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Purpose of review

Heat therapy, such as sauna and hot tub, has become an increasingly regular therapeutical practice
around the world since several studies have shown benefits of heat therapy in metabolic and
cardiovascular diseases. The use of heat therapy in people with type 2 diabetes mellitus revealed a striking
reduction of 1% unit in the glycated hemoglobin, suggesting this therapy for the treatment of diabetes.
Herein, we shall discuss the use of heat therapy and the mechanisms involved, and suggest a provisional
guide for the use of heat therapy in obesity and diabetes.

Recent findings

Human studies indicate that heat therapy reduces fasting glycemia, glycated hemoglobin, body weight,
and adiposity. Animal studies have indicated that nitric oxide and the increase in heat shock protein 70
expression is involved in the improvements induced by heat therapy on insulin sensitivity, adiposity,
inflammation, and vasomotricity.

Summary

Heat therapy is a promising and inexpensive tool for the treatment of obesity and diabetes. We proposed
that transient increments in nitric oxide and heat shock protein 70 levels may explain the benefits of heat
therapy. We suggest that heat therapy (sauna: 80–1008C; hot tub: at 408C) for 15 min, three times a
week, for 3 months, is a safe method to test its efficiency.
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INTRODUCTION

Heat therapy, such as sauna and hot tubs, is a very
common practice in Scandinavia and the Middle
East countries where it is believed to have a thera-
peutic purpose [1]. The use of heat therapy has
become an increasingly regular practice around
the world since several studies have shown the
benefits of heat therapy for people with metabolic
and cardiovascular diseases [1,2]. Although con-
sidered safe for most people, some reports have
indicated that heat therapy may represent risks for
health in certain conditions (e.g. cardiovascular
diseases) and populations (e.g. elderly) [3].

The use of heat therapy in metabolic diseases has
brought attention after the observation that sauna,
in insulin-dependent diabetic men, caused hypogly-
cemia symptoms. However, the most provocative
finding of the use of heat therapy in metabolic
disease was demonstrated by Hooper [2]. In this
study, patients with type 2 diabetes mellitus
(T2DM) were submitted to hot tub sessions for 3
© 2015 Wolters Kluwer 
weeks. The patients’ oral temperature raised only by
an average of 0.88C each session, but the main out-
come was a significant reduction in plasma glucose
and glycated hemoglobin (HbA1c) levels [2]. The
striking reduction of 1% unit in HbA1c [from
11.3�3.1 percentage to 10.3�2.6 percentage
(P¼0.004)] in a short-term intervention suggested
Health, Inc. All rights reserved.
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KEY POINTS

� Heat therapy is a promising tool for the prevention and
treatment of obesity and diabetes.

� Heat therapy has been shown to reduce inflammation,
body fat deposition, insulin resistance, body weight,
and cardiovascular diseases.

� The mechanism(s) involved in heat therapy-elicited
improvements, appear(s) to be connected to the
increments on body temperature and the chronic
transient-elevations of nitric oxide, initiating a cycle that
will induce HSP70 expression. As the heat therapy
continues, the elevated levels of HSP70 (arising from
the previous heat therapy sessions) will enhance the
phosphorylation of AKT, AMPK, and eNOS. Together,
higher (or normalized) nitric oxide levels, HSP70,
AMPK, and eNOS will improve insulin signaling, body
composition, endothelial dysfunction, and the low-
grade inflammation found in people with diabetes.

� Heat therapy, respecting the contraindications, can be
safely used with sedentary (or unable to perform
exercise) obese and diabetic people.

� Heat therapy (sauna: 80–1008C; hot tub: at 408C/
15 min), three times per week for 3 months, is a safe
method to be used in this population and to test the
efficiency of this therapy.

Heat therapy for type 2 diabetes Krause et al.
that heat therapy could be useful for T2DM treat-
ment. Remarkably, 16 years after the first trial, only
two additional interventions using heat therapy in
obese and T2DM patients were conducted [4,5]. In
the first one, quality of life was evaluated, and in the
second, the results of a sauna treatment for obese
people, which claimed to reduce body weight and
fat, were described [5].

