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Abstract
AIM: To contrast the effects of various modifications 
of body fluid volumes on thirst as reported by healthy 
volunteers. 

METHODS: Ten male volunteers aged between 19 
and 37 years (mean 22 years) underwent four experi-
ments each, which comprised infusion of 400-800 mL 
of acetated Ringer’s solution and intake of 600 mL of 
tap water. Half of the experiments were preceded by 
volume depletion (median 1.7 L) with furosemide. A 
visual analogue scale (0-100 mm) was used to assess 
perceived thirst during each experiment. 

RESULTS: Volume depletion (P  < 0.001) and tap water 
(P  < 0.03) both affected thirst by 13 mm per L of fluid, 
whereas spontaneous diuresis and infusion of Ringer’s  
acetate did not significantly change the thirst rating 
(multiple regressions). More detailed analyses showed 
that the volume depletion increased the median (25th-

75th percentiles) thirst rating from 28 mm (21-43) to 
59 mm (46-72, P  < 0.001) while no change occurred in 
those who were only slightly thirsty (< 30 mm) before 
the volume depletion began. Ringer’s solution allevi-
ated thirst in those who were very thirsty, but tended 
to increase thirst in the volunteers who were not thirsty 
before the infusion. Similarly, hydration with tap water 
decreased thirst (by 24 mm, P  < 0.04) in those who 
were thirsty (> 60 mm) while the others reported no 
change. 

CONCLUSION: The change in thirst rating during vol-
ume depletion, administration of Ringer’s acetate, and 
ingestion of tap water were all dependent on the thirst 
rating obtained when the manipulation of the body fluid 
volume was initiated.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Thirst can be defined as a subjective perception and a 
deep-seated sensation or desire that causes a power-
ful behavioral drive to drink water. Stimuli that increase 
thirst include dryness of  mouth, increased angiotensin 
Ⅱ concentration and osmolality, and decreased blood 
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volume and arterial pressure. Changes of  these factors 
in the opposite direction decrease thirst, which does also 
distention of  the stomach[1]. However, how these factors 
interact when combined is poorly known.

The present study quantifies and contrasts the ef-
fects of  various modifications of  body fluid volumes on 
thirst as reported by healthy volunteers. Such knowledge 
is of  value for further studies of  thirst in disease, which 
is apparently changed in, for example, congestive heart 
failure[2]. Therefore, this study examined combinations of  
treatments commonly given to modify fluid balance, such 
as the administration of  electrolyte solution and tap water 
as well as spontaneous and furosemide-induced urinary 
excretion.

MATERIALS AND METHODS
Subjects
Ten healthy male volunteers with a mean age of  22 years 
(range 19-37 years) and with a body weight of  80 kg 
(75-100 kg) underwent 4 experiments each. The protocol 
was approved by the Ethics Committee of  Linköping 
University (Ref. M114-09, ClinicalTrials.gov Indentifier 
NCT01062776). Each volunteer gave his consent for 
participation after being informed about the study both 
orally and in writing.

On the days of  the experiments, the volunteers fasted 
after midnight but drank 800 mL of  water at 6:00 AM. 
By allowing 2 h to excrete excess fluid we regarded that 
the volunteer would have arrived at their optimal degree 
of  hydration when the experiments started at 8 AM in 
the Department of  Intensive Care at Linköping Univer-
sity Hospital.

Study arms
The study was designed to challenge whether changes in 
thirst during administration of  tap water and various vol-
umes of  electrolyte-containing fluid would be different if  
performed in a setting of  euhydration or volume deple-
tion. 

All 10 volunteers underwent the 4 experiments in ran-
dom order, determined by the sealed envelope method, 
and the experiments were separated by at least 2 d.

The layout consisted of  2 arms, one being determined 
by whether the infused volume of  Ringer’s was 5 mL/kg 
or 10 mL/kg body weight and the other whether or not 
the infusion was preceded by a volume depletion proce-
dure. Hence, the 4 experiments included: (1) 5 mL/kg of  
acetated Ringer’s followed by 600 mL of  tap water; (2) 
volume depletion, 5 mL/kg of  acetated Ringer’s followed 
by 600 mL tap water; (3) 10 mL/kg of  acetated Ringer’s 
solution followed by 600 mL of  tap water; and (4) volume 
depletion, 10 mL/kg of  acetated Ringer’s followed by 
600 mL of  tap water.

Fluid infusions and volume depletion
The volunteers were placed in the lying position on bed 
and a cannula was placed in the cubital vein. Thirty min-

utes of  rest was allowed before the experiments started.
In the half  of  the experiments where volume deple-

tion was to be induced, repeated intravenous doses of  
5 mg of  furosemide (Furix 10 mg/mL, Nycomed, Stock-
holm, Sweden) were given until diuresis of  between 1.5 
and 2.0 L had been achieved. For this purpose, 25 (range 
15-35) mg of  furosemide was required. Sixty minutes 
elapsed between the last dose of  furosemide and the 
subsequent infusion of  the Ringer’s solution, and the 
complete volume depletion procedure required approxi-
mately 2 h. 

