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ABSTRACT

Introduction: Cold water swimming has increased in popularity and women wish to swim throughout pregnancy. There is a lack
of evidenced-based guidance to make decisions about the safety of immersion in cold water during pregnancy.

Methods: Closed social media groups were asked for specific questions in relation to cold water swimming and pregnancy.
This highlighted concerns including water temperature, risks to the mother and fetus, and water quality. To find evidence-
based answers, a series of meetings brought together clinicians and researchers with expertise in cold water physiology, exercise
physiology, fertility, obstetrics, neonatology, midwifery, water epidemiology, public health and representatives from the Open
Water Swimming Society and an Open Water swimming social enterprise.

Results: Published data were examined via a scoping review process and four studies and eight reports were identified.
Recommendations were made with evidence graded (mostly grade 4 expert opinion).

Conclusion: Research gaps highlight the need for research to enable accurate advice to determine whether it is safe for pregnant
women to swim outdoors in cold water.

1 | Introduction with 150 min of moderate-intensity exercise recommended every
week [1]. Worldwide, 30 countries now have physical activity
1.1 | Rationale guidelines either specifically for pregnant women or inclusive

of pregnant women [2], an increase from the nine countries
In the United Kingdom, physical activity during pregnancyisrec-  with guidelines published before 2014 [3]. For uncomplicated
ommended at the same levels as the general population guidance, ~ pregnancies, there is no evidence that physical activity poses
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harm to the baby [1] and physical activity during pregnancy can
reduce rates of gestational diabetes [4], hypertension [5] and
depression [6].

Swimming in heated swimming pools is popular during preg-
nancy due to the added benefits of the low-impact nature,
associated with the weightlessness of being in water. Pregnant
women perceive a range of health benefits from swimming
including improving both physical and mental health, but
crowded swimming pools were a barrier to participation [7].
Swimming and aquatic exercises are safe during pregnancy and
may offer beneficial birth outcomes such as a reduction in
preterm births [8], while also controlling heart rate and blood
glucose levels, improving balance and mobility, and preventing
excessive weight gain [9].

Cold water swimming, sometimes referred to as open water
swimming, or wild swimming, has increased in popularity over
recent years, especially since the COVID lockdown. The Outdoor
Swimming Society website had 1 million unique visitors in
2022 which was an almost 50% increase from 2021 (Oliver Pitt,
Personal Communication 2024). Their membership increased
from 100,000 in January 2020 to 173,000 in 2022. The Bluetits
Chill Swimmers have also noticed a huge increase in members;
in 2020 when they became a social enterprise there were around
five informal volunteer-led Bluetit community groups. They
have experienced exponential growth and now have almost
200 Bluetit community groups (flocks) worldwide with over
100,000 members across all the groups (Gail Bainbridge, Personal
Communication 2023).

1.2 | Benefits of Cold Water Swimming

The continuing surge in popularity of outdoor swimming is
a testament to its perceived benefits. Besides the wonders of
exercising in nature, often with a community of other swimmers,
the benefits stem from the physical, physiological and psycho-
logical challenge presented by cold water immersion (CWT) [10].
For instance, immersing the body in cold water stimulates the
sympathetic nervous system and the release of stress hormones
[11] which may provide a ‘post-swim high’ [10]. The immersion
or swimming in cold water may also be linked to improved mood
and symptoms of depression and anxiety [12, 13].

Previous reviews have focused on the impact of cold water
swimming and health benefits [10, 14, 15], but none of the
published research at present has the rigour for inclusion in
a systematic review of randomised control trials (RCTs), nor
are there clear mechanisms of effect. At present, there is a lot
of anecdotal and qualitative evidence of perceived benefits of
outdoor swimming for improvements in mental and physical
health conditions [16, 17] with some documented case studies
[18, 19] and small exploratory studies [13, 20]. The continuing
popularity of outdoor swimming may be the result of these
perceived mental and physical benefits and requires further
research.

Outdoor swimming coaching over the course of summer showed
evidence of reduced symptoms of depression in a case study [18]
and a single-arm study of 53 participants living with symptoms

of depression showed reductions in symptoms of depression
and anxiety following eight swim sessions, and this reduction
in symptoms was present upon follow up 3 months after the
completion of the course [13].

Other theories suggest that breath holding and face immersion
in cold water (either before or after the cold shock response
is complete) have an immediate and short-term effect through
direct stimulation of the parasympathetic nervous system-the
diving reflex [21]. This manifests as a lower heart rate, a calming
effect on those with panic disorders [22] and may be one of the
mechanisms through which benefits occur. If this mechanism
is linked to the benefits, there may be no need to immerse
the body in cold water and only briefly immersing the face is
required. However, coincidental immersion of the whole body
(including the face) and breath holding have been reported to
evoke cardiac arrythmias associated with ‘autonomic conflict’
[23]-see the following section.

Cold water immersion can also reduce levels of inflammation
[24]. This effect on inflammation may be one of the hypothe-
sised mechanisms through which cold water swimming provides
benefits [10]. Chronically raised levels of inflammation in the
body resulting from the secretion of stress hormones such as
cortisol are associated with, and can exacerbate, many common
medical conditions ranging from hypertension, type 2 diabetes
mellitus, inflammatory bowel disease and depression [25-27].
In theory, outdoor swimming may have the potential to reduce
inflammatory responses, but RCTs are still required to establish
the efficacy of CWI/outdoor swimming to manage the conditions
and establish if the inflammatory change is the mechanism of
action.

There are a number of other conditions where some anecdotal
evidence is available of improved well-being in relation to pain,
rheumatic disease, menopause and migraine [20]. Additionally,
many participants also claim that outdoor swimming strengthens
their immune system. There is evidence of changes in immune
function markers (T and B lymphocytes and antioxidants) in
those who immerse themselves in cold water [28, 29] but the
clinical significance of these changes in immune markers or
presentation of illness is not so clear-cut [30].

