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ABSTRACT

Background: Cold water immersion (CWI) has gained attention as a potential strategy for improving mental health. Although
studies demonstrate consistent mood-enhancing effects following sea swimming and controlled CWI, the role of environmental
context remains unclear. No previous studies have directly compared natural and artificial immersion settings using a within-
subjects design. This study aimed to isolate the influence of immersion environment on acute mood outcomes.

Methods: Twenty-seven healthy university students (16 males, 11 females; age 20 + 4 years, height 1.71 + 0.08 m, mass 70.4 + 9.2 kg)
completed a within-subject crossover design comparing two CWIs: one in the sea and one in a laboratory tank, 1 week apart. Mood
was assessed using the Profile of Mood States—Short Form (POMS-SF) before and after a 5-min chest-deep immersion. Immersions
were completed individually to minimise social facilitation. One- and two-way repeated measures ANOVAs analysed total mood
disturbance (TMD) and subscales, with Bonferroni-corrected post hoc t-tests.

Results: Mood improved significantly following both immersions and across all subscales. Paired-sample ¢-tests showed greater
reductions in TMD ({6 = —2.69, p = 0.012, d = —0.52) and larger increases in esteem-related affect (£, = 2.41, p = 0.023,
d = 0.46) after sea immersion compared to laboratory immersion. A trend in favour of sea immersion was also observed for
vigour (f6) = —1.998, p = 0.056, d = —0.38). Although all negative subscales improved over time, no significant between-condition
differences were found. Analysis of TMD change scores showed that 13 participants (48%) responded similarly across both
conditions, 10 (37%) improved more in the sea, and 4 (15%) improved more in the laboratory.

Conclusion: CWI significantly improved mood across both conditions. Sea immersion produced slightly greater benefits,

suggesting that natural environments may modestly enhance the psychological effects of cold exposure.

1 | Introduction

Mental health conditions remain a leading cause of global
disability, with depression and anxiety contributing substantially
to the burden of disease [1]. Despite increased recognition of
the need for accessible and effective treatments, barriers such as
cost, availability and stigma continue to limit engagement with
traditional therapies. In response, lifestyle-based interventions,
including physical activity, dietary change and environmental
exposure, are being explored as scalable, low-cost alternatives

[2]. Particularly valuable are interventions that are self-directed,
widely accessible and rapidly effective.

Cold water immersion (CWI) has gained attention as a lifestyle
strategy, with sea swimming increasingly visible in the media
as a source of emotional healing and connection to nature.
Documentaries such as Wild Water [3] and Beyond the Blue [4]
showcase its communal and restorative dimensions. Structured
cold exposure practices, including cold showers popularised in
public health messaging, for example, Just One Thing [5], are
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promoted for benefits such as improved mood, reduced anxiety
and enhanced resilience. Although anecdotal support is strong,
the academic evidence remains limited, particularly for domestic
cold exposure [6, 7].

In recent years, greater attention has turned to the role of
environment in human health. Emerging qualitative research
suggests that wild or open water settings actively shape the
psychological impact of immersion, not simply serving as passive
backdrops. These effects are frequently framed through the
biophilia hypothesis, the idea that humans possess an innate
tendency to connect with nature and other forms of life [8].
Engagement with natural environments may evoke psychological
restoration, emotional regulation and even spiritual resonance.
Tipton [9] argues that modern humans have become ‘thermo-
static’, buffered from the environmental challenges, such as cold,
that once shaped physiological resilience.

A substantial body of research highlights the restorative qualities
of blue spaces, including coasts, rivers and lakes [10, 11]. These
settings are often associated with emotional release and relief
from everyday pressures [12], aligning with the concept of salu-
togenic environments that actively support well-being [13]. Cold
water may further amplify these effects by providing a full-body,
multisensory experience [14].

