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effects on mood and perception
of executive functioning in
middle-aged and older adults: a
pilot study
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Background: Age-related cognitive decline typically begins during middle
age and persists into old age. In parallel, mood (and, in particular, anxiety and
depression) can be a significant predictor of neurodegenerative pathologies.
To prevent these negative consequences, mindfulness trainings were used to
improve mood and executive functioning in middle-aged and older adults.
Less is known about cold water immersion, which apparently favors cognitive
enhancement and mood restoration.

Methods: The current pilot study involved a sample of 46 adult participants (63%
F; mean age: 60.67 years, SD: +8.51), who completed a combined mindfulness
and cold-water immersion program of 20 weeks. Before and after the training
period, participants completed questionnaires about depressive and anxiety
symptoms and executive functioning perception. A linear mixed model was run
to evaluate pre-post differences with the presence of potential confounders
(i.e., country, occupation, physical activity practice).

Results: The results showed a positive effect of the combined training on
depression (mean difference = -2.59, t=-3.10, p = 0.003), with higher
effectiveness for older adults compared to middle-aged participants (mean
difference = —=3.26, p = 0.042). Moreover, a significant effect of the training
was found concerning anxiety (Fiso0s = 770, p = 0.008), without differences
between the two age groups (Fis106 = 0.10, p = 0.75). Finally, a non-significant
effect of the combined training was found between pre- and post-treatment
phase concerning executive functioning perception (Fys,64 = 3.61, p = 0.06).
Conclusion: Cold water immersion combined with mindfulness sessions could
be considered by future researchers as a possible training for healthy aging.
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1 Introduction

The global population is undoubtedly aging, posing significant
challenges for the healthcare system (1). Therefore, there is an
increasing need to identify strategies for promoting healthy lifestyle
starting with middle-aged adults (2).

There is a large consensus that cognitive decline starts from
60 years (3), although some studies indicate a earlier cognitive decline
declining (4). For example, a study of Ferreira et al. (5) reported that
executive functioning decline may start from the age of 50. Executive
functioning are higher-ordered cognitive functions supporting goal-
directed behaviors (6). According to the model of Diamond (7), the
three main core executive functions are inhibitory control, working
memory and cognitive flexibility. Inhibitory control allows the
suppression of irrelevant stimuli in favour of a relevant one, or the
ability to control one’s behavior, while working memory is the ability
to keep in mind and manipulate information no longer present in the
environment. Cognitive flexibility refers to the ability to switch
between perspectives or maintain multiple perspectives
simultaneously (8). Executive functions are deeply implicated in
movement, and several studies have shown their role in predicting
falls in healthy older adults (9-11).

Additionally, mood regulation may vary throughout the lifespan
(12). Despite a higher prevalence of psychiatric disorders in late life
(13), scientific literature generally agrees on older adults’ effective
mood regulation (14), with a reduction trend of depressive symptoms
with age (13). Indeed, some studies highlighted that depressive and
anxiety symptoms are associated with dementia risk (14-16).
Moreover, Gimson et al. (17) reported that midlife anxiety is associated
with an increased risk for late-life dementia.

According to these studies, the protection of executive functions
and mood balance in middle-aged and older adults might reduce the
burden on the public health system. Indeed, on the one hand, risk of
falls might be reduced by enhancing executive functions. On the other
hand, lowering anxiety and depression symptoms might also
contribute to reducing dementia risk.

For these purposes, scientific literature indicates mindfulness
training as an effective program for enhancing executive functioning
(18). In recent years, mindfulness has become one of the primary
approaches for enhancing mental wellbeing (19-21). In particular, the
original mindfulness program created by Kabat-Zinn (22) focuses on
individual, non-judgmental awareness of the present moment,
eliciting positive emotions and increasing attentional focus (23).
Moreover, scientific literature has also indicated cold water immersion
as a tool for improving mood (24). Kunutsor et al. (25) highlighted the
beneficial effects of cold-water immersions as a good practice for
healthy aging. In their review, the Authors found psychological
beneficial effects in terms of executive function and neurodegenerative
disease protection, since the exposure to cold water stimulates the
production of norepinephrine, a neurotransmitter connected to
attention and mood. Specifically, optimal levels of norepinephrine are
connected to better executive functioning and reduced distractibility
(26), and a better mood regulation (27).

Considering the beneficial effects, respectively, of mindfulness
training and cold-water immersion on mood regulation and
executive functioning, the combination of these two approaches
may yield synergistic positive effects on middle-aged and older
adults’ psychological wellbeing. In particular, both trainings
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might separatedly determine a change at neurological level
stimulating the production of neurotransmitters and improving
attentional focus, a combined training might show complementary
neurobiological effects. As previously affirmed, cold water
stimulates the production of norepinephrine (25). Similarly,
Craigmyle (28) found that mindfulness mediation practices, such
as mind-wandering, activates the anterior cingulate cortex,
which modulates the locus coerelus, increasing the levels
of norepinephrine.

