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Abstract
The purpose of this study was to test the hypothesis that under controlled surf conditions, sex differences in skin temperature 
exist, but core temperature would not vary between sexes when performing a simulated surf session while wearing a 2-mm 
wetsuit. Twenty male and 13 female surfers engaged in a 60-min simulated surf protocol using a custom 2-mm wetsuit in an 
Endless Pool Elite Flume with water temperature set to 15.6 °C. Participants were instrumented with a heart rate monitor, 
eight skin temperature sensors, and a disposable sensor for measurement of core temperature. The surf simulation consisted 
of paddling, duck-diving and stationary activities at three paddling speeds (1.2, 1.4 and 1.6 m/s). Participants were asked 
their thermal sensation periodically during the protocol, and all data were collected at 1-min intervals. Results indicated no 
significant differences in core temperature between males (37.31 ± 0.35 °C) and females (37.32 ± 0.48 °C, p = 0.995). Upper 
arm and thigh skin temperatures were significantly lower in females (27.45 ± 1.04 °C and 23.53 ± 0.78 °C, respectively) 
than males (28.61 ± 1.32 °C and 24.73 ± 0.68 °C; p = 0.012 and p = 0.000, respectively). Conversely, skin temperatures in 
the abdomen were significantly lower in males (26.57 ± 1.44 °C) than females (27.75 ± 1.50 °C; p = 0.035). Meanwhile, 
perceptual data were inconclusive. The results suggest that although regional differences in skin temperature may exist 
between male and female surfers, they may be too small to translate into perceptual differences and are unnecessary when 
considering wetsuit design.
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1  Introduction

Surfing has become increasingly popular with ~ 37 million 
people participating recreationally and competitively world-
wide [1]. These figures are expected to increase as surfing 
makes its debut in the 2020 Summer Olympics. Surfing 
exposes the body to both water and air. These two mediums 
have different convective heat loss properties and subse-
quently create a thermoregulatory challenge for surfers [2]. 
Wetsuits are often utilized to reduce convective heat loss 
during surfing.

Wetsuits are typically made from neoprene, a polymer-
based closed-cell foam with knit jersey laminated to one or 
both sides of the foam to create a thermal barrier protecting 
the skin from cold water stress. Neoprene may also mitigate 
heat loss for surfers by allowing small amounts of water to 
filter through the wetsuit, creating a thin layer of warmer 
water between the skin and neoprene [3]. However, to effec-
tively protect surfers from cold environmental conditions, 
wetsuit design must also consider the unique activity profile 
of surfers and sex differences.

Understanding surf activity profiles is important in wet-
suit design because water exposure varies across the regions 
of the body during surfing and will influence convective heat 
loss patterns [4]. Surfers typically spend under 10% of the 
time actually riding waves, with about half the time pad-
dling and the remaining 40% stationary [5–11]. Depending 
on the surf activity, rates of convective heat loss through air 
and water will vary. Water is 25% more conductive than air, 
and therefore convective heat loss will be three to five times 
greater at regions of the body with increased water exposure, 
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such as the legs, abdomen, forearms and hands [2, 12–14]. 
During a typical surf session, the regional differences in 
skeletal muscle activity in addition to water exposure create 
uneven skin temperatures across the body [15]. This may 
result in performance deficits since reductions in regional 
surface skin temperatures exhibited from increased water 
exposure are associated with reductions in skeletal muscle 
performance, such as force production and power output 
[16–18]. During cold stress, a decrease in extremity skin 
temperatures will also impact core temperature at the onset 
of hypothermia [4]. Thus, it is imperative to understand pat-
terns of heat loss during surfing to better inform wetsuit 
design and increase performance and safety.

