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Purpose of review

There has been an increasing interest in developing novel technologies to treat patients with chronic kidney
disease as evidenced by KidneyX, the public–private partnership between government and industry.
Perhaps a simple technology for treating kidney failure would be to utilize perspiration. It is a physiological
process, and when used properly it might not be an unpleasant experience. This review will explore the
current state of knowledge regarding perspiration therapy in the setting of far advanced kidney failure.

Recent findings

A literature review using the PubMed database was conducted between 1 April 2019 and 3 September
2019. Search terms are shown in Table 1. Major themes of the results include diaphoresis therapy for
patients with chronic kidney disease, excessive perspiration causing kidney disease, analysis of sweat to
diagnose cystic fibrosis, and analysis of sweat to replenish lost electrolytes. This review will focus on
intentional perspiration for the treatment of patients with end-stage renal disease (ESRD). Studies have
shown that perspiration, or sweat-based therapies, can provide some of the most important currently
recognized therapeutic goals in treating ESRD. These goals include decreased interdialytic weight gain,
reduced serum potassium levels, and benefits to cardiovascular status. Research has shed light on some of
the mechanisms, both molecular and clinical, that may be involved in induced perspiration therapy in
ESRD.

Summary

There is a long history of humans using perspiration for both recreation and therapy. Perspiration therapy
for ESRD experienced a surge in the United States in the 1960s but does not have much modern
momentum. With the continued growth of the ESRD population worldwide this could be considered an
appropriate time to conduct more research into this promising therapy.
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INTRODUCTION

Interest in the use of sweating to treat renal diseases
has been with us since antiquity, being suggested by
Hippocrates, Aristotle, Galen, and numerous con-
temporary authors [1–7,8

&

,9–13]. Galen was the
first to publish that perspiration could reduce edema
from any cause [14]. Perhaps the most interesting
way of inducing perspiration in early Anno Domini
history was hot sand baths. In current times, the
most common methods of inducing passive diapho-
resis, defined as diaphoresis induced by heat stress
from exogenous sources with no increase in basal
metabolic levels [15], includes the traditional dry
(Finnish) sauna, the infrared (IR) ‘sauna,’ and the
wet (Turkish) bath. Renewed interest in perspiration
to treat renal failure was the genesis of this article
and likely of another recent article reviewing the
therapeutic value of perspiration in patients with
t © 2019 Wolters Kluwe

rs Kluwer Health, Inc. All rights rese
kidney failure [16]. With the continued rise in the
prevalence of end-stage renal disease (ESRD) in the
United States, most recently at 726,331 patients,
and with a current cost of $35 billion (8–10% of
the Medicare budget) [17] it is reasonable to explore
physiologic alternatives and less expensive treat-
ments for patients with chronic kidney disease
and especially ESRD. Although this article focuses
r Health, Inc. All rights reserved.
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KEY POINTS

� Perspiration therapy for treatment of chronic
kidney disease.

� Therapeutic value of sauna in humans.

� Sweat therapy in dialysis patients.

Novel therapeutic approaches in nephrology and hypertension
on ESRD in the United States, ESRD is not unique to
the United States. The benefits of perspiration may
be applicable to any human suffering from chronic
kidney disease or ESRD (Table 1).
Physiology of sweating

There are three main types of sweat glands: eccrine
sweat glands, apocrine sweat glands, and apoeccrine
sweat glands. A brief review can be found by
Wilke et al. [18]. The present article will focus on
the eccrine sweat glands which can produce a
copious, watery hypotonic solution whose osmolal-
ity is mainly due to electrolytes [18,19].

The average human body has between 2 and 4
million eccrine sweat glands that share some func-
tional and morphological characteristics with the
nephron [1,19]. The main function of the eccrine
sweat glands is to produce copious fluid that can
provide evaporative cooling for the human body. In
 Copyright © 2019 Wolters Kluwer H

Table 1. Review of the literature related to perspiration

and uremia

Search term Hits

Sauna uremia 3

Sauna kidney disease 13

Sauna renal failure 10

Sauna dialysis 5

Sauna ultrafiltration 2

Sauna toxin 9

Perspiration kidney disease 409

Perspiration renal failure 189

Perspiration uremia 33

Perspiration dialysis 107

Perspiration ultrafiltration 9

Perspiration toxin 553

Sweat kidney disease 252

Sweat renal failure 82

Sweat uremia 21

Sweat dialysis 58

Sweat toxin 252

58 www.co-nephrolhypertens.com
normal people, moderate thermal stress can stimu-
late the sweat glands to produce an average of
500–1000 ml sweat per hour [6]. In heat trained
humans hourly sweat production can approach
2 L/h [6]. Daily sweat production can exceed 12 L
in warm climates [14]. Sweat is always hypotonic to
serum, but paradoxically, if persons sweat profusely
and drink large amounts of water with little sodium
intake, they may become hyponatremic.
Composition of sweat

