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The aim of the study was to evaluate the relationship between body mass index (BMI) and body mass loss (BML) induced by
thermal stress in a dry sauna. The study was conducted on a group of 674 sedentary students, 326 women and 348 men aged 19-20.
The correlations between BMI scores and BML were determined. The subjects were placed in supine position in a dry sauna for
two sessions of 10 minutes each with a 5-minute break. The influence of BMI on the amount of BML in the sauna was determined
by nonlinear stepwise regression. The smallest BML was noted in underweight subjects; students with normal weight lost more
weight, whereas the greatest BML was reported in overweight and obese subjects. Persons with a high BMI are at higher risk of
dehydration, and they should pay particular attention to replenishing fluids during a visit to the sauna. The proposed equations for
calculating BML based on a person’s BMI can be useful in estimating the amount of fluids that should be replenished by both men
and women during a visit to a dry sauna.

1. Introduction
The popularity of sauna bathing, a traditional activity known
since the ancient times, has been revived in the past
decades in Europe and around the world. At present, dry
sauna is widely used in sport, recreation, and rehabilitation.
Researchers are of the opinion that sauna does not pose a risk
for healthy individuals, including children and elderly people
[1, 2]. Sauna bathing significantly influences the function of
many bodily organs and systems [3–5]. When used appropriately, sauna has a positive effect on skeletal muscles by
speeding up the excretion of metabolic waste [1]. Sauna baths
are most often practiced for recovery after exercise [6, 7]. A
single visit to a Finnish sauna (three sessions of 10 min each at
90∘ C and 10% relative air humidity) directly after 30 minutes
of aerobic exercise reduces oxidative stress [8]. Heat increases
the effectiveness of muscle restitution processes; it improves
the flexibility and extensibility of connective tissue structures,

which increases overall flexibility levels [9]. Sauna is used in
sports to maximize the athletes’ physical and psychological
recovery [10, 11]. Despite the above, uncontrolled sauna
bathing could pose a risk of various disorders, such as severe
dehydration, heat exhaustion, stroke, and burn [12–14].
Dry sauna bathing influences mainly physical thermoregulation of the human body, and hot air in the sauna affects
mostly the skin and cardiovascular and respiratory systems
[13]. The first symptom of sauna bathing is an increase in skin
temperature to around 40∘ C and in body temperature from
38∘ C to 39∘ C, which contributes to an imbalance between
heat production and evacuation [15]. The specific heat of
bodily tissues (the amount of energy required to increase
the temperature of 1 kg of bodily tissue by 1∘ C) approximates
3.5 kJ/∘ C/kg [16]. The body has a biphasic response to thermal stress. In the first phase, excess heat is evacuated by
vasodilation and increased fluid excretion through the sweat
glands [1]. Persistent thermal stress leads to a gradual increase

2
in bodily temperature (phase two), accompanied by a shift
of the acid-base balance towards acidosis, increased blood
pressure, higher heart, and breathing rate [17]. Prolonged
heat stress promotes the loss of minerals, including sodium,
potassium, magnesium, and iron, as well as ammonia and
urea [18].
In addition to the above physiological changes, dry sauna
exposure induces significant changes in the composition
of the human body. Water is the basic component of the
human body (48 ± 6% in females; 58 ± 8% in males)
[19]. The body of an average male weighing 75 kg contains
approximately 45 liters of water. The turnover rate of water
exceeds that of most other body components [20]. Body water
is distributed among fluid compartments and different organs
[21]. Adequate hydration levels are crucial because the human
body copes much better with food shortage than dehydration
[20]. Dehydration deteriorates bodily function, including the
efficiency of cardiovascular and thermoregulatory systems.
Sauna-induced dehydration leads to hyperthermia, which
is caused by enhanced sweating [22]. Sweat-induced dehydration, if sufficiently severe, impairs exercise performance
and the performance of tasks requiring cognition and skill
[23, 24]. Sweat loss amounting to 2% body mass can reduce
physical capacity by 20% [25]. BML of 2.5% can lead to a
30% reduction in aerobic power [26]. In women, a decrease in
explosive strength caused by rapid, sauna-induced BML was
demonstrated by Gutiérrez et al. [27]. Significant dehydration
(5% body water loss, BWL) reduces sweating threshold and
slope responses [21, 28]. Dehydration greater than 5% BWL
may lead to serious health risks, whereas body water loss
greater than 8–10% has lethal consequences [29].
Thus, a critical problem in sauna bathing is to minimize
dehydration by matching fluid consumption with sweat loss.
The extent of dehydration can be estimated by measuring
the decrease in body mass [5]. One kilogram of body mass
generally corresponds to 1 L of perspired fluid [30, 31].
Thus, measurements of weight loss in a sauna can be useful
for estimating the volume of bodily fluids that should be
replenished.
In view of the documented risks associated with excessive
heat stress in a sauna, BML control is a useful method for
counteracting dehydration, hyperthermia, and the related
health problems. The question arises as to whether body mass
loss (BML) can be reliably estimated based on body mass
index (BMI) values in individuals who differ significantly
in body dimensions and composition. The existing literature
does not provide a comprehensive answer to the above
question.
Therefore, the aim of the study was to evaluate the
relationship between BMI (independent variable) and BML
induced by thermal stress in a dry sauna (dependent variable)
in young sedentary women and men.