As well as a number of potential mechanisms that may stem from
the physiological responses, social and psychological challenges
are presented by CWI. These ‘nature-based’ or ‘green and blue
therapies’ may support reductions in social isolation, improved
mindfulness, a greater connection with nature, distraction,
placebo effects and improved self-efficacy through achievement
or completion of a challenge [10, 31, 32].

1.3 | The Risks of Cold Water Swimming

The risks of cold water swimming stem from the physical and
physiological responses evoked by CWI; these risks are well-
researched and well-documented [10, 33-35]. With the increase in
popularity of cold water swimming, there has inevitably been an
increase in related adverse incidents. Waves and currents provide
a physical challenge, and participants need to be constantly aware
of the risk of exhaustion.
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The four stages of immersion in cold water associated with
particular hazards include initial response, short-term responses,
long-term responses and circum-rescue responses [33,36,37]. The
immediate physiological responses to cold immersion (uncontrol-
lable gasping and hyperventilation, tachycardia, hypertension),
termed ‘cold shock’ [33] are initiated by cutaneous cold receptors
and primarily mediated by the sympathetic nervous system. The
respiratory responses can be a precursor to drowning. Heart
rate, blood pressure, workload of the heart and stress hormone
concentrations are increased, and arrhythmias may occur which
may precipitate cardiac arrest in an individual with underly-
ing cardiovascular disease. As noted, putting the face in cold
water and breath holding can result in autonomic conflict and
consequent cardiac arrest on immersion in cold water [23].

Whilst the responses peak in water temperatures between 15 and
10°C [34], the cold shock response can occur in much warmer
water (25°C) and therefore most of the open water around the
United Kingdom will be cold enough to evoke the cold shock
response even in summer. With repeated immersions in water at
a temperature of less than 20°C, typically six short (e.g. 5 min)
immersions over a period of a few hours or days [38], the body
habituates and this response is attenuated. As a result, peak levels
of stress, as manifested by physical and biochemical markers,
reduce the body’s cold shock response. This is a medium- to long-
term effect as 60% of this attenuated response is still present 14
months after the initial adaptation programme [35].

Other disturbing consequences of CWI include transient global
amnesia whereby, for a period of minutes to 8-10 h, a swimmer
loses their short-term memory [39]. This is rare, unpredictable
and little studied. It tends to affect older people and is asso-
ciated with a history of migraines [40]. Swimming-induced
pulmonary oedema (SIPE) is evidenced by a cough, shortness of
breath/dyspnoea, hypoxaemia and oedema. Risk factors include
being female, hypertensive, swimming more than 1.2 miles and
having a history of SIPE. It is thought to be caused by the
central blood pooling, peripheral vasoconstriction caused by cold,
tight wetsuits, excessive hydration and high-intensity exercise.
Treatment includes recognising the condition early, sitting up,
loosening wetsuits, insulation, pursed lip breathing and evac-
uation to hospital telling those you meet you may have SIPE
[41].

The risks associated with immersion in cold water are not
insignificant but can be mitigated by taking some simple precau-
tions; having a health check, swimming in a group at sheltered
locations and in calm conditions with clear exit points, getting in
slowly and getting over the initial shock to the body before putting
your head under, and limiting your exposure by time (e.g. 10 min
maximum) rather than how good you feel [42].

1.4 | Objectives of Study and Review Questions

With the increase in popularity of cold water swimming, there are
more women who wish to swim throughout their pregnancies.
There appears to be a lack of evidenced-based guidance available
for women to make decisions and for healthcare professionals to
give advice and guidance about the safety of immersion in cold
water during pregnancy. Evidence-based information is required

as it is easy for information and guidance to be added to web
sites, books, magazines, etc. without any scientific basis, and then
become embedded as facts.

The objective of this study was to use social media to ask
women what questions they had about outdoor swimming whilst
pregnant and to examine published data via a scoping review.
Scoping reviews are particularly useful in synthesising literature
in emerging fields to map the extent, range and nature of available
literature [43]. The hope was to find evidence-based answers to
their questions and specifically; ‘Is it safe for pregnant women to
swim outdoors in cold water’?

Social media contact to gatekeepers of closed Facebook swim-
ming groups was approved by the University of Plymouth Faculty
Research Ethics and Integrity Committee (project ID FSER: 3894).

2 | Materials and Methods

A series of expert meetings were held virtually in 2022 and 2023
bringing together national expertise from a multidisciplinary
group of researchers and clinicians including cold water physi-
ologists, exercise physiologists, specialists in fertility, obstetrics,
neonatology and midwifery, water epidemiology, public health,
the Outdoor Swimming Society medical advisor, and an open-
water swimming social enterprise.

The objectives of the meetings were to discuss key questions,
to advance knowledge, evidence and practice in the area of
cold water swimming and pregnancy and to identify areas of
focus for collaborative work to produce consensus guidance on
best practices for facilitating safe and healthy pregnancies whilst
swimming.

The group then contacted gatekeepers of closed social media
groups for permission to ask members if they had specific
questions in relation to cold water swimming and pregnancy.
Anonymous questions were received and grouped into themes by
MF and HM to help develop a protocol for the search. A workshop
of 11 women who swam during pregnancy in cold water was also
held, and questions from participants were collated and added.

2.1 | Questions From Women Related to Cold
Water Swimming

A summary of the topics women wanted more information about,
relating to cold water swimming, is shown in Table 1, ordered by
popularity of the topic.