Plasma volume expansion was achieved by infusing 
acetated Ringer’s solution (Baxter Medical AB, Kista, 
Sweden; sodium 130, chloride 110, acetate 30, potassium 
4, calcium 2, magnesium 1 mmol/L) over 15 min with 
the aid of  an infusion pump. The fluid bag was kept 1 m 
above the bed on a radiant warmer to have a temperature 
of  27-30 ℃ when entering the volunteer. During and for 
90 min after the infusion, venous blood samples up to a 
total of  40 mL were withdrawn and analyzed as present-
ed elsewhere[3]. 

 The urinary excretion resulting from the infusion of  
acetated Ringer’s was collected and measured 2 h after 
the infusion started. 

Thereafter, the volunteer drank 600 mL of  tap water. 
In the half  of  the experiments that did not include a 

volume depletion procedure, the infusion of  Ringer’s ac-
etate solution was initiated after the initial resting period.

Assessment of thirst
A visual analogue scale (VAS) was used to assess perceived 
thirst. For this purpose, the study participants were asked 
to mark with a cross on a 100 mm line to rate their thirst 
from none (0 mm) to worst possible thirst (100 mm). The 
VAS scale is commonly used to estimate pain and quality 
of  life[4], and to evaluate thirst in patients with cancer, with 
renal or heart failure, and in patients during trauma resus-
citation[5-8]. However, the scale has not been used previ-
ously to grade thirst in volunteers subjected to controlled 
alterations of  the fluid balance. 

The rating of  thirst on the VAS scale was done in the 
beginning of  each experiment, approximately 2 h after the 
volume depletion procedure was started (if  any), 2 h after 
the infusion of  Ringer’s had been initiated, and 30 min 
after rehydration with tap water.

In total, 3 thirst ratings were performed in Experi-
ments 1 and 3 (without volume depletion), and 4 thirst 
ratings were recorded in Experiments 2 and 4 (with vol-
ume depletion). Data were missing or rendered invalid on 
7 of  these 140 occasions, which was usually due to diffi-
culties in obtaining a urine collection in close connection 
with the thirst rating. 

Urinary excretion
The volunteers were asked to void just before each thirst 
rating was made, but they were allowed to void freely in a 
plastic urine bag without rising up from the bed. The vol-
ume of  the collected urine was recorded on admission to 
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the hospital, after the 2-h volume depletion period, 2 h af-
ter the infusion of  Ringer’s had been initiated, and exactly 
30 min after the tap water was ingested. 

The urine collection made at admission to the hospi-
tal was tested for color according to a standardized eight-
graded scale as described elsewhere[2,9]. Urine colors 1-3 
indicate that an otherwise healthy human is well hydrated, 
4-5 the existence of  moderate volume depletion, and 6-8 
severe volume depletion[9]. 

Statistical analysis
The results are given as medians (25th-75th percentiles) 
due to the frequent occurrence skewed distributions. 
Changes were examined by the Wilcoxon matched-pair 
test and differences between groups by the Mann-Whit-
ney U test. Simple and multiple linear regression analysis 
evaluated correlations. P < 0.05 was considered statisti-
cally significant.

RESULTS
Thirst ratings
The thirst rating at baseline for all 40 experiments was 27 
(17-39). The systolic arterial pressure was 120 (112-122) 
mmHg and the diastolic pressure 65 (55-67) mmHg. The 
urine collections made at baseline all showed color grades 
1, 2 or 3. Hence, all volunteers could be considered to be 
“well hydrated” when the experiments begun[9]. 

In the 50% of  the experiments that started with vol-
ume depletion, the furosemide induced diuresis amount-
ing to 1.7 (1.5-1.8) L, which increased the thirst rating 
from 28 (21-43) to 59 (46-72, P < 0.001; n = 20; Figure 1 
top). During the volume depletion process, the diastolic 
pressure increased by 9% (P < 0.02) whereas the systolic 
pressure did not change.

There was no overall statistically significant change in 
thirst due to the infusion of  Ringer’s solution.

Before drinking tap water, overall thirst rating was 
45 (32-60) and after drinking, it was 37 (27-55, P < 0.10; 
Figure 1, bottom).

Spontaneous diuresis during the experiments amount-
ed to 0.7 (0.4-1.0) L.

