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Abstract
Training in hot and humid environments has profound effects on physical and health status of athletes. This study was aimed at
evaluating the sweat rate of male and female professional football players in Yenagoa, a hot humid environment in Bayelsa
State, Nigeria.120 participants were evaluated, consisting of 30 male and 30 female professional football players and 30 male
and 30 female ‘‘active persons’’ who served as control. Sweat rate was calculated using the difference in pre and post exercise
body weight adjusted for fluid intake and urine output during training. Fluid intake and urine output were monitored and
recorded during the training period at 31.10C mean atmospheric temperature and 68% relative humidity. Mean value of
quantitative data was compared at a significant level of p<0.05. Mean sweat rate was 2.14±0.04 litres/hour in male football
players, 1.54±0.04 litres/hour in female football players, 1.32±0.04 litres/hour in male active persons and 0.98±0.03 litres/hour
in female active persons. The sweat rate of male football players was significantly higher than that of male active persons.
Similarly, sweat rate of female football players was significantly higher than that of the female active persons. Linear multiple
regression model showed mean sweat rate was significantly higher in males than females [β = -0.25; p=0.01] and to
significantly increase with increasing body surface area [β= 0.31; p=0.002] but significantly decreases with increasing age (β=
-0.42; p= 0.001). Football players studied have a substantially high sweat rate which can predispose them to becoming
dehydrated if sweat lost during training/competition is not properly replaced. Therefore, football players, team physicians and
club administrators need to ensure proper replacement of lost fluids and prevent possible dehydration during exercise and
competitions.
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1. Introduction
Athletes who train or compete in hot and humid
environments may be predisposed to significant physical
and health challenges resulting from fluid imbalance [1].
Football is a rigorous sport with high demands on energy
and fluid reserves which must be adequately replaced
subsequently [2]. Recent studies show majority of athletes
start training already dehydrated and many do not
adequately replace sweat losses during and after training [3].
A knowledge of personal sweating pattern can help an
athlete plan fluid requirements taking into consideration
environmental conditions, individual differences, intensity
and duration of exercise [4]. Sweating is the main
physiologic mechanism by which the body regulates body
temperature especially when body heat generation exceeds
loss by radiation and convection during exercise in the heat
[5, 6]
. Exercise in the heat causes increased sweating and if
there is no commensurate fluid intake may result in some
dehydration [7]. Humans can only survive body temperature
greater than 41°C for short periods and protein denatures at
a body temperature of 45°C [8]. Such elevated body
temperature may result in heat illnesses such as cramps,
exhaustion and stroke in athletes [8]. Although sweat
evaporation is the major means of heat loss during exercise,
other means include radiation, conduction, and convection

[9-10]

