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Abstract
Sweat is a hypotonic fluid excreted by sweat glands to cool the body. There are conflicting reports
on whether or not body composition has an effect on thermoregulatory responses especially during exercise. This study was aimed at determining and comparing sweat rate and electrolyte
composition in underweight (BMI < 18.5 kg/m2), normal weight (18.5 kg/m2 > BMI < 25 kg/m2),
overweight (25kg/m2 < BMI < 30 kg/m2) and obese women (BMI > 30 kg/m2) during moderate
exercise. Forty women (19 - 25 years) were used during this study after assessing their health
status. They were stratified for BMI with each group having a total of ten women. It was ensured
that all the women used in the study were euhydrated before commencing the research. Before
sweat collection, the treadmill was calibrated according to the Bruce Treadmill Protocol. Sweat
samples were obtained with a sweat suction apparatus from a 120 cm2 circular area marked on
the skin of the face and neck, after a 15 minute fast walk on a treadmill at an inclination of 15˚ and
at a speed of 4.2 km/h at 27˚C room temperature. The time at which sweating commenced in the
subjects was recorded. Sweat rate (L/hour) was calculated using the formula: sweat rate (L/hr) =
(pre-exercise body weight − Post-exercise body weight)/exercise duration. Each sweat sample was
collected and analysed immediately. The results showed that obese women had a significantly (P <
0.05) higher sweat rate and underweight women had a significantly (P < 0.05) lower sweat rate
than all the other groups. Furthermore, subjects with a high body surface area showed significantly higher sweat rates compared to subjects with lower body surface area. Sweat electrolyte
composition did not change in all BMI groups. In conclusion, obese subjects are more likely to develop fluid imbalances than underweight and normal weight subjects during moderate exercise.
Also, underweight women might be at a thermoregulatory disadvantage because of their reduced
body fat and body surface area.
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1. Introduction
Sweating is a major form of thermoregulation in man. Thermoregulation is a complex system involving chemical, physical and behavioural events that permit the maintenance of body temperature within a constant range
under conditions of variable external or internal heat loads [1].
When humans exercise, significant amounts of heat is produced by the body and thermoregulatory mechanisms come into play to return body temperature back to the normal range. Notable amongst these mechanisms
is sweat production by the sweat glands [2]. The evaporation of sweat from the skin transfers heat to the environment as water has a high latent heat of evaporation. These same mechanisms also occur in hot environmental
temperature conditions.
Body mass index (BMI) is a measurement of weight adjusted for height. It is calculated as weight in kilograms (Kg) divided by the square of height in meters (m2). Obesity and underweight may be correlated to distorted physiological responses to exercise [3]-[5]. There however are limited and conflicting reports about the
sweat rate and composition of body electrolytes in people of different body mass indices.
The composition of sweat is dependent on the difference between Sodium (Na+) secreted during the formation
of precursor sweat and the rate of reabsorption of ductal Na+ [6] [7]. Studies have also shown that the concentration of Sodium (Na+) in sweat increases proportionally with increases in sweating [8]-[11]. This also applies for
chloride (Cl−). Ugwu and Oyebola (1992) [12] studied the effects of temperature and exercise on sweat rate and
sweat electrolyte loss in Nigerians and observed that exercise and temperature brought about increased in
sweating and sodium and potassium ion loss in sweat.
Recently, several studies reported no difference in sweat rate during exercise when obese and lean girls were
compared [13] and lean and obese men [14]. In contrast, Eijsvogels et al. (2011) [15] reported that obese subjects showed a larger deviation in markers of fluid and sodium balance than their lean counterparts during prolonged moderate-intensity exercise.
This study therefore aimed at comparing sweat rate and sweat electrolyte composition in underweight, normal
weight, overweight and obese women during moderate intensity exercise.

2. Methodology
2.1. Subjects
40 apparently healthy young women, students of the University of Benin, Ugbowo Campus, aged between 19 25 years were used in this study. Their health status was assessed with the aid of questionnaires and physical
examination. It was ensured that all the subjects were in the follicular phase of their menstrual cycle to avoid
hormonal influences on sweat rate. Exclusion criteria for the study included history of medical and gynaecological disorders, pregnancy, history of smoking and use of any form of medication in the last six months and
the consumption of alcohol and caffeine was also restricted at least 24 hours before the study.
Subjects were put into four groups as determined by their BMI. Groups I, II, III and IX with each consisting
of 10 subjects.
Group I—Underweight women (BMI < 18.5 kg/m2).
Group II—Normal BMI (18.5 - 24.9 kg/m2).
Group III—Overweight women (BMI- 25 - 29.9 kg/m2).
Group IX—Obese women (BMI > 30 kg/m2) [16].
All subjects were fully informed about the objectives and procedures of the study and a signed informed consent form indicating their agreement to participate voluntarily in the study was obtained.