The solute composition of sweat varies greatly. The
major determinants of sweat composition include
sweat rate, nutritional status, and disease states. The
osmolality of sweat can range between 5 and
60 mEq/l [19]. The major constituents in sweat
include sodium, chloride, potassium, lactic acid,
urea, and ammonium [18,19]. Other constituents
include phosphorus, creatinine, calcium, glucose,
and heavy metals [20–23]. At minimal sweat rates,
the majority of solutes are reabsorbed by the sweat
duct, thus promoting the reabsorption of most of
the perspired water; under these conditions sweat-
ing is not a useful excretory mechanism. At maximal
sweat rates the concentration of sodium in sweat
can reach 50–60 mEq/l while the potassium and
urea concentrations can be quite large. Sweat potas-
sium, urea, and lactic acids concentrations can
approach or exceed serum concentrations [15].
Sweat potassium and urea can reach up to four times
their plasma concentrations [16]. An interesting
phenomenon with sweat potassium and urea con-
centrations is that they increase proportionately as
the serum levels rise. This fact might be important
for potential diagnosis and treatment of patients
with ESRD.

Changes occur at the molecular and transporter
level in the sweat glands of patients with ESRD.
Although the evidence is sparse, rodent and human
studies show that urea and aquaporin transporters
are regulated in eccrine sweat glands in the setting of
chronic kidney disease (CKD) [24,25]. The kidney
also shows distinct changes in urea transport in the
setting of advanced CKD [26].
METHODS OF NATURALLY INDUCING
PERSPIRATION

There are many ways to induce passive sweating in
humans, a passive sweat being one that requires no
effort from the participant. Current practice favors
thermal and pharmaceutical stimulation as the
most reliable methods. Thermal stimulation can
take the form of endogenously produced heat
during exercise, convective, conductive, or radiative
ealth, Inc. All rights reserved.
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transfer of energy. This review will focus on tradi-
tional Finnish sauna and water immersion (convec-
tive and conductive heating) recognizing that there
are many other methods to warm the human body
and activate sweat glands. The focus on sauna and
water immersion is based on trends in published
research. We specifically exclude IR ‘sauna’ techni-
ques as they are likely not robust enough to induce
large water losses.

Exercise is perhaps the most variable inducer of
sweat, varying widely with ambient temperature,
humidity, and exercise intensity, leading to variable
rates of sweat generation. Saunas produce a dry heat,
usually in the range recommended by the Finnish
Sauna Society of 80–100 8C, or 176–212 8F. Depend-
ing on exposure times, 200 8F can be a sustainable
temperature. Since hot tubs mostly abolish the evap-
orative cooling effect of sweat, they usually do not
exceed 106 8F. All three methods of thermally
induced sweat have shown benefits in CKD patients.
PHARMACOLOGIC SWEAT STIMULATION

Sweat glands, being innervated by postganglionic
sympathetic cholinergic nerve fibers [18] are stimu-
lated unlike other cholinergic nerve targets. Thus,
pilocarpine and other cholinergic agonists are the
most reliable ways to activate eccrine sweat glands.
The effect of pilocarpine on the skin of hemodialysis
patients has not gone unnoticed by scholars, with at
least one trial being conducted on electrodermal
resistance [27]. There are many other studies of
cholinergic agonists on sweating. They are not
included in this review because the evidence for
their effectiveness did not appear to be strong.
Although pilocarpine is a classic producer of perspi-
ration, capsaicin, a regularly available drug, also
affects sweating. However, publications could not
be found in which capsaicin was evaluated for its
effects on systemic sweat production or sweat com-
position. Exposure to different pharmaceuticals,
environmental conditions, and steroids produces
different sweat compositions [21,28–30]. Thus, Cap-
saicin, other TRPV1 (transient receptor potential
vanilloid) agonists, cholinergic agonists, and other
sweat modulating compounds when ingested or
applied topically might be promising targets for
maximizing sweat production, but the long-term
effectiveness and safety of these pharmacological
agents in CKD and ESRD patients are unknown.
KINETICS OF HEMODIALYSIS

The largest proportion of small solute removal
occurs within the first 2 hours of a typical 4-hours
hemodialysis treatment. Most solute is removed
 Copyright © 2019 Wolters Kluwe