Thermoregulatory sex differences may also be an addi-
tional component that influences wetsuit design for surf-
ers. With wetsuit materials and design remaining relatively 
unchanged over the last 60 years, design esthetic and ana-
tomical differences, such as bust and hip ratios, are the pri-
mary factors dictating current wetsuit models and design 
differences between sexes. Yet recent research suggests dif-
ferences in regional skin temperatures between male and 
female surfers [15, 19]. These two field studies suggest that 
females exhibit colder skin temperatures at the low back and 
forearm than males during a 40-min recreational surf ses-
sion while wearing a 2-mm wetsuit [15, 19]. However, it is 
important to note that reported differences in environmental 
factors (i.e. ambient air temperature, wind, relative humidity, 
water temperature, swell size, etc.) between the two studies 
may have contributed to these regional differences in skin 
temperature between sexes. Physiological differences may 
be another plausible explanation for the reported sex differ-
ences in skin temperature. Specifically, differences in body 
surface area (influencing heat exchange rates), vasoconstric-
tive responses, reproductive hormones and body composi-
tion have all been reported to contribute to thermoregulatory 
sex differences [4, 20–24]. It also remains unclear if these 
potential sex differences in skin temperature result in vary-
ing reductions in core temperature between sexes. Therefore, 
the purpose of this study was to compare body composition, 
skin and core temperatures of females and males in a 2-mm 
wetsuit during a well-controlled simulated surf session. We 
hypothesized that regional differences in skin temperature 
would exist between sexes, but this would not translate to 
core temperature differences between sexes.

2 � Methods

2.1 � Participants

Inclusion criteria required participants to be healthy, 
with no digestive tract disorders and a minimum of 5 
years short-board surf experience to ensure adequate surf 

activity skills. Exclusion criteria limited the age of par-
ticipants to between 18 and 45 years to reduce hormo-
nal effects on thermoregulation, in addition to restricting 
body mass between 50 and 86 kg to reduce variability in 
water surface area exposure. Three participants (97.23 kg 
and 92.53 kg males; 42.45 kg female) did not meet the 
weight criteria, but their data were still included as heart 
rate, skin and core temperatures fell within ± 1 Standard 
Deviation from the mean, and they were not deemed as 
outliers as determined by Tukey’s Boxplot Method [25]. 
Based upon previous thermoregulation surf research and to 
obtain significant differences in skin temperature between 
sexes, the aim of the study was to recruit an equal number 
of male and female surfers (n = 20 males, n = 20 females) 
[15, 19]. However, the advanced nature of the surf simu-
lation and required skillset of shortboard surf experience 
made it hard to find eligible female participants. There-
fore, thirty-three healthy, active participants (n = 13 
females, n = 20 males; Table 1) between ages 18 and 42 
were recruited for the study. The percentage of male and 
female surfers recruited for this study is reflective of the 
national recreational surf population [26]. Participants 
were asked to properly hydrate 24 h before testing (0.47 
L of water before bed and 0.47 L of water 1–1.5 h before 
testing). Additionally, they were instructed to refrain 
from intense exercise 12 h before testing and from eating 
3 h before testing. Upon arrival, participants gave their 
informed written consent to procedures approved by the 
Institutional Review Board at California State University, 
San Marcos (Protocol #1302166) along with completing 
an AHA/ACSM Health/Fitness Facility Preparticipation 
Screening Questionnaire, Surfing and Physical Activity 
Questionnaire and a Dietary Composition Questionnaire 
(Appendices I–III). Female participants were required to 
include additional health history information (i.e. men-
struation cycle and contraception use).

Table 1   Subject characteristics

*Denotes significant differences between sexes at p < 0.05. Data 
expressed as mean ± SD

Male (n = 20) Female (n = 13) Total (n = 33)

Age (years) 26.15 ± 4.45 25.69 ± 7.65 25.97 ± 5.81
Height (cm) 177.36 ± 6.69 169.2 ± 6.18 174.14 ± 7.57
Weight (kg) 77.57 ± 17.82* 60.42 ± 8.20 70.81 ± 16.92
Body surface area 

(m2)
1.94 ± 0.21* 1.68 ± 0.14 1.84 ± 0.23

Mean heart rate 
during surf simu-
lation (bpm)

98.40 ± 16.97 102.3 ± 19.33 99.94 ± 17.74

Body fat (%) 13.14 ± 3.70* 18.62 ± 5.84 15.29 ± 5.32
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2.2 � Protocol

Following the completion of informed consent and ques-
tionnaires, participant’s body composition and mass were 
measured using an InBody 770 device (InBody USA, Cer-
ritos, CA). The InBody is a multi-frequency bio-electrical 
impedance device that has been validated against both dual-
energy X-ray absorptiometry and a four-compartment body 
composition model with an accuracy of ± 1.0% for body fat, 
0.34 kg for fat mass and 0.87 kg for fat-free mass [27, 28]. 
The participant’s total and regional body fat and lean tissue 
mass were recorded.

