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Brace yourselves, winter is coming: a pilot study of the effects of brief,
infrequent cold water immersion upon body composition in young adult
males
Abstract

Background: The existence of functioning brown adipose tissue (BAT) in adult humans has brought into
question the possibility of utilising the BAT mechanism as an obesity tackling strategy. This pilot study
examined the effects of a short-term (6wk) cold water immersion (CWI) programme on the body
composition of (n=10) healthy male adults. It was hypothesized that the thermal stresses would produce
reductions in fat mass (FM) and body fat percentage (BFp) as a result of thermogenic activation of the BAT
mechanism. Methods: Using a single arm prospective trial design, participants were subjected to singular acute
(18min) cold water exposures (15±1°C) weekly for the duration of the intervention (6wk). Results: Nonsignificant decreases were observed in FM (-1.55±2.24kg; p = 0.057) and BFp (-1.62±2.46%; p = 0.067), and
significant increases in fat free mass (FFM; 1.46±1.68kg; p = 0.023). Conclusions: The results indicate that the
intervention could be adopted as a plausible method to exert positive changes to body composition. These
findings should stimulate follow up studies to examine the interventions efficacy in a larger more
representative sample and examine its feasibility of implementation as a genuine obesity tackling strategy.
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Introduction
The prevailing epidemic of human obesity, instigated by the rise of easy access to
high-calorie meals and the gradual growth of sedentarism, poses a serious threat to global
health [1]. In order to fully appreciate obesities effects on public health it is possible to
examine a comparison of international obesity rates, identifying obesity prevalent nations [2].
Seemingly, the US were recorded as having one of the highest obesity rates, with only Spain
accumulating more [2]. More detailed examination of the US population ‘National survey
data’ revealed the prevalence of obesity was as high as 35.8% and 35.5% amongst adult
women and adult men, retrospectively [3]. Consequently, mounting interest now lays in
finding novel weight loss strategies. Thus far however, very few (if any) approaches have
proven efficacious on population levels [4]. Common obesity tackling strategies, such as
engaging in exercise (physical activity), dieting, or both, have to some extent failed leaving a
serious threat to global health [5]. The extent of this failure can be observed when examining
the US ‘National weight control registry’ which found only a small minority (≈20%) of
overweight (obese) individuals successfully achieved long-term weight loss [5].
In response, novel approaches to tackling obesity are emerging; for instance those
founded upon the ‘Metabolic Winter’ hypothesis [6]. Cronise et al. [6] hypothesis centres on
the belief that an evolutionary discordance concerning human biology and modern world
human behaviours exists. Although Cronise et al. [6] recognised a “…calorie excess in the
modern world…” may have contributed to the obesity pandemic, deviations to the human
evolutionary path, where previously prehistoric humans would have been subjected to
extreme seasonal (cold) stresses, may equally be responsible. Cronise et al. [6] identified that
dramatic lifestyle changes to the generic modern day human, for instance the ability to make
environmental and clothing adjustments when cold (thermal stress) [7], has led to a world
with ‘excess warmth’ where humans are unintentionally eliminating essential
thermogenically activated bodily mechanisms, such as the brown adipose tissue (BAT)
mechanism. Summarized, Cronise et al. [6] stated “…maybe our problem is winter never
comes…”
Two forms of adipose tissue are recognized in humans (and other mammals) with
both tissues having opposing functions in whole body energy metabolism [8]. White adipose
tissue (WAT) stores energy, taking the form as triacylglycerol, which can be expended
(releasing energy) in the form of glycerol and free fatty acids [9]. Contrastingly, brown
adipose tissue (BAT), or brown fat, has the unique capability of transitioning energy (food)
into the production of heat [10]. BAT cells contain large volumes of mitochondria [1] which
holds the uncoupling protein 1 (UCP1), the inner membrane mitochondrial protein only
recognized (expressed) within brown fat [11]. The presence of protein UCP1 prevents the
process of cellular ATP synthesis by dissipating the proton [1]. Instead, this allows UCP1 to
increase mitochondrial membrane conductance allowing heat to be generated [12]. This
particular process of heat production, where the generated heat (cold-induced) cannot be
associated to shivering or any type of muscle activation is classified as ‘Non-shivering
thermogenesis (NST), and is primarily controlled by BAT activity [13].
Mounting interest surrounding the BAT mechanism is now emerging, with particular