Because of the reduced number of studies in
humans regarding heat therapy, and their limita-
tions, the mechanisms of how heat therapy induces
benefits for obese and diabetic people remain
unknown. On the contrary, several studies were
conducted using heat therapy in animals and in-
vitro models [6

&&

,7
&&

,8
&

]. The improvements in insu-
lin sensitivity found were attributed, in part, to the
expression of the 70-kDa heat shock protein
(HSP)70, whose intracellular expression in skeletal
muscle was found to be decreased in obesity and
diabetes [9] and was highly induced by heat therapy
[7

&&

]. Reduced HSP70 expression is a common fea-
ture in several conditions associated with low-grade
inflammation such as T2DM, aging, and obesity
[8

&

,9,10
&&

]. Therefore, strategies to restore heat
shock response (the biochemical pathway leading
to inducible HSP synthesis) may amend the meta-
bolic defects associated with inflammation. In this
 Copyright © 2015 Wolters Kluwe
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study, we shall discuss the efficiency, safety, and
mechanisms involved in heat therapy as a pro-
mising treatment for people with obesity and
diabetes. Additionally, we aimed to suggest a provi-
sional guideline for the use of heat therapy within
this population.
CHRONIC INFLAMMATION IN OBESITY
AND DIABETES IS A TARGET FOR HEAT
THERAPY

Obesity is often associated with a vicious cycle in
which adipose tissue expansion increases the levels
of free fatty acids and proinflammatory cytokines in
circulation, which, conversely, increase the syn-
thesis and accumulation of intramyocellular trigly-
cerides (IMCT) [11]. Sedentary behavior is related to
a decreased mobilization of IMCTs resulting in an
increased synthesis of toxic fatty acid-delivered
metabolites, causing an elevation in the production
of reactive oxygen species (ROS), nitrogen reactive
species (RNS), resulting in oxidative stress, mito-
chondrial dysfunction, and the activation of stress
associated transcription factors such as nuclear tran-
scription factor kB (NF-kB), followed by the
increased production and release of proinflamma-
tory cytokines [11]. Among them, tumor necrosis
factor-a (TNF-a) has been shown to activate serine
threonine kinases, such as c-Jun NH2-terminal
kinases (JNKs) and inhibitor of kB kinases (IKK)
[6

&&

,7
&&

,8
&

] that can phosphorylate insulin receptor
substrate-1 (IRS-1) on serine (Ser-307) instead of at
tyrosines, leading to the inactivation of the insulin
signaling cascade [6

&&

,7
&&

,8
&

]. Excessive levels of
ROS/RNS not only directly damage cells by oxidiz-
ing DNA, protein, and lipids, but indirectly they also
damage cells through the activation of a variety of
stress-sensitive/inflammatory intracellular signal-
ing pathways such as NF-kB, p38-mitogen-activated
protein kinase, JNK/stress-activated protein kinase,
hexosamine, and others [12]. Since chronic inflam-
mation negatively affects insulin sensitivity, the
control of key inflammatory transcriptional factors,
such as the NF-kB, is critical for the maintenance of
insulin signaling [11]. It has been shown that heat
therapy is effective to reduce the activation of NF-kB
and other inflammatory mediators, thus improving
insulin signaling in animal models [6

&&

,7
&&

,8
&

].
‘PROS’, MECHANISMS, AND THE ROLE OF
THE NITRIC OXIDE-HSP70 CYCLE ON THE
HEAT THERAPY BENEFITS

Heat shock proteins are considered part of a family
of proteins known as ‘stress proteins’ since their
expression is induced by a wide range of stressors
r Health, Inc. All rights reserved.
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[6
&&

]. The functions attributed to HSP70 include its
action as a molecular chaperone, in protein trans-
location, antiapoptosis, and anti-inflammatory
responses [6