2.1.1 | Physiology and Temperature

The most popular topic that women wanted more information
on was the body temperature changes of both the mother and
the fetus during cold water swimming and recommendations for
the maximum duration of immersion in cold water. This was
closely followed by questions about the physiological response of
the baby while the mother undertakes cold water swimming (e.g.
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TABLE 1 | Summary of topics asked by women on what they want to know about cold water swimming during pregnancy (ordered by frequency

of number of questions asked in each topic).

Topic

Typical questions asked on the topic Frequency

Temperature

Physiological responses of the

fetus

Water quality

Trimester

Wetsuit/skins

Experience of cold water

Health conditions

Birth outcomes

Postnatal

Swimming stroke

Sea conditions

Temperature post-swim

IVF

Specific pregnancy
considerations
Mental health

Outdoor vs. indoor

Adipose fat changes

Temperature changes in women and babies at different water temperatures. 15
Recommended minimum water temperature or maximum duration of
immersion at specific temperatures?

Physiological responses of the fetus to cold water-heart rate, foetal movement, 1
cold water shock, effect on blood flow to the uterus?

Water quality (pollution risks, temperature, water borne diseases, algae). 8
Location of open water swimming-sea, rivers, lakes. Should women avoid
putting their faces underwater due to the risk of infection?

Differences in physiological response to cold water swimming and therefore 7
guidance between trimesters.

Temperature control with/without wetsuits and/or skins during pregnancy. 5
Consideration of wetsuits not fitting during pregnancy and tightness over the
bump not being good for the fetus.

Difference in physiological response and/or guidance between regular 4
swimmers (before start of pregnancy) and women starting during pregnancy.
Contraindications to open water swimming, e.g., pre-eclampsia, gestational 4
diabetes, carpal tunnel, multiple pregnancy? Is this dependent on the
trimester?
Impact of cold water swimming on delivery (complications, baby’s position, 3

placental position.)

Effect of cold water swimming on breastmilk supply. How long after birth 3
before returning to the sea?

Which swimming stroke to use during pregnancy? Advice regarding front/back 3
lying down and safest movements in relation to ligaments relaxing.

Sea swimming-Should women stay within their depth and avoid waves to stop 3
getting bumped around by them? Do sea sickness and nausea during cold
water swimming change during pregnancy?

Temperature regulation after swimming during pregnancy. Response to 3
returning to core baseline temperature.

Cold water swimming during IVF treatments. Guidance that some activities 2
should be limited prior to conception and early pregnancy. Should cold water
swimming be limited? Can women restart swimming in the second trimester?

Additional considerations for cold water swimming when pregnant compared 2
with pre-pregnancy. Are there signs that mean you should stop such as changes
to breathing, heart rate or other physiological changes?

Link between cold water swimmers and postnatal depression 1
Comparison of risks between outdoor and indoor swimming, such as risk of 1
getting kicked during lane swimming but more space outside, risk of being
stung by jellyfish.
Will the adipose fat in the fetus/child increase with regular dips in low temps? 1

foetal heart rate, foetal movement, potential physiological shock 2.1.2 | Water Quality

and blood flow to the uterus).

Information was also requested about water quality including

Additionally, questions were related to the specific temperature of risks of pollution, water borne disease and infection including
the water and, for example, whether the recommended minimum potential differences for locations such as rivers, lakes and
water temperature and durations of exposure are known. the sea.
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2.1.3 | Pregnancy-Specific Risks

An overarching question across all topics was the need for
information to be specific across the different stages of pregnancy,
with future guidance providing trimester-specific information.

Other specific risks/considerations related to pregnancy were also
asked including pregnancies conceived by in vitro fertilisation
(IVF), the postnatal period, specific health conditions, birth
outcomes, health benefits, use of wetsuits/skins and potential
differences between those with more or less experience of cold
water swimming.

2.2 | Search of the Published Works on Outdoor
Swimming During Pregnancy

An initial literature search was performed in February 2022
by JS and Specialist Subject Librarian SB to identify articles
on this topic, followed by analysis of the text words contained
in the titles and abstracts, and of the index terms used to
describe these articles. This informed the development of a search
strategy including identified keywords and index terms which
was adapted for each information source. The search strategy
aimed to find both published and unpublished studies as well as
articles of interest from sources of grey literature. Searches were
updated in February 2023 and August 2023 with no extra papers
found.

After consultation between JS and SB, it was decided that specific
outcomes were not to be added as search term criterion, as all
potential outcomes were to be considered for the scoping review.

We conducted a scoping review based on the approach of the
Joanna Briggs Methods Manual for Scoping Reviews [44]. An
outline protocol for the review was prepared and revised using
input from the key stakeholders. The scoping review has been
reported based on the PRISMA Extension for scoping reviews
[45] in accordance with PRISMA guidance. Details of included
and excluded studies are included in the PRISMA flowchart
(Figure 1).

SBused a combination of free text terms and mesh headings in the
following electronic databases from inception for both academic
articles and grey literature: Medline (Ovid), CINAHL (EBSCO-
host), PsycINFO (ProQuest), Embase (Ovid), Cochrane, BMJ Best
Practice, JBI, UpToDate, TRIP, NICE Guidelines, Google Scholar
and grey literature and organisational websites. The development
of a search strategy included identifying keywords and index
terms tailored to each information source. Identified articles were
published both internationally and from the United Kingdom.
Only studies published in English or translated from English will
be included due to time and budgetary constraints. This scoping
review considered studies that included these terms used with
Bodleian terms of reference.

A summary of search terms is included in Table 2, and a full
search strategy for each database and grey literature can be found
in the Supporting Information. The reference list of all included
studies was screened for any additional papers.

TABLE 2 | Summary of terms searched.