Immediately afterward, participants ingested a CorTemp 
Disposable Body Temperature Sensor (HT150002; HQInc, 
Palmetto, FL) that had an accuracy of ± 0.1 °C with 0.24 L 
of water, at least 60 min before the surf simulated protocol 
to ensure accurate core temperature readings. Immediately 
after core temperature pill ingestion, participants sat in a 
temperature-controlled room ranging from ~ 18.3 to 23.9 °C 
to acclimatize for one hour. Twenty minutes before testing, 
eight 1-Wire Thermochron iButton skin temperature sensors 
(type DS1921G; Maxim Integrated/Dallas Semiconductor 
Corp., USA) with an accuracy of ± 0.5 °C were placed on the 
participant’s right side at the listed locations: chest (skin of 
superior pectoralis major), back (skin of rhomboid), upper 
arm (skin of lateral tricep brachii), abdomen (skin of infe-
rior rectus abdominis), low back (skin of inferior portion 
of latissimus dorsi), forearm (skin of flexor carpi radialis), 
thigh (skin of lateral vastus laterali), and calf (skin of medial 
gastrocnemius). Thermistors were numbered (1–8) to ensure 
the same location placement across all participants and were 
adhered to the skin with a 6 × 7 cm, 3 M Tegaderm Film 
(Nexcare™ Tegaderm™, USA). The participant also wore 
a Polar T31-coded heart rate monitor (Polar Electro Inc., 
Kempele, Finland) across the sternum that recorded with an 
accuracy of ± 1 bpm.

Following instrumentation participants were fitted into 
a full-length black, custom 2-mm wetsuit (Hurley, USA; 
not commercially available) that utilized glued and blind-
stitched seams instead of traditional 3-needle flatlock to 
reduce the amount of water entering the wetsuit during the 
simulation. Additionally, wetsuits were fitted to common 
patterns designed for males and females therefore making 
wetsuits fit differently between sexes. Sizing for each par-
ticipant was determined by a height and weight size-chart 
provided by the wetsuit manufacturer. Males did not wear 
a bathing suit underneath the 2-mm wetsuit while most 
females wore a 2-piece bathing suit. The swimsuits worn 
by the female participants did not interact with the skin 
thermistors.

Next, the participant’s mass-to-surfboard volume prede-
termined the standardized surfboard used for the protocol 
to ensure equal water surface area exposure. Before testing, 

the water temperature in an Elite Endless Pool flume (Com-
mercial Elite Endless Pools®; Aston, PA) was set to 15.6 °C, 
while percent-relative humidity and ambient air tempera-
ture were recorded in degrees Celsius via Davis Vantage 
VUE (Davis Instruments©; Hayward, CA). A Flow Probe 
and Global Water Flow Meter (Global Water Instrumenta-
tion; College Station, TX) at the front of the flume measured 
water velocity during the surf simulation.

Meanwhile, baseline core temperature and heart rate were 
recorded one minute before protocol start time and data col-
lection for all equipment was synchronized with the session’s 
start and end times; these were defined as the moment at 
which the participant entered and exited the water. Skin tem-
perature data were measured at 1-min intervals along with 
heart rate and core temperature data using a Polar RCX-5 
heart rate watch and a CorTemp Data Recorder v4.3 (9001 
Series; HQInc, Palmetto, FL). The protocol sequence and 
paddling speeds were determined and designed from previ-
ous surf research to simulate a typical surf session [5–11].

Participants began by laying on the surfboard, followed 
by a duck dive, then paddling. The participant then sat on 
the board, duck dove and paddled again. Each activity was 
done for 1-min with the exception of the duck-dive which 
acted as a transition movement and lasted 2 s. The pattern 
repeated for 60 min with water velocity varying at three 
consecutive speeds for 20 min each: (1) 1.2 m/s for minutes 
1–20, (2) 1.4 m/s for minutes 20–40 and (3) 1.6 m/s for 
minutes 40–60.