attention to how the tissue is stimulated. Current evidence suggests the BAT mechanism is
predominately activated when an individual is exposed to a temperature close to where
shivering (shivering threshold) occurs [9]. It is generally accepted that this bodily response
(BAT mechanism) assists in the prevention of any serious harm (hypothermia) and also to
maintain an average body temperature [14]. It is believed that the BAT mechanism is directly
regulated through the sympathetic nervous system (SNS) which, upon activation from a cold
stress, will trigger the BAT mechanism and in-turn increase body temperature [11]. As noted,
the BAT mechanism possesses a unique ability of transferring energy, obtained from food,
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into heat [10] made possible by UCP1. This unique process provides an alternative to storing
excess energy (food) as fat, which ultimately could reduce an individual’s body fat mass and
potentially prevent obesity [10]. BAT’s energy (fat) burning capacity has led to discussion on
its capabilities and potential uses. If the mechanism can be thermogenically triggered then it
is plausible that a thermal stress inducing intervention could be developed, and specifically
aimed at tackling the current obesity epidemic.
Unfortunately, until recently the accumulated data of BAT’s metabolic processes and
its effects to body composition (fat mass) have largely been obtained through studies using
rodents [15] who due to their small surface-to-mass ratio rely heavily on the BAT mechanism
throughout their lives [16] making them ideally suited. Human testing for BAT had been,
until recent times, non-existent. Previously it was believed that BAT was exclusively present
(active) in new-born infants and would be lost during human maturity (adulthood) when other
bodily mechanisms would take over [14]. Yet radiologists, whilst attempting to detect
tumours using computed tomography (PET/CT) and radiotracer F-flurodeoxyglucose (FFDG), discovered active BAT in their patients - adult humans [9]. Detection of functioning
BAT in adult humans lead to a significant number of follow up studies examining its
capabilities and purpose. Using varying thermal treatments, with many studies adopting
cryotherapy methods, such as cold water immersion (CWI) [17] the tissue eventually
received universal recognition as an active tissue in adult humans [9].
Arguably the most significant BAT connected findings were reported by Saito et al.
[8]. Their protocol (phase 1) involved exposing 56 volunteers to either a cold (19˚C air
temperature) or mild environment (27˚C air temperature) lasting for exactly 2 hours (8). The
participants who were exposed to the cooler temperature (19˚C) experienced a significant
uptake of F-FDG, the parameter used to assess BAT activity, when compared to those
undertaking the mild (27˚C) environment [8]. These results were followed up by a phase two.
Using an identical protocol to phase 1 the experiment was re-tested intermittently over a year
(summer, autumn and winter) using 8 participants [8]. Through measuring F-FDG amongst
participants, seasonal differences, concerning BAT recruitment, could be examined. F-FDG
uptake was found in 6 of the 8 participants in winter when compared to only 2 of the 8
participants in summer [8]. The somewhat ‘mild’ temperatures used in the protocol suggest
BAT could be activated with even the mildest of temperature modifications. This is
accompanied with the seasonal variation, rising and falling in accordance to seasonal
temperatures, that BAT activity demonstrated [8]. These outcomes suggest manipulating the
BAT mechanism through thermal adjustments is possible.
Following on from this work Yoneshiro et al. [18] used comparable protocols, with
17˚C air temperature for 2h, yet over an intervention period lasting 6 weeks. The authors
reported a decrease in fat mass (FM) and an increase in energy expenditure (EE), with BAT
being a principle contributing factor. Van der Lans et al. [19], used a 10 day intervention
which incorporated mild (15˚C-16˚C) conditions, but over substantially longer exposure
periods (6h) and attained comparable results (increased EE).
Taken together, the results of these studies suggest that, not only is BAT present and
active in adult humans, even with varying protocols used, but may play a significant role in
regulating body composition. Nevertheless, existing literature fails to provide a real-world
ecologically valid (practical) intervention programme that could be used to combat the
obesity epidemic. Therefore, in contrast to the existing BAT studies, whom incorporated
excessively long and frequent cold exposures, the current study sought to examine a practical
low frequency and low duration CWI protocol. The aim of this pilot study was to examine the
effects of such an intervention upon body composition over a 6wk intervention. Using body
composition measurements, pre and post intervention, changes to body mass (BM), body
mass index (BMI), fat mass (FM), fat free mass (FFM), and body fat percentage (BFp) were