Terms Searched

Open Water/ Pregnan*/pregnancy/
Swimming ’prepregnancy’/ pre-pregnancy
River/Swimming Gestational
Outdoor/Swimming Pregnancy/Exercise
Cold Water Maternal/swimming
Immersion

Swimming/Ponds human
Sea/Swimming water
Pond/Swimming adult
Reservoir/Swimming ‘Exercise in pregnancy’
Wild/Swimming Gestational mothers
Sea Conditions Cold water/swimming
‘Swimming in the conception

wild’

2.3 | Data Analysis

Articles resulting from these searches and any relevant references
cited were downloaded into Endnote, duplicated and reviewed
using RAYYAN software [46] by the team. Final decisions on
inclusion were made by JS and JH and moderated by HM.

3 | Results

The initial search found 640 records. After removal of dupli-
cates and records marked as ineligible by automation tools,
409 remained. Titles and abstracts were screened leaving 139
records for retrieval which were assessed for eligibility. Hand
searching of references revealed two more relevant studies.
Following this process, only six studies were identified as meeting
the inclusion criteria associated with cold water swimming
and pregnancy. As per the protocol, records were also sought
via web-based resources and grey literature. Sixty-two records
were found and after review, eight reports met the criteria for
inclusion.

Papers were graded for quality and level of evidence (see Box 1)
and are summarised in Appendix 1.

3.1 | Evidence and Recommendations

Literature that related to cold water swimming and pregnancy
was sparse and highlighted two main areas: physiological
response to cold water and pregnancy, and water quality as
discussed below.

To make recommendations in relation to the safety of pregnant
women swimming in cold water, the questions received from
closed social media groups and the workshop were linked
to the available evidence and to expert consensus agreement
within the team. Table 3 gives a summary and any specific

50f16

8SUBO1T SUOWIOD 9A 81D 3! jdde sy Aq paussnob afe sajoie O ‘8sn Jo Sajni 10} ArIqiTaulUQ 48|\ UO (SUONIPUOD-PpUe-SLLBIAW0Y" A3 | 1M Ale.q 1puluo//SAny) SUoNIPUOD pue Swis 1 au) 89S *[S20z/T0/zz] Uo Arigiauliuo A1 1891 Ag 60002 ZW1I/Z00T OT/I0p/Wod Ao Im Arelqipuljuoy/Sdiy Wolj pspeojumod ‘T ‘5202 ‘0v.£8892



Records identified from
Databases:
CINAHL (n = 59);
Embase (n = 60);
Medline (n = 236);

Records removed before screening:
Duplicate records removed (n =174)
Records marked as ineligible by

ﬁMEEIISInF:)12);— 107): automation tools (n = 36)

JS{C =27 (n=107) Records removed for other reasons (n
Coc(hnra-ne ()r; =20 = 21) Non-relevant animal

TRIP (n = 23) d studies/Translated duplicate copies
NICE (n=1)

UptoDate (n = 86)
TOTAL: (n = 640)

Records identified from:
Google Scholar = 104,000 (1% 100
results screened)
(n =28 included)
Organisations’ websites (n = 31)
Citation searching (n = 3)
etc.
TOTAL =62

¢ Title /Abstract
Records excluded**
Title /Abstract (n=270)
Records screened
(n =409)
l Reports not retrieved
(n =0)

Reports sought for retrieval

(n=139)

¢ Reports excluded: n=135

Reason 1 (n = 46) exercise general
Reason 2 (n = 40) wrong outcome
Reason 3 (n = 16) wrong population
Reason 4 (n=12) background article
Reason 5 (n=21) wrong environment

Reports assessed for eligibility
(n=139)

Plus two found after hand search.
(n=141 total)

. Reports not retrieved
518201?; sought for retrieval. Reason 1 (n = 28)

Found in databases/register search
Reason 2 (n=24) general swimming
/not pregnancy.

Active Pregnancy Foundation
Environment Agency

NHS.UK leaflets-exercise

Open Water Swimming Society
Safe Swim.org

Straight-Line Swimming
Tommy's

UK Health Security Agency

UK Chief Medical Officer Report
World Health Organisation

Reports excluded:
Reason 1 Not cold water and
pregnancy (n =2)

l

Studies included in review

(n = 6) (n=3 studies n=3 review
articles).

Reports included.
(n=8) y

Reports assessed for eligibility
(n=8)

FIGURE 1 | PRISMA diagram shows the identification and screening process. Source: Page et al. [47].

recommendations. Unfortunately, due to lack of evidence, few of
these relate to the specific stages of pregnancy as requested by
women.

3.2 | Physiological Response to Cold Water
Immersion and Pregnancy

At present, there are no peer-reviewed publications of the phys-
iological effect of whole-body CWI in pregnant humans. There
are a small number of papers where pregnant women have either
been exposed to cold air or stationary exposure to water less than
thermoneutral (35°C) [49, 50]. In addition, there are case reports
of accidental or therapeutic hypothermia in pregnant females
[51, 52].

As yet, there is no published information on the impact of cold
shock on pregnant females. However, a 20-min standing water
immersion (28-29°C) was shown to reduce pedal oedema to a
greater extent than seated rest on land with the legs elevated
[49]. In this case, both of the interventions would contribute
to the redistribution of body fluid. Reductions in restless leg
syndrome were also found by immersion in water [50]. A greater
reduction in symptoms occurred when immersing the legs to just
above the knee for 10 min in cold water (20-25°C) compared to
immersion in 40-45°C water. The rationale for using warm water
may be related to the vasodilation response and greater blood and
nutrient supply to the tissues, whereas CWI results in reduced
sensations of muscular fatigue.