For many, the sea is not simply a location but a therapeutic
presence, linked to healing, transformation and ritual [15, 16].
These relationships often deepen over time, reinforcing place
attachment and emotional security. Foley [17] describes wild
swimming as a therapeutic landscape, whereas his later work
introduces the concept of swimming as an accretive practice, a
relationship that gains emotional value through repetition [18].
Gould et al. [19] illustrate this through their ethnography of the
Bicheno Coffee Club, where shared immersion becomes an act of
wayfaring [20], weaving environment into identity.

Although early accounts of wild swimming often focused on
solitude and escape [21], more recent research highlights its
relational aspects. Researchers such as Gould et al. [19], Christie
and Elliott [12] and Foley [17] emphasise shared rituals and
collective meanings that emerge within local swimming commu-
nities. These social dimensions are embedded in place and ritual,
reinforcing bonds between people and their waterscapes.

At the same time, wild swimming involves emotional tension.
Alongside clarity and connection, swimmers describe fear, vul-
nerability and uncertainty; confronting cold, depth and the
unseen [12, 22]. Foley [17] suggests that these contradictions,
between comfort and risk, may enhance the meaning and
resonance of immersion. The environment, in this framing,
is not neutral; it is a relational agent, cocreating therapeutic
outcomes [23]. In socially embedded, natural contexts [24], cold
water becomes a medium not only for mood regulation, but for
meaning-making and identity.

Yet these compelling qualitative accounts are rarely tested
against empirical outcome measures. It remains unclear whether
reported experiences of connection and transformation are
reflected in validated mood scales. However, quantitative studies
have examined cold exposure in isolation, overlooking the con-

textual or symbolic elements of place. A gap therefore persists
between experiential narratives and psychological data. Bridging
this divide requires research that can quantify change while
accounting for the environmental setting.

There is growing quantitative evidence that cold exposure does
improve mood. Several studies have reported reductions in neg-
ative affect and increases in positive mood following immersion.
Kelly and Bird [25], for example, found significant decreases in
total mood disturbance (TMD) after a single sea swim. Reed et al.
[26] observed improved mood and lower cortisol following 15 min
of laboratory-based CWI, and Yankouskaya et al. [27] reported
increased positive affect and enhanced interaction between
emotion-regulating brain networks following cold immersion.

These outcomes are commonly attributed to neurophysiological
responses involving adrenaline, noradrenaline and dopamine [28,
29], as well as shifts in autonomic tone [30] and inflammatory
pathways [7]. However, studies differ in immersion type, temper-
ature and setting and rarely attempt to disentangle physiological
from environmental factors. For example, Massey et al. [31]
observed cumulative mental health improvements from open
water swimming but gave limited attention to environmental
components. Conversely, laboratory studies offer control but
lack ecological richness [26, 27]. This methodological tension,
between physiological plausibility and ecological complexity,
remains unresolved.

As a result, a central question remains: Does the environment
matter? Is setting merely a supportive backdrop, or a key
ingredient in the psychological effect? Does immersion in the
sea; dynamic, symbolic, relational; yield the same benefits as
immersion in a controlled indoor setting?

Therefore, this study was designed to explore this question
directly. By comparing matched CWIs in laboratory and natural
sea environments and using mood as a validated, sensitive proxy
for mental well-being, the aim was to examine whether envi-
ronmental context contributes meaningfully to the psychological
effects of cold exposure. Participants were immersed individually,
without group interaction or social facilitation, which are known
to influence affective responses [32]. This approach enabled
examination of the intrinsic effects of environment, independent
of the communal or symbolic dynamics often associated with
wild swimming [33]. Although the broader literature points to
plausible psychophysiological mechanisms, this study focused
specifically on mood to isolate the contextual influence of place.
This is the first study to directly compare natural and artificial
CWI environments using a within-subject design, and in doing
so, it moves beyond the question of whether cold water works,
toward a more nuanced exploration of how, where and why such
benefits may emerge.

