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ABSTRACT

Background: Cold-water therapy is gaining popularity as a mood-enhancing intervention. However, immersion protocols vary,
particularly in terms of temperature and duration. This study examined whether different durations of cold-water immersion
produce differential effects on mood.

Materials and Methods: One hundred and forty participants with self-reported low mood were randomly assigned to one of
four groups: a control group or immersion groups exposed to seawater at 13.6°C + 0.3°C for 5, 10 or 20 min. Participants in
the immersion groups completed the Profile of Mood States (POMS) 7 days before and immediately after immersion; control
participants completed the same measures at matched intervals. Skin temperature and heart rate were recorded before and during
immersion, and heart rate variability (HRV) was analysed in 10 participants from the 5-min group.

Results: Total mood disturbance (TMD) significantly improved across cold-water immersion groups. The greatest reduction was
observed in the 20-min group (mean change —15.9 points; 49.7 + 18.8 to 33.8 + 10.8, p < 0.0005), followed by the 5-min group (—14.7
points; 47.6 +19.9 to 32.9 + 13.7, p < 0.0005) and the 10-min group (—8.8 points; 41.8 + 15.5 to 33.0 + 12.3, p = 0.001). No significant
change in TMD was observed in the control group (—1.9 points; 41.5 + 9.5 to 39.6 + 6.4, p = 0.156). Immersion significantly reduced
skin temperature by 10.7°C, ({45, = 21.8, p < 0.0005) and increased heart rate by 33 bpm, (5, = -17.76, p < 0.0005). HRV showed
reduced root mean square of successive differences (RMSSD) (48.8 to 28 ms) and total power (4197 to 1812 ms?), indicating a shift
from parasympathetic to sympathetic dominance.

Conclusion: Cold-water immersion appears to effectively improve mood, with benefits observed across all durations. A 5-min
immersion was as effective as longer exposures, offering a practical option for implementation. While safe in healthy, screened
individuals under controlled conditions, caution is advised in less structured environments or with individuals with pre-existing
health conditions.

| Introduction the Adult Psychiatric Morbidity Survey [4] reported that one in

Common mental health disorders (CMDs), such as depression
and anxiety, are increasing, both in the United Kingdom and glob-
ally [1,2]. CMDs are characterised by persistent emotional distress
and reduced daily functioning [3]. Although often less severe
than major psychiatric conditions, their widespread prevalence
poses a substantial individual and societal burden. In England,

six adults met the criteria for a CMD, with significantly higher
rates in women (one in five) than in men (one in eight). Although
prevalence remained stable between 2007 and 2014, longer term
trends show a steady increase.

Internationally, the World Health Organization [2] reported a 13%
rise in mental disorders between 2007 and 2017. The economic
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implications are profound. In the United Kingdom, mental
health disorders account for approximately 7% of ill-health, with
estimated costs of at least £117 billion annually, mainly due to
lost productivity [5]. Christensen et al. [6] further highlighted
the global economic impact, reporting an average cost of $5703
per patient for mood disorders alone. Beyond the economic toll,
these conditions often go unreported or untreated due to stigma
[7], particularly in the workplace. At the same time, heightened
public awareness has contributed to a paradoxical increase in
self-diagnosis, especially among young people [8, 9], making it
increasingly difficult to assess the true scale of the problem.

Although pharmacological and psychological interventions such
as cognitive behavioural therapy remain the primary treatments
for moderate to severe CMDs [10], many individuals with
subclinical symptoms, or those who experience issues with
medication adherence or side effects, seek alternative or adjunc-
tive approaches. Lifestyle medicine, which promotes behaviour
change to prevent and manage chronic conditions, may play an
important role here. According to Phillips et al. [11], lifestyle
medicine operates on three levels: promoting awareness of
lifestyle determinants among all healthcare providers, integrating
specific interventions like exercise prescription and social pre-
scribing, and supporting wider, population-based programmes.
The six core pillars of lifestyle medicine, mental well-being,
minimising harmful substances, physical activity, healthy eating,
sleep and healthy relationships, are all independently associated
with improved mental health outcomes [12].

Physical activity is a well-established intervention for both
the prevention and treatment of anxiety and depression [13,
14]. In recent years, a growing interest has emerged around
a novel variation of this approach: cold-water swimming or
immersion. Gaining popularity for its perceived physical and
mental health benefits, this practice typically involves swimming
or dipping in water below 15°C [15]. While rooted in long-
standing cultural traditions, cold-water immersion is now receiv-
ing increasing attention both anecdotally and within academic
research.

Anecdotal reports [16, 17] often describe cold-water swimming as
life-changing, mood-enhancing, fostering resilience and increas-
ing energy levels. Popular books and narratives [18-23] have
further fuelled interest, blending personal experience with scien-
tific insight. Moreover, beyond testimonials, a growing body of
empirical research suggests that cold-water immersion may have
measurable benefits for mood and well-being.

For instance, Kelly and Bird [24] observed significant reduc-
tions in total mood disturbance (TMD) following a 20-min sea
immersion. Similarly, Massey et al. [25] reported immediate
improvements in mood after immersion, and longer term benefits
following a 10-week open-water swimming programme. Hut-
tunen et al. [26] found that regular winter swimmers reported
reduced tension and fatigue and enhanced vigour compared to
non-swimmers. These findings are supported by Demori et al.
[27], who found improved mood, vitality and immune function
among winter sea bathers. Their study included self-reported
outcomes and objective markers, such as changes in cortisol and
immune parameters. The psychological benefits have also been

linked to reduced stress [28], increased resilience [29] and the
social support often embedded in group swimming activities [30,
31].