http://jevohealth.com/journal/vol2/iss2/4
DOI: 10.15310/2334-3591.1067

2

Wash et al.: CWI and body composition in young adult males

examined. In accordance to the work of Yoneshiro et al. [18], Saito et al. [8], and Van der
Lans et al. [19] it was hypothesized that a reduction in FM and thus BFp would occur.
Materials and Methods
Study Design
The current pilot study adopted a single arm prospective trial design with pre- and
post-intervention’ measurements taken. The study examined the effects of a short-term CWI
intervention programme on the body composition of university students. The study took place
during November and December of 2015 in Southampton, UK. Approval of the study’s
design and ethical considerations was granted by the ethics committee at the author’s
institution (ID No: 420).
Participants
Ten healthy male participants (age 22.8 ± 2.61 y; stature 180.8 ± 5.3 cm; body mass
84.03 ± 15.01 kg) took part in the current study. A sample size estimate for the purpose of
this pilot study was made based on the work of Yoneshiro et al. [18]. Using a within
participant Cohen’s d (d = μchange/ σchange; [20]) an effect size of 4.77 for change in BFp was
calculated. G-Power software (G-power 3.1.9.2) was subsequently used to calculate a sample
size estimate of ~3 participants for the current study [21]. However, it was felt that this was
unrealistically low and thus in order to avoid the risk of type II error and disruptions caused
by attrition, the number of participants was increased to 10.
Before participation in the study’s protocols, participants were required to complete a
‘Physical Activity Readiness Questionnaire’ (PAR-Q) and measurement of resting blood
pressure. Resting blood pressure was required to fall below 160/90 according to lab
guidelines in order to allow participation. Experimental procedures were clarified during prestudy consultations through verbal and written clarification before written informed consent
was obtained from each of the participants.
Study Procedures
Participants visited Southampton Solent University’s Sport and Exercise Science
laboratory to conduct the following examinations and interventions. Participants were
exposed to repeated full body immersions (up to the neck) in iced water (15±1°C) for 18 min
over a 6 week intervention period with a single immersion per week (6 immersions in total).
In weeks one and six participants’ underwent measurement of body composition using a
BOD-POD instrument (Gold standard, COSMED, Italy). Following the manufacturer’s
protocol BM, BMI, BFp, FM, and FFM of each participant was measured. Body composition
assessments were taken pre and post intervention within ~48 h of the first and the final
immersion.
Cold Water Immersion
Participants were required to adhere to strict CWI protocols. Prior to each immersion
the participants would be guided through a detailed ‘CWI instructions’ handout providing
clear direction. A platform (secure bench - height 800 mm) was positioned beside the tub and
used during the entering and exiting stages of the CWI procedure. When entering the CWI
tub (width 580 mm, depth 720 mm, height 1063 mm) participants undertook a multi-stage
gradual exposure (feet, knee, waist, and chest) preventing ‘cold shock’ [22]. When fully
immersed participants were asked to remain motionless, holding a supine position immersed
to the neck for the full 18 min. During immersions each of the participants’ core temperature
was measured using an aural thermometer (TH8 Infrared Ear Thermometer) every 60 s,
ensuring their core temperatures did not drop significantly below the average 37°C (98.6°F)
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baseline [23]. A pre-set core temperature (37±1°C) was used as the safety cut-off point for
CWI cessation [24]. During alternate minutes water temperature (15±1°C) was measured
using a handheld thermometer, with temperature adjusted using ice and water (warm/cold)
accordingly. Whilst exiting the tub participants were provided with an individual large towel
and were instructed to ‘dry off’. Participants wore minimal clothing during the immersions
and were told to bring a complete set of dry clothing (trousers, t-shirt, socks, underwear) to
get changed into post immersion. The environment the participants exited the tub into was
room temperature (~20-22°C).
Nutritional & Lifestyle habits
Participants were asked, and frequently reminded throughout, to maintain their typical
physical activity routines and nutritional habits. In addition, participants were required to
record their nutritional intake (3 d food diaries) in weeks one and six. Post intervention, data
from individual food diaries were analysed using the software package DietPlan7 to produce
nutritional statistics (total kcal, carbohydrate, protein, and fat intake). This was in order to
attempt to differentiate body composition changes that may have occurred through
spontaneous dietary manipulation from participation compared with those resulting from the
intervention.
Statistical Analysis
All ten participants completed the intervention in full. Assumptions of normality for
data were checked using a Kolmogorov Smirnov test [25]. Data that met assumptions of
normality were compared between pre- and post-intervention measurements using a twotailed paired sample t-test. Alternatively, data that violated assumptions of normality of
distribution was compared between pre- and post-intervention measurements using a
Wilcoxon signed ranks test [25]. Observed power (β) was computed post hoc using G-Power
(G-Power 3.1.9.2) for each paired comparison. In addition, effect sizes were calculated using
a within participant Cohen’s d (d = μchange/σchange; [20]). This allowed a comparison of the
magnitude of the effect for each measure and was interpreted as small (0.20-0.49), moderate
(0.50-0.79), or large (>0.80). Lastly, individual data were visualised through use of individual
response plots using Graph Pad (Graph Pad Prism 6; Fay Avenue, California, USA).
Statistical analysis was performed using the software IBM SPSS Statistics (version 22; IBM
Corp, Armonk, New York, USA) with p < 0.05 set as the limit for statistical significance. As
this was a pilot study no corrections were made for multiple comparisons to control for
experiment-wise error as it as felt this was be too conservative and inflate the type I error rate
too considerably.
Results
Body Composition
Paired sample t-test revealed that changes in the following variables were nonsignificant; BM (-0.31±1.89kg, t (9) = 0.517, p = 0.618, β = 0.75), BMI (-0.09±0.58kg.m2, t (9)
= 0.511, p = 0.622, β = 0.74), BFp (-1.62±2.46%, t (9) = 2.086, p = 0.067, β = 0.46), and FM
(-1.55±2.24kg, t (9) = 2.185, p = 0.057, β = 0.50). However, paired sample t-test revealed a
significant change in FFM (1.46±1.68kg, t (9) = -2.748, p = 0.023, β = 0.69). Effect sizes (ES)
for absolute change in the dependent variables were small for BM (d = 0.16) and BMI (d =
0.15), moderate for BFp (d = 0.65) and FM (d = 0.69), and large for FFM (d = 0.87). Figure 1
shows individual response plots for pre- and post-intervention body composition data for a)
BFp, b) FM, and c) FFM.
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Figure 1. Mean (±95%CIs) and individual responses for pre- and post-intervention A) body
fat percentage, B) fat mass, and C) fat free mass.
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Dietary Data
Paired sample t-test revealed there were no significant differences between week one
and week six for either Carbohydrates (t (9) = 0.16, p = 0.876, β = 0.52), Protein (t (9) = 1.64, p
= 0.135, β = 0.31), or in Fat (t (9) = 2.23, p = 0.052, β = 0.51). Individual dietary data