&&

,7
&&

]. It has been reported that
HSP70 mRNA and protein levels [9] are decreased
in skeletal muscle of T2DM patients, which is corre-
lated with insulin resistance [6

&&

], whereas heat
therapy and heat shock-like therapies (i.e. whole
body warming, HSP transgenic overexpression, or
pharmacological co-inducers of HSP70 protein
expression) protect against high-fat diet (HFD)
and obesity-induced hyperglycemia, hyperinsuline-
mia, glucose intolerance, and insulin resistance in
animal models [6

&&

,7
&&

,8
&

]. The anti-inflammatory
effect of HSP70 is attributed mainly to its capacity of
interaction with NF-kB, decreasing its activity [13].
HSP70 is able to associate with the complex formed
by NF-kB with its inhibitor (IkB), stabilizing this
complex and thus impeding NF-kB translocation
to the nucleus [13]. HFD and/or high carbohydrate
intake may result in increased oxidative stress and
consequent NF-kB activation in obese individuals
[11]. On the contrary, NF-kB DNA-binding is sup-
pressed after heat shock [14], and up-regulation of
HSP72 (an inducible HSP70 form) can negatively
affect NF-kB activity in skeletal muscle [14].

Heat therapy is capable of inducing HSP72
expression in several tissues, preventing various
obesity-elicited metabolic effects at molecular level,
improving glucose tolerance, insulin-stimulated
glucose transport, and insulin signaling, accom-
panied by the reduction in JNK and IKKb activities
[6

&&

,7
&&

,8
&

] on HFD-fed mice, which is almost com-
pletely abolished in transgenic HSP72þ/þ mice
[6

&&

,7
&&

,8
&

]. Enhanced activation rate of JNK phos-
phorylation is associated with glucose intolerance
and insulin resistance in skeletal muscle of obese
mice, an effect which may be attenuated by long-
term heat therapy (16 weeks, 41.5 8C) and is also
observed in transgenic HSP72þ/þ mice [6

&&

,7
&&

,8
&

].
Finally, studies have demonstrated that HSP70 is
able to bind to the insulin receptor, enhancing its
recycling rate after heat shock [6

&&

], which suggests
that HSPs may have direct influence upon insulin
receptor function and activity.

The evidence that heat therapy improves obesity
and diabetes is wide; however, the majority of stud-
ies are regarded to animal and in-vitro studies.
Therefore, will heat therapy result in the same out-
come in humans? Are the mechanisms the same?
When compared, the protocols of heat therapy in
animals and humans, there is a major difference –
body temperature. Whereas in animal models of
heat therapy, body temperature is raised from basal
(�36.58C) up to 41/428C, which is a significant
approximate 58C increase, in human studies, this
 Copyright © 2015 Wolters Kluwer 
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is increased upto amaximumof1.28C. Is this increase
in temperature enough to cause a significant increase
in HSP70 expression in humans? There is no concrete
evidence showing that HSP70 increases in humans
with a passive increase in body temperature of only
18C. Thus, the effects of heat therapy may be induced,
at least initially, by changes in a more sensitive
mechanism that might be activated immediately
during temperature elevations, helping the body to
exchange heat appropriately.

As previously demonstrated [15], whereas HFD-
fed rats showed attenuated eNOS phosphorylation,
50AMP-activated protein kinase (AMPK) phos-
phorylation, and sirtuin-1 (SIRT1) expression (thus
deregulating nitric oxide production and vasodila-
tion), heat therapy (418C for 20 min/12 weeks) pre-
vented the attenuation of these signaling pathways.
In addition, inhibition of eNOS and SIRT1 pre-
vented the benefits of heat therapy. The above
findings suggest that induction of HSP70 by heat
therapy enhances, at last, phosphorylation of AKT,
AMPK, and eNOS expression in insulin-resistance
states. As a result, more nitric oxide is produced,
improving vasomotricity and vasoprotection. It is a
reasonable thought indeed, however, when we
observe the acute effects of heat therapy in humans
(keeping in mind that core temperature does not
elevate as in animal models), the most important
effects observed are the changes in blood flow
("skin, # internal organs and skeletal muscle) and
on the cardiac output (") related to vasodilatation
for heat dissipation [16]. Differently from animals in
which the anesthetic limited their capacity to con-
trol body temperature [17], all the homeostatic
mechanisms for this control are still present and
activated in humans. The mechanisms of tempera-
ture regulation were extensively studied and revised
[16]; however, nitric oxide appears as a key modu-
lator of blood vessel vasodilation during skin and
internal heating.

