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Abstract: During heat stress and dehydration, thermoregulation is partly suppressed to save body fluid and circula-
tion. Drinking induces the recovery of thermoregulatory responses including sweating. Our objective is to investigate 
the effect of water temperature and voluntary drinking on the extent of the drinking-induced sweating. Six healthy 
subjects 23.7 ± 0.6 yr old and 80.7 ± 5.7 kg wt were dehydrated by performing mild exercise (ergometer cycling) in 
a hot and humid chamber (38-40°C, 20-28% relative humidity). After dehydration, subjects were allowed to drink 
water with temperatures of 5, 16, 26, 58°C on four separate days. The sweating rate was measured on the forehead 
area before and after drinking. Also, blood samples were collected during the experiments and plasma osmolality 
was measured. Sweating increased markedly just a few minutes after the onset of drinking. The rate of this re-
sponse was lower in ingested water temperature of 5°C (0.43 ± 0.03 g, p = 0.000). Different intake occurred with 
different water temperatures (respectively 4.2, 6.4, 3.1, 1.8 ml/kg). Water at 16°C induced higher intake (6.4 ml/
kg) together with lower sweating (0.54 ± 0.03 g), which can result in optimum level of hydration. Conclusion- When 
dehydrated subjects drink water with different temperatures, there are different sweating responses together with 
different voluntary intakes. According to our results, consuming 16°C water, cool tap water, could be suggested in 
dehydration. 
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Introduction

During heat stress –either by heat exposure, 
exercise, or other physical activities and pres-
sures– balancing and regulating thermal state, 
fluid state and circulation is an important chal-
lenge. Heat stress induces thermoregulatory 
responses including sweating, coetaneous 
vasodilatation and panting (in animals). These 
responses induce dehydration which can go 
beyond compensatability and impose cardio-
vascular strain. Therefore, when the central 
nervous system senses dehydration via hypo-
volemia and hyperosmolarity in dorsal preoptic 
region, it distributes inhibitory signals to effec-
tors of the thermoregulatory responses, as if 
the ‘physiologic thermostat’ has been reset to 
a higher point and thus the body temperature 
rises [1-5]. Fluid intake (ingestion or even injec-
tion) ameliorates the dehydration and elimi-

nates, at least partially, the inhibition of the 
thermoregulatory responses; so there are phe-
nomena called ‘drinking induced thermoregula-
tory responses’ [6-8] and one of them is ‘drink-
ing induced sweating’. This phenomenon was 
introduced in 1965 [9] and has been the stuff 
of various studies since then. It has been 
reported that drink temperature influences 
thermoregulatory responses [10-12] and one 
study has reported that drinking induced sweat-
ing rate is lower in lower drink temperatures 
[12]. But the studies in question have investi-
gated the effects of forced hydration by instruct-
ing subjects to drink specific amounts of the 
beverages, which could be stressful, especially 
in higher temperatures, inducing sympathetic 
activity, and thus affecting sweating in an inter-
fering way. We hypothesize that what happens 
naturally is that dehydrated subjects voluntarily 
drink different amounts of beverages with dif-
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ferent temperatures [13-15] and their sweating 
response would result from reflex effects of 
both the amount of intake [18] and beverage 
temperature. So we have investigated and com-
pared sweating response following different 
water temperatures when subjects drank their 
desired amounts. 

Materials and methods

Subjects 

Six healthy male volunteers, age 23.7 ± 0.6 
years and weight 80.7 ± 5.7 kg participated in 
this study. The study was reviewed and 
approved by the Investigation Committee of 
Tabriz University of Medical Sciences. All sub-
jects gave their informed written consent for 
their participation.

Procedure 

Pretest instructions included eating a light 
lunch, refraining from drinking any beverage 

several hours before the experiment, and no 
exercise on the day of the experiments. Before 
each experiment, subjects entered a chamber 
and rested in the sitting position for 30 min at a 
thermoneutral temperature (28°C, 20-28% rel-
ative humidity (rh)). Body weight was measured 
with light clothing. After drawing a blood sam-
ple by venopuncture as the first control sample, 
subjects entered another chamber (38-40°C, 
20-28% rh). They performed a mild exercise 
(ergometer cycling) by alternating 10-min rest 
and 20 min exercise periods for 60 min, then 
exercise continued for the last 30-min period to 
induce a reduction in total body weight through 
sweating. Total heat exposure time was 120 
min. During heat exposure, subjects were under 
constant observation for indications of any 
inability to tolerate the experimental conditions 
(e.g., elevated heart rate, nausea or confu- 
sion).