. An impairment of thermoregulation can lead to a rise
in core body temperature from heat storage and
inappropriate dissipation [7].
As environmental temperature and relative humidity rise
sweat rate of exercising athletes increases [7]. Sweat rate
indicates the amount of fluid loss and shows how much
sweat the athlete loses per unit time [9]. The sweat rate for
athletes in other environments have been previously
reported to be in the range between 0.52 to 2.5 litres/hour [9].
However, the normal insensible fluid losses of about 450
ml/day can increase to 3 litres/hour during exercise in the
heat [11]. Regular training increases sweat volume produced
by increasing sensitivity of sweat glands [9]. Sweating in the
acclimatized and well trained athletes occur earlier;
therefore, athletes are likely to have higher sweat rate and
are thus at higher risk of dehydration [5]. This makes fluid
replacement modalities in the athlete imperative since
excess sweating may lead to fluid loss and fluid deficits
require adequate replacement to prevent dehydration and
ensure optimal performance [9]. For athletes to maintain
optimal hydration after training, it is recommended that
adequate fluid replacement should be 100% to 150% of
sweat loss in 4 to 6 hours [5, 12, 13].
Previous reports on the sweat rate of athletes in our
environment has been relatively scanty, underscoring the
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need to evaluate the sweat rate of professional athletes in
our environment. The aim of this study therefore was to
evaluate the sweat rate of professional football players in a
hot and humid environment in Yenagoa, Bayelsa State,
Nigeria. This would provide information to assist coaches
and sports physicians in recommending appropriate fluid
replacement for football players and possibly other athletes
in similar environments.
2. Materials and Methods
2.1 Study Area
The study was conducted in Yenagoa, the administrative,
economic and political capital of Bayelsa, a state located in
the south of Nigeria. The study was conducted during the
dry season between January to February 2018. The climate
of Yenagoa is tropical rainforest typical of the Niger Delta
with ambient temperature ranging between 24°C and 33°C
and average relative humidity of about 59% [14].
2.2 Ethical Approval
Ethical approval was obtained from our Institutional
Research Ethics Committee vide a memorandum referenced
UPH/R&D/REC/04. Subject participation was entirely
voluntary. Informed consent was sought and obtained from
each participant before recruitment; study was conducted in
accordance with the Helsinki Declaration of 1975 as
amended in 2000. Written approval was also obtained from
the management of the football teams whose players were
used for the study.
2.3 Participants
A total of 120 participants aged between 18 and 35 years
were randomly selected for the study. This consisted of 60
professional football players (30 males and 30 females) and
60 active persons (30males and 30 females). All the active
persons were apparently healthy with no evidence of
metabolic or hematologic diseases likely to influence any of
the parameters under investigation and served as control. All
professional football players who reported any ill health or
conditions that were likely to influence fluid and electrolyte
balance were promptly excluded from the study. Pregnant
participants were also excluded. Each participant responded
to a simple questionnaire to obtain basic socio-demographic
data.

2.4 Determination of height, weight, body mass index
and body surface area
Height and weight were measured in meters (m) and
kilogram (kg) respectively, with all participants barefooted
and wearing light clothing, using a standard scale (seca
model, Hamburg, Germany). The body mass index was
calculated by dividing body weight in kilogram by the
square of the height in meters (kg/m2) [15]. Body Surface
Area (BSA) was calculated using the Schlich formula as
proposed respectively for both male and female subjects [16].
2.5 Experimental design
Participants were allowed a training session of a total of 2
hours consisting of a 15 minute warm-up period followed by
two halves of 45 minutes of play; separated by a 15 minute
half-time period. The mean atmospheric temperature and
relative humidity all through the training period was 31.1°C
and 68% respectively. Water was provided in individually
labeled 1.5 litre containers with readily available refills.
Participants were instructed to drink only from their
assigned water containers; avoid washing their faces with
the water and minimize any wastage as much as possible.
Participants were also given containers to void urine to
ensure accurate estimation of urine output during the entire
session. The fluid intake and urine output of each of the
players during training was monitored and recorded in a
data sheet.
2.6 Determination of sweat rate
Using the formula described by Casa et. al., 2000, [9] sweat
rate was calculated as the sum of the difference between the
pre-exercise and post-exercise body weight (converted to
litres) and the total fluid intake and total urine output (both
in litres) divided by the duration of exercise in hours.[9,17]
The average human body density was considered to be 985
kg/m3.
2.7 Statistical analysis
The results are presented in Tables 1 to 4 as mean±standard
error of mean (SEM). Statistical significance was
determined as appropriate using the student’s t-test.
Association between sweat rate, gender, body mass index
and body surface area was determined using a linear
multiple regression model. A p-value less than 0.05 was
considered statistically significant.

3. Results & Discussion
Table 1: Age, anthropometric indices and sweat rate of all participants
All professional Professional
Professional
All physically Physically active Physically active
footballers
male footballers female footballers active subjects male subjects female subjects
(n=60)
(n=30)
(n=30)
(n=60)
(n=30)
(n=30)
Age (years)
23.10±0.45*
22.07±0.52
24.13±0.70ª
27.30±0.63*
28.00±0.94
26.33±0.91
Body mass index(kg/m2)
22.75±0.30
22.83±0.32
22.51±0.50
23.33±0.57
23.60±0.56
22.53±0.57
Body surface area (m2)
1.70±0.03
1.82±0.03ª
1.57±0.03
1.72±0.02
1.79±0.03ª
1.65±0.03
Sweat rate(l/hour)
1.84±0.38*
2.14±0.04ª
1.54±0.04
1.13±0.03*
1.32±0.04ª
0.98±0.03
* indicate significant differences in total population and ªindicate significant gender differences at p< 0.05; all values are mean ± SEM