Sympathetic nerve activity, which is involved
in mediating cardiovascular and thermoregulatory
responses, is increased in the skin and skeletal
muscle during moderate passive whole body heat-
ing (increased internal temperature �0.78C) [18],
and there is now very strong evidence that the nitric
oxide system is involved in vasodilation [16,18].
Nitric oxide synthase (NOS) inhibition showed such
inhibition to limit the reflex vasodilator response to
body heating [16,18]. Administration of nonspe-
cific NOS inhibitors via microdialysis [16,18] or
via brachial artery infusion [16,18] limited the
reflex vasodilator response to body heating. As
the cardiovascular effects of sauna and hot tub
initiates rapidly after the initial skin heating [19],
the increments in nitric oxide during the heat
Health, Inc. All rights reserved.
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Heat therapy for type 2 diabetes Krause et al.
therapy session may initiate the adaptations to the
increased temperature. Therefore, we suggested a
mechanism that may be involved in the benefits
of heat therapy in humans, which includes
 Copyright © 2015 Wolters Kluwe
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increments in nitric oxide metabolism prior to
the HSP70 expression (Fig. 1).

The role of nitric oxide in the synthesis of
HSP70 has been previously demonstrated [20].
r Health, Inc. All rights reserved.
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Accordingly, ithasbeenshownthattheNOSinhibitor
nitro-L-arginine decreased HSP70 synthesis induced
by heat therapy, suggesting that nitric oxide is
involved in such induction. The antihypotensive
effect of the adaptation to heat clearly demonstrates
the cross-talk between nitric oxide and HSP70 [20].
Thus,webelieve thatthe increments inbodytempera-
ture and the chronic transient elevations of nitric
oxide will initiate a cycle that will induce HSP70
expression. As the heat therapy continues, the elev-
ated levels of HSP70 (arising from the previous heat
therapysession)willenhance,atlast,eNOS.Asaresult,
more nitric oxide is produced, improving vasomotric-
ity and vasoprotection under insulin resistance. In
addition, it has been shown that this increment in
blood flow induces a coordinated up-regulation of
eNOS and the biosynthesis of tetrahydrobiopterin
(BH4), a cofactor for all three nitric oxide synthases
[11]. Together, higher (or normalized) nitric oxide
levels (which is lower in people with diabetes [21]
and have important metabolic and cardiovascular
implications [12]), HSP70, AMPK, and eNOS would
improve insulin signaling, body composition, endo-
thelial dysfunction, and the low-grade inflammation
found in T2DM patients (Fig. 1). In addition, heat
therapy may induce the expression of the heat shock
transcription factor-1 (HSF-1), which is the major
responsible factor for the inducible expression of
HSP70, through the activation of the NADþ-depend-
ent protein deacetylase of class III family SIRT1 [13].