Concerning previous studies, Faid et al. (29) in the only one
combining cold water immersion and meditation with the Wim-Hoff
method, which integrates breathing exercises and meditation in a cold
environment (30), whilst no studies were found on middle-aged and
older adults.

Middle-aged and older adult populations represent different
phases of the aging process and might be characterized by changes at
different stages. The comparison between these two groups might offer
the possibility to identify age-specific effects of the intervention.
Previous literature reported that older adults tend to have a better
mood regulation than middle-aged adults (14), who are in the peak
years of work career and familiar responsibilities. Therefore, it is
expected a higher effectiveness of the training on middle-aged adults
compared to older adults, that already have a good mood regulation.
Conversely, concerning executive functioning, older adults might
experience cognitive decline in a higher extent than middle-aged
adults (31, 32). Thus, in this case, it is expected that the program
would be more effective for older adults compared to middle-aged.

Therefore, given the importance of preserving executive
functioning and mood balance starting from middle-aged adults, the
aim of the current pilot study is to analyse the effect of a mindfulness
program combined with cold water immersion in a sample of middle-
aged and older adults. Specifically, the study hypothesizes that:

HI: the program would have beneficial effects on the overall
sample on depressive and anxiety symptoms;

H2: the program would have more positive effects on the mood of
middle-aged adults;

H3: the program would have more positive effects on executive

functioning perception of older adults.

2 Methods
2.1 Participants

For requirements Participants were recruited through public
announcements in different countries (Italy, Croatia, Austria, Belgium,
Czechia) voluntarily.

The recruitment was part of the COL.D.D. project—Cold water
swimming for the prevention of Dementia and Depression (Project:
101133918—COL.D.D.—ERASMUS-SPORT-2023). The project was
developed within an international consortium composed of CEIPES
ETS (Italy), the European Network of Active Living for Mental Health
(Belgium), Swimming Club Zagreb (Croatia), SHUT UP AND SWIM
(Czechia), and the Innovative Education Center (Austria), with the
University of Palermo involved as an associated academic partner.
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The inclusion criteria for the participation to the program were
being healthy, without pathologies, not taking medication and being
>50 years. Therefore, participants with pathologies, taking medication
or younger than 50 years were excluded.

Sample size was estimated through G*Power for multiple
regression model, with an effect of 0.35 [taken from Faid et al. (29)],
80% of power and 5 predictors, resulting in 43 participants. The initial
sample consisted of 54 participants; however, 6 participants withdrew
from the procedure at different stages of the intervention, while 2
participants did not complete the post-intervention evaluation.
Therefore, the final sample consisted of 46 participants (63% F), whose
mean age was 60.67 years (Standard Deviation [SD]: +8.51). More
than half of the sample was married (52%), living in different parts of
Europe (Austria: 22%, Belgium: 17%, Croatia: 13%, Czechia: 26%,
Italy: 22%), and were mainly retired (65%).

In the pre-intervention phase, participants were reunited in a
room for explaining the purpose of program, the required time effort,
and the physician explained benefits and risk connected to the
procedure. Participants were also informed to be free to withdraw
from the procedure at any stage and without consequences.
Afterwards, those willing to participate to the intervention were asked
to sign a written informed consent. Therefore, the researcher gave to
each participant a battery of questionnaires about perception of
executive functioning, anxiety and depressive symptoms. After the
intervention, participants were asked to complete again the
questionnaires. The training lasted 3 months, from November 2024 to
March 2025, twice a week for 1 h, for a total of 40 training sessions.
All the participants followed all the training sessions.

The study was conducted respecting the Declaration of Helsinki
principles and was approved by the Bioethical Committee of the
University of Palermo, protocol nr. 248/2024 of the 26/11/2024.

2.2 Measures

2.2.1 Depressive symptoms

To assess the presence and the level of depressive symptoms, the
adapted version of the Beck Depression Inventory Short-Form
(BDI-SF) (33) was employed. The original scale is one of the most
used worldwide to screen depressive symptoms, while the short form
revealed to be effective especially for detecting depression in older
adults (34). The SF consists of 13 items rated on a 4-point Likert scale
ranging from 0 to 3, with higher scores indicating higher rates of
depression. Participants are asked to evaluate their feelings in the past
2 weeks and to endorse the sentence that is nearer to their experience
(0: “T do not feel sad”; 1: “T feel sad”; 2: I am sad all the time and
I cannot snap out of it”; 3: I am so sad or unhappy that I cannot stand
it”). The scale showed an excellent internal consistency (Cronbach
alpha: 0.96).