Physiologically, the body’s response to cold-water immersion
has been well documented, particularly in relation to risk and
safety [32, 33]. The initial ‘cold shock’ response, first described
by Golden and Hervey [34] and detailed further by Tipton
[33], includes an involuntary gasp, hyperventilation, elevated
heart rate and blood pressure and sympathetic nervous sys-
tem activation [35-37]. These responses pose a cardiovascular
risk, particularly to the unacclimated individual. However,
experienced cold-water swimmers appear to manage this risk
effectively, employing behavioural strategies to mitigate adverse
effects [31, 38]. These acute physiological responses may trigger
mood-related changes, though the exact mechanisms remain
speculative.

Recent studies have begun investigating the physiological
correlates of mood changes following cold-water immersion.
For example, Reed et al. [39] explored cardiovascular dynamics,
shear stress and stress biomarkers such as beta-endorphin
and cortisol in a laboratory-based 15-min immersion at 10°C.
Although mood improvements were modest and delayed,
reductions in cortisol were observed at 180 min post-immersion.
Similarly, Yankouskaya et al. [40] demonstrated enhanced
brain network connectivity and increased positive affect
following a brief 5-min immersion at 20°C, suggesting
a possible neural basis for the observed psychological
benefits.

Although the emerging picture is positive, immersion dura-
tion is one of the key inconsistencies across studies. Pro-
tocols vary widely, from as short as 20 s [41] to as long
as 20 min [24], with many studies failing to report temper-
ature, exposure time or participant characteristics in detail.
Although all reported mood improvements, it remains unclear
whether a minimum effective dose exists and whether longer
exposures confer additional benefit or increased risk. Under-
standing the influence of immersion duration could help
inform safe practice while maximising potential psychological
gains.

1.1 | Study Aims

The primary aim of the study was to assess whether different
durations of cold-water immersion produced differential effects
on mood in individuals with self-reported low mood. Specifically,
we examined whether 5-, 10- and 20-min immersions would yield
varying improvements in mood, as measured by changes in TMD.
A secondary aim was to collect field-based physiological data,
including skin temperature, heart rate and heart rate variability
(HRV), to characterise the acute physiological responses to
immersion.

We hypothesised that cold-water immersion would significantly
improve mood compared to the control condition, and that longer
immersions would result in greater improvements than short
durations.
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2 | Materials and Methods

This study investigated whether cold-water immersion of varying
durations produced different effects on mood states in individuals
experiencing self-reported low mood. The intervention was car-
ried out under field conditions using open-water sea immersion.
The study received ethical approval from the University of
Chichester ethics committee (UoC1904255), and all participants
provided written informed consent prior to participation.

2.1 | Participants

A total of 140 undergraduate students from the University
of Chichester were recruited using a combination of lecture
announcements, university email communications and word-of-
mouth. The participant pool was drawn from students enrolled
on sport-related degree programmes, including sport and exercise
science, physical education and sport psychology. All participants
were physically active and confident in the water, although
none had previous experience with cold-water swimming or
immersion practices.

Participants were eligible if they self-reported recent or persistent
low mood but were otherwise healthy. Recruitment materials
invited individuals who were ‘feeling low, stressed or anxious’
to take part in a study examining the effects of cold-water on
mood. This self-identification approach reflected a pragmatic
and ecologically valid method consistent with the delivery
of lifestyle-based interventions. Exclusion criteria included a
clinical diagnosis of anxiety, depression or other mood-related
disorders, use of mental health or cardiovascular medication,
or any history of cardiovascular or circulatory disease (e.g.,
arrhythmia, Raynaud’s). These exclusions reflected the elevated
physiological risks associated with cold exposure in these popula-
tions [42, 43]. Screening was conducted using a structured health
history questionnaire.

Of the 140 individuals recruited, 121 completed all aspects of the
study; 19 withdrew or did not attend immersion. The final sample
(82 males, 39 females; mean age 22 + 4 years) had a mean height
of 1.73 + 0.09 m, mean body mass of 73 + 10.7 kg and average
BMI of 24.2 + 3.4. Figure 1 presents the participant flow, including
recruitment, group allocation and testing stages.

Participants were randomly allocated to one of four groups: con-
trol (n = 26), 5-min immersion (5MI, n = 30), 10-min immersion
(10MI, n = 30) or 20-min immersion (20MI, n = 35). Allocation
used a simple drawing system, balancing group sizes while
accommodating daily testing constraints. Target group sizes were
informed by prior studies demonstrating significant mood effects
with similar samples in real-world conditions [24-26].

2.2 | Study Procedures

The study followed a repeated measures design, in which mood
state was assessed 1 week before immersion and immediately
after the intervention. Although the 7-day interval was fixed, the
time of day varied due to scheduling availability. The baseline
assessments were conducted indoors, in small groups, where

participants completed a short demographic form and the short
version of the Profile of Mood States (POMS) questionnaire
[44]. The 7-day gap between the baseline and post-immersion
assessment was chosen to minimise the influence of transient
mood fluctuations, such as anxiety or excitement, associated
with the novel experience of cold-water exposure. Garrido’s [45]
systematic review of mood measurement noted that the proximity
of assessment to the stimulus can confound emotional and mood
responses. Administering the POMS several days prior helped
ensure that baseline measurements reflected mood rather than
anticipatory emotional states.