Although increments in intracellular HSP70 may
be beneficial for insulin signaling and inflammation,
chronic elevation in the extracellular HSP70
(eHSP70) is associated with insulin resistance and
pancreatic b-cell dysfunction/death [10

&&

]. Incre-
ments in body temperature may result in acute
accumulation of eHSP70. Differently from chronic
elevations, acute exposure may have differential
effects. Similarly to moderate physical exercise,
which is a known inducer of eHSP70 release, heat
therapy may induce additional benefits by stimulat-
ing the activation ofAkt (adownstream protein in the
insulin-signaling cascade) through eHSP70 signaling,
improving insulin signaling and normal intracellular
HSP70 (iHSP70) expression [10

&&

]. In addition, acute
elevation in eHSP70 may reduce whole-body sensi-
tivity to Toll-like receptors 2 and 4 (TLR2/4), a known
inducer of inflammation and insulin resistance
[22

&&

]. The accumulative effects of heat therapy on
eHSP70 levels remain to be determined.
‘CONS’ FOR THE USE OF HEAT THERAPY
IN DIABETES

Although considered safe, some studies have raised
concerns about the use of heat therapy [3,23–30].
 Copyright © 2015 Wolters Kluwer 
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The worries vary from allergy problems [23,24], risk
of miscarriage [25], ketoacidosis [1], physical inju-
ries, and death risks [3]. The findings on the risks
involving sauna and hot tubs are controversial, and
fatal outcome is rare, but does happen.

The most intriguing study, considering the risk of
death using heat therapy, was a retrospective study
which described the epidemiological circumstances
and physical findings at autopsy in a total of 268
victims who were found unconscious or dead during
hot tubbing in Japan [3]. The results have shown that
death was attributed to natural causes in 71% and
accidental drowning in 23%, whereas the other 6%
died due to unidentified reasons. The reason why
acute deaths in a hot bath tub occur with extremely
high frequency in Japan remains unknown, but it
may be linked to the high temperature of the water
(41–428C) or the advanced age of the patients
(between 70 and 90 years). This may explain the
majority of the deaths by natural causes. It has been
suggested that elderly patients have less ability to
control their body temperature [26]. For this reason,
the use of lower temperatures for heat therapy in this
population may be indicated.

Regarding the miscarriage risk during heat
therapy or the risk of structural birth defects, the
results suggest that women who use hot tubs more
than once during early pregnancy and for long
periods have an increased risk of certain birth defect
phenotypes [25]. The major conclusion from the
studies correlating heat therapy with miscarriage
is that pregnant women, during the first 4 weeks
from the last menstrual period, should avoid the use
of heat therapy [25]. In addition, it is recommended
that pregnant women should use heat therapy with
temperatures that would maintain their body
temperature below 38.98C [25]. Fertility has also
been suggested to be negatively affected by heat
therapy; however, studies have shown that sauna
bathing does not influence fertility, or if it does, the
effect is temporary and reversed immediately after
the heat therapy session [27,28].

Allergy, pneumonia, and inflammation have
also been reported; however, these are minor
reports. For example, the detection of high numbers
of Pseudomonas aeruginosa in a hot tub indicates
massive biofilm formation in the bath circulation
[23,24,29]. The increasing popularity of hot tubs
demands increased awareness about potential
health hazards associated with deficient hygienic
maintenance [23,24,29]. For this reason, the use
of chemicals to treat the water, such as potassium
peroxymonosulfate (PPMS), is normal in pools and
hot tubs [30]. Apparently, allergy to PPMS appears to
be much more common than previously known
[30].
Health, Inc. All rights reserved.
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Table 1. Provisional guide for the use of heat therapy in obesity and diabetes

Question Comments Final suggestion

Sauna or hot tub? Apparently, they are both effective to elevate body temperature and
induce beneficial effects. They are also well tolerated. However,
considering the risks of allergy and contagious problems reported,
sauna may be safer to be used.

Either sauna or hot tub

What is the best
temperature to
use in HT?

The temperature used, well accepted, and considered well tolerated in
most studies are, using sauna – 80–1008C (wet sauna-traditional),
whereas for hot tub – 408C, to induce a significant increase in the core
temperature. To reach higher core temperatures in humans, the
exposure to HT needs to be longer than 50 min. For instance, patients
submitted to 50min bath with increasing water temperature (418C) can
reach a body core temperature of 398C. However, this temperature
may not be well tolerated or comfortable for this population.