components can be observed below in Table 1. Wilcoxon sign rank test revealed there was a
significant reduction in total kilocalories (Kcal) from week 1 to week 6 (Z = -2.090, p =
0.037) as seen in Table 1 (below).
Table 1 - Pre and Post Nutritional intake in week 1 and 6
Kcal*
Carbohydrates
Protein (g)
Fat (g)
(g)
Week 1
2846.4 ± 533.8
403 ± 93.1
80.9 ± 20.4
100.8 ± 22.5
Week 6
2737.8 ± 434.0
401.7 ± 87.5
76.4 ± 15.4
91.4 ± 15.1
* indicates a significant change from week 1 to week 6. Data are means ± SD.
Discussion
The present pilot study examined the short-term effects of a CWI intervention on the
body composition of healthy male student volunteers. The participants were subjected to
CWI protocols once a week over the intervention period (6wk). Within the protocol
participants were repeatedly exposed to thermal stresses (15±1°C) lasting 18 min (per
immersion). Measurements of effect (changes to body composition) were measured before
and after the intervention programme using a BOD-POD. Potential confounding effects
caused by spontaneous dietary changes were monitored using individual three day food
diaries which were completed in weeks one and six of the intervention by the participants.
Results obtained from the BOD-POD (body composition data) and food diaries (dietary data)
were subsequently compared allowing greater insight to be drawn from the study’s results.
The findings from the present study contribute to the emerging examination of
thermal programming being incorporated into human based studies to promote physiological
and psychological responses [26]. Yet, the present study specifically examined changes to
body composition. The most noteworthy discovery was the significant increase of FFM (p =
0.023). In addition, although they did not reach statistical significance (p < 0.05) the changes
to FM (p = 0.057) and BFp (p = 0.067) (Figure 1a) could also be deemed likely (probable
significance) when considering that this was a pilot study and using the qualitative
probabilistic scale proposed by Hopkins et al. [27] for interpretation of p values. The
magnitude of the size of change for FM and FFM can be fully appreciated in Figure 1b
(negative trend) and 1c (positive trend), respectively. The paired sample t-test revealed no
significant change for the remaining variables (BM or BMI). Effect sizes indicated a
moderate effect for both BFp and FM, and a large effect for FFM. The remaining variables
were either found to have small effect sizes. The data collected from the present study
suggests a meaningful change is likely to have occurred despite some variables not achieving
statistical significance.
One possible explanation for the changes in body composition could be the BAT
mechanism. Otherwise known as the ‘brown fat’ mechanism (BAT thermogenesis) this
bodily process is commonly identified for maintaining body temperature [28]. This unique
bodily mechanism is powered through the transfer of food (fat) into body heat [10]. BAT’s
combustion of energy (food) inhibits excess energy being stored as fat and in-turn prevents
obesity [10]. BAT and its thermogenic ability is made possible by UCP1 [12]. Following its
activation from long-chain fatty acids the tissue (UCP1) increases mitochondrial membrane
conductance, enabling heat to be produced [12]. Seemingly, this bodily mechanism acts as a
response to thermogenic stimulation (cold environment) which is known to be regulated by
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the SNS [29]. The current study subjected its participants to cold conditions (15±1°C)
repeatedly over the intervention period (6wk). Theoretically, it is possible that these CWI
exposures stimulated the BAT mechanism within the participants which may explain the
changes to FM (Figure 1b), FFM (Figure 1c), and BFp (Figure 1a).
Indeed, Yoneshiro et al. [18] used a protocol with distinct similarities to the present
study. Yoneshiro et al. [18] utilised thermogenic stimulation via air temperature modification
(17°C) for 2 h periods over an identical intervention period (6wk) to the present study.
Comparable outcomes can be seen between the studies. Yoneshiro et al. [18] found that
participants significantly decreased their BFp (-5.2% ± 1.9%) albeit to a greater degree than
the present study (-1.62% ± 2.46%), possibly due to the greater durations of exposure. In
addition, the present study was conducted during the months of November and December in
Southampton, UK where average highs of 8.9-11.7°C and lows of 3.2-5.4°C occur according
to MET Office data1. Thus, participants may already have experienced some degree of BAT
effect from environmental conditions due to the season [8]. A principle strength of the
Yoneshiro et al. [18] study was the availability of FDG/PET screening, a form of measuring
technique used to visibly identify active BAT stores. This enabled a clear and verified trend
that linked the reduction in BFp and BAT activity. Seemingly, as the levels of BAT increased
the reductions of BFp followed [18]. Although the present study could not observe or verify
BAT activity it would seem the results were aligned to the Yoneshiro et al. [18] study.
Therefore, BAT activity is certainly a plausible reason when considering the cause of changes
in body composition, specifically changes to FM, FFM, and BFp, to the participants in the
present study.
The descriptive statistics of the present study demonstrated that on average the
participants experienced positive body composition changes in FM, FFM, and BFp. Yet when
assessing individual participant data (Figure 1a, 1b, 1c) there was considerable variability
evident between participants. The data variations could be explained by participants altering
their dietary habits or physical exercise which have the potential of modifying body
composition [11]. Further, participant’s baseline BMI classification may have impacted this
whereby those with higher BMIs had the potential for greater losses. Indeed, post hoc
examination of the correlations between baseline BMI and absolute change in BFp (r = 0.543, p = 0.105), FM (r = -0.633, p = 0.049), and FFM (r = 0.634, p = 0.049) suggested this
may have been the case. However, as noted above it is also possible that BAT, active or
inactive, may have played a role producing body composition changes. It has been noted that
“some individuals can remain lean and in energy balance for many years with no difficulty,
while others do so only by conscious effort, and still others fail to do so and become obese”
([31], p.1361). This could be explained by an individual suffering from defective BAT [31].
Found in rodents, diabetes and/or insulin resistance can prevent BAT mitochondriogenesis,
reducing ones thermogenic capacity and in-turn the BAT mechanism from functioning [32].
Based on this it is conceivable that some participants may have defective BAT which resulted
in less responsiveness with respect to changes to their body composition after cold exposures.
Existing literature supports this theory with Saito et al. [8] examining the effects of repeated
cold exposure on BAT activity in healthy adult humans. One phase of the study incorporated
repeated cold exposures (19°C air) in both summer then winter [8]. Results indicated that
BAT was stimulated at differing degrees dependent on the season, demonstrating seasonal
variation [8]. The results also revealed that during the summer BAT was found active in 2 of
the 8 participants whilst in winter it was found in 6 [8]. For one of the participants no
significant effect was detected for either season [8]. The variability in change to participants