2.2.2 State anxiety

State anxiety was detected through the state anxiety subscale of
the Spielberger State-Trait Anxiety Short Form (STAI SF) (35). The
scale consists of two measures of anxiety, namely trait anxiety and
state anxiety. For the purposes of the study, state anxiety only was
taken in consideration, as we hypothesize that the training is effective
on situational anxiety. The subscale consists of 5 items evaluated on a
4-point Likert scale (sample item: “I feel that difficulties are piling up
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so that I cannot overcome them”), ranging from 1 (“Not at all”) to 4
(“Very much s0”). Higher scores indicate higher levels of anxiety. The
internal consistency of the scale was good (Cronbach alpha: 0.81).

2.2.3 Executive functioning perception

Executive functioning perception was assessed through the
Amsterdam Executive Function Inventory (AEFI) (36), which is a self-
reported measure of executive functioning. It consists of 13 items
measured on a 3-point Likert scale (1: “Not true,” 2: “Partly true,” 3:
“true”). The items are grouped into three subscales, namely attention,
planning and self-control (sample item: “my thoughts easily wander”).
For the purposes of the study, we considered the general score,
obtained through the raw sum of all the items. The internal consistency
of the scale was 0.54, which is in line with the original standardization
of the questionnaire (36).

2.2.4 Mindfulness training combined with cold
water immersion

Participants were recruited in each Consortium country (Italy,
Belgium, Croatia, Czechia, and Austria) and attended forty workshops
twice a week, from November 2024 to March 2025. Each group
session, lasting about 2h, comprised the combination between
mindfulness training and cold-water immersion. The whole training
was supervised by a physician in case of side effects.

Each session was conducted by a trainer who previously followed
a transnational intensive training course in Croatia in July 2024. This
training course had the purpose to instruct the trainers about the
project and to deepen the theoretical rationale of the training.
Moreover, trainers received information about how conducting safely
the cold-water immersions and the mindfulness training.

The mindfulness training was delivered by psychologists certified
with mindfulness courses or diploma. Each of the 40 sessions
consisted of two phases: initially, 40 min were dedicated to
mindfulness techniques, starting from the present moment awareness
(about 10 min). Then, the body scan technique was performed
together with progressive muscle relaxation (about 15 min). Finally,
the training ended with guided breathing exercises (about 10 min). At
the end of the session, 5 min were dedicated to open discussion
(5 min), where participants were encouraged to share their feedback
about the training session, and to compare the present experience to
the past ones. Participants were also asked to repeat these techniques
individually at home between training sessions.

After the mindfulness session, participants underwent to cold
water immersions, conducted in controlled environments, with a
special focus on safety procedures. Participants were initially required
to take a cold bath in standing position for 1 min with a temperature
of 14 °C, which was lowered session to session as participants
increased their tolerance. Participants were immersed from their feet
up to their shoulders. At the end of the program, participants were
able to stay immersed in 8 °C for 20 min maximum. No side effects
were encountered during the whole program.

2.3 Data analysis
Data were analyzed through the software R (version 4.4.1.) with

ImerTest package. Descriptive statistics is presented in Table 1.
Considering that there studies generally indicate that executive
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TABLE 1 Descriptive statistics.

10.3389/fpubh.2025.1693026

Variable Pre-test Post-test Pre-post Cohen'’s
. . comparison d
Middle- Older Middle- Older P o
(95% ClI)
aged adults adults aged adults
adults
M SD M SD M SD M SD T (95% Cl)
Age 60.67 8.51 55.90 523 | 69.63 578
3,953 0.58
Depression 1048 | 1122 | 1473 1134 | 250 501 7.35 906 = 1037  9.71 1.69 3.40
(1.53-4.73) (0.27-0.89)
State 2,887 0.42
10.28 3.26 11.30 3.22 838 | 242 9.09 376 | 1020 | 408  7.00 1.75
Anxiety (0.36-2.03) (0.12-0.72)
Executive —2.40%* -0.35
27.63 411 27.50 387 | 2788 | 466 @ 2941 = 458 | 2980 @ 532 2869 | 273
functioning (—3.28; —0.29) (—0.65; —0.05)

##kp <0.0001; #*p < 0.001; *p < 0.05.

functioning decline can start from 60 years (3), participants were
divided into middle aged adults (from 45 to 59 years) and older adults
(>60 years). Pre-test and post-test differences were evaluated through
a linear mixed model with confounders (physical activity practice,
occupational status, and country). Specifically, the model included the
following variables as fixed effects: phase (pre- vs. post-test), age group
(middle-aged vs. older adults), physical activity practice (sedentary vs.
active), occupational status (employed vs. unoccupied/retired), and
country (Austria, Belgium, Croatia, Czechia, Italy). Within-subject
variability was accounted through a random slope for each participant.
Restricted Maximum Likelihood (REML) was
estimation method.