2 | Materials and Methods
2.1 | Participants
Twenty-seven healthy participants (16 males, 11 females; age

20 + 4 years, height 1.71 + 0.08 m, mass 70.4 + 9.2 kg, BMI
24.1 + 3.2) were recruited from a university student population
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via convenience sampling. The sample was drawn from students
enrolled in sport-related degree programmes, including Sport and
Exercise Science, Physical Education and Sport Psychology. All
participants were physically active, confident in the water and
had no previous experience with cold water swimming or struc-
tured immersion practices. Recruitment was conducted through
in-lecture announcements, university email notifications and
word-of-mouth referrals.

No formal a priori sample size calculation was conducted. The
sample size was determined pragmatically on the basis of the
participant availability and logistical feasibility within the study
timeline. However, this sample size is consistent with similar
studies in this field (e.g., [25, 31]).

Initial screening was conducted using a structured health history
questionnaire to assess eligibility. Participants were excluded if
they had a clinical diagnosis of anxiety, depression or other
mood-related disorders or were taking medication for mental
health conditions. Additional exclusion criteria included a history
of cardiovascular disease, such as arrhythmia, hypertension or
hypotension, or circulatory disorders such as Raynaud’s disease
or peripheral vascular disease. Individuals taking medication for
cardiovascular conditions were also excluded. These criteria were
applied to minimise the physiological risks associated with cold
exposure, including the potential for blood pressure fluctuations,
cardiac arrhythmias [34] and non-freezing cold injuries [35].

All participants provided written informed consent prior to taking
part, and the study received ethical approval from the University
of Chichester (UoCBEBO1).

2.2 | Procedures

A baseline mood assessment was completed 7 days prior to the
first immersion trial, with each participant completing the Profile
of Mood States—Short Form (POMS-SF) individually in a quiet
indoor setting. This provided a baseline reference point against
which pre- and post-immersion mood scores could be interpreted.
Participants were randomly assigned to complete either the
sea or laboratory immersion first, with the second immersion
scheduled 7 days later. Immersions were counterbalanced to
reduce order effects, and participants were tested individually
to minimise the potential for social facilitation or group-based
emotional contagion. Although the odd sample number (n = 27)
prevented complete counterbalancing, the allocation was nearly
equal between order groups.

2.2.1 | SeaImmersion Protocol

The sea immersion took place at a local beach over two, 4-day
periods in November, with each participant attending at a pre-
scheduled time. Participants were transported to the beach from
the university campus (approximately 7 miles) in a university
vehicle. No participants reported any issues related to travel, such
as motion sickness, and all were accustomed to regular driving or
commuting as part of their daily routine. Sessions were timed to
coincide with high tide, as this represents the period of lowest
water movement and most stable sea conditions [36]. Sea and

air temperatures were recorded daily using an Oregon Scientific
weather station (THWRS800) approximately 8 m from the shore,
in the immediate vicinity of the participant. Across all immersion
days, the mean sea temperature was 13.6°C (range 12.6-14.2°C);
air temperature averaged 8.8°C (range 6-11.5°C), and sea states
were generally calm.

Upon arrival participants changed into (and out of) swimwear
using public toilet block facilities located adjacent to the
beach parking area. While basic, these facilities offered suffi-
cient privacy and shelter for pre- and post-immersion clothing
changes.