2. Methods
2.1. Ethical Approval. The research was carried out upon the
prior consent of the Ethical Committee of the University of
Warmia and Mazury in Olsztyn. The study was performed
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on student volunteers who signed an informed consent
statement.
2.2. Participants. The research was conducted in 2013 on 674
first-year full-time students (326 females, 348 males), aged
19-20 years and enrolled at the UWM. Every volunteer used
the sauna during obligatory physical education (PE) classes at
the university. The analyzed subjects, both males and females,
were residents of villages, towns, and cities (population <
40,000) in the Region of Warmia and Mazury in Poland. The
participants attended only mandatory PE classes (90 minutes
per week) and did not participate in any other physical
activities. The students’ physical activity levels were evaluated
with the use of the Polish version of the International Physical
Activity Questionnaire (IPAQ) [32]. (Neither group fulfilled
the “sufficient” criterion because their energy expenditure
did not exceed 600 METs/week. Therefore, the subjects were
classified as sedentary.) None of the participants had visited a
sauna before the study. The following formula [33] was used
to determine whether the number of participants constituted
a representative sample in the following trial:
𝑛=

𝜇𝛼2 ⋅ 𝑠̂2
,
𝑑2

(1)

where 𝑑—maximum (acceptable) error of estimation, 𝑠—
standard deviation, and 𝜇𝛼 —value from the normal distribution table 𝑁(0.1) at the acceptable confidence coefficient 1−𝛼
(𝜇𝛼 = 1.96). At the assumed level of significance, 𝛼 = 0.05,
it was presumed that the error of estimation of the average
does not exceed 2% [33]. The size of a representative sample,
calculated from formula (1) at 2% error of estimation, was 221
females and 198 males, and it was smaller than the studied
group (326 women and 348 men). Consequently, the trial
can be considered homogenous and representative of UWM
students in the 19-20 age group.
2.3. Instruments and Procedures. The participants received
comprehensive information about the trial before the study.
Height was measured to the nearest 0.1 mm and body weight
was measured to the nearest 0.1 kg with calibrated WB-150
medical scales with a stadiometer (ZPU Tryb-Wag, Poland).
BMI (body mass index, body mass (kg)/body height (m2 ))
was calculated based on somatic parameters. The BMI is
widely recognized as an accurate and valid indicator for
assessing the degree to which an individual’s body mass
differs from normal or desirable body weight of an adult
with the same height [34]. Deviations from BMI norms were
assessed in accordance with the basic WHO classification
system [35], and the participants were divided into the
following categories:
BMI ≤ 18.49—underweight,
18.50 ≤ BMI ≤ 24.99—normal weight,

(2)

BMI ≥ 25.00—overweight and obese.
The correlations between BMI scores in the three basic
classification groups, that is, underweight, normal weight,
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Table 1: The number and percentage of students (male and female) in three basic BMI categories.
Women

BMI category
Underweight: BMI ≤ 18.49
Normal weight: 18.50 ≤ BMI ≤ 24.99
Overweight and obese: BMI ≥ 25.00
Total

𝑁
56
229
41
326

Men
[%]
17.18
70.24
12.58
100

𝑁
36
235
77
348

[%]
10.34
67.53
22.13
100

Probability (𝑃)
0.0097
0.4478
0.0011
—

Explanations: BMI: body mass index, 𝑁: number of respondents, %: percentage, and (𝑃): probability of exceeding the calculated value of chi-square.