There is also evidence of elevated cortisol concentrations during
pregnancy [53]. When pregnant and challenged using a 1 min
cold pressor test (hand in ice cold water), no further elevation
in cortisol concentrations (20 min post-test) was observed in
10 females. In contrast, matched non-pregnant controls had a
significant increase in cortisol concentrations when exposed to
the same stimulus [54]. This increase in cortisol was to similar
values as the pregnant group when at rest. Therefore, it may
be that the additional hand immersion (stress) did not result in
any increase in cortisol in the pregnant group. Whereas for the
control participants, hand immersion in cold water represented
a significant additional stress, increasing cortisol levels to those
of the pregnant group at rest. However, it is not known if this
lack of cortisol response to hand cooling when pregnant would
be replicated when the whole body was immersed. It may also
be that continued repeated stressors would stimulate a reduced
cortisol response as an adaptative response to the stressor occurs,
thusit can be hypothesised that cortisol levels may be ameliorated
as a consequence of long-term CWI [53].

Vascular and thermoregulatory responses were investigated when
immersed in 30°C water during the first, second and third
trimesters and 10 weeks post-partum [56-58]. Women statically
immersed to the Xiphoid process had similar deep body temper-
atures when pregnant and post-partum. Although post-partum
skin temperatures were higher and heat production lower than
during pregnancy, it maybe that the response to static immersion
in water 5°C below thermoneutral water temperatures during
pregnancy is associated with a greater vasoconstrictor response
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BOX 1. Quality and level of evidence [48]

1++ High-quality meta-analyses, systematic reviews
of RCTs, or RCTs (including cluster RCTs) with
a very low risk of bias

1+ Well-conducted meta-analyses, systematic
reviews of RCTs, or RCTs (including cluster
RCTs) with a low risk of bias

1- Meta-analyses, systematic reviews of RCTs, or
RCTs (including cluster RCTs) with a high risk

of bias
2++ High-quality systematic reviews of these types

of studies, or individual, non-RCTs,
case-control studies, cohort studies, cost
benefit analysis studies, interrupted time series
and correlation studies with a very low risk of
confounding, bias or chance, and a high
probability that the relationship is causal

2+ Well-conducted non-RCTs, case-control
studies, cohort studies, cost benefit analysis
studies, interrupted time series, and correlation
studies with a low risk of confounding, bias or
chance and a moderate probability that the
relationship is causal

2— Non-RCTs, case-control studies, cohort studies,
cost benefit analysis studies, interrupted time
series and correlation studies with a high
risk-or chance-of confounding bias, and a
significant risk that the relationship is not

causal

3 Non-analytic studies (e.g. case reports, case
series)

4 Expert opinion, formal consensus

and elevated metabolism, reducing heat transfer to the skin
and maintaining heat storage within the greater body mass of
the pregnant women, possibly conserving heat to protect the
fetus. Yet when pregnant, increases in oxygen consumption and
heat production occur at rest in thermoneutral air tempera-
tures compared to post-partum [57, 58]. Consequently, it may
be that these differences are due to anthropometric (increased
body mass and body fat) changes occurring during pregnancy
rather than adaptative physiological responses to immersion in
cold water. During immersion, the greater body mass and fat
distribution insulates deep tissues from the effect of cooling
allowing the skin to cool without deep tissue cooling. However,
there is a gap in thermophysiological research in terms of
the impact of immersion at lower water temperatures which
would result in vasoconstriction and how thermoregulatory
responses to static immersion and exercise compare when gravid
and non-gravid.

Most published cases of hypothermia during pregnancy were
initiated in hospital settings for therapeutic reasons [59-62],
where patients (n = 4) and their fetus (n = 4) were closely
monitored, all but one case resulted in delivery of a healthy infant

at or close to 40 weeks. In the one case that did not have a positive
outcome [59], there may be a number of contributing causes for
the spontaneous delivery of the still born 28 h after maternal
cardiac arrest, these include the initial out-of-hospital cardiac
arrest, prolonged time to return of spontaneous circulation,
possible cocaine-induced vasoconstriction, and global myocardial
hypokinesis that may have impaired uterine blood flow and
contributed towards the still birth. There are also two reports
of accidental hypothermia (tympanic temperature 30.3°C [51]
and rectal temperature 29.8°C [52]), possibly related to cold
air exposure, details have been provided in Appendix 2. In
both instances, the hypothermic episode occurred late in the
pregnancy (37 and 32 weeks) and a healthy infant was delivered
(37 and 40+3 weeks, respectively). Unfortunately, no follow-up
information was provided in either case. Despite the limited
information, these findings suggest that hypothermia is not
directly harmful to the fetus. However, it is known that maternal
temperature and foetal heart rate are associated, with maternal
hypothermia resulting in foetal bradycardia [63] and maternal
rewarming with a return to the normal foetal heart rate range
(~120 bpm) [51, 52, 63].

CWI can put a significant strain on the respiratory and car-
diovascular system and cause fluid shifts within the body,
increasing blood pressure significantly on immersion in cold
water [33]. This can be particularly risky for hypertensive indi-
viduals. However, because the physiological changes associated
with pregnancy vary so much across a pregnancy and between
pregnancies, a blanket recommendation regarding CWI cannot
be provided. Pregnant women with conditions that may be
exacerbated by CWI (e.g. hypertension) should avoid CWI as
should those with medical conditions that would preclude CWI
when not pregnant. A current medical check-up is advised.
It is further recommended not to start CWI/swimming during
pregnancy.

With the present published data, it appears that a form of CWI
(see below) should not be contraindicated for those who have
been regularly exposed to cold water prior to pregnancy and
remain healthy during it (with regular check-ups). It may also
reduce symptoms of pedal oedema. In addition, although there
is no clear evidence that prolonged immersion in cold water
resulting in hypothermia is harmful to the fetus, it does slow
foetal heart rate; therefore, for those who are regularly exposed
to cold water, short dips (<10 min) in cool (>15°C) rather than
cold water are recommended. The use of a wet suit may also help
mitigate the deleterious effects of CWI.