Participants were briefed on typical physiological responses to
cold exposure, including cold shock, shivering and mild dis-
comfort, and were advised to exit the water or signal if they
experienced distress. Immersion would have been terminated
immediately if participants showed signs of excessive shivering,
disorientation, facial pallor, slowed responses, or verbalised
discomfort. However, no adverse reactions or early terminations
occurred. Participants were advised that mild afterdrop symp-
toms, such as continued shivering or feeling cold, might persist
for 20-30 min after exiting the water. These were explained as
normal physiological responses [34] and not cause for concern
unless accompanied by confusion, unusual fatigue or ongoing
discomfort. Clear instructions were given on the importance of
changing into warm clothing quickly, and each participant was
notified of the location of a cold safety pack in the university
vehicle, including a warm drink, high-energy snacks and dry
clothing. The researcher and supervising lifeguard monitored
each participant during and after immersion, and participants
were encouraged to report any sensations of dizziness, numbness
or distress. No adverse reactions were reported. Immediately
after the briefing and orientation, participants completed the
POMS-SF before being guided down to the shoreline. Although
the exact time taken to reach chest depth was not recorded,
participants were instructed to immerse as quickly and steadily
as possible but allow sufficient time to control their breathing
and reduce cold shock [34, 37]. Once immersed, participants
were asked to remain head-out and chest-deep and minimise
unnecessary movement while maintaining their position for a
total of 5 min, in line with protocols used in recent studies
(Kelly, Delaney and Davidson, under review; [25]). After the
immersion, participants exited the water, dried off, dressed in
warm clothing and immediately completed the post-immersion
POMS-SF. Participants were monitored at the site for a further
30 min. No adverse incidents were reported. To ensure safety,
the site and procedures were subject to a full risk assessment; a
qualified beach lifeguard was present throughout all immersions,
and conditions were continuously monitored.

2.2.2 | Laboratory Immersion Protocol

The laboratory immersion tank was filled to chest depth and
maintained at approximately the same average temperature as
the sea immersion (14.0°C). Participants were briefed in the same
manner as the sea immersion protocol, following which they
completed the POMS-SF before stepping into the tank and sitting
down. As with the sea condition, they were instructed to immerse
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up to the chest quickly, controlling their breath upon entry. They
remained seated and still for 5 min, following the same head-
out immersion protocol. Entry in the laboratory condition was
likely faster than the sea immersion due to the simpler logistics
of sitting in a still tank. After exiting the tank, participants dried,
dressed and completed the post-immersion POMS-SF, remaining
in an adjacent room for a further 30 min. No adverse incidents
were reported. Hot drinks were made available on request, and
additional clothing and blankets were available.

Each immersion session was conducted individually to prevent
the influence of social interaction or peer effects on mood. This
approach was chosen to isolate the psychological effects of the
environment itself, rather than any influence of group dynamics
or shared experience, as previous research has shown that these
social elements may modulate affective responses during outdoor
swimming [16, 17].

In both the sea and laboratory conditions, a researcher was
present throughout each immersion to monitor safety. In the
laboratory, the researcher remained nearby at all times; in
the sea, proximity varied depending on water depth and wave
conditions, but the researcher remained in close visual contact
and was prepared to intervene if necessary. No verbal interaction
(other than briefing and instructions) occurred during immersion
in either setting. This consistent, non-interactive monitoring
approach aimed to balance participant safety with ecological
validity, recognising that although many individuals immerse in
groups, solo immersion is also commonly practised.

2.3 | Measures

Mood was assessed using the 40-item POMS-SF [38]. This self-
report questionnaire yields a TMD score and seven subscales:
tension, depression, anger, fatigue, confusion, vigour and esteem-
related effect. Items are rated on a five-point Likert scale ranging
from O (not at all) to 4 (extremely), with higher TMD scores
reflecting greater overall mood disturbance.

2.4 | Data Analysis

Analyses were conducted using IBM SPSS Statistics (Version 23).
Descriptive statistics were calculated for outcome measures and
are presented in Table 1. The primary outcome was TMD. Further
analyses were conducted on the subscales: vigour, esteem-related
affect (ERA), fatigue, tension, anger, confusion and depression.

To assess pre-immersion stability, a one-way repeated measures
ANOVA was conducted on TMD and each subscale across
three conditions: baseline, pre-sea and pre-laboratory. Where a
significant main effect was found, Bonferroni-corrected pairwise
comparisons were used to identify the source of the difference,
with an adjusted alpha level of p < 0.017.