Table 2: Basic somatic parameters and sauna-induced BML in the tested subjects.
Somatic parameters, BMI, and BML
Statistical parameters
Max
Min
Mean
𝑠
CV [%]
Median

Body mass
[kg]
85.80
43.40
59.10
9.663
16.35
56.45

Women
Body height
[cm]
184.0
147.0
164.98
7.148
4.33
165

BMI
[kg/m2 ]
38.41
16.74
21.71
3.293
15.17
21.10

BML
[kg]
1.20
0.10
0.37
0.171
46.97
0.30

Body mass
[kg]
121.00
51.00
75.98
13.662
17.98
74.50

Men
Body height
[cm]
204.0
162.0
180.73
7.528
4.17
180.00

BMI
[kg/m2 ]
34.46
17.82
23.18
3.322
14.33
22.96

BML
[kg]
1.3
0.1
0.50
0.231
46.44
0.40

Explanations: Max: maximum value, Min: minimum value, 𝑠: standard deviation, CV: coefficient of variation, BMI: body mass index, and BML: body mass
loss.

and overweight and obese, and body mass loss (BML) were
determined. BMI was the independent variable (𝑋) and BML
served as the dependent variable (𝑌). Nude body mass was
measured after drying off before and after sauna. The subjects
were placed in supine position in a dry sauna (temperature 90∘ C; humidity 35%) for two sessions of 10 minutes
each with a 5-minute break. Immediately after leaving the
sauna, the participants cooled for 30 seconds in a paddling
pool (pool width—100 cm, pool depth—130 cm, and water
temperature—+10∘ C), and they spent the remainder of the
break in a room at a temperature of 25∘ C and relative
humidity of 48%. The subjects were instructed to drink at
least 1 L of water on the day before the test and 0.5 L of water
2 hours before the test.
2.4. Statistical Analysis. Measurement results were processed
in the Statistica PL version 10 application with the use of
a descriptive statistics module to calculate the position and
distribution of the analyzed factors. Normality of distribution
of the analyzed parameters was evaluated in a chi-square test
at a significance level of 𝛼 = 0.05 (𝑃 > 0.05). The significance
of differences in BMI values between the percentages of
participants in each BMI category, subject to gender, was
determined by comparing the two proportions in the 𝑍-test.
The correlations between BMI and the loss of bodily fluids in
the sauna were determined by nonlinear stepwise regression.
The results of the regression analysis were presented in a
scatter plot [26].

3. Results
The number and percentage of students (male and female) in
every BMI category are presented in Table 1.

Most women (70.24%) and men (67.53%) were within
the normal BMI range; underweight women and men had a
17.18% and 10.34% share of the analyzed group, respectively,
whereas overweight and obese women and men accounted
for 12.58% and 22.13% of the studied subjects, respectively
(Table 1).
The basic anthropometric parameters measured in male
and female participants, BMI values, and sauna-induced
BML are presented in Table 2.
The data presented in Table 2 points to significant variations in body mass (up to 42.4 kg for women and 70 kg for
men) and body height (up to 37 cm for women and 42 cm for
men) between the analyzed subjects. The average BMI of both
males and females was within the normal range (21.71 kg/m2
in women and 23.18 kg/m2 in men), whereas the presence
of both minimum (16.74 and 17.82, resp.) and maximum
(38.41 and 34.46, resp.) BMI values suggests that the analyzed
group was highly diverse. The coefficient of variation (CV)
for BMI exceeded 15% in women within the range of more
than 21 kg/m2 , and it exceeded 14% in men within the range
of more than 16 kg/m2 (Table 2).
It was assumed that considerable variations in body mass
and BMI values in the evaluated women and men could
significantly influence BML induced by thermal stress in the
sauna. The analyzed subjects (women and men separately)
were divided into three groups based on their BMI scores:
underweight, normal weight, and overweight and obese.
Sauna-induced BML values were determined for every group
(Table 3).
In all three BMI categories, the average BML values were
higher in men. The lowest BML was noted in underweight
subjects; students with normal body weight lost more weight,
whereas the greatest BML was reported in overweight and
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Table 3: Sauna-induced BML in three BMI categories comprising women and men.