80–1008C (wet sauna); water
at 408C for hot tub; free access
to water after the session to
avoid dehydration

Time of each session? Most of the trials done in human have found that approximately 15 min is
enough to result in cardiovascular and metabolic improvements.

15 min

For how long HT
should be used?

The effects of HT have been evaluated in short and long-term therapies,
from 2 to 12 weeks. On the basis of the results obtained, we suggest
that, for obese and diabetic people, an initial trial of 3 months’ therapy,
three times per week, should be well tolerated and sufficient to induce
benefits in metabolism, cardiovascular function, body composition, and
inflammation.

3 months

HT, heat therapy.

Heat therapy for type 2 diabetes Krause et al.
People with hypertension are commonly
warned to check with a physician before using a
hot tub, but there is little literature on which to base
this advice. However, there are some cardiovascular
contraindications for the use of heat therapy, such
as severe aortic stenosis, unstable angina pectoris,
recent myocardial infarction, decompensated heart
failure, and cardiac arrhythmia [1]. Finally, in
people with diabetes and using insulin adminis-
tration, heat therapy may induce the risk of ketoa-
cidosis [1] because plasma concentrations of several
counter-regulatory hormones, including growth
hormone and glucagon, are increased by exposure
 Copyright © 2015 Wolters Kluwe

Table 2. Contraindications for the use of heat therapy

Contraindication Comments

Pregnancy Relative low risk. However,
period, should avoid the u
temperatures that would m
pregnancy, HT is not indi

Anhidrosis or any condition that
reduce sweat production

Since anhidrosis creates a d

Path delivery system medications These should be avoid or co
may increase the delivery

Unstable cardiovascular diseases These include: severe aortic
decompensated heart failu

Allergy to potassium peroxymonosulfate
(PPMS): for hot tub only

Patients with the highest risk
identifiable cause of wide
with this picture should be

HT, heat therapy.

1363-1950 Copyright � 2015 Wolters Kluwer Health, Inc. All rights rese
to hyperthermia [1] and the risk of hypoglycemia
due to enhanced insulin absorption [1].
A PROVISIONAL GUIDELINE FOR THE USE
OF HEAT THERAPY IN DIABETES

If heat therapy is capable of inducing positive modi-
fications on insulin sensitivity, inflammation,
reduction of body weight, and fat mass in humans,
what is the ideal method? On the basis of the small
number of human studies, this question is difficult
to answer; however, we are suggesting a provisional
method for the use of heat therapy in obesity and
r Health, Inc. All rights reserved.

pregnant women, during the first 4 weeks of the last menstrual
se of HT. After this period, pregnant women should use HT with
aintain her body temperature below 38.98C. In case of high-risk

cated.

angerous inability to tolerate heat, HT is not indicated.

ntrolled during HT since increments on skin temperature/blood flow
rate.

stenosis, unstable angina pectoris, recent myocardial infarction,
re, and cardiac arrhythmia.

are men between the ages of 45 and 80. This is a relatively easily
spread, recalcitrant, severe dermatitis, and all patients presenting
questioned about hot tub use.
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diabetes (Table 1). However, prior to the initiation of
heat therapy, it is important to make sure that the
patient is not within the list of contraindications
(Table 2).
CONCLUSION

Heat therapy is a promising and inexpensive tool to
be included in prevention and treatment of seden-
tary (or unable to perform exercise) obese and dia-
betic people. We proposed that, the transient
increments in the nitric oxide and HSP70 levels
may explain the benefits of heat therapy. The lim-
ited data in humans suggest that heat therapy may
improve patient health, but additional trials are
needed to confirm this outcome. Finally, on the
basis of the available data, we suggest that heat
therapy (traditional sauna: 80–1008C; hot tub: at
408C) for 15 min, three times per week, for 3
months, is a well tolerated method to test the effi-
ciency of this therapy in this population.
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