3.3 | Water Quality

Open-water swimming can increase the risk of gastrointestinal
illnesses which may cause diarrhoea and/or vomiting as well as
respiratory, skin, ear and eye infections. Most symptoms of these
illnesses caused by micro-organisms such as norovirus, giardia
and cryptosporidium, will generally be mild. However, there is
also a risk of more severe infections caused by micro-organisms
such as E. coli 0157 which may cause severe gastrointestinal
illness and leptospirosis (Weil’s disease), which can cause liver
and kidney problems [64].
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TABLE 3 | Summary recommendations.Note: The quality and level of evidence are recorded using the guidance given in Box 1, where only evidence
from the general population was available, expert opinion was used to apply a ranking applicable to pregnant women. Due to a lack of specific trimester
evidence, recommendations apply across all periods of pregnancy unless stated.

General advice All safety requirements that apply to people who are not pregnant should be followed and if new to CWI
then wait until after pregnancy to start this activity. It may be helpful to consider completing the Get Active
Questionnaire for Pregnancy (GAQ-P) [78] before continuing general physical activity during pregnancy.
Anyone with pregnancy complications or medical conditions is recommended to have a discussion with
their medical team.

Women are advised to wait until after the 6-week postnatal check and until any wounds and stitches are
healed before swimming.

Always ensure you have the necessary training, knowledge and skills for outdoor swimming, especially in
open water (sea, rivers and lakes). Always ensure you swim with lifeguards around if possible, or at least
with others or in a group so you are not alone. Swim close and parallel to the shore and be aware of the risks
of tides, waves and currents. Prior to entering the water, identify clear exit points from the water. Consider
easy access to medical support for chosen locations.

Check the weather forecast before outdoor swimming and avoid swimming while pregnant if the water is
too cold or in adverse weather conditions.

Question Issue Recommendations
Water Cold water shock may Slow entry into the water. Get over any potential initial cold water shock before
temperature occur at water putting head under water. Avoid extended breath holds with face immersion (level 2-
temperature below [33, 80, 81]
~25°C[79] Refrain from immersing/swimming in cold water with raised blood pressure as this

may be exacerbated by cold water [33]
Foetal heart rate decreases during CWI-it is unknown if this is harmful (level 3 [63])

Third trimester-specific: May help foot or ankle swelling (pedal oedema)
(level 2- [49])

Time in water Hypothermic body can Attention is still needed in spring when the air temperature may be quite warm, but
lose heat rapidly in cold the water remains cold. If you feel it is too cold, do not get in/ or get out if you have
water [82] decided it is too cold for you (level 4)
CWI can reduce Limit exposure to 10 min maximum but if you feel very cold, unwell or incapacitated
neuromuscular function in any way before 10 min you must get out of the water immediately (level 2+
and increase gait [42, 85])
variability 83, 84] and Post swim: The body continues to cool on exit (level 2+) so it is important to plan a
may be exacerbated in - \arm routine, spending time on rewarming, drying and ensuring lips and fingertips
pregnancy when already feel warm and are functioning. Have a warm rather than hot drink as perception
experiencing reduced may be altered if very cold or hypothermic and there is a risk of burning (level 4)

mobility when pregnant

Clothing General Wear a suitable costume, wetsuit or skins. Wear gloves and a hat as heat is lost from
Wetsuits/skins recommendations the head (level 4)
Prevention of
swimming-induced
pulmonary oedema-SIPE
[level 4]

Use a fluorescent safety marker (level 4)

Use water shoes for stability walking in and out of the sea (level 4). CWI can increase
gait variability which may increase the risk of falls [84]

Avoid very tight wetsuits which may cause constriction (level 4)
Post swim: Loosen wetsuits when not in water (level 4)

Dry yourself immediately and put on a warm robe (level 4). Be aware of ‘after drop’
or continued cooling where your temperature may continue to drop after you get out
of the water (level 4)

Wear layers of warm clothes which trap air and keep in warmth, even in summer
weather as you may feel cold when you get out of the water (level 4)

(Continues)
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TABLE 3 | (Continued)

Question

Issue

Recommendations

Water quality

Swimming
strokes and
advice

Breastfeeding

Health
conditions

see also Tipton
et al. [42]

Increased risk of GI, skin
eye and ear infections [69]

Bacterial infections such
as Weil’s disease
(leptospirosis) cross the
placenta and can affect
both mother and baby
[64]

Select locations where the water quality is monitored, meets standards and there are
no local warnings in place against swimming (level 4)

Avoid bathing on higher risk days which follow heavy rainfall (1-2 days) and in
water with blue-green algal blooms or scums (level 4)

Avoid bathing close to known inputs, including watercourses, as these can be
sources of pollution from agricultural land and urban areas (level 4)

Do not swim if waters are broken (level 4)

Contact your midwife, doctor or obstetrician if you know that you came in contact
with contaminated water, particularly if you feel there is a risk of Weil’s disease
(level 4)

Post swim: Thoroughly shower after the swimming to help remove any possible
effluent that may be present on the skin. Dry ears carefully after swimming (level 4)

There is limited evidence regarding swimming strokes during pregnancy (level 4)

Despite advice often seen in leaflets suggesting that breaststroke may exacerbate
pelvic girdle pain and/or cause back pain, no research evidence was found to
support this (level 4)

Backstroke is also advised against later in pregnancy as lying on your back causes
compression of major blood vessels during the third trimester (level 4)
Buoyancy varies as pregnancy progresses and therefore different swimming strokes
may be more comfortable at different phases throughout pregnancy. It is a personal
preference, finding a swimming stroke that feels comfortable is therefore
recommended (level 4)