All immersion and control sessions took place across four con-
secutive days at a local beach approximately 20 min from the
university. Participants were transported to the site via minibus in
groups ranging from 27 to 34, with 34 participants tested on Day 1,
28 on Day 2, 32 on Day 3 and 27 on Day 4. Testing was conducted
at high tide each day to ensure relatively stable sea conditions, as
high tide is typically associated with lower water movement [46].
A mix of immersion and control group participants was included
each day to reduce the risk of day-specific environmental bias.

Environmental conditions were monitored throughout the study.
Ambient air temperatures ranged from 12.5°C to 14.8°C (mean
13.7°C + 0.8°C), with a consistent onshore breeze gusting up to
30 mph on all days. The sea state was classified as rough with
a steady swell, and surface water temperatures were measured
approximately 8 m from shore using a floating Oregon Scientific
THWRS800 thermometer. Daily water temperatures were 13.9°C,
13.7°C, 13.5°C and 13.3°C, resulting in an average temperature of
13.6°C £ 0.3°C across the study period.

Participants wore minimal clothing suitable for cold-water
immersion, typically swimsuits or shorts, and entered the water
individually but within visible range of the group and the support
staff. They were instructed to walk into the water rapidly but
cautiously, to immerse themselves to chest depth without sub-
merging their faces and to remain stationary without swimming
or excessive movement. All participants reached full immersion
within the first minute. The allocated immersion duration was 5,
10 or 20 min, depending on the group assignment. Participants
did not consciously alter their breathing pattern during immer-
sion; rather, changes in respiratory frequency occurred naturally
as part of the physiological cold shock response [36].

Participants in the 5MI and 10MI groups completed the full
immersion durations without incident. In the 20MI Group, three
participants exited the water early due to discomfort: one male
after 15 min and two females together after 18 min and 30 s. The
average immersion time for the 20MI Group was 19 min and 48 s.
All early exits were voluntary, and none were associated with
adverse effects.

Immediately after leaving the water, participants dried, dressed
and were offered warm clothing, hats, gloves, hot drinks and
carbohydrate-rich snacks. Blankets and additional warm items
were available as needed. Participants were closely monitored
for signs of cold stress or afterdrop, a common phenomenon in
which cold peripheral blood returns to the core, leading to a
further decline in core temperature and involuntary shivering [34,
47, 48]. Although no cases of hypothermia occurred, participants
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Recruitment:
140 participants screened with Health
History Questionnaire

Inclusion criteria:
Self-reported low mood

Exclusion criteria:
Issues on HHQ
Hx of circulatory or respiratory diseases, and
or Dx mental health disorders or medication
use.

Randomisation

5-minute
immersion group
n=35

Control group
n=35

Completion of the Profile of Mood States (POMS-SF) 7-days prior to immersion

Heart rate monitors fitted. Skin temperature recorded on immersion.

Completion of

10-minute 20-minute
immersion group immersion group
n=35 n=35

-, and 20-minute immersion groups across a 4-day period. Average sea temperature

13.6+0.3°C

Skin temperature recorded on exiting the immersion.

Completion of the POMS-SF immediately following imme

5-minute
immersion group
n=30

Control group
n=26

10-minute 20-minute
immersion group immersion group
n=30 n=35

Final analysis of POMS-SF completed on n=121; heart rate on n= 49, Skin temperature on n=49, and HRV on

FIGURE 1 | Participant selection and protocol CONSORT diagram. Skin temperature data were obtained from 24 participants in the 5MI group and
25 in the 10MI group. Heart rate data were available from 20 participants in the SMI group, 21 in the 10MI group and 8 in the 20MI group. HRV analysis

was based on 10 useable traces from the SMI group. HRV, heart rate variability.

were informed in advance about the possibility of afterdrop and
reassured if symptoms occurred. Safety procedures adhered to
Royal Life Saving Society UK (RLSS UK) guidance and were
overseen by lifeguards trained to the National Beach Lifeguard
Qualification (NBLQ) standard. A full risk assessment was com-
pleted in advance, and emergency equipment, including rescue
kayaks and rewarming kits, was available on-site.

The control group participants also attended the beach on the
same days as the immersion groups but did not enter the
water. They remained outdoors under similar weather conditions
and completed the same POMS assessments as the immersion
groups, allowing for the isolation of immersion effects from
environmental exposure alone.

2.3 | Measures

2.3.1 | Profile of Mood States

Mood state was assessed using the 37-item short form of the
POMS [44], which captures six mood subscales: tension, anger,
depression, fatigue, confusion and vigour, along with esteem-
related affect. Responses are given on a 5-point Likert scale
(0 = not at all, 4 = extremely). The TMD score is calculated
by summing the negative mood subscales, subtracting vigour

and esteem-related affect scores and adding a constant of 50 to
avoid negative values. The short form has demonstrated strong
psychometric properties and correlates highly (r > 0.95) with the
original version [49] while reducing participant burden.

2.3.2 | Skin Temperature

Skin temperature was measured immediately before and after
immersion using an Extech Instruments IR200 infrared ther-
mometer set to body mode. For consistency, the sensor was aimed
at the right pectoral region. This non-invasive method provided
a rapid estimate of peripheral temperature changes in response
to cold exposure. Post-immersion recordings were taken after
participants towel-dried to remove surface water but prior to
dressing to minimise evaporative cooling effects.

2.3.3 | Heart Rate and HRV

Heart rate was recorded using the Polar H10 monitor during
the 5-min standing rest and throughout the subsequent 5-min
immersion. From the immersion phase, the 1-min period showing
the highest sustained heart rate was visually identified from the
trace, and the average heart rate during this peak period was
calculated.