1062-4821 Copyright � 2019 Wolters Kluwer Health, Inc. All rights rese
within the first 2 h of initiating dialysis including
potassium and phosphorus [31,32

&

]. Limitations on
the rate at which water can be safely removed is a
major factor requiring hemodialysis sessions to last
upward of 4 h and that sometimes necessitate more
than three hemodialysis sessions per week [33].
Volume control can be an indication for quotidian
hemodialysis or peritoneal dialysis.
SHORTCOMINGS IN DIALYSIS

Despite its life-saving effects, there are many unre-
solved problems associated with chronic dialysis
treatment. These challenges include appropriate
control of body water and sodium chloride
[33,34

&&

] and managing hyperkalemia [35]. Chronic
hemodialysis patients are often volume overloaded,
even after completing a hemodialysis treatment.
Models of volume overload indicate that increases
in fluid overload are associated with increasing
mortality [36]. Fluid overload is a cause of hyper-
tension, left ventricular hypertrophy, heart failure
and premature mortality in maintenance hemodial-
ysis patients [37]. The dilemma of controlling fluid
is highlighted by the addition of fluid management
to KidneyX’s prize competition. Hyperkalemia not
rarely requires emergent dialysis and can be fatal in
ESRD patients. There are, of course, many other
uremic toxins [38,39], but it could be argued that
no others have as strong as a pathophysiological
relationship to morbidity and mortality as sodium
chloride and water overload and hyperkalemia.
REVIEW OF PRIOR DIAPHORESIS STUDIES

Despite the long history of sweat-based therapies
there is still no consensus as to whether this therapy
would be beneficial for patients with different stages
of CKD or ESRD. To our knowledge, our own group
and that of Dr. Pruijm is the most recent group to do
basic research and clinical trials of perspiration ther-
apy for patients with ESRD [7,25].

Table 2 provides a summary of researchers and
their experiences using diaphoretic therapies to
treat ESRD. The first and most obvious benefit to
sweating is natural fluid removal. Copious amounts
of water may be removed from the body when
sweating. During diaphoresis, there may be
increases in cutaneous blood flow of 8–10 times
normal which result in a water loss of up to 2 L of
water per hour. In an acclimatized, healthy human
this sweat rate can maintained for many hours and
even days [19]. While we know there are changes at
the molecular and structural level the effect of kid-
ney disease on sweat rates is unknown. For patient
comfort a realistic treatment goal might be 1 L/h.
r Health, Inc. All rights reserved.
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As ultrafiltration rates rise the chance of symptoms
of hypovolemia increase, markedly so after an ultra-
filtration rate of 600 ml/h [37]. Because sweat clear-
ances are physiological, they might be capable of
clearing fluid without the symptoms and sequalae of
hypovolemia encountered with high ultrafiltration
rates. Since restriction of water intake is onerous for
a large proportion of maintenance hemodialysis
patients, the prospect of augmenting chronic hemo-
dialysis treatments with diaphoresis therapy and
thereby allowing patients much less restriction or
no restriction on their water intake may be very
attractive to many patients. In fact, a small pilot
study performed at the University of Colorado
found that daily sauna sessions did allow hemodial-
ysis patients to have an unrestricted fluid intake [9].

The potential benefits of urea removal by sweat-
ing are unclear. On the one hand, urea is over-
whelmingly the major nitrogenous product of
protein and amino acid metabolism in ESRD
patients. On the other hand, urea tends to be to
be only mildly toxic [41]. Urea removal is also the
benchmark for dosing dialysis. It is noteworthy that
the eccrine sweat gland concentrates urea. The
sweat : serum concentration gradient approaches
4 : 1. It may be of value to characterize the dose of
perspiration therapy in terms of urea clearance as
well of water removal. Future research may answer
this question.

Hyperkalemia has been associated with higher
mortality in patients on dialysis [35]. The increased
mortality during the 3-day ‘dialysis weekend’ may
be at least partly due to arrhythmias induced by
hyperkalemia. Sweat glands are capable of concen-
trating potassium, and the sweat : plasma ratio of
potassium approaches 3 : 1. A seminal study in 1982
at the Royal Infirmary in Glasgow reported a trend
toward significant reductions in serum potassium
after a single 1-h sauna treatment [9]. Other studies
using different methods of inducing diaphoresis
have described similar results [6,7].