Table 1 shows values for age, body mass index (BMI), body
surface area (BSA) and sweat rate of all participants:
professional football players and active subjects. The mean
age of all active persons: 27.30±0.63 years was higher than
the mean age obtained for all professional football players:
23.10±0.45 years. In addition, the mean sweat rate of all

professional football players: 1.84±0.38 litres/hour was also
higher than the mean sweat rate of all physically active
persons: 1.13±0.03 litres/hour. There were no significant
differences in body mass index (BMI) and body surface area
(BSA) between all active subjects and all professional
football players. However, gender differences were found to
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exist in body surface area and sweat rate amongst
professional football players and active subjects: male
professional football players and male active subjects were
found to have higher values of body surface area and sweat
rate compared to their respective female counterparts;

similarly, female professional football players were found to
be older than their male counterparts. No gender differences
were observed for age and body mass index amongst active
persons and for body mass index amongst professional
football players.

Table 2: Comparison of age, anthropometric indices and sweat rate of professional male football players and physically active male subjects

Age(years)
Body mass index (kg/m2)
Body surface area (m2)
Sweat rate (l/hour)
All values are mean ± SEM

All male
Professional male Physically active male Significant differences [tsubjects (n=60) footballers (n=30)
subjects (n=30)
test; p= significance level]
25.03±0.66
22.07±0.52
28.00±0.94
5.50; 0.001
23.22±0.32
22.83±0.32
23.60±0.56
1.19; 0.24
1.71±0.02
1.82±0.03
1.79±0.03
0.53; 0.43
1.73±0.06
2.14±0.04
1.32±0.04
13.84; 0.001

Table 2 shows values for age, body mass index (BMI), body
surface area (BSA) and sweat rate of all male participants:
male professional football players and active male subjects.
Mean age was found to be significantly higher amongst
active male subjects: 28.0±0.90 years compared to
professional male football players: 22.07±0.52 years
(p=0.001). There were no significant differences in body

mass index and body surface area between professional
male football players and active male subjects (p=0.24). In
contrast, mean sweat rate was significantly higher amongst
professional male football players: 2.14±0.04 litres/hour
compared to the active male subjects: 1.32±0.04 litres/hour
(p=0.001).

Table 3: Comparison of age, anthropometric indices and sweat rate of professional female football players and physically active female
subjects
All female
Professional female Physically active female Significant differences [tsubjects (n=60) footballers (n=30)
subjects (n=30)
test, p=significance level]
Age(years)
25.23±0.58
24.13±0.70
26.33±0.91
[1.93, 0.06]
Body mass index (kg/m2)
22.60±0.38
22.51±0.50
22.53±0.57
[0.17, 0.86]
Body surface area(m2)
1.61±0.02
1.57±0.03
1.65±0.03
2.42; 0.02
Sweat rate(L/hour)
1.26±0.04
1.54±0.04
0.98±0.03
[10.60, 0.001]
All values are mean ± SEM

Table 3 shows values for age, body mass index (BMI), body
surface area (BSA) and sweat rate of all female participants:
female professional football players and active female
subjects. As seen amongst male participants, the mean sweat
rate was significantly higher amongst female professional
football players: 1.54±0.04 litres/hour compared to active
female subjects: 0.98±0.03 litres/hour (p=0.001). No
significant differences were observed for age and body mass
index amongst the female groups: furthermore, consistent
with the male pattern both values were higher for active

female subjects as compared to female professional football
players. This is unlike the pattern observed amongst male
subjects where significant differences were observed for age
between professional male footballers and active male
subjects. However, unlike the pattern observed amongst
males, active female subjects were found to have
significantly higher values of body surface area: 1.65±0.03
m2 compared to professional female football players:
1.57±0.03 m2 (p=0.02).