used as

3 Results
3.1 Descriptive statistics

Significant differences emerged between the pre-test and post-test
conditions concerning all variables. Specifically, there was a reduction
in depression (t=3.95, df =45, 95% CI: 1.53-4.73, p < 0.01) and
anxiety (t = 2.88, df = 45, 95% CI: 0.35-2.03, p < 0.01) symptoms, and
an increase in executive functioning perception (t = —2.40, df = 45,
95% CI: 0.29-3.28, p < 0.05).

3.2 Differences between middle-aged and
older adults

Concerning Depression, the model reported a significant main
effect of Phase (F, 5, = 9.39, df = 54, 95% CI: —4.26 to —0.93, p = 0.003),
with a general post-intervention reduction (mean difference = —2.59,
t =-3.10, df = 54, 95% CI: 0.84-4.35, p =0.003) (see Figure 1).
Moreover, a significant interaction between phase and age group
emerged (F 5,1, = 3.50, df = 54.17, 95% CI: 0.17-6.84, p = 0.04),
highlighting that the training was more effective for older adults
compared to middle-aged participants (mean difference = —3.26,
df = 54, 95% CI: —4.35 to —0.84, p = 0.042). In addition, unoccupied/
retired participants reported higher depression levels that employed
participants (mean difference = —2.97, df = 49.10, 95% CI: —5.75 to
—0.19, p =0.039). Country had a significant effect (Fye =69.71,
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p <0.001) with Austria reporting the highest level of depressive
symptoms, while no effects was encountered on being sedentary/
active. The model accounted for the 86% of the variability
concerning Depression.

3.2.1 Anxiety

In relation to Anxiety, the model reported a significant effect of
Phase (F, 505 = 7.70, p = 0.008), with a significant decrease in the post-
test evaluation (mean difference: —1.24, t = —2.78, df = 50, 95% CI:
—2.13 to —0.35, p = 0.008) (see Figure 2). The interaction between
phase and age range was nonsignificant (F, s s = 0.10, p =0.75),
indicating that this decrease was similar in the two age groups.
Regarding confounders, a significant main effect of occupation
(Fi 4615 = 7.04, p = 0.011) and country (F, 6 = 19.52, p < 0.001) were
encountered. Specifically, people having a job reported higher anxiety
symptoms than retired/unoccupied participants (mean difference:
—2.05, df = 46.13, 95% CI: —3.58 to —0.51, t = —2.65, p = 0.011) and
people from Austria reported the highest anxiety levels. No differences
concerning people physically active or sedentary were found. The
model accounted for the 66% of the variance on Anxiety.

3.2.2 Executive functioning perception

Concerning Executive Functioning perception, a non-significant
effect of the combined training was found between pre- and post-
treatment phase (F, 5,6, = 3.61, p = 0.06mean difference: 1.56, t = 1.90,
df = 52.64, 95% CI: —0.07-3.20, p = 0.06) (Figure 3). No effects of age
range (F, 495 = 0.06, p = 0.81), physical activity practice (F, 53, = 0.99,
p =0.323) and occupational status (F, sos; = 0.00, p = 0.987) were
retrieved. Participants’ scores differed only on Country, where people
from Austria reported higher executive functioning perception than
people from Belgium and Czechia. The model explained a total of 29%
of variance.

4 Discussion

The current pilot study aimed to test the effectiveness of
mindfulness training combined with cold-water immersions in a
sample of middle-aged and older adults. In particular, the study
hypothesized that the program would have beneficial effects on the
overall sample in terms of depressive and anxiety symptoms, and that
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Differences between pre- and post-treatment concerning depression (error bars represent standard errors). *p < 0.05.

14

— Middle-aged adults
Older adults

T

Pre-test

Phase

FIGURE 2
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Differences between pre- and post-treatment concerning anxiety (error bars represent standard errors).

T

the training would be more effective for improving for enhancing
mood in middle-aged individuals and for improving executive
functioning in older adults. The results of the study partially supported
the first hypothesis and fully supported the second hypothesis, while
the third hypothesis was not supported. Specifically, we found a
decrease in anxiety and depressive symptoms after the intervention,
with a higher effect for depressive symptoms among middle-aged
adults, while the effects of the training on executive functioning were
not significant.

Frontiers in Public Health

Our results showed a decrease in anxiety and depressive symptoms
which aligns with the literature on mindfulness training (33, 34) and
cold water immersion. Moreover, the study is in line with Furley et al.
(3), finding a significant effect of the combination between
mindfulness exercises and cold water immersion.