Lastly, a thermal perception scale was introduced to the 
latter portion of data collection to determine thermal sensa-
tion and location during four different time points in males 
(n = 10) and females (n = 5) (Appendix IV and V) [29]. The 
four time points were termed ‘Pre’ (the first minute of the 
surf simulation where the participant lay stationary on the 
surfboard in the water), ‘T2’ (20-min into protocol before 
increase in paddle velocity), ‘T3’ (40-min into protocol 
before final increase in paddle velocity), ‘Post’ (at the ter-
mination of surf simulation).

Upon completion of the simulated surf protocol skin ther-
mistor data was downloaded using OneWireViewer (Maxim 
Integrated/Dallas Semiconductor Corp., USA) JavaTM sys-
tem and transferred into Microsoft Excel for further data 
analysis along with heart rate, body composition and core 
temperature data.

2.3 � Statistical analysis

All values were reported as mean ± standard deviation (SD). 
Skin thermistor data were analyzed using a 2 (sex) × 12 
(time) RMANOVA at eight thermistor locations to com-
pare three main effects: time, sex and the interaction effect. 
Studies have concluded significant main effects of skin tem-
perature over time in both male and female surfers, so this 
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was not analyzed [15, 19]. However, to determine the pres-
ence of significant sex differences in skin temperature, the 
main effect of sex and interaction effect of sex × time were 
analyzed. There were three participants (n = 2 males, n = 1 
female) that experienced a skin thermistor malfunction. All 
malfunctions and any missing data were not included in the 
study, but the remaining data were included if not deemed 
an outlier as determined by Tukey’s Boxplot Method of 
Q1 − (1.5 × IQR) and Q3 − (1.5 × IQR) [35]. All included 
skin temperature data were then grouped into 12 five-minute 
epochs, from 0 to 60 min and mean averaged for both sexes. 
Post hoc comparison for the main effect of sex over time was 
performed using an independent samples t test setting sig-
nificance at α = 0.05 and a Cohen’s d determined effect size. 
The Benjamini–Hochberg analysis was then applied to each 
t test at all twelve epochs to control for a false discovery rate 
[30]. Core temperature and heart rate were also determined 
using an independent samples t test. Lastly, perceptual data 
were listed as frequency and no statistical analysis was con-
ducted as sample sizes were too small.

3 � Results

3.1 � Surf simulation characteristics

During a 60-min surf simulation, there were no significant 
differences in water and ambient air temperatures or humid-
ity between sexes (Table 2).

3.2 � Body composition

For total body fat, males (13.14 ± 3.70%) were leaner than 
females (18.62 ± 5.84%; p = 0.014). More specifically, 
females had higher fat mass in the arms (1.15 ± 0.50 kg) 
than males (0.72 ± 0.45  kg; p = 0.014; Fig.  1). Leg 
(females = 3.35 ± 1.09 kg; males = 2.90 ± 0.72 kg, p = 0.153; 
Fig.  1) and trunk fat mass (females = 5.28 ± 2.26  kg; 
males = 5.00 ± 2.55 kg, p = 0.750; Fig. 1) were not signifi-
cantly different between males and females. Conversely, 
males exhibited significantly greater skeletal muscle mass 
than females in the arms (7.54 ± 1.15 kg vs. 4.84 ± 0.98 kg; 
p = 0.001), legs (19.03 ± 2.51  kg vs. 14.27 ± 2.51  kg; 

p = 0.001) and trunk (28.52 ± 3.61 kg vs. 20.31 ± 4.19 kg; 
p = 0.001; Fig. 1).