2.2. Experimental Protocol
The physiology laboratory of the University of Benin was used for this study. Data collection occurred in the
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morning between 08:00 am and 12:00 noon. It was ensured that all subjects where euhydrated by drinking 600
mls of water two hours before the commencement of the exercise [17]. For each subject, anthropometric and
other baseline parameters were measured. The subjects acclimatized for 30 minutes in the laboratory before exercise began [18]. The BMI of each subject was calculated using the formula;

BMI =

weight ( kg )

( )

height 2 m 2

Subjects were then directed to void their bladders and then weighed again before the exercise was commenced. After exercise, the subjects were weighed again and there was no fluid replacement throughout the exercise.
During the data collection, volunteers wore tops, shorts, socks and sneakers.

2.3. Subject Characteristics
Body surface area was calculated according to the formula of Mosteller (1987) [19]. Axillary and room temperature was measured using a digital skin thermometer inserted in the axilla for 90 seconds and room thermometer, respectively. Body weight was measured using a digital weighing scale. Hip circumference was
measured at the level of the widest circumference over greater trochanters. Waist circumference was measured
midway between the lower rib margin and iliac crest. Waist-to-hip ratio was calculated as waist circumference
divided by hip circumference. The Resting pulse rate and blood pressure was measured in the sitting position
twice and he average taken using an automated sphygmomanometer after 5 minutes of rest.

2.4. Sweat Collection
Before sweat collection, the treadmill was calibrated according to the Bruce Treadmill Protocol [20]. Sweat
samples were obtained with a sweat suction apparatus from a 120 cm2 circular area marked on the skin of the
face and neck [18], after a moderate exercise, i.e. a 15 minute fast walk on a treadmill at an inclination of 15˚
and at a speed of 4.2 km/h at 27˚C room temperature. The time at which sweating commenced in the subjects
was recorded. Sweat samples were collected into plain sample bottles and immediately analyzed.
Sweat rate (L/hour) was calculated using the formula below:
Sweat rate (L/hour) = (Pre-exercise body weight − Post-exercise body weight/exercise duration [12] [18]
[21]-[26].
A stopwatch was used to record the total exercise time (min).

2.5. Statistical Analysis
All results were presented as Means ± SD. Microsoft Office Excel, 2007 and Graph Pad Prism 5.0 were used to
perform statistical analyses. Comparisons between groups were assessed using Analysis of Variance (ANOVA).
Relationships between results of different groups were shown via linear regression plots and correlation analyses.
The level of statistical significance was set at P < 0.05.

3. Results
Table 1 showing significant differences (P ˂ 0.05) in the ages, weights, waist circumferences, hip circumferences, waist hip ratios and body surface areas of the four groups studied.
Figure 1 showing the time sweating commenced in the four BMI groups during 15 minutes of moderate exercise. N = 40; Means ± SD. Results show no significant difference (P > 0.05) in time sweating commenced in the
groups studied.
Figure 2 showing the sweat rate produced by the women in the different BMI groups. N = 40; means ± SD.
Obese women had a significantly (P < 0.05) higher sweat rate and underweight women had a significantly (P <
0.05) lower sweat rate than the other groups.
Figure 3 showing Sweat rate (L∙hr−) expressed per total body-surface area (m2). A significant quadratic correlation was observed (P < 0.05, r = 0.4857). N = 40; means ± SD. Subjects with a high body-surface area demonstrated higher sweat rates compared with subjects with low body-surface area.
Figure 4 showing sweat electrolyte (Na+, K+ and Cl−) concentrations in underweight, normal weight, over-
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Table 1. Anthropometric and baseline data.
Anthropometric data parameters

Underweight
*

Age (years)

22.50 ± 2.78

Weight (kg)

46.65 ± 0.96*

Normal weight
20.80 ± 2.10

*

57.09 ± 1.74*

Overweight

Obese

*

20.60 ± 2.32*

73.01 ± 2.56*

94.45 ± 3.57*

21.30 ± 2.16

Height (m)

1.63 ± 0.05

1.61 ± 0.07

1.63 ± 0.09

1.64 ± 0.07

Waist circumference (cm)

66.19 ± 3.09*

70.83 ± 3.59*

82.81 ± 6.76*

96.10 ± 7.18*

Hip circumference (cm)

86.38 ± 2.55*

94.29 ± 7.10*

105.3 ± 6.00*

118.00 ± 6.56*

Waist/hip ratio

0.77 ± 0.05*

0.75 ± 0.04*

0.78 ± 0.08*

0.82 ± 0.05*

*

*

*

2.07 ± 0.16*

2

Body surface area (m )

1.45 ± 0.06

1.60 ± 0.11

1.82 ± 0.14

*

Mean difference statistically significant at P < 0.05; SD (standard deviation).

Figure 1. Onset of sweating in the different BMI groups during 15 minutes moderate exercise.

Figure 2. Rate of sweat production in the different BMI groups during 15 minutes of moderate exercise.
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Figure 3. Correlation between body surface area and sweat rate.