40of12

Lifestyle Medicine, 2026



In a sub-group of 10 participants from the 5MI group (selected
on the basis of clean heart rate traces), heart rate data were
analysed for HRV using the same two 5-min periods: standing
rest immediately prior to immersion and during the full 5-min
immersion. HRV refers to the variation in time intervals between
heartbeats, capturing subtle fluctuations that reflect the dynamic
balance of the autonomic nervous system (ANS), unlike heart
rate, which simply measures beats per minute [50]. These fluctua-
tions are influenced by the interplay between the sympathetic and
parasympathetic branches of the ANS, modulating heart rhythm
in response to internal and external demands [51, 52].

Data from the Polar H10 heart rate monitors were downloaded
for assessment [53] and analysed using Kubios HRV Premium
software (version 3.5; [54]). Heart rate traces were visually
inspected for aberrant beats and artefacts, and a low artefact
correction filter was applied.

Using Fast Fourier Transformation, two primary HRV measures
were extracted. RMSSD (root mean square of successive differ-
ences) is a time-domain index that reflects short-term HRV and
is particularly sensitive to high-frequency oscillations mediated
by parasympathetic (vagal) activity [55]. Total power (TP), a
frequency-domain measure, quantifies the overall variance in
interbeat intervals across all spectral bands and reflects total auto-
nomic input, including both sympathetic and parasympathetic
influences [50]. Together, these measures provide complementary
insights into autonomic function.

Non-linear HRV analysis was also conducted using Poincaré
plots, which graphically display correlations between successive
R-R intervals and illustrate changes in the complexity and
variability of cardiac dynamics [50, 56]. Representative plots
were used to visually demonstrate the shift in HRV from pre-
to post-immersion. Due to the small sample size, all data are
reported descriptively, and no inferential statistical analyses were
conducted.

2.4 | Data Analysis

Data were analysed using SPSS version 23. The normality of the
distribution was assessed using skewness and kurtosis ratios, with
values between +2 considered acceptable.

TMD scores were analysed using a two-way mixed-model
ANOVA with one between-subjects factor (group: control, 5MI,
10MI, 20MI) and one within-subjects factor (time: pre- vs.
post-immersion). Post hoc comparisons between groups were
performed using Tukey’s test. As there were only two time points
(pre- and post), no additional post hoc tests were required for
the main effect of time. Interaction effects between group and
time were further explored using paired t-tests or non-parametric
equivalents where assumptions of normality were violated.

Heart rate and skin temperature changes were analysed using
two-way ANOVAs with appropriate follow-up comparisons.
However, HRV parameters are presented as descriptive statistics
due to the low sample size and large inter- and intra-variability.

Effect sizes for ANOVA tests were calculated using eta squared
(%), interpreted according to standard conventions: 0.01 = small
effect, 0.06 = medium effect and 0.14 = large effect [57, 58].
Data are presented as mean + standard deviation, and statistical
significance was accepted at p < 0.05.

3 | Results

The study immersed 95 individuals in cold water for 5-20 min.
No incidents were reported during the immersion, immediately
afterwards or in the days following.

3.1 | Mood
Table 1 presents the pre- and post-immersion scores (M + SD)
alongside the t-test results for TMD and all POMS subscales.

TMD showed a significant main effect for time, with scores lower
after the immersion (F; ;,;) = 59.026, p < 0.005, eta = 0.335) and a
significant interaction between time and group (F;;1;) = 5.403,
p = 0.002, eta = 0.122). There was no main effect for group
(Fu7) = 0.708, p = 0.549, eta = 0.018). Post hoc t-tests confirmed
that TMD was reduced in all three immersion groups but did not
change in the control group. The greatest reduction was observed
in the 20-min group (mean change —15.9 points; 49.7 + 18.8 to
33.8+£10.8, p < 0.0005), followed by the 5-min group (—14.7 points;
47.6 £19.9t032.9 +13.7, p < 0.0005) and the 10-min group (—8.8
points; 41.8 + 15.5 to 33.0 = 12.3, p = 0.001). Although the 20-
min group showed the greatest absolute improvement in TMD,
between group comparisons revealed no significant differences
across immersion groups. No significant change in TMD was
observed in the control group (—1.9 points; 41.5 + 9.5t0 39.6 + 6.4,
p = 0.156).

3.1.1 | Positive Sub-Scales

The ANOVA for vigour returned significant main effects for
both time (F;; = 12.38, p = 0.001, eta = 0.96) and group
(Fau7 = 6.512, p < 0.0005, eta = 0.143), and a significant
interaction between time and group (F ;) = 4.533, p = 0.005,
eta = 0.104). The Tukey post hoc for the main effect group
indicated that the control had significantly lower vigour than the
immersion groups: 5.3 +3.3 versus 9.0 +3.2,8.3+3.3and 8.1+ 3.3
for the 5MI, 10MI and 20MI, respectively. This was largely an
effect of the increase in vigour following the immersion. However,
the groups differed at baseline, with the 10MI Group having
statistically higher vigour than the other groups. There were
significant increases in vigour for both the SMI and 20MI groups.
The 10MI Group did not change, and there was no change in the
control group. The initial vigour value for the 10MI (8.3 + 4.6
points) was the highest of the four groups, although both the SMI
and 20MI groups finished on higher values (5MI = 10.2 + 2.9,
20MI = 9.2 + 3.8, vs. 10MI = 8.2 + 4.6). A comparison between
the groups following immersion showed that all three immersion
groups had significantly higher vigour than the control group.