The primary analyses used a repeated measures 2 X 2 ANOVA
design, with time (pre-immersion vs. post-immersion) and condi-
tion (sea vs. laboratory) as within-subjects factors. This approach
tested for main effects of time and condition and for their inter-
action, which would indicate whether mood changes differed by

environment. To assess the proportion of variance explained by
each ANOVA effect, partial eta squared (5?) was reported. Effect
sizes were interpreted using conventional thresholds: ? = 0.01
(small), n* = 0.06 (moderate) and 7?> = 0.14 (large), consistent
with guidelines of Cohen [39]. In addition to the ANOVA, pre-
to-post difference scores were computed for each condition and
compared using paired-sample ¢-tests to evaluate the magnitude
and direction of change across settings when appropriate. For
each t-test, Cohen’s d was calculated to estimate effect size, with
standard benchmarks used for interpretation: 0.2 (small), 0.5
(medium) and 0.8 (large) [39, 40].

Although POMS-SF responses are derived from ordinal Likert-
type scales, it is common practice in psychometric and health
psychology research to treat aggregated subscale and total scores
as continuous variables [41, 42]. This is especially the case
when multiple items are summed or averaged, which helps
approximate interval-level measurement and supports the use
of parametric statistics [41, 43]. Repeated measures ANOVA
and paired-sample t-tests were considered appropriate given the
experimental design and their well-documented robustness to
moderate violations of normality, especially in within-subject
designs and when sample sizes exceed 20 [44-46]. Moreover, in
repeated measures designs, the assumption of normality applies
to the distribution of difference scores, which tend to approximate
normality even when raw scores do not [47].

To explore individual response patterns, participants were cat-
egorised into tertiles on the basis of their change in TMD
scores following immersion in each condition. This allowed for
visualisation of consistency and magnitude of individual-level
effects across settings.

A significance level of p < 0.05 was used for all analyses, unless
adjusted for multiple comparisons.

3 | Results

The initial analysis explored baseline stability in mood across
the three pre-immersion conditions: baseline, pre-sea and pre-
laboratory. A one-way repeated measures ANOVA on TMD
revealed no significant differences between these pre-immersion
measurements (F(,s,) = 0.64, p = 0.531). Mean TMD scores were
stable: baseline (M = 104.1 + 19.8), pre-sea (M = 105.9 + 17.0)
and pre-lab (M = 104.8 + 15.6). Similar results were found for
each POMS-SF subscale, with no significant differences across
pre-immersion time points. Although vigour showed a trend
toward significance across the pre-immersion measurements
(Fs5 = 3.57, p = 0.035), this effect did not remain significant
following Bonferroni correction. This stability suggests that
participants’ mood was consistent prior to the experimental
interventions.

For TMD, there was a significant main effect of time
(Faae = 147.72, p < 0.001, n* = 0.36), indicating an overall
improvement in mood following immersion, but not condition. A
significant interaction between time and condition (F, ) = 7.22,
p = 0.012, »* = 0.12) suggested that mood improvement was
greater following sea immersion. Post hoc paired-sample t-tests
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TABLE 1 | Mean (SD)scores for total mood disturbance and POMS subscales at baseline, pre- and post-immersion in sea and laboratory conditions.
Sea immersion Laboratory immersion

Subscale Baseline Pre Post A Pre Post A
TMD 104.1 (19.8) 105.9 (16.9) 82.9 (14.5) -23.0(9.4) 104.8 (15.6) 87.1 (14.4) —17.7 (10.8)*
Vigour 6.1(3.7) 57(3.1) 10.2 (3.5) 45(3.2) 5.6 (3.3) 8.8 (3.5) 3.2(3.0)
ERA 13.4(3.4) 12.6 (3.1) 17.4 (3.3) 4.3 (3.0) 11.9 (2.7) 15.2 (2.9) 3.3(2.5)*
Fatigue 6.3(4.2) 5.2(3.1) 2.2(2.3) -3.0(2.3) 5.7(3.4) 2.9 (2.8) —2.8(2.6)
Tension 5.4 (4.6) 8.0(3.8) 2.6 (2.9) —5.4(4.1) 6.5(4.0) 2.7 (3.5) -3.9@3.7)
Anger 2.4(3.2) 3.0(5.1) 1.3 (3.3) -1.7(2.5) 2.6 (3.3) 1.1 (1.8) -1.5(2.7)
Confusion 5.4(41) 4.6(3.2) 2.9 (2.5) -1.8(2.2) 4.0 (3.2) 2.7(3.1) -1.3(2.8)
Depression 4.0 (5.5) 3.3(4.4) 1.5 (3.5) -1.8(2.0) 3.5(5.0) 1.7 (3.6) -1.8(2.9)

Note: A = change scores from pre- to post-immersion. Bold = main effect of time; * indicates significant difference between A values.