1
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body composition could be directly associated to whether a participant suffered from
defective BAT. Further investigation would be needed to test this hypothesis.
As previously mentioned the most significant change in terms of body composition
within the present study came in FFM (p = 0.023) as seen in Figure 1c. This finding was
surprising in light of the hypothesised effects of BAT upon BFp and FM. Participants may
have altered physical activity levels despite instruction not to which may have caused this
increase in FFM. However, there are also plausible bodily mechanisms from cold exposure
which may be responsible. Mineo et al. [33] observed the acute effects of cold exposure on
the skeletal muscles of rodents. Using both a UCP-dta mice, a form of transgenic rodent
which was deficient in BAT, and regular wild type mice, the two sample groups were
subjected to varying degrees of cold exposure (4 - 23°C) [33]. Results indicated that despite
their BAT deficiency the UCP-dta mice significant increases to both skeletal muscle
oxidative capacity and citrate synthase activity occurred [33]. The absence of any significant
volume of BAT within the UCP-dta mice suggests that muscle based mechanisms may be
operating to provide body heat. Although unclear to what extent, it is possible that these
muscular adaptations could impact on body composition, perhaps even within the present
study which may explain changes such as the alterations to FFM, FM, and BFp.
Other causes may also have been responsible for the body composition changes in
FFM of participants in the present study. Vaanholt et al. [34] investigated the effects of cold
exposure (10 - 22°C) on the body composition and metabolic rate of rodents (mice). The
results revealed significant changes to the organ mass of the mice [34]. This included
significant increases in mass to both the heart and kidneys [34]. Although this study did use
rodents it is possible similar organ adaptations may have occurred to the participants during
the current study. It is therefore possible changes to FFM and other variables were not in fact
BAT related and may have been due to other mechanisms such as increased energy
expenditure as a result of increased organ masses.
Unfortunately, despite indirect evidence of BAT activity through surrogate variables,
the lack of technology, such as FDG-PET/CT used in comparable studies [18], prevented its
examination within the present study. In an attempt to reduce the confounding effects of
external variables participants were asked to maintain their normal physical activity and
dietary patterns, both of which have the ability to alter body composition [35]. Thus three day
food diaries were examined for both week one and week six.
The paired sample t-test (Table 1) showed no significant change (p < 0.05) in
carbohydrates (p = 0.876), protein (p = 0.135), or fat (p = 0.052). However, a Wilcoxon sign
rank test (Table 1) did reveal a significant change in total Kilocalorie intake (Kcal) (p =
0.037). Based on this data there is an argument that the changes to body composition (Figure
1) could directly correspond to these dietary changes (Kcals) and not the BAT mechanism.
To determine the magnitude of the effect the participants’ diets had on body composition
(FM), changes in body composition was compared to dietary data (reduction in Kcal). Based
on the reduction of calories the participants would have been expected to have lost ~0.6 kg of
FM. However, FM lost equated to ~1.6 kg. For participants to lose the ~1.6 kg they would
have needed to reduce caloric intake by ~12,250 kcal over the six week intervention.
However, the intake was reduced by only ~4561.2 kcal. When compared a considerable
difference (~7689 kcal) can be seen between predicted and actual caloric intake. Based on
these findings the dietary intake of the participants likely only partly account for the changes
to body composition (FM) (Figure 1b). The unaccounted loss in mass (0.9kg) seemingly was
derived through alternative mechanisms, potentially BAT. It should be noted these
calculations are based on the assumption that ~3500 kcal is equal to ~0.45 kg fat [36]. In
reality, this calculation does not account for a number of uncontrolled variables that could
influence energy consumption and expenditure [37]. For example, this could occur if a
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participant had changed their lifestyle (increased exercise). Therefore, as these calculations
have been based on an assumption the change in body composition cannot be entirely
confirmed as due to BAT related activity.
However, it is also possible that the participants’ dietary intake may have stimulated
the BAT mechanism in tandem with cold exposure promoting the reduction of BFp and FM
(Figure 1). This concept was first established by Rothwell and Stock [38] who fed rodents a
‘Cafeteria Diet’ and found an expanded and activated BAT within the rodents. In fact,
rodents subjected to the cafeteria diet exhibited significant increases in NST alongside BAT
[38]. These findings correspond to existing literature suggesting the increased BAT activity
can be a thermogenic response to the energy excess caused by the high-caloric diet [39]. In
reference to the current study table 1 suggests that nutritional intake of the participants
maintained a relatively balanced level over the intervention. Therefore it is unlikely, though
not impossible, that BAT, and consequently the changes to body composition, was directly
affected by diet. However, it should be noted the current existing literature surrounding the
nutritional effect on BAT activity uses predominantly rodents, such as Rothwell and Stock
[38]. To fully appreciate these effects future experiments should attempt to involve human
participants.
Although physical activity was not monitored during the present studies intervention
(6 weeks) participants were asked to maintain their normal exercise routines. The known
effect of exercise on the BAT mechanism is largely disputed and remains unclear [40].
However, its effects on body composition in isolation are better known. The American
College of Sports Medicine suggests overweight individuals can lose significant body mass