Esteem-related affect (ERA) is presented in Table 1. The ANOVA
returned significant main effects for both time (F, ;) = 40.73,
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TABLE 1 | Comparison of pre- and post-immersion mood states across groups.
Pre immersion Post immersion
POMS scale Group (Means + SD) (Means + SD) t value p value
TMD Control 415+95 39.6 + 6.4 los) = 1.463 0.156
5MI 47.6 £19.9 329+13.7 l20) = 5.416 <0.0005
10MI 41.8 +155 33+12.3 tg) = 3.904 0.001
20MI 49.7 +18.8 33.8 +10.8 tqy = 4.749 <0.0005
Vigour Control 535+3.6 531428 l25) = 0.086 0.932
5MI 7.8+3.6 10.2+2.9 Loy = —3.247 0.003
10MI 83+4.6 82+4.6 tag) = 0.099 0.922
20MI 6.9+33 92+38 faq) = —3.604 0.001
ERA Control 14.0 £ 3.3 142 +3.6 fos) = —0.332 0.743
5MI 149+£29 174 £ 2.6 fag) = —4.933 <0.0005
10MI 142+ 4.0 16.0 +3.9 log) = —2.688 0.012
20MI 14.4+3.4 174 +2.9 taqy = —5.267 <0.0005
Confusion Control 32432 32+3.0 t25) = 0.000 1.000
5MI 42+45 2232 f29) = 2.681 0.012
10MI 41+3.0 24+32 tog) = 3.474 0.002
20MI 56+42 25426 tay) = 4.957 <0.0005
Depression Control 0.7 +2.0 09 +11 tos) = —0.390 0.700
5MI 28+51 13+25 tog) = 2.343 0.026
10MI 1.3+28 0.8+19 tag) = 0.906 0.372
20MI 25+4.2 0.6 +13 faq) = 2.622 0.013
Tension Control 23+24 21+2.0 f2s) = 0.531 0.600
5MI 44+40 28+3.1 tg) = 2.138 0.041
10MI 3.0+3.6 2.0+2.0 tog) = 1.714 0.097
20MI 43+42 23+24 t3ay = 2.629 0.013
Anger Control 11+19 09+16 t2s) = —0.700 0.490
5MI 24+3.0 11+2.0 tog) = 2.959 0.006
10MI 0.7+18 04+11 tog) =1.179 0.248
20MI 1.8+23 0.8+1.8 tzay = 1.927 0.062
Fatigue Control 34+24 2.8 +£25 tos) = 1.486 0.150
5MI 6.3 +3.8 31+28 tg) = 4.513 <0.0005
10MI 42+35 33+33 L9y = 1.405 0.171
20MI 6.5+ 4.7 41+3.3 L34y = 2.572 0.015

Note: The t values represent paired t-tests comparing pre- and post-immersion scores within each group. Boldface indicates statistically significant differences
(p < 0.05). Total mood disturbance (TMD) was calculated by summing the negative sub-scales (tension, anger, depression, fatigue, confusion) and subtracting

vigour and esteem-related affect and adding 50 to avoid negative values.

p < 0.0005, eta = 0.258) and group (F3 7 = 2.707, p = 0.048,
eta=0.065) and a significant interaction (F3 7 = 4.258, p = 0.007,
eta = 0.098). A comparison between groups using the Tukey
test indicated that the 5MI had significantly higher scores than
the control group, but 10MI and 20MI were not different from
the 5MI or control group. There were significant increases in
ERA in all immersion groups but no change in the control

group.

3.1.2 | Negative Sub-Scales

Results for the confusion sub-scale returned a significant
main effect for time, lower confusion after the immersion

(Foun = 29897, p < 0.0005 eta = 0204) but not
group (Fzy; = 0672, p = 0571, eta = 0.017). There
was a significant interaction (F3y; = 4.233, p = 0.007,

eta = 0.098). Confusion decreased in the 5MI and 20MI
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immersion groups, but there was no change in the control
group. There was an increase in confusion in the 10MI
Group.

The results for the depression subscale showed a significant
main effect for time (F,,; = 9.228, p = 0.003, eta = 0.073),
demonstrating a reduction in depression. There was no group
effect (F;y7 = 1.785, p = 0.154, eta = 0.044) or interaction
(Fauny = 2174, p = 1.095, eta = 0.053). The 5MI and 20MI groups
showed a significant reduction, but there was no change in the
control group or the 10MI group. Both the control and the 10MI
groups had low initial scores.

For the tension subscale, there was a significant main effect
for time (Fy ;) = 12.815, p = 0.001, eta = 0.099). Tension was
lower following the immersion. There was no group effect (F
a7 = 1.896, p = 0.134, eta = 0.046) or interaction (F3 1,7 = 1.257,
p = 0.293, eta = 0.293). There were significant reductions in
tension for the 5MI and 20MI groups and a trend towards
significance in the 10MI group (p = 0.09). There was no change
in the control group.

There was a significant main effect for anger for time
(Fanz = 11.396, p = 0.001, eta = 0.089), showing a reduction
in anger. There was a significant main effect for group
(Fanyy = 2.847, p = 0.039, eta 0.069). The 5MI group was
significantly higher than the control, but there was no
difference between the remaining groups. The interaction
was not significant (F;y; = 1.579, p = 0.198, eta = 0.039).
In this case, only the SMI group significantly reduced anger
(p = 0.006). The 20MI group was very close to significance
(p = 0.062), but the 10MI and the control group showed no
change. The 10MI and control groups had the lowest initial
values.