A non-significant result was found on executive functioning,
probably due to the small sample size and that we assessed the
perception of executive functioning through self-reported
measure. Concerning mindfulness training, its effectiveness on
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Differences between pre- and post-treatment concerning perception of executive functioning (error bars represent standard errors).
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executive functions relies on the fact that brain plasticity adapts to
change in consciousness, as demonstrated by neuroimaging
techniques (37). Moreover, training the attentional focus for
extended periods can modify brain electrical activity, leading to an
improvement in executive functioning (38). Regarding mood
improvement, the awareness of bodily states, thoughts and
consciousness, and the attitude of openness and acceptance may
encourage the attainment of self-regulation, reducing anxiety and
depression risk (19, 39).

Similarly, a study by FitzGibbon et al. (40) measured EEG in
individuals with modern hypothermia and observed a decrease in
alpha activity, associated with a relaxed state, and an increase in beta
activity, linked to executive functioning. Cold water exposure is also
associated with a decrease in cortisol secretion as a response to
acute stress (41), while repeated cold water exposure may
be associated with improved stress responses, which can
be generalized to enhanced mood regulation and anxiety
management (41, 42).

The second result reported an overall improvement of mood
regulation, and in particular, middle-aged adults’ depressive symptoms
seemed to benefit the most. Previous studies have showed that older
adults usually display better mood regulation strategies compared to
younger people (43). Therefore, it seems that the combination of
mindfulness training and cold-water immersion might be effective for
individuals who are less emotionally regulated.

To our knowledge, this is the first pilot study combining
mindfulness training and cold-water immersions, specifically
targeting middle-aged and older adults. The advantage of this
study relies on the creation of an accessible and cost-effective
intervention that might increase executive functioning and mood
regulation. Despite these encouraging results, the study comes out
with some limitations: first, since it was a pilot initiative, no
control group nor single training condition (i.e., only water
immersion/only mindfulness training) were involved, therefore
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we cannot conclude if the training was effective thanks to the
combination of the two aspects or if one of the two components
was more effective. Moreover, the sample was small and
unbalanced: indeed, the sample consisted predominantly of
middle-aged adults, which could explain the nonsignificant results
of the second and third hypotheses. Also, we did not assess for
confounding variables such as previous exposure to cold water,
which could bias our results. Finally, we assessed the study
outcomes through self-reported measures, which could not
be accurate for cognitive variables such as the executive
functioning. Therefore, given these limitations, the results of this
study should be interpreted with caution.

Future research should further explore the potentialities of
combined training for maximising executive functioning and mood
regulation effects by exploring the role at neurobiological level, for
instance identifying the role of neurotransmitters during both
activities. Moreover, considering that older adults tend to suffer from
loneliness (44), it could be helpful to analyse the role of group vs.
individual activities in the relationship between the type of training
and the emotional/cognitive outcome.

The current study has several implications for the promotion
of healthy living among middle-aged and older adults. First, the
combination of mindfulness and cold water immersion could
offer a non-pharmacological, low-cost, and accessible
intervention for the support of psychological wellbeing. Moreover,
the group dimensions of the activities might reduce loneliness
and promote social connectedness among older adults. Finally,
the intervention might specifically target the improvement of
mood and executive functioning, whose decline may have
negative consequences at individual (e.g., increased quality of life
and mental health) and public health level (e.g., reduction of
falls). Therefore, the implementation of this kind of interventions
could significantly contribute to the reduction of the healthcare

system burden.

06 frontiersin.org


https://doi.org/10.3389/fpubh.2025.1693026
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Gentile et al.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Bioethical
Committee of the University of Palermo. The studies were conducted
in accordance with the local legislation and institutional requirements.
The participants provided their written informed consent to
participate in this study.

Author contributions

AG: Formal analysis, Data curation, Methodology, Writing —
original draft, Conceptualization. SV: Writing - original draft,
Investigation, Methodology. MK: Resources, Project administration,
Conceptualization, Funding acquisition, Writing - review & editing.
KP: Investigation, Writing - review & editing, Software. LT: Writing -
review & editing, Investigation, Software. JK: Software, Writing —
review & editing, Investigation. PO: Writing - review & editing,
Software, Investigation. MA: Data curation, Conceptualization,
Supervision, Writing — original draft.