Postnatal: If breastfeeding or if harvesting colostrum then consider washing before
breastfeeding even if in good quality water (level 4)

1. Preconception: Assisted conception IVF-take advice from health care providers.
Do not start cold water immersion for the first time (level 4)

2. Antenatal pregnancy-related conditions to avoid cold water immersion or swimming:

Any condition which means you are under obstetric rather than midwife care. Wait
until that appointment to ask your Obstetrician about cold water immersion (level 4)

Low blood pressure is common in the first trimester and may cause fainting (level 4)
Hyperemesis: It may cause low blood pressure and fainting (level 4)

Hypertension: Pre-existing, pregnancy-induced hypertension or preeclampsia as cold
water immersion may increase blood pressure (level 4)

Gestational diabetes: Need to be mindful of blood sugar levels which may fall with
extended immersion [86]. Therefore, women with gestational diabetes should
monitor blood glucose levels before and after immersion and immerse for a short
period of time (10 min maximum). Consider having a snack 30 min-1h before
immersion and if low blood glucose is measured, do not immerse, or eat something
and wait to immerse until blood glucose has increased to normal levels (level 4)

Low-lying placenta/placenta previa (level 4)
Presence of a cervical suture (or other concerns related to preterm labour) (level 4)

3. Post-natal:
Vaginal/perineal trauma-sutures should take around 7-10 days to dissolve and
should be healed before open water swimming (level 4)

Caesarean section-Advised to wait until after the 6-week check with GP to avoid the
risk of wound infection or herniation (level 4)

Wait for postnatal BP issues to resolve/medication to have been stopped (level 4)

Abbreviations: BP, blood pressure; CWI, cold water immersion; CWS, cold water swimming; GI, gastrointestinal; SIPE, swimming-induced pulmonary oedema.
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A study on the effect of gastroenteritis during pregnancy on
neonatal outcome concluded that acute gastroenteritis during
pregnancy was not associated with any adverse outcome for the
newborn except for a slight decrease in the duration of pregnancy
(range —0.18 to —0.3 weeks) and an increased risk of preterm birth
in mothers with several episodes of gastroenteritis [65].

In many countries, such as the United Kingdom, European
Union Member States, the United States, Australia and Canada,
recreational and bathing waters are monitored and protected
from sources of pollution known to be a risk to bathers’ health
[66, 67]. In Europe, many coastal and inland waters known to
be popular bathing locations are designated as bathing waters
[66]. These are monitored through the locally determined bathing
season for the faecal indicator organisms intestinal enterococci
and Escherichia coli, micro-organisms that are used to indicate the
degree of faecal contamination of the environment. Each bathing
water is classified annually as excellent, good, sufficient or poor,
with the upper limit of the good classification relating to an
average probability of one case of gastroenteritis in 20 exposures
and approximately one case of acute febrile respiratory illness in
50 exposures [68]. Pregnant and nursing mothers may be more
sensitive to water quality issues [69], but there is not enough
evidence to support a recommendation of a specific classification
that pregnant women and nursing mothers can safely swim in.

Bathing water quality may be temporarily reduced due to factors
such as heavy rainfall, which can cause overflows of diluted
sewage from combined sewer overflows and can wash harmful
pathogens from agricultural land and urban areas to rivers and
seas. Bathers may be at a higher risk of becoming ill when
using bathing water at this time compared to normal conditions.
Predictive bathing water quality models are being increasingly
used to make water quality forecasts, which are then made
available to the public through beach signage, websites and
mobile applications to enable people to make informed choices
on using the water [70-72].

Health risks at rivers and other open water locations that are not
designated as bathing waters may be higher than at designated
bathing waters. If these locations are managed, this is likely to be
to protect fish and wildlife, not people. They can contain levels
of sewage, faeces from livestock and pollution from farming or
industry which would not be acceptable in designated bathing
waters [64]. There are various types of algae that occur naturally
in all-natural waters, but evidence suggests the one that poses
the greatest risk to health is blue-green algae (cyanobacteria)
in freshwaters. Contact with freshwater blue-green algae in the
form of blooms and scum can lead to symptoms such as skin
rashes, eye irritation, vomiting, diarrhoea, fever and muscle and
joint pain. Toxins produced by freshwater blue-green algal blooms
are poisonous to wild and domestic animals and can cause
severe illness and death. Blue-green algal blooms and scum are
not always toxic; however, it is not possible to tell from their
appearance whether they are harmful. Risks can be reduced by
avoiding swimming in water with blue-green algal blooms or
scums in freshwaters [64, 73].

Weil’s disease is a form of a bacterial infection also known
as leptospirosis that is carried by animals, most commonly in
rats and cattle. Infection of humans usually occurs when open

wounds are immersed in relatively stagnant water contaminated
with rat or cattle urine. It can be contracted from contact with any
fresh or untreated water including ponds, canals, lakes and rivers.
Those most at risk of infection are open-water swimmers who
expose their whole body to possible infection. The bacteria are
unable to survive in salt water, so there is no risk of infection with
Weil’s disease from swimming in the sea [74]. A systematic review
exploring how leptospirosis affects pregnancy found that while
most patients survived an infection of leptospirosis in pregnancy,
serious adverse foetal outcomes were more common. A clear need
was identified to improve early diagnosis and treatment by asking
early, treating early and reporting well [75].

To conclude, risks of illness due to poor water quality when
swimming in open waters can be reduced by selecting locations
where the water quality is monitored, meets standards and
there are no local warnings in place against swimming, avoiding
bathing on higher risk days which follow heavy rainfall and
in water with blue-green algal blooms or scums, and avoiding
bathing close to known inputs, including watercourses, as these
can be sources of pollution from agricultural land and urban
areas.