For fatigue, there was a significant main effect for time
(Fau7 = 22,572, p < 0.0005, eta = 0.162), showing a reduction
in fatigue. The main effect for the group was also significant
(Fan7) = 3.840, p = 0.012, eta = 0.090), with the 20MI group
having higher fatigue than the control group, but no other
differences between groups. The interaction was not significant
but close (F3 17 = 2.429, p = 0.069, eta = 0.059). Both the 5MI and
20MI showed significant reductions in fatigue, but the control
group and the 10MI did not. Again, the control group and the
10MI had the lowest initial values.

3.2 | Skin Temperature

Skin temperature recordings were available for 49 participants
(24 for the 5MI and 25 for the 10MI). There was a main effect
for time (F 45 = 423, p = 0.01, eta = 0.753). Skin temperature
was reduced from 28.2°C + 2.2°C to 17.5°C + 3.8°C. There was
no main effect for group (F, 4 = 0.645, p = 0.529, eta = 0.004)
or an interaction (F,4 = 0.132, p = 0.877, eta < 0.000). This
demonstrates a consistent decrease in skin temperature irrespec-
tive of the duration of the immersion, with skin temperature
decreasing to the same extent in 5 min compared to the longer
exposures.

3.3 | Heart Rate and HRV

Of the 95 participants immersed, 49 (SMI = 20, 10MI = 21 and
20MI = 8) returned usable heart rate recordings. The reminder
was eliminated due to excessive artefacts and, or intermittent
traces. Heart rate was significantly higher during the immersion
(main effect Time), increasing from 87 + 14 bpm in the 5 min
prior to immersion to 1-min peak average values of 120 + 20 bpm
(F2.46) = 224, p < 0.0005, eta = 0.841). There was no main effect
for group (F(, 45 = 0.207, p = 0.814, eta = 0.009) or an interaction
(Fo46 = 0.234, p = 0.0793, eta = 0.010). Therefore, heart rate
showed a very similar response pattern for each group: 5SMI 86 +13
to 119 + 21 bpm, 10MI 86 + 14 to 120 + 22 bpm and 20MI 91 + 18 to
122 + 13 bpm. Inspection of the trace showed that peak heart rate
occurred within the first 2 min of immersion, irrespective of the

group.

For the HRV subgroup of 10 participants, heart rate increased
from 79 to 115 bpm during the 5-min immersion. HRV parameters
showed a significant decrease in TP, dropping from 4197 to
1812 ms?, indicating a clear withdrawal of vagal activity. This
was further evidenced by the RMSSD decreasing from 47.8 to
28 ms. Figure 2 illustrates an individual participant’s Poincaré
plot, with panel A representing pre-immersion and panel B
during immersion. These plots graph each R-R interval against
the subsequent one (RR, vs. RR,,;), providing a visual and
quantitative representation of heart rate dynamics [59]. The pre-
immersion plots typically showed a broader, more dispersed
elliptical shape, reflecting greater short-term beat-to-beat vari-
ability and higher parasympathetic modulation. In contrast,
plots during cold-water immersion appeared noticeably smaller
and more condensed, suggesting a reduction in variability and
complexity, and a shift toward sympathetic dominance. These
visual patterns supported the findings from RMSSD and TP,
offering an intuitive representation of the autonomic response to
cold exposure.

3.4 | Summary

Immersion in seawater provoked a reduction in skin temperature
and an increase in heart rate. TMD was significantly reduced
in the three immersion groups but not the control group, thus
confirming that immersion in cold water does improve mood.
The positive sub-scales also showed significant increases for the
immersion groups but not the control group. The exception was
the 10MI group’s vigour score, which did not increase. However,
the 10MI group had the highest initial value for vigour. The neg-
ative sub-scales showed a more complicated picture. Conversely,
the control group showed no change in any negative subscales.
The immersion groups generally showed an improvement. Where
an immersion group showed no change, this was due to initial
starting values.

4 | Discussion

This study supported the hypothesis that cold-water immersion
improves mood, with all immersion durations producing signifi-
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cant reductions in TMD compared to the control group. However,
the anticipated dose-response effect was not observed, as the 5-
min immersion yielded improvements comparable to the 10- and
20-min exposures.

Furthermore, the study confirmed that immersion in cold seawa-
ter causes a rapid decrease in skin temperature and a sharp rise
in heart rate, likely due to vagal withdrawal [36, 60]. Immediately
after immersion, there was a notable improvement in mood,
evidenced by a reduction in TMD, achieved by an increase in
positive mood aspects and, to a lesser extent, a decrease in
negative aspects. No mood changes were observed in the control
group. Additionally, the mood improvement was independent of
immersion duration, with 5 min in the sea being as effective
as 20 min. The protocols were generally well tolerated, though
three participants in the 20-min group exited the water early,
unlike the other groups. No adverse events occurred during
or after the immersions, and no issues were reported in the
following 3 days, confirming that cold-water immersion is a safe
practice for young, healthy individuals with self-reported low
mood.

4.1 | Changesin Mood

The findings of this study align with prior research that con-
sistently shows an enhancement in mood following cold water
immersion [24-26, 39, 40, 61]. This effect is observed across vari-
ous protocols, including sea swimming [25, 26], sea dipping [24],
lake swimming [61] and controlled laboratory immersion [39,
40]. Additionally, the positive impact on mood persists despite
different assessment methods (POMS, Positive and Negative
Affect Schedule [PANAS] and self-reported well-being), notable
variations in water temperature ranging from approximately 10°C
to 20°C, and differences in immersion duration.