Women
Underweight Normal weight
Statistical parameter
BM BML
BM
BML
[kg] [kg]
[kg]
[kg]
Max
57.7
0.4
80
0.7
Min
43.4
0.1
45
0.1
Mean
50.49 0.25
57.93
0.34
𝑠
3.249 0.056 6.869 0.102
CV [%]
6.44 22.86 11.86
30.45
BML [%]
0.485
0.578

Men
Overweight and obese Underweight Normal weight Overweight and obese
BM
BML
BM BML BM
BML
BM
BML
[kg]
[kg]
[kg]
[kg]
[kg]
[kg]
[kg]
[kg]
85.8
1.2
68.8
0.4
99.9
0.8
121.0
1.3
71.4
0.4
51.0
0.1
51.6
0.2
71.0
0.5
77.42
0.70
57.80 0.32 73.08
0.42
93.35
0.82
4.533
0.189
3.707 0.080 8.177
0.140 12.304
0.207
5.86
27.08
6.41 25.24 11.19
33.33
13.18
25.34
0.902
0.548
0.575
0.875

Explanations: Max: maximum value, Min: minimum value, 𝑠: standard deviation, CV: coefficient of variation, BMI: body mass index, and BML: body mass
loss.

1.6
1.4
1.2
BML (kg)

obese individuals. BML values were particularly high in
overweight and obese men and women. BML in overweight
and obese women, expressed in terms of percentage BML,
was nearly twofold higher than in underweight females.
Similar correlations were observed in men.
The correlations between BMI and BML values are
illustrated in Figure 1 (women) and Figure 2 (men). The range
of the dataset at confidence level of 0.95 is shown in Figures 1
and 2.
No linear correlations between BMI and BML were
reported in female or male subjects.
The following formula (second-degree polynomial) was
derived to analyze the dependency between BMI and BML:

1.0
0.8
0.6
0.4
0.2
0.0

For women:
BML = 0.4783 − 0.0445BMI + 0.0018BMI2 (kg) ,
For men:

(3)

Figure 1: Sauna-induced BML in women from different BMI
groups.

BML = 1.4803 − 0.1338BMI + 0.0039BMI2 (kg) .

1.6

For men: BML = −0.7546 + 0.0540BMI (kg) .

(4)

In formulas (4) obtained after stepwise selection, the
multiple correlation coefficient describing the BML is also
high at 0.7988 for women and 0.7770 for men. The correlation
between BMI and BML values is directly proportional. A
change in BMI by 1 point leads to an average BML change
of 42 g in women and 54 g in men.

4. Discussion
The main aim of the study was to evaluate the relationship
between BMI and BML induced by thermal stress in a dry

1.4
1.2
BML (kg)

All of the modeled parameters were statistically significant. The multiple correlation coefficient for the above
formula was very high in both sexes at 0.8242 for women and
0.7881 for men.
After stepwise selection, formulas (3) took on the following form:
For women: BML = −0.5376 + 0.0416BMI (kg) ,

14 16 18 20 22 24 26 28 30 32 34 36 38 40
BMI (kg/m2 )

1.0
0.8
0.6
0.4
0.2
0.0
16

18

20

22

24
26
28
BMI (kg/m2 )

30

32

34

36

Figure 2: Sauna-induced BML in men from different BMI groups.

sauna in young sedentary women and men. It must be noted
that for a person with a sedentary to active lifestyle, the
average daily water demand is 2–4 L in a temperate climate
and 4–10 L in a hot climate [36]. In humans, the most effective