Multiple regression analysis
A single multiple regression analysis was made based 
on all 133 valid thirst ratings obtained during the ex-
periments. The result showed that both furosemide-
induced diuresis and ingestion of  tap water significantly 
and independently modified thirst intensity (P < 0.001 
and P < 0.03, respectively) whereas Ringer’s acetate and 
spontaneous diuresis did not. The degree of  change was 
quite similar - one liter of  furosemide-induced urinary 
excretion increased the thirst rating by 13% and one liter 
of  tap water decreased thirst by 13%. In this analysis, the 
urinary excretion was set to zero for the baseline thirst 
rating. The furosemide-induced diuresis was set to the 
voided volume when volume depletion was performed 
and to zero when volume depletion was not performed.

Change vs baseline thirst
The change in thirst rating in the individual volunteers 
during volume depletion, administration of  Ringer’s ac-
etate, and ingestion of  tap water were all dependent on 
the thirst rating obtained when the change in body fluid 
volume was initiated (Figure 2). 

Hence, there was a statistically significant linear rela-
tionship between the change in thirst rating and the value 
recorded before furosemide was given (r = -0.68, P < 
0.002). A plot of  the data rather revealed a sigmoid curve 
(Figure 2, left). Volunteers scoring more than 30 mm at 
baseline reported an 11 mm (-2 to 15) higher thirst rate 
after volume depletion, whereas the others reported a 
change of  31 (25-59) (group difference, P < 0.002). The 
change in thirst also correlated independently and signifi-
cantly with the furosemide-induced voiding volume (P < 
0.02).

Although there was no overall significant change in 
thirst due to Ringer’s solution, volunteers with a low thirst 
score were likely to have an increase in thirst (Figure 2, 
middle). Hence, when thirst had not been induced by fu-
rosemide, the thirst rating changed from 21 (14-35) to 37 
(22-54, P < 0.02). When furosemide had been given, the 
rating hardly changed at all - from 59 (45-72) to 57 (45-74). 

Finally, there was a statistically significant relationship 
between the change in thirst rating and the value record-
ed before tap water was ingested (r = -0.52, P < 0.004; 
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Figure 1  Thirst ratings by volunteers before and after volume depletion 
by 1.7 L (top) and before and after intake of 600 mL of tap water (bottom). 
Previous volume depletion with diuretics did not statistically affect the thirst re-
sponse to the intake of tap water. Median values are marked. Volume depletion 
was only performed in half of the experiments. 
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Figure 2, right) whereas the previous use of  furosemide 
(from which residual volume depletion was still present) 
had no statistically significant influence (Figure 1, bot-
tom). Hence, water reduced thirst only in those who were 
already thirsty; volunteers scoring less than 60 had their 
thirst changed by -2 mm (-15 to +9) whereas those with a 
thirst rating of  60 or more reported a change by -24 (-44 
to +1) (group difference, P < 0.046). 

DISCUSSION
Being a component of  the regulatory mechanism that 
maintains body fluid homeostasis, thirst might arise 
from deficits in either intracellular or extracellular fluid 
volume[10]. High osmolality is a well-known signal for 
thirst[11,12] while the relative contribution of  other mecha-
nisms, such as hypovolemia and angiotensin Ⅱ release, 
are less well quantified. 

How these factors interact when combined is even 
less well known. The present study illustrates that their 
contributions to the thirst experience as reported on a 
VAS scale are dependent on the starting point. It was dif-
ficult to aggravate thirst in those who were already thirsty, 
while those who were not thirsty indicated a markedly 
increased thirst from the same stimulus. Therefore, thirst 
experience seems to be saturable and only a relative 
measure of  fluid balance disturbances. The signal may 
become blunted when adding a fluid balance alteration 
upon another, although that alteration would be expected 
aggravate or alleviate pre-existing thirst. Therefore, the 
responses expected from the medical textbooks cannot 
always be taken for granted when stimuli are combined.

General observations include that furosemide but not 
spontaneous diuresis induced thirst. Furosemide dehy-
drated the volunteers by 1.7 L, which doubled the inten-
sity of  the thirst sensation (Figure 1, top). Hence, only 
the urinary excretion that makes the body deviate from 
its optimal volume status seemed to stimulate this signal. 
Moreover, tap water decreased thirst whereas an intrave-
nous infusion of  an electrolyte solution did not. 

The strength of  the overall influence of  furosemide-
induced diuresis and ingestion of  tap water on thirst 
was further quantified by means of  a multiple regression 
analysis. Their influence appeared to be of  quite similar 
magnitude, although acting in opposite directions. How-
ever, the effect of  volume depletion was easier to discern 
since the starting point, being the first thirst rating in the 
experiment, showed less scattering. Moreover, the furo-
semide-induced diuresis was almost 3 times greater than 
the intake of  tap water.