3.3.1 | Additional Risks and Benefits in Pregnancy

In terms of water safety, the practical advice recommended by
Tipton et al. [42] still applies, including going swimming with
a group. It may also be worth considering the location of the
outdoor swim and choosing locations where medical support can
be easily accessed if needed. With regard to swimming strokes
used when pregnant, there were no research studies or evidence
found. This is despite leaflets and web resources from the grey
literature search suggesting that breaststroke should be avoided
as the leg action required and hip abduction may worsen pelvic
girdle pain [76, 77]. Backstroke has also been advised against
later in pregnancy in the grey literature as lying on your back
causes compression of major blood vessels during the third
trimester [76, 77].

3.4 | Implications and Research Gaps

From the recommendations (Table 3), the level of evidence is
mostly based on consensus expert opinion. Therefore, all areas are
in need for further research; however, taking into consideration
the questions prioritised by women on social media, the specific
research gaps have been identified from this work. These are
listed below, in no specific order of priority.

3.4.1 Research Priorities and Questions

* The physiological impact of short-term CWI on the baby and
women’s health. In terms of acute responses such as maternal
heart rate and blood pressure, and foetal heart rate, as well as
longer term health of mother and baby, including pregnancy
and birth outcomes.

* How does short-term CWI affect mother and baby in the
different trimesters?
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* Isthere an optimum dose of cold (temperature and duration)?
* Does CWI impact the success of IVF treatment?

* Ifexperiencing morning sickness should CWI be undertaken?
Can CWI change the symptoms of morning sickness (reduce
or make them worse)?

* Does pregnancy increase the risk of adverse events, arrhyth-
mias, SIPE, and global transient amnesia?

* Are pregnant women at greater risk from poor quality bathing
water?

* Does CWI benefit mental health in pregnancy and prevent
postnatal depression?

* Does CWI have the potential to reduce inflammatory
responses? Can inflammatory-related conditions in preg-
nancy be managed by CWI?

4 | Conclusion

In summary, swimming outdoors, as with any activity, comes
with both benefits and risks, and it is important to weigh up
the balance of the two. That said, as more and more people
attest, the perceived benefits to both mental and physical health
appear significant, although the studies reporting this are often
underpowered and lacking meaningful control (e.g. another
activity). Our analysis of the published scientific data has shown
that there is a paucity of studies that answer the many questions
women have about outdoor swimming during pregnancy and
that can enable health professionals to give accurate advice to
pregnant women who want to swim outdoors. We have used
available literature and expert opinion to make recommendations
for CWI related to pregnancy and the post-partum period. The
scoping review has identified the research gaps in this field and
highlights the need for more research in this area so that we can
give women accurate advice on whether it is safe to swim in cold
water whilst pregnant.
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Reports included

Report available from

Active Pregnancy Foundation [76]
Environment Agency UK [71]

Outdoor Swimming Society [87]
SafeSwim.nz [72]

Straight Line Swimming [77]
Tommy’s [88]

UK Health Security Agency [64]

World Health Organisation [69]

Find Your Active Swimming Leaflet,
https://www.activepregnancyfoundation.org/findyouractive-swimming

Bathing water quality,
https://environment.data.gov.uk/bwq/profiles/help-understanding-data.html

Swimming for Two, https://www.outdoorswimmingsociety.com/swimming-for-two/
Safe Swim, https://www.safeswim.org.nz

All You Need to Know About Swimming When Pregnant: A Straight Line
Swimming Guide, https://straightlineswimming.com/knowledge-base/all-you-
need-to-know-about-swimming-when-pregnant/

Swimming in pregnancy, https://www.tommys.org/pregnancy-information/im-
pregnant/exercise-in-pregnancy/swimming-pregnancy
Swim healthy,
https://www.gov.uk/government/publications/swim-healthy-leaflet/swim-healthy/

Guidelines on recreational water quality. Volume 1 Coastal and fresh waters,
https://www.who.int/publications/i/item/9789240031302

APPENDIX 2: Accidental hypothermia case reports

Publication
Publication type/research Participant
details design Characteristics Cooling Outcome Main findings

Usman et al. [51] Case report

female 37 weeks

Rosenthal
Poliquin, Yu [52]

Case report

Twenty-five years

pregnant

Female 32 weeks

pregnant

Accidental/environmental Tympanic temperature recorded

at 30.3°C at A&E

A healthy male infant was

Patient was found unconscious delivered. Patient discharged

herself 6 h after delivery

on the floor at home with Rewarmed with convective air

suspected drug misuse blanket, warmed IV fluids and

Not clear how long the patient warmed vaporised air

had been unconscious and Within 4 h of arrival in the

exposed antenatal suite, she

spontaneously delivered

Accidental/environmental Rectal temperature 29.8°C on  Healthy child delivered at 40 + 3

arrival with a reduced level of weeks

Hypothermia followed exposure
to ‘several hours’ of air consciousness, frost-bitten fingers

temperatures between —29 and and hypoglycaemia

—35°C with wind chill
Rewarmed with IV fluids and No follow-up information was

forced warm air blankets. available.

Within several hours temperature

maternal temperature was 36.7°C
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https://www.activepregnancyfoundation.org/findyouractive-swimming
https://environment.data.gov.uk/bwq/profiles/help-understanding-data.html
https://www.outdoorswimmingsociety.com/swimming-for-two/
https://www.safeswim.org.nz
https://straightlineswimming.com/knowledge-base/all-you-need-to-know-about-swimming-when-pregnant/
https://www.tommys.org/pregnancy-information/im-pregnant/exercise-in-pregnancy/swimming-pregnancy
https://www.gov.uk/government/publications/swim-healthy-leaflet/swim-healthy/
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