Funding

The author(s) declare that financial support was received
for the research and/or publication of this article. This work was

References

1. Mohammad Rahimi E Sohrabi M, Saberi Kakhki A, Mohammad Rahimi N. Six
weeks to wellness: the role of breathing exercises based on motor development pattern
in improving fitness and quality of life in overweight elderly women. Biol Res Nurs.
(2025) 27:261-73. doi: 10.1177/10998004241297403

2. Bartrés-Faz D, Demnitz-King H, Cabello-Toscano M, Vaqué-Alcazar L, Saunders
R, Touron E, et al. Psychological profiles associated with mental, cognitive and brain
health in middle-aged and older adults. Nat Ment Health. (2025) 3:92-103. doi:
10.1038/s44220-024-00361-8

3. Furley P, Schiitz L-M, Wood G. A critical review of research on executive functions
in sport and exercise. Int Rev Sport Exerc Psychol. (2025) 18:316-44. doi:
10.1080/1750984X.2023.2217437

4. Ferguson HJ, Brunsdon VE, Bradford EE. The developmental trajectories of executive
function from adolescence to old age. Sci Rep. (2021) 11:1382. doi: 10.1038/5s41598-020-80866- 1

5. Ferreira D, Correia R, Nieto A, Machado A, Molina Y, Barroso J. Cognitive decline
before the age of 50 can be detected with sensitive cognitive measures. Psicothema.
(2015) 27:216-22. doi: 10.7334/psicothema2014.192

6. Diamond A. Executive functions In: Handbook of clinical neurology, ed. Gallagher
A, Bulteau C, Cohen D, Michaud J. (Elsevier), (2020). 173:225-40.

7. Diamond A. Executive functions. Annu Rev Psychol. (2013) 64:135-68. doi:
10.1146/annurev-psych-113011-143750

8. Diamond A. Effects of physical exercise on executive functions: going beyond
simply moving to moving with thought. Ann Sports Med Res. (2015) 2:1011

9. Buracchio TJ, Mattek NC, Dodge HH, Hayes TL, Pavel M, Howieson DB, et al.

Executive function predicts risk of falls in older adults without balance impairment.
BMC Geriatr. (2011) 11:1-7. doi: 10.1186/1471-2318-11-74

10. Iersel MB, Kessels RP, Bloem BR, Verbeek AL, Olde Rikkert MG. Executive
functions are associated with gait and balance in community-living elderly people. J
Gerontol A Biol Sci Med Sci. (2008) 63:1344-9. doi: 10.1093/gerona/63.12.1344

Frontiers in Public Health

10.3389/fpubh.2025.1693026

supported by COL.D.D—Cold water swimming for the prevention of
Dementia and Depression” (Project: 101133918—COL.D.D.—
ERASMUS-SPORT-2023).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Any alternative text (alt text) provided alongside figures
in this article has been generated by Frontiers with the
support of artificial intelligence and reasonable efforts
have been made to ensure accuracy, including review by
the authors wherever possible. If you identify any issues, please

contact us.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

11. Kearney FC, Harwood RH, Gladman JR, Lincoln N, Masud T. The relationship
between executive function and falls and gait abnormalities in older adults: a systematic
review. Dementia Geriatr Cogn Disord. (2013) 36:20-35. doi: 10.1159/000350031

12. Blanchard-Fields E, Stein R, Watson TL. Age differences in emotion-regulation
strategies in handling everyday problems. J Gerontol Ser B Psychol Sci Soc Sci. (2004)
59:P261-9. doi: 10.1093/geronb/59.6.P261

13. Byers AL, Yaffe K, Covinsky KE, Friedman MB, Bruce ML. High occurrence of
mood and anxiety disorders among older adults: the National Comorbidity Survey
Replication. Arch Gen Psychiatry. (2010) 67:489-96. doi: 10.1001/archgenpsychiatry.2010.35

14. Perin S, Lai J, Pase M, Bransby L, Buckley R, Yassi N, et al. Elucidating the
association between depression, anxiety, and cognition in middle-aged adults:
application of dimensional and categorical approaches. J Affect Disord. (2022)
296:559-66. doi: 10.1016/j.jad.2021.10.007

15. Santabarbara J, Lipnicki DM, Villagrasa B, Lobo E, Lopez-Anton R. Anxiety and
risk of dementia: systematic review and meta-analysis of prospective cohort studies.
Maturitas. (2019) 119:14-20. doi: 10.1016/j.maturitas.2018.10.014

16. Kuring J, Mathias J, Ward L. Risk of dementia in persons who have previously
experienced clinically-significant depression, anxiety, or PTSD: a systematic review and
meta-analysis. ] Affect Disord. (2020) 274:247-61. doi: 10.1016/.jad.2020.05.020

17. Gimson A, Schlosser M, Huntley JD, Marchant NL. Support for midlife anxiety
diagnosis as an independent risk factor for dementia: a systematic review. BMJ Open.
(2018) 8:€019399. doi: 10.1136/bmjopen-2017-019399

18. Diamond A, Ling DS. Review of the evidence on, and fundamental questions
about, efforts to improve executive functions, including working memory In: Cognitive
and working memory training: Perspectives from psychology, neuroscience, and human
development. (Oxford Academic, New York). (2020). 143-431.