Table 4: Multiple regression model of sweat rate with sex, age, body mass index (BMI) and body surface area (BSA)
Unstandardized coefficients
Standardized coefficients β t value p value
Β
Standard error
Constant
1.16
0.54
2.14 0.04
Sex
-0.24
0.09
-0.25
2.62 0.01
Age
-0.04
0.009
-0.42
4.89 0.001
Body mass index 0.01
0.01
0.07
0.81 0.42
Body surface area 0.86
0.28
0.31
3.12 0.002
p= significance value
Model

Table 4 shows a linear multiple regression model showing
the influence of sex, age, body mass index (BMI) and body
surface area (BSA) on sweat rate amongst our subjects.
Amongst our subjects, multiple regression models suggest
that overall sweat rate was significantly influenced by age,
gender and body surface area but not by body mass index.
Mean sweat rate was significantly higher in males than
female (β=-0.25; p=0.01) and significantly increase with
increasing body surface area (β=0.31; p=0.002), but
significantly decreases with increasing age (β= -0.42;

p=0.01). However, mean sweat rate was not significantly
affected by body mass index (β=0.07; p=0.42).
Findings from our study show that sweat rate of professional
football players evaluated in the study environment was
relatively high with the football players losing over 1.5
litres/hour of sweat during practice. Yenagoa, Bayelsa State
being the study area with a maximum temperature of 330C
and average Relative humidity of 590C falls under the
‘‘Extreme Caution’’ category of Heat Index with Heat index
range of 900F to 1030F. At this range heat stroke, heat
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cramps, or heat exhaustion are possible with prolonged
exposure and/or physical activity [18]. This underscores the
need for adequate fluid replacement during and after
training. Although findings in this study are similar to
findings in other environments with similar environmental
conditions, this study also revealed that sweat rate is
significantly increased with increasing body surface area.
Results of present study is in agreement with Maughan et
al., 2004, who reports similar sweat rate of 2033+413 ml in
a male United Kingdom premier league football team [19].
Al-Jaser and Hasan (2006) reported a much higher mean
sweat loss of 3.1+1.4 litres in a 90minute training of male
Kuwaiti football players V. The difference in sweat rate
could be due to much higher temperature of 45.6+20C in AlJaser and Hassan (2006) compared to 31.10C in the present
study. Gibson et al., 2012, and Kilding et al., 2009, both
reported lower sweat rates in their studies [21, 22]. Gibson et
al., 2012, reported an overall sweat loss of 0.69+0.54 litres
and Kilding et al., 2009, reported sweat rate of 0.5+0.20
litres/hour and 0.43+0.18 litres/hour in female football
players after two friendly matches respectively. The
differences can be attributed to differences in environmental
temperature which was lower in Gibson et al’s study (9.80C)
and cooler in Kilding et al., 2009. Ersoy et al., 2016,
reported a sweat rate of 582.3+232 ml/hour after evaluating
male youth footballers [23]. This result also differs from the
present study as it is lower and the difference could be due
to a much lower temperature of 21.3+2.50C in the studies of
Ersoy et al., 2016.
The mean sweat rate was significantly higher in the
professional footballers’ compared to that of the physically
active persons. The difference could be due to higher
intensity and level of training in the footballers. In addition,
mean sweat rate was significantly higher in males than
females and this perhaps is as a result of higher body surface
area in the male, higher intensity of training and possibly the
effect of the male sex hormones on skin appendages.
4. Conclusion
The sweat rate of professional Football players in the study
environment, Yenagoa, Bayelsa State, Nigeria is
substantially high. Such significant sweat losses if not
adequately replaced can lead to decrease in athletes’
performance [24, 25] as fluids provide the needed water to
prevent dehydration and also aid exercising muscles [11, 19].
Footballers, team doctors and football administrators
therefore need to take necessary steps to ensure adequate
fluid replacement of athletes during training and
competition in hot humid environments.
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