through 200 – 300 min of moderately intense exercise per week [41]. These effects have been
demonstrated by Cullinen and Caldwell [42] who examined the effects of moderately intense
resistance training on untrained individuals. Results showed participants had undertaken an
increase in FFM and a reduction BFp, comparable to the results from the present study. It is
conceivable that the participants of the present study may have altered their ordinary exercise
routines and not reported this to the investigators which may have in turn influenced the
study’s results. Future studies should closely monitor physical activity to address the effects
of spontaneous changes in physical activity behaviours.
The present study’s protocol was specifically designed with real world application
and practicality which could be easily replicated. The promising results from the current
study, with particular attention to the reduction to FM and BFp, make it an appealing obesity
tackling strategy. With practicality in mind the current study’s protocol was altered, breaking
the trend of prior studies employing longer and more frequent exposures, to the use of short
immersions (18 min) and infrequent (once a week) exposures. As well as this, water
temperature was dropped (15±1°C); a much colder level than comparable BAT studies such
as the Saito et al. [8] study. This protocol differs significantly from existing BAT studies.
Van der Lans et al. [19] observation of cold acclimation in healthy adults involved their
participants undergoing comparable temperatures (15-16°C) but with extensive intervention
periods (6 h over 10 consecutive days). Despite the present study using reformed intervention
protocols, in terms of duration and frequency, similar favourable (decreased FM and BFp)
results occurred compared to the previously mentioned studies [8][18]. This suggests that not
only is the current study’s protocol effective but practical and could be adopted by the public.
One differing feature that could explain the success of the current study is the adoption of
cold water instead of the more commonly used cold air. Until recently, the use of cold water
may have been overlooked due to its potential to cause significant discomfort to participants
[43]. Yet, there is evidence to suggest, (as seen in the present study), that cold water has
unappreciated benefits. Armstrong et al. [44] research into thermal treatments found
individuals who were subjected to ice water immersion (1 - 3°C) cooled approximately twice
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as fast when compared to those exposed to the air exposure (24.4°C). The results of the
present study and the surrounding literature seem to advocate the use of CWI. Its ability to
cool participants considerably quicker then air exposures may be more efficacious.
A fundamental issue regarding the present pilot study was recruiting an adequate
sample size that would enable power for detection of any statistically significant changes in
outcomes [45]. Unfortunately, only a small sample (n = 10) of volunteers were recruited to
participate. This small sample size was appropriate for a pilot study of this nature but may
have reduced the likelihood of statistically significant effects being found [46]. This possibly
explains why no significant changes could be observed for many of body composition
variables; BM, BMI, FM, or BFp, or dietary data; carbohydrates, protein, or fat. Although a
lack of statistical significance could be seen as a negative, it is standard for pilot studies, like
the present study, to acquire a small sample size [47]. This allows a signification (if any) of
any noteworthy results to be further investigated by future and more definitive studies [47].
This is especially relevant for the present study where the protocol differed significantly to
existing BAT studies [8][18]. Therefore the sample size of the present study could be deemed
adequate under the circumstances.
Despite its novel results the present study did have a number of limitations. The low
recruitment of volunteers may reflect an unwillingness to undertake the protocol. It is
possible that individuals believed the CWI would cause discomfort and therefore were
deterred. Even though the experimental design used more ‘user friendly’ cold exposures
(shorter and less frequent immersions), the fact that only 10 participants volunteered for the
study might suggest that people may not be willing to use it. This may present future
problems if the current study’s protocol is to be employed as an intervention for obesity.
Future work should not only examine further the efficacy of the intervention, but also the
effectiveness under real world settings including uptake and adherence. This could include
assessment of participant’s subjective discomfort, and even assessment prior to CWI
exposure to determine willingness of participants. Finally, another criticism of the present
study was the method used to assess body composition. Though the BOD-POD enabled a
valid and reliable measurement of basic body composition variables [48] it could not detect
BAT directly which is believed to be the fundamental cause of the decrease to FM and BFp
in response to cold exposure. Future studies would benefit from incorporating FDG/PET
screening, as seen to be used in Saito et al. [8] study, which could detect BAT and its activity.
Conclusions
In summary, this pilot study demonstrated that a short-term CWI intervention can
significantly improve body composition in healthy male adults. A significant increase was
observed in FFM in addition to non-significant reductions in FM and BFp. These results are
in agreement with findings from existing studies of cold air exposure programmes [8][18]
suggesting that the BAT mechanism may be the cause of the body composition changes.
Future work should incorporate an examination of BAT activity in addition to more generic
body composition changes. The findings of the present study need to be interpreted with
caution as this was a pilot study. However, the results do indicate the potential for CWI to be
a potentially efficacious intervention to promote positive body composition changes. As such,
future studies should investigate the efficacy and effectiveness of this intervention in larger
samples and ecologically valid settings.