After the cessation of exercise, subjects dried 
their body and their forehead, and were then 

Figure 1. Sweat rates during trials with different water temperatures shown as mean ± SD. The point of 0 min rep-
resents the time of drinking. Error bars have been moved slightly to be discriminated.
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weighed. An indwelling cannula was inserted 
into a large superficial vein in the forearm to 
collect free-flowing blood samples. Second 
control blood sample was drawn through the 
indwelling cannula. The first control blood sam-
ple compares the plasma concentrations of 
sodium before and after heat exposure while 
second control blood sample is considered as a 
control to compare them before and after 
drinking. 

Before drinking (The point of 0 min in Figure 1), 
sweat rate was measured as control, then sub-
jects were allowed to drink water at tempera-
tures of 5, 16, 26 and 58°C in voluntary vol-
umes. Blood samples were drawn through the 
indwelling cannula at the start of drinking (0 
min) and at 3, 9, 12, and 15 minutes after 
drinking. 

Measurements 

Forehead sweat rate was chosen to represent a 
localized area of sweating and was measured 
by the weight gain of a covered filter paper disk 
(96 cm²) placed on the skin over the forehead. 
The front sides of the disks were covered with 
waterproof tape to prevent evaporation. The 
disk was left on the skin each 3 minutes. It was 
enough to reliably detect weight gain and for 
saturation of the filter paper. The weight of a 
filter paper disk was gauged using EK-500 G 
beam balance, accurate to ± 0.01 g. Body 
weight was measured using a Secca beam bal-
ance, accurate to ± 100 g. As a result of experi-
mental conditions, a decrease in weight primar-
ily reflects water loss by thermoregulatory 
responses, mainly sweating. 

Plasma sodium concentration was determined 
by Eppendorf flame photometry (model EFOX 
5054, Instrumentation Laboratory). Sodium 
concentrations were measured as milliequiva-
lents per kilogram of water by correcting for 
total solids. Because sodium and its associat-

ed anions account for about 94 percent of the 
solute in the extracellular compartment (includ-
ing plasma), plasma osmolality can be roughly 
approximated as:

Posm = 2.1 * Plasma sodium concentration 
[16]. 

We applied this formula for the estimation of 
plasma osmolality from plasma sodium 
concentration.

Statistics 

Data were analyzed by SPSS16. The difference 
in variables was assessed using paired t test 
(one measurement) and repeated measures 
analysis of variance (multiple measurements). 
Values of P<0.05 were considered statistically 
significant, and all data are presented as 
means ± SD.

Results

Subjects became dehydrated (2.37 ± 0.08% 
reduction of initial body weight which accords 
24.3 ± 1.2 ml/kg), therefore, and as plasma 
assessments showed, a highly significant (P = 
0.000 and 0.001) rise occurred in Posm and 
then no significant change in Posm occurred up 
to 15 min after drinking. The Posm changes did 
not differ statistically on different days. Plasma 
osmolalities of subjects during the experiments 
are shown in Table 1. 

Sweating rates in different water temperatures 
are shown in Figure 1. Maximum sweating in all 
temperatures occurred 3minutes after drink-
ing, which was significantly more than the rate 
in the time of drinking (p = 0.000). As illustrated 
in Figure 1, the 58°C trial showed higher sweat 
rate at this point (0.86 ± 0.04 g). Total sweat 
rate of the 5°C trial was statistically lower com-
pared to the other trials, and the difference was 
highly significant (mean: 0.43 ± 0.03 g, P = 

Table 1. Plasma osmolality (mosmol/kg H2O) of subjects while they drink water with different tem-
peratures 

Experiment type intake (ml/kg) Posm before procedure Posm 3 min before 
drinking

Posm 15 min after 
drinking

Drinking 5°C water 4.2 (0.1) 297.50 (3.16) 304.50 (3.25) 314.15 (1.58)
Drinking 16°C water 6.4 (0.2) 308.00 (2.54) 313.25 (3.62) 312.55 (3.09)
Drinking 26°C water 3.1 (0.1) 306.25 (1.58) 313.60 (4.54) 311.50 (3.91)
Drinking 58°C water 1.8 (0.1) 305.90 (3.43) 315.00 (5.48) 313.25 (4.08)
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0.000). Sweat rate of other trials were not stati-
cally different.

