR group will present more 
gains in executive functioning in line with the intention 
of the program [11]. Additionally, we expect that the 
MBSR group will present gains in stress relief, which will 
also be reflected in lower cortisol levels [80] and higher 
heart rate variability [81]. These surrogate measures 
are important to complement the neuropsychological 
assessment and questionnaires, supporting evidence for 
the efficacy of the interventions [82].

Furthermore, there is a paucity of evidence regarding 
mindfulness training effects in older adults, especially with 
vulnerable populations (see [83] for a recent review). This 
lack of studies was demonstrated in a review suggesting 
that, in high-income countries, there are few programs 
promoting health in disadvantaged populations [84].

Regarding the limitations, interventions with other 
migrant groups may be needed to understand if the 
results of MEDITAGING can be generalized. Second, 
written assignments that are part of the MBSR may be 
less effective in the addressed population, as most of the 
participants have low levels of education and do not feel 
comfortable writing. It would be important that future 
studies use other modalities of registration, such as 
recording, to register their answers and practices. Third, 
Some of the participants are excluded due to illiteracy, as 
the MBSR and health promotion materials require read-
ing skills. Inclusion of illiterate people in future studies 
is important to test effects in this even more vulnerable 
group. Fourth, the study may lack power since we have 
based our sample size calculation in a study with higher 
educated population and effects may be smaller in our 
target population [26]. No other study with a similar 
population and endpoints was published by the time 
we planned this project. Fifth, the high level of sickness 
days due to the pandemic and the frequent travels to the 
origin countries of the participants may lead to a high 
dropout rate. Sixth, differences in outcomes between 
intervention and control group may be rather small, 
since participants in the control condition are receiving 
an intervention to promote a healthier lifestyle, which is 
supposed to improve lifestyle, well-being, cognition, and 
protect against dementia [60, 61, 85]. Finally, it would 
also be important to follow-up participants for a longer 
period of time to evaluate if the effects are maintained in 
the long-term.

Conclusion
We believe that MEDITAGING is an important initiative 
contributing to the evidence base on non-pharmacologi-
cal interventions aimed at promoting healthy aging, espe-
cially among vulnerable populations such as migrants. 
Feedback from national partners suggests that initia-
tives like the MEDITAGING project fill a need related 
to immigration. The diversity and singularity of older 
migrants needs to be addressed in interventions like this, 
as well as incorporated in public health policies [7, 8, 86].
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