http://jevohealth.com/journal/vol2/iss2/4
DOI: 10.15310/2334-3591.1067

10

Wash et al.: CWI and body composition in young adult males

References
[1]

Seale P, Lazar MA. Brown Fat in Humans: Turning up the Heat on Obesity. Diabetes.
2009; 58(7): 1482.

[2]

Komlos J, Smith PK, Bogin B. Obesity and the rate of time preference: Is there a
connection? J Biosoc Sci. 2004; 36(2): 215-216.

[3]

Flegal KM, Carroll MD, Kit BK, Ogden CL. Prevalence of Obesity and Trends in the
Distribution of Body Mass Index Among US Adults, 1999-2010. JAMA. 2012;
307(5): 491.

[4]

Tseng YH, Cypess AM, Kahn CR. Cellular Bioenergetics as a Target for Obesity
Therapy. Nat Rev Drug Discov. 2010; 9(6): 466.

[5]

Wing RR, Phelan S. Long-term weight loss maintenance. Am J Clin Nutr. 2005;
82(1): 222-225.

[6]

Cronise RJ, Sinclair DA, Bremer AA. The “Metabolic Winter” Hypothesis: A Cause
of the Current Epidemics of Obesity and Cardiometabolic Disease. Metab Syndr Relat
Disord. 2014; 12(7): 355-359.

[7]

Wittmers LE, Savage MV. Cold Water Immersion. Medical aspects of harsh
environments. 2001; 1(1): 532.

[8]

Saito M, et al. High Incidence of Metabolically Active Brown Adipose Tissue in
Healthy Adult Humans. Diabetes. 2009; 58(7): 1526-1530.

[9]

Sanchez-Delgado G, Martinez-Tellez B, Olza J, Aguilera CM, Gil A, Ruiz JR. Role
of Exercise in the Activation of Brown Adipose Tissue. Ann Nutr Metab. 2015; 67(1):
21-22.

[10]

Cannon B, Nedergaard J. Yes, even human brown fat is on fire!. J Clin Invest. 2012;
122(2): 486.

[11]

Sanchez-Delgado G, et al. Activating brown adipose tissue through exercise
(ACTIBATE) in young adults: Rationale, design and methodology. Contemp Clin
Trials. 2015; 45(1): 417.

[12]

Fedorenko A, Lishko PV, Kirichok Y. Mechanism of Fatty-Acid-Dependent UCP1
Uncoupling in Brown Fat Mitochondria. Cell. 2012; 151(2): 400.

[13]

Himms-Hagen J. Nonshivering Thermogenesis. Brain Res Bull. 1984; 12(2): 151.

[14]

Virtanen KA, et al. Functional Brown Adipose Tissue in Healthy Adults. N Engl J
Med. 2009; 360(15): 1518.

[15]

Nedergaard J, Cannon B. The Changed Metabolic World with Human Brown Adipose
Tissue: Therapeutic Visions. Cell Metab. 2010; 11(4): 268.

Published by Journal of Evolution and Health, 2017

11

Journal of Evolution and Health, Vol. 2 [2017], Iss. 2, Art. 4

[16]

Fruhbeck G, Becerril S, Sainz N, Garrastachu P, Garcia-Velloso MJ. BAT: a new
target for human obesity?. Trends Pharmacol Sci. 2009; 30(8): 387.

[17]

Diong J, Kamper SJ. Cold Water Immersion (cryotherapy) for preventing muscle
soreness after exercise. Br J Sports Med. 2014; 48(1): 1388.

[18]

Yoneshiro T, et al. Recruited brown adipose tissue as an antiobesity agent in humans.
J Clin Invest. 2013; 123(8): 3404-3408.

[19]

Van der Lans AA, et al. Cold acclimation recruits human brown fat and increases
nonshivering thermogenesis. J Clin Invest. 2013; 123(8): 3395-3403.

[20]

Cohen J. A Power Primer. Psychol Bull. 1992; 112(1): 155-159.

[21]

Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: A flexible statistical power
analysis program for the social, behavioural, and biomedical sciences. Behav Res
Methods. 2007; 39(2): 175-191.

[22]

Datta A, Tipton M. Respiratory responses to cold water immersion: neural pathways,
interactions, and clinical consequences awake and asleep. J Appl Physiol. 2006;
100(6): 2058.

[23]

Lu SH, Dai YT. Normal body temperature and the effects of age, sex, ambient
temperature and body mass index on normal oral temperature: A prospective,
comparative study. Int J Nurs Stud. 2009; 46(5): 662.

[24]

Diaz M, Becker DE. Thermoregulation: Physiological and Clinical Considerations
during Sedation and General Anesthesia. Anesth Prog. 2010; 57(1): 26.