A key finding of our study was the minimal difference between
groups in mood improvement. All three immersion groups
exhibited a significant reduction in TMD, with changes of a
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Individual Poincaré plot of HRV 5 min before immersion (Panel a) compared to during immersion (Panel b).

similar magnitude, whereas the control group showed no change.
This trend was generally consistent across the sub-scales, except
for the 10MI group. Despite a significant improvement in TMD,
the 10MI group showed no change in vigour, fatigue, depression
or anger, and an increase in confusion. Despite these nuances, we
conclude that a 5-min immersion in cold seawater is as effective
in enhancing mood as longer immersions and may reduce the
risks, such as afterdrop and impaired motor control, associated
with longer durations.

However, despite the generally consistent responses observed in
cold-water mood studies, there is notable variability in both the
direction and magnitude of the effects reported in the literature.
This inconsistency is further complicated by the use of different
methods for assessing mood, such as the POMS and the PANAS.
For instance, Reed et al. [39] found an improvement in mood,
but this was limited to a modest reduction in negative affect,
which only became apparent 3 h post-immersion. There was
no observed change in positive affect. Reed et al.’s study is
distinct from other research in that it did not show an immediate
effect on mood. The study’s findings are unlikely due to an
insufficient thermal challenge, as the water temperature of 10°C
and the 15-min duration were within the ranges commonly used
in similar research. Moreover, the PANAS questionnaire is a well-
established mood research tool known for its strong validity and
reliability [62]. One important consideration is the initial baseline
scores of the participants, which can influence outcomes, as
evidenced in our study. Reed et al. reported that their participants
had a positive affect score of 30 U, close to the normative mean
of 31.3 U and a negative affect score of 11 U, significantly lower
than the normative mean of 16.0 U [63]. This suggests that their
participants already exhibited a relatively positive mood and low
initial levels of negative mood. This issue was apparent in our
study too, with the 10MI group displaying a much better mood
profile than the other groups.

The impact of differing initial mood values poses a challenge
for this study and others. Several critical issues should be
considered when interpreting changes in mood and designing
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future research protocols. These include regression to the mean
[64], ceiling and floor effects [57, 65], baseline variability [66], dif-
ferential responsiveness [67] and the interpretation of sub-scales,
particularly those related to negative affect [68].

In our study, the initial high vigour score and low scores on
negative sub-scales such as fatigue, depression, confusion and
anger in the 10MI group may have influenced our findings.
Specifically, the high initial vigour score suggests limited room
for improvement in this sub-scale (ceiling effect). Conversely, the
low initial scores for fatigue, depression and anger limited the
potential for further reduction in these negative emotions (floor
effect). In addition, some caution should be exercised as the 10MI
group score for confusion increased. Changes in TMD may reflect
a natural regression towards average scores rather than a genuine
effect of the intervention (regression to the mean). Addressing the
methodological challenges in cold-water and mood research is
complex and will require careful consideration and application
of appropriate strategies. For instance, we initially recruited
participants reporting low mood and randomly assigned them
to one of four groups, anticipating equalising differences across
groups. Although this may hold true for the aggregate TMD score,
significant differences were observed between groups at baseline
in the sub-scales. An alternative approach would be to match the
groups on TMD, but this would not necessarily have improved
the sub-scale differences. Consideration needs to be given to the
participant selection, and inclusion criteria should be used to
select those individuals who would benefit from the intervention,
that is, those with low mood scores. The inclusion of a matched
control group is always necessary.

4.1.1 | Skin Temperatures

Although reductions in skin temperature during cold-water
immersion have been widely reported, few studies have examined
these changes under field conditions or in non-swimming partici-
pants. In this study, all three immersion groups showed a marked
and comparable drop in skin temperature of nearly 11°C, with
final values around 17.5°C. These changes are consistent with
prior research [69] and reinforce the rapid cooling effect of cold
water via stimulation of thermoreceptors and nociceptors [70, 71].
Notably, 5 min of immersion was sufficient to achieve the same
degree of skin cooling as longer exposures, suggesting that even
brief immersion provides a substantial physiological challenge.

4.1.2 | Heart Rate

Cold-water immersion significantly impacts heart rate due to the
body’s acute stress response to sudden cold exposure [33]. In the
current study, all three immersion groups experienced heart rate
increases consistent with the cold shock response, rising by an
average of 33 bpm (from 87 to 120 bpm) and peaking in the first
minute. This response occurred in seawater at 13.6°C + 0.03°C,
with participants standing and required to actively maintain
their position in the water. In contrast, Reed et al. [39] reported
a smaller average increase of 10 bpm (from 75 to 85 bpm) in
participants immersed in 10°C water under passive conditions,
seated and lifted into a bath via a hydraulic system. Similarly,

Yankouskaya et al. [40] observed an increase from 85 to 110 bpm
within 10 s of immersion in 20°C water, where participants
stepped into the bath but remained stationary during the 5-
min exposure. These variations in heart rate responses across
studies likely reflect differences in water temperature, body posi-
tioning, physical activity during immersion and methodological
control.

4.1.3 | Heart Rate Variability

Although HRV data were collected in only a small sub-sample
of participants, some tentative observations can be made. These
findings should be interpreted cautiously, as the low sample
size and variability between individuals limit the strength of
conclusions. Nonetheless, the data offer initial useful insights and
highlight the need for further, well-controlled studies to better
understand the autonomic responses to cold-water immersion in
this context.