Abbreviations: ERA, esteem-related affect; TMD, total mood disturbance.

on change scores confirmed a significant difference in favour of
the sea condition (f,s = —2.69, p = 0.012, d = —0.52).

ERA also showed a clear pattern, with a main effect of time
(F1.26) = 86.40, p < 0.001, > = 0.29), a higher ERA post-immersion
and a significant main effect of condition (F; ,) = 8.45, p = 0.007,
7* = 0.15), higher in the sea immersion than the laboratory. The
significant interaction between time and condition (F, 55, = 5.82,
p = 0.023, n> = 0.07) suggested that this effect was greater in the
sea immersion. Paired-sample ¢-tests on change scores supported
this conclusion (f,s = 2.41, p = 0.023, d = 0.46), with a larger
increase in ERA following sea immersion.

For vigour, there was a significant main effect of time
(Fus = 879, p = 0.006, n* = 0.21), indicating a general
increase following immersion. Although the interaction did not
reach significance, there was a trend toward a stronger increase
in vigour following sea immersion (F;,, = 2.00, p = 0.056,
7* = 0.03), with mean change in vigour of 4.5 in the sea condition
compared to 3.2 in the laboratory. A paired sample ¢-test on the
change scores supported this trend (f,, = —1.998, p = 0.056,
d=-0.384).

All negative mood subscales showed a significant effect of time
(fatigue: F{; 55 = 74.47, p < 0.001, n* = 0.22; anger: F1 56 = 15.43,
p = 0.001, n* = 0.15; tension: F; 55, = 62.62, p < 0.001, 7* = 0.19;
confusion: Fy , = 13.00, p = 0.001, »* = 0.11; and depression:
F6 = 2712, p < 0.001, n* = 0.09), reflecting a reduction in
symptoms post-immersion. No significant effects of condition
or interactions were found for these subscales, suggesting that
immersion, regardless of environment, was effective in reducing
symptoms of negative mood, but that the extent of reduction did
not significantly differ between the sea and laboratory settings.

To explore individual consistency in mood responses, participants
were categorised into tertiles on the basis of their change in TMD
following immersion in both the sea and laboratory conditions. A
traffic light matrix (Figure 1) illustrates the degree of agreement
across conditions.

Thirteen participants (48%) fell into the same tertile for both sea
and lab conditions (low-low, mid-mid, or high-high), indicating

consistent magnitudes of response regardless of environment.
Ten participants (37%) showed a stronger mood improvement
in the sea compared to the lab, with the largest group (n = 5)
demonstrating a moderate response in the sea but only a low
response in the laboratory. Four participants (15%) showed a
stronger response in the laboratory than in the sea.

This pattern suggests that, although individual variability was
evident, a greater proportion of participants exhibited larger
mood improvements following sea immersion compared to the
laboratory condition. The distribution of responders was skewed
towards higher change scores in the sea condition, with few
participants demonstrating a stronger effect in the laboratory
setting.

4 | Discussion

This study investigated the acute effects of CWI on mood
in a within-subjects design comparing immersion in matched
laboratory and sea environments. Findings revealed significant
improvements in mood following both immersion conditions,
with significantly greater reductions in TMD and higher increases
in ERA and vigour observed following sea immersion. These
improvements were consistent across participants, with no
adverse events reported. Large effect sizes for the main effect of
time indicate that even a brief, 5-min immersion can acutely shift
affective states in young, healthy individuals.