19.Li SYH, Bressington D. The effects of mindfulness-based stress reduction on
depression, anxiety, and stress in older adults: a systematic review and meta-analysis. Int
] Ment Health Nurs. (2019) 28:635-56. doi: 10.1111/inm.12568

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1693026
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1177/10998004241297403
https://doi.org/10.1038/s44220-024-00361-8
https://doi.org/10.1080/1750984X.2023.2217437
https://doi.org/10.1038/s41598-020-80866-1
https://doi.org/10.7334/psicothema2014.192
https://doi.org/10.1146/annurev-psych-113011-143750
https://doi.org/10.1186/1471-2318-11-74
https://doi.org/10.1093/gerona/63.12.1344
https://doi.org/10.1159/000350031
https://doi.org/10.1093/geronb/59.6.P261
https://doi.org/10.1001/archgenpsychiatry.2010.35
https://doi.org/10.1016/j.jad.2021.10.007
https://doi.org/10.1016/j.maturitas.2018.10.014
https://doi.org/10.1016/j.jad.2020.05.020
https://doi.org/10.1136/bmjopen-2017-019399
https://doi.org/10.1111/inm.12568

Gentile et al.

20. Reangsing C, Rittiwong T, Schneider JK. Effects of mindfulness meditation
interventions on depression in older adults: a meta-analysis. Aging Ment Health. (2021)
25:1181-90. doi: 10.1080/13607863.2020.1793901

21. Gallegos AM, Hoerger M, Talbot NL, Moynihan JA, Duberstein PR. Emotional
benefits of mindfulness-based stress reduction in older adults: the moderating roles of
age and depressive symptom severity. Aging Ment Health. (2013) 17:823-9. doi:
10.1080/13607863.2013.799118

22. Kabat-Zinn J. Mindfulness-based stress reduction (MBSR). Construct Human Sci.
(2003) 8:73.

23. Verhaeghen P. Mindfulness as attention training: meta-analyses on the links between
attention performance and mindfulness interventions, long-term meditation practice, and
trait mindfulness. Mindfulness. (2021) 12:564-81. doi: 10.1007/s12671-020-01532-1

24. Kelly JS, Bird E. Improved mood following a single immersion in cold water.
Lifestyle Med. (2022) 3:e53. doi: 10.1002/1im2.53

25. Kunutsor SK, Lehoczki A, Laukkanen JA. The untapped potential of cold water
therapy as part of a lifestyle intervention for promoting healthy aging. Geroscience.
(2024) 47:387-407. doi: 10.1007/s11357-024-01295-w

26. Arnsten AF, Li B-M. Neurobiology of executive functions: catecholamine
influences on prefrontal cortical functions. Biol Psychiatry. (2005) 57:1377-84. doi:
10.1016/j.biopsych.2004.08.019

27. Ressler KJ, Nemeroff CB. Role of norepinephrine in the pathophysiology and treatment
of mood disorders. Biol Psychiatry. (1999) 46:1219-33. doi: 10.1016/S0006-3223(99)00127-4

28. Craigmyle NA. The beneficial effects of meditation: contribution of the anterior
cingulate and locus coeruleus. Front Psychol. (2013) 4:731. doi: 10.3389/fpsyg.2013.00731

29. Faid T, Van Gordon W, Taylor EC. Breathing exercises, cold-water immersion, and
meditation: mind-body practices lead to reduced stress and enhanced well-being. Adv
Mind Body Med. (2022) 36:12-20.

30. McKinney CD. The experience of meditation and healing in practitioners of the
‘Wim Hof method Walden University (2022).

31. Golebiewska K, Jaracz K, Pniewska J, Gorna K, Palys W, Chojnacka K, et al. P-364-
differences in cognitive function between elderly and middle age people. Eur Psychiatry.
(2012) 27:1.