3.3 � Absolute and change in skin temperature

Skin temperature at the beginning of the protocol was signif-
icantly lower at the thigh in females (29.90 ± 1.41 °C) than 
males (30.58 ± 1.10 °C; p < 0.001) but not significantly dif-
ferent at the remaining seven anatomical locations between 
sexes (p > 0.05). Given differences in baseline thigh skin 
temperature between sexes, data were also analyzed as abso-
lute and percent change in skin temperature. An independent 
samples t test revealed no significant differences in absolute 
and percent change in skin temperature between sexes at 
any of the eight anatomical locations (p > 0.05; Fig. 2b, c). 
Additionally, absolute mean skin temperature in males and 
females at eight anatomical locations during a 60-min surf 
simulation was analyzed (Fig. 2a). The main effect for sex 
indicated significantly lower upper arm skin temperatures 
in females (27.45 ± 1.04 °C) than males (28.61 ± 1.32 °C) 
at p < 0.05, F = 7.20, df = 1 and significantly lower thigh 
skin temperatures in females (23.53 ± 0.78 °C) than males 
(24.73 ± 0.68 °C) at p < 0.00001, F = 21.97, df = 1. However, 
the main effect of sex for abdomen skin temperatures was 
significantly lower in males (26.57 ± 1.44 °C) compared to 
females (27.75 ± 1.50 °C) at p < 0.05, F = 4.87, df = 1. Yet, 
none of the interactions (sex × time) were significant at any 
of the eight sensor locations p > 0.05.

The main effect for sex revealed significant skin tempera-
ture differences at the upper arm, abdomen and thigh. A post 
hoc analysis of independent samples t test was computed 
at every epoch for each of the three locations where main 
effect of skin temperature occurred (Fig. 3). However, after 
applying the Benjamini–Hochberg analysis to adjust for a 
false discovery rate, significant skin temperature differences 

Table 2   Environmental surf simulation conditions

*Denotes significant differences between sexes at p < 0.05. Data 
expressed as mean ± SD

Male (n = 20) Female (n = 13) Total (n = 33)

Water temp (°C) 16.08 ± 0.33 16.07 ± 0.27 16.08 ± 0.31
Air temp (°C) 20.60 ± 4.85 19.92 ± 2.50 20.33 ± 4.05
Humidity (%) 56.80 ± 16.79 48.62 ± 19.04 53.58 ± 17.88
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Fig. 2   Absolute mean skin temperatures (A), absolute change in 
skin temperatures (B) and percent change in skin temperatures (C) 
between male and female surfers at eight anatomical locations during 

a 60-min simulated surf session are listed above. *Denotes signifi-
cance at p < 0.05 with data expressed as mean ± SD

Fig. 3   Surface skin temperature 
at the upper arm, abdomen and 
thigh among male and female 
surfers over a 60-min surf 
simulation. *Denotes thigh skin 
temperature significance among 
sexes, ‡denotes significant 
differences in abdomen skin 
temperature among sexes, and 
†denotes significance in upper 
arm skin temperature among 
sexes. Benjamini–Hochberg 
adjusted α set at p < 0.0012, 
p < 0.0417 and p < 0.0125 
for the thigh, upper arm and 
abdomen respectively; data 
expressed as mean ± SD
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between sexes only occurred at the thigh across all epochs in 
addition to the upper arm during all but the first two epochs 
(Fig. 3, Table 3). Meanwhile, there were only three epochs 
near the beginning of the protocol where significant sex 
differences in abdomen skin temperature occurred (Fig. 3, 
Table 3).

3.4 � Absolute change in core temperature

There were no significant differences in absolute core 
temperature between males (37.31 ± 0.35 °C) and females 
(37.32 ± 0.48 °C) at p = 0.99, F = 0.00, df = 1.

3.5 � Perceptual differences

Nonparametric statistical analysis could not be performed on 
the perceptual data because of small samples sizes (n = 10 
males, n = 5 females). Additionally, perceived thermal loca-
tion included general regions of the frontal and dorsal body 
that were not specific to thermistor location. Therefore, 
perceptual data could not be correlated to the three loca-
tions where significant sex differences in skin temperatures 
occurred. However, the data still provided insight of per-
ceived thermal sensations during a simulated surf session. 
Only participants (n = 6 males, n = 4 females) who perceived 
thermal sensation at sites where significant sex differences 
in skin temperature occurred (abdomen, thigh and/or upper 
arm) were included in the perceptual observations below. 
Also, only ‘Pre’ and ‘Post’ time points were considered to 
further determine change in thermal perception between 
sexes during the surf simulation.