Many chronic dialysis patients experience pru-
ritus. The constant itching in patients receiving
dialysis may severely reduce quality of life. A reduc-
tion in pruritus with diaphoresis therapy was dem-
onstrated in a study done in 1966 at the Brigham
and Women’s Hospital in Boston. After 6 days of
daily sauna treatment all patients reported a com-
plete resolution of pruritus [9]. Advances in dialysis
membranes appear to have decreased pruritus, but
have far from eliminated it [42

&&

]. The mechanism of
dialysis might dehydrate the stratum corneum lead-
ing to pruritus [43]. Sauna and water immersion
therapy may serve to provide hydration to the skin
and relieve pruritus. Water immersion may be
particularly suited to reduce pruritus because
 Copyright © 2019 Wolters Kluwe
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emollients or oils may be added to the bath water.
Moreover, sweat itself may contain oils that could
lubricate skin and possibly reduce pruritus.
OTHER POTENTIAL USES FOR
PERSPIRATION THERAPY

In addition to its use to augment the benefits of
chronic dialysis therapy, diaphoresis might be used
to delay the need for dialysis treatments, particularly
if it were employed in conjunction with high calorie
and low protein, sodium, potassium, and phospho-
rus diets. This use of diaphoretic therapy might be
particularly useful in parts of the world where
chronic dialysis therapy is not available at no cost
to all members of society. Perspiration therapy
might also be useful for people with treatment-
resistant nephrotic syndrome with severe edema
or other medicine-resistant edematous states includ-
ing chronic severe heart failure or ascites.

A number of hemodynamic changes have been
described with heat exposure. Heart rate and pulse
pressure may increase, and peripheral vascular resis-
tance may decrease [44]. Blood pressure may rise or
fall [45]. Renal blood flow may increase or decrease.
Glomerular filtration rate seems to remain stable
although renal vascular resistance may rise [45]. It
is not known how many CKD and ESRD patients will
undergo the same responses as normal people. Clin-
ical trials of diaphoretic therapy conducted in ESRD
patients, usually several decades ago, seem to indi-
cate that this therapy is well tolerated (Table 2).
Until more information is available, it would seem
prudent to monitor carefully patients who are
undergoing perspiration therapy, especially those
who are very young, elderly or have a history of
cardiovascular disease.
HAZARDS OF CHRONIC HEAT EXPOSURE

There is an increasing body of literature that con-
tinuous exposure to hot climates without proper
hydration and nutrition can cause renal failure.
Overzealous use of the sauna or hot baths can
lead to dehydration and electrolyte disturbances
[46,47].
POTENTIAL HAZARDS OF THE SAUNA

The published literature on diaphoresis therapy for
maintenance hemodialysis patients suggest that
deliberate prescribed, controlled, and monitored
perspiration is safe for the great majority of these
individuals. Core body temperatures of up to 104 8F
have been considered safe for short exposures in
healthy individuals. Research will be needed to
r Health, Inc. All rights reserved.
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determine if core body temperature is an acceptable
safety marker for patient with ESRD and if so what
values are acceptable.

The overzealous use of sauna has been reported
to cause acute kidney disease and death [46–48]. All
reports were in healthy individuals and most reports
are attributed to misuse of the sauna including
ethanol intoxication and over-exposure [49

&

].
The following considerations are important to

keep in mind regarding the safe use of the sauna or
hot baths:
(1)
62
Sauna or hot baths should not be considered an
instrument for body tissue mass or fat loss tool
because, despite claims that sauna increases
calories burned during the exposure there is
no evidence or theoretical basis to support this
concept [50]. Since saunas and hot baths cause
weight (water) loss, it is not surprising that some
people confuse this weight loss with fat loss.
(2)
 Patients with sickle cell disease may be at a
uniquely increased risk of developing a sickle
cell crisis from excessive sauna use [48].
(3)
 Although imbibing ethanol, at low doses, may
increase sweat gland secretion [51], it can also
impair judgment when the person is exposed to
heat therapy. Deaths have been described dur-
ing sauna treatments of healthy individuals
with elevated blood alcohol levels [49

&

]. There-
fore, anyone participating in the methods
described in this article is cautioned against
ethanol intake shortly before and after
their experience.
CONCLUSION

Perspiration-based therapies for the treatment of
volume overload in chronic dialysis patients has
been supported in previous research and deserves
further research. Future studies should assess the
efficacy of sauna, hot bath or other sweat-based
therapies to improve symptoms and quality of life
or to delay or augment dialysis therapy of patients
with CKD and ESRD. Larger scale clinical trials are
needed to more define the indications for diapho-
resis therapy, the optimal techniques for these pro-
cedures and the safety issues involved with
this treatment.
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