32.Guo S, Zheng X-Y. New evidence of trends in cognitive function among middle-
aged and older adults in China, 2011-2018: an age-period-cohort analysis. BMC Geriatr.
(2023) 23:498. doi: 10.1186/s12877-023-04166-9

Frontiers in Public Health

08

10.3389/fpubh.2025.1693026

33. Beck AT, Beck RW. Screening depressed patients in family practice: a rapid technic.
Postgrad Med. (1972) 52:81-5. doi: 10.1080/00325481.1972.11713319

34. Scogin F, Beutler L, Corbishley A, Hamblin D. Reliability and validity of the short
form Beck depression inventory with older adults. J Clin Psychol. (1988) 44:853-7. doi:
10.1002/1097-4679(198811)44:6<853::aid-jclp2270440604>3.0.c0;2-7

35. Zsido AN, Teleki SA, Csokasi K, Rozsa S, Bandi SA. Development of the short
version of the spielberger state—trait anxiety inventory. Psychiatry Res. (2020)
291:113223. doi: 10.1016/j.psychres.2020.113223

36.Van der Elst W, Ouwehand C, van der Werf G, Kuyper H, Lee N, Jolles J. The
Amsterdam executive function inventory (AEFI): psychometric properties and
demographically corrected normative data for adolescents aged between 15 and 18
years. J  Clin Exp Neuropsychol. (2012) 34:160-71. doi:
10.1080/13803395.2011.625353

37. Galindo-Aldana G, Montoya-Rivera LA, Esqueda-Elizondo JJ, Inzunza-Gonzalez E,
Garcia-Guerrero EE, Padilla-Lopez A, et al. Mindfulness-based intervention effects on EEG
and executive functions: a systematic review. Brain Sci. (2025) 15:324. doi:
10.3390/brainsci1 5030324

38.Saggar M, King BG, Zanesco AP, MacLean KA, Aichele SR, Jacobs TL, et al.
Intensive training induces longitudinal changes in meditation state-related EEG
oscillatory activity. Front Hum Neurosci. (2012) 6:256. doi: 10.3389/fnhum.2012.00256

39. Kabat-Zinn J. Mindfulness-based interventions in context: Past, present, and future. Clin
Psych Sci Prac. (2003). 10:144-156. doi: 10.1093/clipsy.bpg016

40. FitzGibbon T, Hayward J, Walker D. EEG and visual evoked potentials of conscious
man during moderate hypothermia. Electroencephalogr Clin Neurophysiol. (1984)
58:48-54. doi: 10.1016/0013-4694(84)90199-8

41. Schepanski S, Batta F, Schréter M, Seifert G, Koch AK. Protocol for a systematic
review and meta-analysis on the effects of cold-water exposure on mental health. Front
Psych. (2025) 16:1603700. doi: 10.3389/fpsyt.2025.1603700

42. Tipton MJ, Collier N, Massey H, Corbett J, Harper M. Cold water immersion: kill
or cure? Exp Physiol. (2017) 102:1335-55. doi: 10.1113/EP086283

43. Isaacowitz DM. What do we know about aging and emotion regulation? Perspect
Psychol Sci. (2022) 17:1541-55. doi: 10.1177/17456916211059819

44.Shekelle PG, Miake-Lye IM, Begashaw MM, Booth MS, Myers B, Lowery N,
et al. Interventions to reduce loneliness in community-living older adults: a
systematic review and meta-analysis. ] Gen Intern Med. (2024) 39:1015-28. doi:
10.1007/s11606-023-08517-5

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1693026
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1080/13607863.2020.1793901
https://doi.org/10.1080/13607863.2013.799118
https://doi.org/10.1007/s12671-020-01532-1
https://doi.org/10.1002/lim2.53
https://doi.org/10.1007/s11357-024-01295-w
https://doi.org/10.1016/j.biopsych.2004.08.019
https://doi.org/10.1016/S0006-3223(99)00127-4
https://doi.org/10.3389/fpsyg.2013.00731
https://doi.org/10.1186/s12877-023-04166-9
https://doi.org/10.1080/00325481.1972.11713319
https://doi.org/10.1002/1097-4679(198811)44:6<853::aid-jclp2270440604>3.0.co;2-7
https://doi.org/10.1016/j.psychres.2020.113223
https://doi.org/10.1080/13803395.2011.625353
https://doi.org/10.3390/brainsci15030324
https://doi.org/10.3389/fnhum.2012.00256
https://doi.org/10.1093/clipsy.bpg016
https://doi.org/10.1016/0013-4694(84)90199-8
https://doi.org/10.3389/fpsyt.2025.1603700
https://doi.org/10.1113/EP086283
https://doi.org/10.1177/17456916211059819
https://doi.org/10.1007/s11606-023-08517-5

	Mindfulness training combined with cold water immersion effects on mood and perception of executive functioning in middle-aged and older adults: a pilot study
	1 Introduction
	2 Methods
	2.1 Participants
	2.2 Measures
	2.2.1 Depressive symptoms
	2.2.2 State anxiety
	2.2.3 Executive functioning perception
	2.2.4 Mindfulness training combined with cold water immersion
	2.3 Data analysis

	3 Results
	3.1 Descriptive statistics
	3.2 Differences between middle-aged and older adults
	3.2.1 Anxiety
	3.2.2 Executive functioning perception

	4 Discussion

	References