The findings from this study, namely an increase in heart rate
and a decrease in HRV, indicate reduced vagal activity during
immersion and a shift towards sympathetic predominance [72],
albeit in a small sample of 10 participants. Both TP and RMSSD
decreased, and the Poincaré plot showed notable compression.
Although a reduction in HRV, particularly vagal tone, can
sometimes be interpreted as a diminished capacity for physio-
logical flexibility, this must be viewed in context. In this case,
the observed changes reflect an acute, adaptive response to a
strong environmental stressor, rather than a pathological state.
Short-term reductions in HRV, such as those occurring during
physical exertion, anxiety or cold-exposure, are well-established
features of autonomic reactivity and can be compatible with good
health [73]. In contrast, chronically suppressed HRV is more
closely associated with increased cardiovascular risk. Individual
variation in response to immersion is also important: What might
be a manageable sympathetic activation for one person could
present a greater challenge to another, particularly those with pre-
existing cardiovascular conditions. We, therefore, do recommend
caution when attempting cold-water immersion for the first time,
and we suggest a discussion with a general practitioner before
engaging in the practice. It would also be prudent to start in
the warmer summer months and go with a friend. The outdoor
swimming society provides excellent guidance for beginners
[74].

Speculating on the connection between physiological measures
and mood changes from this study leads to several intrigu-
ing hypotheses. The sharp rise in heart rate upon cold-water
immersion suggests an acute stress response, with changes
in HRV indicating a shift towards sympathetic activation and
parasympathetic withdrawal in the subgroup studied. This ini-
tial stress response may prompt the release of endorphins
and other neurochemicals [39], potentially contributing to an
improved mood thereafter. Yankouskaya et al. [40] also sup-
port this idea, noting changes in brain networks in their
research.

Moreover, the transition from vagal (parasympathetic) to sympa-
thetic dominance during immersion, followed by a return to a
parasympathetic state post-immersion (although not recorded in

Lifestyle Medicine, 2026

9 of 12



this study), could lead to a rebound effect or vagal overdrive. This
shift back to vagal dominance is associated with relaxation and a
positive mood, as documented in the literature on vagal activation
and relaxation states [75]. Sullivan et al. propose that activities
directly stimulating the vagus nerve enhance parasympathetic
activity, promoting calmness and social engagement, aligning
with the polyvagal theory [76].

Alternatively, a more direct mechanism could involve the release
of neurotransmitters triggered by the stimulation of thermore-
ceptors [71] and nociceptors [70]. Previous studies have shown
increases in norepinephrine [77] and cortisol [39] following cold
water immersion. However, cold exposure induces complex hor-
monal responses, including heightened stress-related hormones
and potential decreases in thyroid hormones [37], thus presenting
a complex and interactive picture.

5 | Conclusion

This study demonstrated that immersion in cold seawater induces
rapid skin temperature decreases and significant heart rate
increases, primarily due to vagal withdrawal. Immediately follow-
ing immersion, participants experienced a notable improvement
in mood, characterised by enhanced positive mood aspects and
a modest reduction in negative aspects. Importantly, this mood
enhancement was independent of immersion duration, with even
5 min in the sea yielding similar benefits as longer durations.
Importantly, these effects were observed in participants who had
been appropriately screened, and who followed procedures that
had been fully risk assessed and implemented under controlled,
supervised conditions, ensuring the safety of the protocol. From a
practical standpoint, the lack of difference in mood improvement
between the differing durations suggests that longer immersions
may be unnecessary for psychological benefit and could increase
the physiological strain or risk (afterdrop, impaired motor func-
tion, etc.) without additional mood-related gain. However, longer
immersions may still be beneficial for other populations or
outcomes, such as inflammatory conditions or musculo-skeletal
pain, and this warrants further investigation.

The study’s protocols were generally well tolerated, though a
few participants in the 20-min group exited the water early.
No adverse events occurred during or after the immersions,
reaffirming the safety of cold-water immersion for young healthy
individuals. Physiologically, the acute stress response triggered
by cold exposure was evident through increased heart rates and
reduced HRV, indicating a shift towards sympathetic activation.

Speculative hypotheses on the physiological mechanisms under-
lying mood improvement suggest that the initial stress response
during immersion may release endorphins and other neuro-
chemicals, contributing to enhanced mood. Additionally, shifts
between sympathetic and parasympathetic dominance during
and after immersion could promote relaxation and a positive
mood state, supported by theories on vagal activation and
neurotransmitter release.

Although further research is needed to fully elucidate these
mechanisms and address methodological considerations such
as baseline mood variability and assessment tools, this study

contributes valuable insights into cold-water immersion’s psycho-
logical and physiological effects in a field-based setting.

It is important to note that the cold-water immersions in this
study were conducted under carefully controlled conditions, with
trained lifeguards on hand and full safety protocols in place.
All participants were physically active, fit and screened for pre-
existing issues, and the sessions were closely supervised in a struc-
tured group format. These conditions differ significantly from
unsupervised, individual immersions in natural environments.
As such, although the results suggest cold-water immersion can
offer psychological benefits, individuals should approach the
practice with caution, particularly those with pre-existing health
conditions. We recommend that anyone considering cold-water
immersion for mood or well-being first consult their general
practitioner. Starting in the warmer summer months, gradually
acclimatising and swimming with others are all sensible strate-
gies to reduce risk. Reputable organisations such as the Outdoor
Swimming Society [ 74] offer useful safety guidance for beginners.
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