Females began the simulation perceiving a below neutral 
thermal sensation at the abdomen and thigh. Similarly, half 

of the males began the surf simulation perceiving a below 
neutral thermal sensation at the abdomen. After sixty min-
utes of simulated surfing, only one out of the five females 
reported a thermal sensation while only three out of the six 
males reported thermal sensations (Table 4). The one female 
reported the upper arm as ‘Slightly Cool’ and each of the 
three males identified thermal sensations at either the upper 
arm, abdomen or thigh (Table 4). Most remaining males 
identified post-thermal sensations at the abdomen and thigh 
as ‘Slightly Cool’ (Table 4). However, one male reported a 
‘Neutral’ thermal sensation at the upper arm (Table 4). This 
feedback suggests that by the end of the surf simulation, 
females may have perceived the upper arm to be slightly 
cooler than males. Both sexes perceived the abdomen and 
thigh as cooler locations at the beginning of the protocol. 
However, by the end of the simulation, the magnitude and 
scale of thermal perception at these regions no longer existed 
or appeared to be less impactful.

4 � Discussion

The current study elucidated differences in regional skin 
temperatures at eight anatomical locations in addition to 
core temperature among male and female surfers during a 
controlled simulated surf session while wearing a 2-mm wet-
suit. Despite two recent field studies, there has been mini-
mal research assessing thermoregulatory responses among 
surfers in cold water surf conditions and assessing these 
thermal differences in a controlled environment between 
sexes [15, 19]. Data in the present study indicated that males 
and females had similar heat loss patterns across the body 
during the simulated surf session. However, absolute skin 

Table 3   p values Cohen’s 
d for unpaired t tests of sex 
differences in skin temperature 
over time (n = 20 males, n = 13 
females, 0–60 min)

*Denotes comparisons between sexes that were significantly different following Benjamini–Hochberg anal-
ysis. A negative Cohen’s d indicates female temperatures were higher than male temperatures

Upper arm Abdomen Thigh

p value Cohen’s d p value Cohen’s d p value Cohen’s d

Mean Epochs (min)
5 0.2128 0.4489 0.1745 − 0.5004 0.0001* 1.2519
10 0.1036 0.5812 0.0384 − 0.7475 0.0000* 1.3253
15 0.0314* 0.7562 0.0097* − 0.9155 0.0001* 1.2817
20 0.0173* 0.8297 0.0104* − 0.9077 0.0001* 1.2365
25 0.0190* 0.8183 0.0114* − 0.8977 0.0002* 1.2322
30 0.0196* 0.8152 0.0286 − 0.7870 0.0001* 1.2570
35 0.0164* 0.8357 0.0299 − 0.7813 0.0001* 1.2408
40 0.0071* 0.9265 0.0633 − 0.6753 0.0002* 1.2121
45 0.0072* 0.9254 0.0462 − 0.7216 0.0003* 1.1863
50 0.0063* 0.9392 0.0649 − 0.6713 0.0005* 1.1547
55 0.0053* 0.9553 0.0951 − 0.6101 0.0011* 1.0932
60 0.0055* 0.9526 0.1301 − 0.5557 0.0007* 1.1263
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temperatures at the upper arm and thigh were significantly 
colder in females, whereas males were significantly colder 
at the abdomen. Moreover, there were no significant differ-
ences in core temperature between males and females. Alto-
gether, the findings support our first and second hypothesis, 
that differences in skin temperature exist between sexes at 
specific anatomical locations, but there are no sex differ-
ences in core temperature.

Field studies assessing thermoregulatory responses 
among surfers suggest females may experience colder sur-
face skin temperatures than males [15, 19]. These sex differ-
ences in skin temperature were exhibited at the low back and 
forearm [15, 19]. However, given the variation in environ-
mental conditions between these field studies, their results 
must be interpreted with caution. In contrast, the current 
study demonstrated that under simulated but well-controlled 
surf conditions, significant sex differences in skin tempera-
tures still occur, with females experiencing colder skin tem-
peratures at the upper arm and thigh rather than previously 
reported locations of the low back, forearm and abdomen 
[19]. Additionally, data in the current study suggest males 
experience colder skin temperatures at the abdomen than 
females. The sex differences in absolute skin temperatures 
in the current study may be attributed to increased vasocon-
strictive responses in cutaneous circulation and deep limb 
arterial vessels in females [20, 23]. Previous research sug-
gests that an increase in extremity vasoconstriction would 
decrease peripheral blood flow and therefore negatively 
impact surface skin temperatures [20, 23]. Lastly, the cur-
rent study revealed that thigh skin temperatures in females 
were significantly colder than males at the start of the surf 
simulation. This is consistent with previous research that 
has reported a 0.77–1.00 °C difference in resting thigh skin 
temperatures between sexes [15, 19, 31, 32].