These results add to a growing body of evidence supporting the
mood-enhancing effects of brief cold exposure. Previous studies
have shown that a single session of cold immersion can improve
overall mood [25], whereas longer term programmes involving
outdoor swimming are also associated with mood improvements
[31]. Laboratory-based studies such as Reed et al. [26] and
Yankouskaya et al. [27] have also confirmed significant psycho-
logical effects of cold exposure under controlled conditions, with
mood improvements accompanied by changes in cardiovascular
markers or brain connectivity. Importantly, the present study
extends these findings by isolating the influence of environ-
mental context within a controlled design. Water temperature
and immersion duration were matched, and participants were
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FIGURE 1 |

individually supervised and instructed to remain still in both set-
tings. Although postural differences and environmental variables
such as water movement could not be fully standardised, the
study nonetheless provides evidence that immersion in a natural
setting may enhance the psychological benefits of cold exposure.

One notable feature of the current findings is the relative
consistency in response across individuals. An analysis of change
scores for TMD revealed that 48% of participants showed similar
levels of improvement in both conditions, whereas 37% improved
more in the sea and 15% more in the lab. This pattern suggests
that although cold exposure reliably improves mood overall,
individual responses vary, and the environment may moderate
the magnitude of change.

In comparison to other studies using the POMS-SF, the mag-
nitude of TMD change in the present study was higher. Kelly
and Bird [25] reported mean reductions in TMD of 10.8 points
following a single immersion, whereas the current study observed
reductions of 17 and 24 points in the lab and sea conditions,
respectively. Massey et al. [31] found smaller and less consistent
improvements across subscales in a group-based outdoor swim-
ming programme and noted substantial individual variability.
These differences likely reflect methodological and contextual
variation: The current study employed a one-on-one testing
approach and brief but intense cold exposure, all of which may
have contributed to stronger and more consistent effects.

The role of environmental context remains an important con-
sideration. Natural environments have been associated with
improved mood, reduced stress and enhanced well-being across
a range of studies [10, 11]. Theoretical models such as Atten-
tion Restoration Theory [48] and Stress Reduction Theory [49]
suggest that natural settings promote psychological recovery and
emotional regulation. The concept of blue space, in particular,
highlights the multisensory and symbolic richness of water
environments, including sounds, temperature contrast and sym-
bolic associations [50]. Although these factors were not directly
measured in the current study, their contribution cannot be
excluded and may help explain the moderate amplification of
mood improvements seen in the sea condition.

Participant distribution across tertile categories (sea vs. laboratory immersion).

Qualitative accounts of outdoor swimming frequently describe
immersion as a therapeutic, transformative experience [13, 19, 51].
Though the present study involved only a single, brief immersion,
the immediate emotional benefits observed here resonate with
themes identified in longer-term participant narratives, including
enhanced vigour, a sense of clarity and relief from tension [12,
16]. However, the controlled and time-limited nature of this study
means that broader symbolic or identity-related effects likely
played a minimal role, and acute physiological mechanisms, such
as sympathetic activation followed by parasympathetic rebound,
are more plausible explanations for the observed changes [9, 52].

Although the role of physiology was not directly assessed in
this study, previous research suggests that acute cold exposure
induces rapid neurochemical shifts, including increased nora-
drenaline and beta-endorphins, both of which are implicated in
mood regulation [7, 30]. The consistent and widespread improve-
ment across POMS-SF subscales suggests a broad-spectrum
psychophysiological effect, consistent with a general stress-
induced mood reset. Reed et al. [26], using the PANAS scale,
reported reductions in negative affect without a corresponding
increase in positive affect, whereas the current study observed
both reductions in negative dimensions and improvements in
positive subscales, notably ERA and vigour.