[25]

Hae-Young K. Statistical notes for clinical researchers: Nonparametric statistical
methods: 1. Nonparametric methods for comparing two groups. Restor Dent Endod.
2014; 39(3): 235-239.

[26]

Wilcock IM, Cronin JB, Hing WA. Physiological Response to Water Immersion: a
method for sport recovery?. Sports Med. 2006; 36(9): 747-748.

[27]

Hopkins WG, Marshall SW, Batterham AM, Hanin J. Progressive Statistics for
Studies in Sports Medicine and Exercise Science. Med Sci Sports Exerc. 2009; 41(1):
6.

[28]

Kozak LP. Brown Fat and the Myth of Diet-Induced Thermogenesis. Cell Metab.
2010; 11(4): 263.

[29]

Enerback S. Human Brown Adipose Tissue. Cell Metab. 2010; 11(4): 249.

[30]

Bryant CX, Green DJ, eds. ACE Personal Trainer Manual. 4th ed. San Diego, CA:
American Council on Exercise; 2010.

[31]

Himms-Hagen J. Obesity may be due to a malfunctioning of brown fat. Can Med
Assoc J. 1979; 121(10): 1361.

http://jevohealth.com/journal/vol2/iss2/4
DOI: 10.15310/2334-3591.1067

12

Wash et al.: CWI and body composition in young adult males

[32]

Marette A, Deshaies Y, Collet AJ, Tulp O, Bukowiecki LJ. Major thermogenic defect
associated with insulin resistance in brown adipose tissue of obese diabetic SHR/N-cp
rats. Am J Physiol. 1991; 261(2): 204.

[33]

Mineo PM, Cassell EA, Roberts ME, Schaeffer PJ. Chronic cold acclimation
increases thermogenic capacity, non-shivering thermogenesis and muscle citrate
synthase activity in both wild-type and brown adipose tissue deficient mice. Comp
Biochem Physiol A Mol Integr Physiol. 2012; 161(4): 395-400

[34]

Vaanholt LM, Daan S, Schubert KA, Visser GH. Metabolism and Aging: Effects of
Cold Exposure on Metabolic Rate, Body Composition, and Longevity in Mice.
Physiol Biochem Zool. 2009; 82(4): 314-324.

[35]

Tinsley GM, Willoughby DS. Fat-Free Mass Changes During Ketogenic Diets and the
Potential Role of Resistance Training. Int J Sport Nutr Exerc Metab. 2016; 26(1): 7892.

[36]

Caldwell R, Lamont LS. Beta-blockers and Their Effects on Protein Metabolism and
Resting Energy Expenditure. J Cardiopulm Rehabil. 1995; 15(3): 184.

[37]

Katan MB, Ludwig DS. Extra Calories Cause Weight Gain But How Much?. JAMA.
2010; 303(1): 65-66.

[38]

Rothwell NJ, Stock MJ. A Role for Brown Adipose Tissue in Diet-Induced
Thermogenesis. Obes Res. 1997; 5(6): 650.

[39]

Ravussin E, Galgani JE. The Implication of Brown Adipose Tissue for Humans. Annu
Rev Nutr. 2011; 31(1): 33-47.

[40]

Bell RR, McGill TJ, Digby PW, Bennett SA. Effects of Dietary Protein and Exercise
on Brown Adipose Tissue and Energy Balance in Experimental Animals. J Nutr.
1984; 114(10): 1900.

[41]

Donnelly JE, Blair SN, Jakicic JM, Manore MM, Rankin JW, Smith BK. Appropriate
Physical Activity Intervention Strategies for Weight Loss and Prevention of Weight
Regain for Adults. Med Sci Sports Exerc. 2009; 41(2): 460.

[42]

Cullinen K, Caldwell M. Weight training increases fat-free mass and strength in
untrained young women. J Am Diet Assoc. 1998; 98(4): 414.

[43]

Galvin HG, Tritsch AJ, Tandy R, Rubley MD. Pain Perception During Repeated IceBath Immersion of the Ankle at Varied Temperatures. J Sport Rehabil. 2006; 15(2):
105.

[44]

Armstrong LE, Crago AE, Adams R, Roberts WO, Maresh CM. Whole-Body Cooling
of Hyperthermic Runners: Comparison of Two Field Therapies. Am J Emerg Med.
1996; 14(4): 355.

Published by Journal of Evolution and Health, 2017

13

Journal of Evolution and Health, Vol. 2 [2017], Iss. 2, Art. 4

[45]

Eng J. Sample Size Estimation: How Many Individuals Should Be Studied?.
Radiology. 2003; 227(2): 309-313.

[46]

Button KS, et al. Power failure: why small sample size undermines the reliability of
neuroscience. Nat Rev Neurosci. 2013; 14(5): 365-366.

[47]

Julious SA. Sample size of 12 per group rule of thumb for a pilot study. Pharm Stat.
2005; 4(4): 287-291.

[48]

Moon JR, et al. Validity Of The BOD POD For Assessing Body Composition In
Athletic High School Boys. J Strength Cond Res. 2008; 22(1): 263-266.

http://jevohealth.com/journal/vol2/iss2/4
DOI: 10.15310/2334-3591.1067

14