Discussion

We tested the effect of ingested water temper-
ature on the extent of rehydration induced 
sweating response, assessing both the effect 
of different water temperatures and different 
water volumes (due to various voluntary 
intakes). The temperatures were defined by 
subjects as cold (5°C), cool (16°C), tepid (26°C) 
and warm (58°C). Therefore the investigation 
tested the effect of these senses on the sweat-
ing response. These temperatures are com-
monly used in daily life as refrigerated water 
(5°C), cool tap water (16°C), water approxi-
mately at room temperature (26°C), and water 
at the temperature of a hot drink e.g. coffee 
(58°C). 

Our results indicated that sweating was aggra-
vated significantly in all subjects within the first 
3 minutes after drinking, and this thermoregu-
latory response varied according to ingested 
water temperature; being the lowest in trial of 
cold water (5°C) compared with other trials. 
The sweating rate did not differ statistically in 
other trials. It has been reported that compared 
to ingestion of warm water (38°C), cold water 
(0.5°C) attenuates the increments in sweat 
rate of the whole body and the forearm (local), 
but in the case of cool water this reduction was 
true just for the whole body sweating and not 
for the local one [12]. As our measurement 
defined the localized sweat rate (forehead), 
similar to the study mentioned, cold water (5°C) 
induced significantly lower increments in sweat 
rate but cool water did not. Studies have shown 
that when dehydrated subjects intake fluid, 
their core temperature declines and the ulti-
mate temperature is not influenced by the tem-
perature of beverage, but colder water induces 
faster correction of core temperature [10-12]. 
In practice, cold drink acts as a heat sink [17], 
thus there is lower need for heat dissipation, 
and less sweating. Also for warmer drinks, it 
has been demonstrated that although some 
heat load is imposed to the subject, due to 
appropriate thermoregulatory reflexes, the core 
temperature is adjusted properly [10-12], and 
one of these reflexes, as we have described 
here, is higher drinking-induced sweating. It 
seems, in Figure 1, that the sweating rate at 
the peak point (3 min after drinking) is higher in 

58°C water, but the difference was not statisti-
cally significant. Measuring whole body sweat-
ing and also forced hydration and higher intake 
of warm water would probably result in signifi-
cant differences of sweat rate on this score. 

The abrupt sweating response to drinking (with-
in 3 min of the beginning of drinking), before 
any considerable change in plasma osmolality 
indicates that an osmotic signal acting on the 
brain via the blood osmoreceptors cannot 
account for the rapid onset of sweating [5]. 
Therefore some signals associated with the act 
of drinking, possibly from receptors in the oro-
pharynx, could be involved in the recovery of 
thermoregulatory evaporation. These receptors 
appear to discriminate the temperature of 
received fluid as in thermoreceptors. Actually, 
as we sense the thermal content of what we 
drink, the physiological regulations of our body 
take it into account. Studies assessing drink-
ing-induced thermoregulatory responses con-
clude that the phenomenon are not initiated by 
changes in plasma osmolality (Posm) or in 
blood volume and appear to depend upon oro-
pharyngeal receptors [6, 7, 18-21]. 

The most useful application of researches 
about dehydration and drinking is about fluid 
balance in athletes [22] and soldiers [12, 13]. 
Our results show 16°C water induces much 
more intake, meanwhile sweating response is 
much lower, and therefore the most efficient 
hydration occurs. So water temperature of 
16°C could be recommended for consumption 
of dehydrated athletes and soldiers. 

Conclusion 

When dehydrated subjects drink water with dif-
ferent temperatures, the sweating response is 
influenced both by the water temperature and 
the volume of voluntary intake. The sweating 
response in cold water differs significantly com-
pared to other water temperatures. Water tem-
perature of 16°C, as in cool tap water, is the 
most optimum point for acquiring hydration in 
dehydrated athletes or other subjects.
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