Meanwhile core temperature and mean heart rate 
expressed as percentage of workload were not significantly 
different between sexes. This is comparable to literature that 
suggests during cold water exposure (20, 24 and 28 °C), 
males and females exercising at the same workloads yield 
similar thermoregulatory responses [33]. Therefore, vari-
ances in body composition may also explain differences in 
skin temperatures exhibited between sexes. Similar to previ-
ous literature, males in the current study had significantly 
greater skeletal muscle mass in the arms, legs and trunk than 
females, while females had significantly greater adiposity in 
the arms and a non-significant trend to increased adiposity in 
the legs and trunk than males [34]. Body fat provides greater 
thermal resistance than skin or wet muscle tissue and acts 
to insulate core temperature by interfering in heat transfer 
between body and environment when exposed to cold envi-
ronmental conditions [4, 12, 23, 24, 33, 35, 36]. Therefore, 
regions of the body with increased adiposity will experience 
greater insulation from favorable subcutaneous fat distri-
bution over the active musculature and because circulation 
remains below the level of fat, it minimizes conductive heat 
transfer to the skin resulting in decreased surface skin tem-
peratures [4, 33]. This trend was evident in the current study 
with females exhibiting greater adiposity and colder skin 
temperatures at the upper arm and thigh than males.

Perceptually, research suggests females may be more 
thermally sensitive to the environment compared to males 
[37]. Additionally, in the current study, the difference in 
change in absolute skin temperature between sexes at the 
upper arm, abdomen and thigh (− 0.76, − 0.28 and − 0.51 
Δ  °C respectively) albeit small, exceeded previously 
reported thermal sensation thresholds [38]. This would 
suggest variances in perceived thermal sensation may exist 
between sexes at these locations. Perceptual data in the 

Table 4   Frequency of ‘Pre’ 
and ‘Post’ thermal sensations 
at three anatomical locations 
among male (n = 6) and 
female (n = 4) surfers during a 
simulated surf session

Thermal sensation location and scale

Upper arm Abdomen Thigh

Male Female Male Female Male Female

Pre
Slightly warm 1
Neutral
Slightly cool 1 1 1 1 1
Cool 2
Cold 1
Post
Slightly warm
Neutral 1
Slightly cool 1 1 1
Cool
Cold
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current study are in alignment with this at the upper arm 
in females and the abdomen in males but not in alignment 
at the thigh. Rather, males perceived the thigh as a colder 
location, yet skin temperatures were significantly colder 
in females. Although the perceptual data from the current 
study offer insight, it should be taken with caution and is 
purely speculative as no statistical analyses were computed 
due to study limitations. Moreover, it is important to note 
that the sample size in the current study was small and is 
therefore a limitation. Thus, all data and results comparing 
sex differences in skin and core temperature, body compo-
sition and perception should be interpreted with caution 
and may not apply to the entire population.

5 � Conclusion

The findings demonstrate that absolute regional skin 
temperatures vary between male and female recreational 
surfers under controlled environmental conditions. How-
ever, these differences may be too small to translate into 
perceptual differences and therefore may be unnecessary 
when considering apparel and wetsuit design. While there 
were variances in regional skin temperature between sexes 
at the upper arm, abdomen and thigh, they were under 
1 °C and when data were presented in absolute and percent 
change in skin temperature, they disappeared altogether. 
Additionally, since no statistical analyses were computed 
on the perceptual data, it becomes challenging to discern 
if either sex had greater cold perception at regions where 
significant skin temperature differences existed. Moreover, 
there were no differences in core temperature or heart rate 
expressed as workload. Therefore, the findings suggest 
that future wetsuit design may not need to consider ther-
moregulatory sex differences and the current distribution 
of neoprene thickness can still be applied to both sexes.
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