The Scientific World Journal
method of heat elimination is sweating and evaporation of
water from the skin. The inhabitants of desert areas perspire
0.3–1.2 L of water per hour when performing routine daily
tasks [25]. Persons performing light exercise in protective
clothing generally lose 1.0–2.5 L of water per hour [29].
Individuals consuming a normal diet do not have to drink
electrolyte supplements, except for the first hours of exposure
to a hot environment [25].
The risks and benefits of sauna bathing have been
researched extensively, but most studies were conducted on
a small number of participants [13]. During sauna bathing,
precipitation is intensified to maintain body temperature at
a fairly constant level, which can lead to significant loss of
bodily fluids. The magnitude of increase in core temperature
ranges from 0.1 to 0.25∘ C for every percent BML [37].
BML cannot be entirely attributed to dehydration, and it
also results from the utilization of energy stores (glycogen,
triglycerides) [34]. Both dehydration and overheating can
negatively affect basic physiological functions. It should also
be noted that the combined consequences of dehydration and
hyperthermia are much more severe than the effects induced
by dehydration or hyperthermia alone [38].
Fluid replenishment is recommended during and directly
after sauna bathing [39]. Incomplete fluid replacement
decreases total body water levels [40]. During sauna bathing,
sweating begins quickly and reaches its maximum at approximately 15 minutes, with average total secretion of 0.5 kg
[15]. The quantity and quality of ingested fluids should
be precisely determined. According to experts, sauna-goers
should drink 400–800 mL/h of fluids containing 60–80 g
of simple sugars and 400–1100 g of sodium during every
bathing session [41, 42]. Due to considerable variations in
individual sweat rates, it is impossible to design a rehydrating
solution that would fully cater to the needs of all sauna-goers
[43].
A statistical analysis of the results revealed significant
correlations between BMI and BML induced by heat stress
in a dry sauna. BML caused by a 20-minute visit to the sauna
was determined in the range of 0.24 kg for women with BMI
<18.5 and of 0.82 kg for men with BMI >24.99. The noted
correlations between BMI and BML values were not linear.
Percentage BML in women with BMI >25 was nearly twofold
higher than in the group of women with BMI <18.5. Similar
correlations were observed in men. The relationship between
BMI and BML is directly proportional, which implies that
BML increases with a rise in BMI values. The above can
probably be attributed to an increase in body surface area,
which promotes heat loss through radiation [20]. Our results
suggest that persons with a high BMI are more susceptible
to dehydration; therefore, they should always replenish fluids
during and directly after sauna bathing. The BML values
noted in our study are similar to those given by other authors
[5, 44, 45].
In a study by Thomas et al. [46], the average BML in 12
healthy adult subjects, induced by a 30-minute visit to the
sauna, normalized to body mass was 0.91 ± 0.34% (in the
range of 0.33–1.4%). In the work of Coles et al. [47], the BML
observed in 10 male subjects (BMI > 27.0) after intermittent
sauna bathing sessions (six 15-minute sessions, 48.9∘ C, with

5
5-minute breaks) was determined at 0.33 ± 0.19 kg (euhydration trial) and 1.99 ± 0.35 kg (dehydration trial). The change
in hydration status was assessed by monitoring changes in
urine specific gravity and changes in pretrial body mass.
No fluids were ingested at any time during dehydration.
The euhydration procedure was identical to dehydration, but
during every 5-minute break, the subjects were instructed to
drink water in an amount equivalent to the body mass lost
during the previous 15-minute sauna session. Euhydration
resulted in 0.4% BML, whereas dehydration led to 2.3% BML.
Westerterp-Plantenga et al. [48] demonstrated significant
changes (𝑃 < 0.001) in the BML (−1.82 kg; in the range
of −1.53 to −2.04 kg; 3.0 ± 0.5%) of 30 nonobese (BMI =
22.8 ± 1.6) and obese (BMI = 28.5 ± 1.9) subjects before and
after sauna (three 20-minute sessions, 80∘ C).
The results of our study and the findings of other authors
indicate that sauna bathing has a significant effect on BML.
BML is determined by the severity of heat stress (temperature, humidity, exposure time, breaks between sessions,
and quantity and quality of ingested fluids), anthropometric
parameters, and proportions (BMI). Significant variations
were observed between the analyzed individuals, including
those between subjects with similar BMI. They can probably
be attributed to individual differences in susceptibility to
thermal stress (differences in sensitivity and acclimatization
to high temperatures), physical endurance, and hydration
status. Regardless of the above factors, BML can be estimated
based on BMI values. The estimation of BML values has
practical significance because it supports the determination
of fluid intake required to maintain the body’s water balance.

5. Conclusions
The results of our study revealed significant correlations
between BMI and BML values. BMI is a good predictor
of the amount of fluid lost from the body in a dry sauna.
An increase in BMI was accompanied by a disproportionate
increase in BML, expressed as a percentage of total body
mass. Our results indicate that persons with a high BMI
are more susceptible to dehydration; therefore, they should
always replenish fluids during sauna bathing. The proposed
equations for calculating BML values based on a person’s
BMI can be useful for estimating the amount of fluids that
should be replenished by men and women during a visit to a
dry sauna. Considerable differences in BML values between
subjects with similar somatic parameters (body height, body
mass, and BMI) suggest that other factors (independent of
BMI) can influence BML. In addition to BML values, body
height, and body mass, future studies should include an
analysis of body components to determine the contribution
of each body component to BML.
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