Figure 4. Sweat electrolyte composition in different groups of women during 15 minutes of moderate exercise.

weight and obese ladies during 15 minutes of moderate exercise. N = 40; means ± SD. The results showed that
there was no significant change in sweat electrolyte composition in all BMI groups during the exercise.
Figure 5 showing correlation between sweat electrolyte concentration (K+, Na+ and Cl−) and sweat rate in all
four different groups of study. Means ± SD; N = 40. The graph indicated a non-significant positive correlation in
sweat Na+ and K+ concentrations (P > 0.05, r = 0.210 and P > 0.05, r = 0.207) respectively and a non-significant negative correlation (P > 0.05, r = 0.032) in sweat Cl– concentration.
Figure 6 showing correlation between body mass index and onset of sweating in all four groups of study. N =
40; Means ± SD. The graph indicated an inverse relationship (negative correlation) between (P > 0.05, r =
0.3926) Body Mass Index and time sweating commenced but it was not statistically significant, subjects with a
high body mass indices demonstrated lower threshold for sweating when compared with subjects with lower
body mass indices.

4. Discussion
Obesity is an advantage in cold weather but the same cannot be said of it in hot climates or during exercise.
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Figure 5. Correlation between sweat electrolyte concentration (K+, Na+ and Cl−) and sweat rate in women of different BMI
groups after 15 mins of moderate exercise.

Figure 6. Correlation between BMI and onset of sweating in the different BMI groups after 15 mins of moderate exercise.

High percentage body fat is thought to impede thermoregulation by possibly interfering with heat exchange and
increasing metabolic heat production [27]. On the other hand, individuals who are underweight are at a high risk
of malnutrition and impaired thermoregulation. Mecklenburg et al. (1974) [28] studied hypothalamic dysfunction in anorexia nervosa patients and found impaired thermoregulatory response which could be as a result of
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hypothalamic dysfunction as a result of starvation. Impaired thermoregulation could also be as a result of decreased fat insulation. Basal Metabolic Rate (BMR) is also thought to be impaired in these individuals.
From this study, we observed that obese subjects produced a significantly higher sweat rate than all the other
groups of women while underweight subjects produced significantly lower sweat rates than all the other groups
of women. This can probably be accrued to their larger number of sweat glands as well as larger body surface
area hence the larger fluid losses [29]. Our work therefore is in agreement with this and the work of Eijsvogels
et al. (2011) [15] and in contrast to that of Leites et al. (2013) [13] and Limbaugh et al. (2013) [14] who reported no statistical difference in exercise induced sweating when comparing obese and lean girls and men of
similar fitness levels respectively. They therefore concluded that there was no difference in sweat loss between
obese and lean and individuals.
Taylor (1986) [30] stated that increases in sweat rate will increase the concentration of Na+ in sweat as a result of ductal reduction in Na+ reabsorption. Others have suggested that Na+ reabsorption has a maximum limit
that becomes saturated with increases in sweat rate, therefore causing an increase in Na+ concentration in sweat
[7] [11] [31]-[33]. It has also been proposed that with increases in sweat rate the sweat Na+ reabsorption rate increases proportionally less than the Na+ secretion rate, thus resulting in an elevated Na+ in sweat [8] [33]. Thus,
increase in sweat rate will cause the Na+ reabsorptionrate to increase, decrease, or become saturated and thus
leading to a plateau effect. Our results showed no significant difference (P > 0.05) in the sweat Na+ electrolyte
composition in the four BMI groups studied. We observed a non-significant positive correlation between sweat
rate and Na+ concentration in sweat. A possible reason for our results could be as a result of the shorter duration
of exercise and a smaller sample size than other researchers who reported significant positive correlations and
Na+ electrolyte composition.
There was also a non significant difference in sweat K+ composition in the four groups of women studied.
Correlation between sweat potassium ion concentration and sweat rate in all four groups of study indicated a
non-significant positive correlation. It is established that increase in sweat rate leads to increase in sweat electrolyte loss.
Sweat Cl− concentrations in the four study groups also showed no statistical difference. Correlation between
sweat Chloride ion concentration and sweat rate in all four groups of study indicated a non significant negative
correlation. This observation was in agreement with the work of Pichan et al. (1988) [34] who reported that the
increase in sweat electrolytes is not related to sweat rate and in incongruity with the observations of Ugwu and
Oyebola [12].
From this study, we observed an inverse relationship (negative correlation) between Body Mass Index and
time sweating commenced but it was not statistically significant, subjects with a high body mass indices demonstrated lower threshold for sweating when compared with subjects with lower body mass indices. This is probably because relative deficit in thermoregulatory ability in the obese and possible reasons for this are the fact that
fat has a low specific heat, this implies that a smaller amount of heat is required to increase the temperature of a
given mass of fat [35] thus inducing sweating to cool the body. Also, the lower water content of fat compared to
most body tissues will infer that any level of hypohydration will denote a relatively higher percentage of water
loss in them than lean individuals.

5. Conclusion
In conclusion, underweight women demonstrated significantly lower sweat rates while obese women demonstrated significantly higher sweat rates than all the other groups of women. A positive relationship between
sweat rate and body surface area was also observed. These observations imply that obese subjects are more
likely to develop fluid deficits during moderate exercise and underweight women might be at a thermoregulatory
disadvantage during exercise because of their reduced body fat and body surface area.
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