4.1 | Limitations

This study has several limitations that should be acknowledged
when interpreting the findings. First, the sample was com-
prised exclusively of young, physically active university students
enrolled on sport and exercise programmes. All participants
were screened for physical and psychological health, and the
group likely represents a high-functioning, fit, healthy, resilient
population. As such, the results may not generalise to older
adults, individuals with underlying health conditions, or those
with clinical levels of mood disturbance. Although participants’
BMI values fell within the healthy range, detailed anthropometric
data such as body composition were not collected, limiting the
ability to explore how individual thermal characteristics may have
influenced subjective responses.
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Second, although water temperature and immersion duration
were closely matched between conditions, complete standardi-
sation of the physical stimulus was not possible. Differences in
participant posture (semi-supine in the lab vs. upright in the
sea) and the presence of movement to maintain position and
natural currents in the sea condition may have altered convective
heat loss and disrupted thermal boundary layers. Although these
factors reflect the ecological reality of outdoor immersion, they
also complicate efforts to isolate the psychological contribution
of the environment itself.

Third, no physiological or thermal sensation data were collected
as part of this study. The inclusion of heart rate, skin and core
temperature or subjective thermal comfort ratings would have
allowed a more detailed analysis of physiological-psychological
coupling and may have helped to explain differences in mood
outcomes across settings. The absence of these measures limits
any mechanistic interpretation.

Fourth, mood was assessed using the POMS-SF shortly after
immersion, once participants were dry and dressed. Although
this approach prioritised comfort and ensured consistency across
both conditions, it may have slightly attenuated immediate
affective responses to cold. Ecological momentary assessment
(EMA) tools or rapid post-immersion data capture may offer more
sensitive insight in future research.

Fifth, although exploratory analyses showed no gender differ-
ences in mood response, the study was not specifically powered
for subgroup comparisons. The small sample size within each
gender group (16 male, 11 female) limits confidence in the
null finding and suggests some caution in generalising across
sexes.

Finally, the study was designed to assess only immediate mood
changes, with no follow-up assessments conducted. As such,
the duration and stability of the observed improvements remain
unknown. Although repeated measures over extended time
points could clarify whether these benefits are transient or
sustained, doing so with traditional instruments such as the
POMS-SF presents practical challenges. Repeated completion of
detailed mood inventories can be burdensome for participants,
potentially leading to disengagement or response fatigue. In this
context, emerging approaches such as EMA [53] may offer a more
valid and sensitive means of tracking affective changes over time.
EMA methods enable in-the-moment data capture in naturalistic
settings, reduce recall bias and can accommodate repeated low-
burden assessments, making them particularly well suited for
studying dynamic responses to cold exposure in both laboratory
and real-world environments.

These limitations highlight the challenges of isolating environ-
mental effects in CWI studies, particularly when trying to balance
ecological validity with experimental control. Factors such as
posture, water movement and participant comfort inevitably
influence outcomes, and without physiological or follow-up data,
interpretation must remain cautious. Nonetheless, identifying
and acknowledging these issues provides a valuable foundation
for improving study design in future research.

5 | Conclusion

The results of this study provide clear evidence that CWI produces
significant acute improvements in mood, and that immersion in
a natural environment may amplify these benefits. Although fur-
ther research is needed to understand underlying mechanisms,
longer term outcomes and the role of individual differences, these
findings add to the growing literature supporting cold exposure as
an accessible and potentially powerful mood regulation strategy.
Importantly, the mood-enhancing effects were also observed
in the laboratory condition, underscoring that meaningful psy-
chological benefits can be achieved through controlled cold
exposure. Nonetheless, safety considerations are essential. Sea
immersions were conducted under risk-assessed conditions with
lifeguard supervision. CWI carries potential risks and should
be approached with caution, particularly in individuals with
cardiovascular or respiratory conditions [34, 54]. Our findings
should not be interpreted as a blanket recommendation or a ‘how
to guide’ for unsupervised natural water immersion. Anyone
considering cold water exposure, whether in natural or artificial
settings, should first consult with a healthcare professional,
particularly if they have cardiovascular or respiratory conditions.
Participation should start in the warmer months, entry into cold
water should be gradual, sessions should be kept brief, and
individuals should never swim alone. Future applications of cold-
water therapy should be supported by clear safety guidelines and
individual risk assessment.
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