The relative nature of  the changes of  thirst intensity 
to manipulations of  the fluid balance become apparent 
when considering whether the volunteers reported none, 
little or severe thirst before the manipulation was initi-
ated. Volume depletion induced thirst primarily in those 
volunteers who had a low thirst rating before the diuretic 
was given. Infusion of  Ringer’s acetate induced thirst in 
the volunteers who were not thirsty. On the other hand, 
the Ringer’s solution did alleviate thirst in those who were 
very thirsty before the infusion (Figure 2, middle). Finally, 
tap water, which is grossly hypo-osmotic due to lack of  
electrolytes, only relieved thirst in those who reported 
intense thirst (ratings ≥ 60) before they drank the water. 

The thirst response to volume depletion described a 
sigmoid function, showing the greatest change when the 
starting point was 30-45 mm, while the corresponding 
relationships for Ringer’s and tap water described zero-
order linear relationships (Figure 2).

Shirreffs et al[13] found a gradually increased thirst when 
dehydration was induced by water deprivation amount-
ing to 1%, 2% and 3% of  the body weight in volunteers. 
The mechanism inducing such thirst is thought to be 
hyperosmolality[14]. Loss of  cell water is detected by os-
moreceptors located in the hypothalamus and this gives 
rise to thirst[15]. However, furosemide induces diuresis by 
inhibiting sodium reabsorption, but the urinary sodium 
concentration is still lower than in plasma. The thirst sen-
sation recorded in our study might therefore be the result 
of  hyperosmolality but also of  mild hypovolemia, which 
activates components of  the endocrine and autonomic 
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nervous systems. Such activation is evidenced by the rise 
in diastolic arterial pressure that followed upon volume 
depletion. Circulating angiotensin Ⅱ, which is a part of  
the endocrine response to reduced blood flow, might be 
the direct mediator of  hypovolemic thirst[16]. The reason 
why spontaneous diuresis did not stimulate thirst is prob-
ably that hypovolemia was absent in that situation. How-
ever, these mechanisms are speculative as no measure-
ments of  the sodium concentration or of  the osmolality 
were made. 

Infusion of  hypertonic saline stimulates thirst[12] while 
rehydration with 0.45% saline decreased thirst significant-
ly in young athletes[17]. In the present study, we infused 
Ringer’s acetate solution that has a sodium concentration 
and osmolality slightly below that of  extracellular body 
fluid. Despite its composition, increasing the extracellular 
fluid volume by an electrolyte solution induced thirst in 
those who were not thirsty. This response might seem 
unphysiological, but normovolemic volunteers show a 
rise in serum sodium after having received Ringer’s ac-
etate due to excretion of  hypotonic urine[18]. Moreover, 
blood samples amounting to 40 mL were withdrawn dur-
ing the period between the fluid infusion and its distribu-
tion to the extracellular fluid volume. Finally, no water 
was allowed by mouth during the 2-h period between the 
thirst ratings. Still, when entering all fluid volume changes 
in an overall regression analysis, the conclusion is that 
Ringer’s acetate did not influence the thirst intensity. 

Oral intake of  water reduces thirst[11,19] which differs 
in composition from Ringer’s solution by being almost 
completely devoid of  electrolytes. However, an effect on 
thirst can be discerned even before plasma osmolality 
decreases[12]. Further, gargling with tap water for 2 min 
relieves thirst[19]. In the present study, the overall effect of  
tap water on thirst was statistically significant and had the 
same strength as furosemide-induced diuresis. Again, the 
effectiveness of  tap water was greatly dependent on the 
thirst grading reported when drinking began. 

The thirst response to volume depletion followed the 
sigmoid form that is typical of  saturable receptor mecha-
nisms. On the other hand, the linear relationship between 
the change in thirst rating resulting from the intake of  
tap suggests that the mechanism here is a different one. 
The authors hypothesize that the first one is the result of  
angiotensin Ⅱ stimulation while the second is an effect 
of  osmolality. 

Limitations of  the present study include the use of  
various time periods between the induction of  the fluid 
balance change and the assessment of  thirst. With re-
gard to volume depletion, 2 h passed until the volume 
depletion procedure was completed. Ringer’s solution 
requires 25-30 min to distribute in the extracellular fluid 
volume[20], but an additional 75 min elapsed before the as-
sessment of  thirst because urine is usually not passed un-
til that time. Finally, thirst was assessed 30 min after the 
ingestion of  tap water because the water was expected to 
have a rapid turnover and perhaps to be voided early.

In conclusion, thirst is stimulated by volume deple-

tion and relieved by tap water but the response is greatly 
dependent on whether thirst is present before the fluid 
challenge. Only those individuals who reported interme-
diately severe thirst, the range being from approximately 
30 to 60 mm, were clearly susceptible to stimuli that ei-
ther increased or decreased thirst. Spontaneous diuresis 
and infusion of  Ringer’s acetate solution did not signifi-
cantly affect thirst.
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