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ABSTRACT
Aims: Type-2 diabetes mellitus (T2DM) is a common health condition which prevalence increases with
age. Besides lifestyle modifications, passive heating could be a promising intervention to improve gly-
cemic control. This study aimed to assess the efficacy of passive heat therapy on glycemic and cardio-
vascular parameters, and body weight among patients with T2DM.
Methods: A systematic review and meta-analysis were reported according to PRISMA Statement. We
conducted a systematic search in three databases (MEDLINE, Embase, CENTRAL) from inception to 19
August 2021. We included interventional studies reporting on T2DM patients treated with heat ther-
apy. The main outcomes were the changes in pre-and post-treatment cardiometabolic parameters
(fasting plasma glucose, glycated plasma hemoglobin, and triglyceride). For these continuous variables,
weighted mean differences (WMD) with 95% confidence intervals (CIs) were calculated. Study protocol
number: CRD42020221500.
Results: Five studies were included in the qualitative and quantitative synthesis, respectively. The
results showed a not significant difference in the hemoglobin A1c [WMD �0.549%, 95% CI (�1.262,
0.164), p¼ 0.131], fasting glucose [WMD �0.290mmol/l, 95% CI (�0.903, 0.324), p¼ 0.355]. Triglyceride
[WMD 0.035mmol/l, 95% CI (�0.130, 0.200), p¼ 0.677] levels were comparable regarding the pre-, and
post intervention values.
Conclusion: Passive heating can be beneficial for patients with T2DM since the slight improvement in
certain cardiometabolic parameters support that. However, further randomized controlled trials with
longer intervention and follow-up periods are needed to confirm the beneficial effect of passive
heat therapy.
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Introduction

The rapidly rising incidence and prevalence of type-2 dia-

betes mellitus (T2DM) and its associated diseases are global

health problems. The diabetes epidemic is related mainly to

overnutrition, sedentary lifestyle, and obesity [1].
Individuals with type-2 diabetes mellitus have an

increased risk of all-cause mortality due to macrovascular

complications like cardiovascular and cerebrovascular dis-

eases [2,3]. Moreover, diabetes is associated with

microvascular complications, including nephropathy, neur-
opathy, retinopathy, and nonvascular consequences, like
increased risk of cancer and infection-related reactions [4].

T2DM is characterized by hyperglycemia, resulting from
the malfunction of the feedback loops between insulin
secretion and insulin action [5]. Defects of insulin action or
insulin resistance in the adipose tissue, skeletal muscle, and
liver are related to visceral obesity, hyperglycemia-induced
oxidative stress, systemic subclinical inflammation, adipokine
dysregulation, altered lipid metabolism, and derangements
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in the insulin-signaling pathway [6]. These factors are deriv-
ing from a highly complex network that promotes, main-
tains, and augments insulin resistance and eventually leads
to the macro-micro and nonvascular complications of
T2DM [7].

The management of T2DM should focus on hypergly-
cemia, insulin resistance, prevention or attenuation of
late-onset complications, and reduction of cardiovascular and
all-cause mortality.

Lifestyle modifications like nutritional changes and phys-
ical activity enhancement play an essential role in managing
glycemic control in T2DM and reduce cardiovascular risks.
Regular physical activity improves insulin sensitivity, glycemic
control, lipid profile, and immune function; it simultaneously
lowers blood pressure and ultimately decreases cardiovascu-
lar and overall mortality [8]. Lifestyle modification and
adequate drug therapy would be an ideal and effective com-
prehensive treatment of T2DM. Unfortunately, compliance to
physical activity is often poor, or effective exercise is impos-
sible due to obesity or neuro-musculoskeletal disorders [9].
Further observed issue is the noncompliance of patients with
taking the antidiabetic medications regularly [10].

Passive heating in the forms of sauna, hot tub bathing,
hot water spa, or balneotherapy is a traditional pursuit in
many cultures. Several studies found beneficial effects of fre-
quent passive heating on cardiovascular health, including
reducing the risk of cardiovascular mortality [11], hyperten-
sion [12], coronary heart disease, and stroke [13].

Numerous studies performed in nondiabetic populations
reported the positive impact of frequent passive heating on
glucose metabolisms, like improved fasting glucose, insulin
concentrations, insulin sensitivity [14–16], and lipid parame-
ters [17]. Studies also reported the amelioration of inflamma-
tory profile and insulin signaling [14].

There are emerging data about the possible underlying
mechanisms of these favorable outcomes. Heat exposure
induces microvascular remodeling in muscle tissue, leading
to increased glucose uptake, activating heat shock protein
expression, inhibiting inflammatory processes, lipogenesis,
and oxidative stress [18]. Heat also stimulates adiponectin
signaling resulting in improved insulin sensitivity [19].

Passive heating might be an alternative intervention to
replicate the beneficial effects of regular physical activity and
improve cardiometabolic health in T2DM.

The study aimed to investigate whether passive heat ther-
apy could be an effective strategy in managing T2DM.

Methods

We reported our systematic review and meta-analysis accord-
ing to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) 2009 Statement [19]. We regis-
tered the study protocol in advance to the International
Prospective Register of Systematic Reviews (PROSPERO:
CRD42020221500). We did not deviate from the registered
protocol (see https://www.crd.york.ac.uk/prospero).

Search and selection

A systematic search was performed on 1 October 2020, in
the following medical databases: MEDLINE (via PubMed),
EMBASE, and Cochrane Central Register of Controlled Trials
(CENTRAL). The following search key was used: (hydrotherapy
OR balneotherapy OR "heat expos�" OR "passive heat�" OR
"heat therap�" OR "water immers�" OR "hot tube" OR "hot
bath" OR "warm bath" OR ((increased OR elevated) AND "body
temperature")) AND (diabetes OR diabetic OR diabet� OR
hyperglyc� OR ((glycemic OR glycaemic) AND control) OR "insu-
lin resistance" OR "insulin sensitivity" OR "hemoglobin a1c" OR
"HbA1c" OR "glucose tolerance" OR "metabolic syndrome").

We did not use language or other restrictions. We
checked the reference lists of all eligible studies and review
articles for additional references.

Two review authors independently (SV, SK) read the titles,
abstracts, and full texts of the selected abstracts. A third
review author (FD) resolved any disagreement.

Eligibility

We searched for articles reporting on (P) patients with T2DM,
(I) treated with chronic passive heat therapy. The control
groups were either patients with thermoneutral therapy (C1)
or the same patients’ baseline status was used as control
(C2). The outcomes of interest (O) were pre-and post-treat-
ment cardiometabolic parameters (fasting plasma glucose,
glycated plasma hemoglobin, cholesterol, triglyceride, C-
reactive protein, blood pressure, weight, waist circumference,
body mass index).

Heat therapy was defined as an intervention characterized
by whole-body passive heating regardless of the environ-
mental medium. In contrast to active heating, the chronic
passive heating consists on several sessions of heat therapy
and monitor the long-term changes of physiological parame-
ters [20].

Regarding study design, randomized controlled studies,
cohort studies, or case-series reporting on any of the investi-
gated outcomes in T2DM patients before and after heat
exposure were eligible. We excluded articles with no avail-
able full text.

Data extraction

Data were extracted in a pre-defined Excel (Microsoft
Corporation, Redmond, Washington, United States) datasheet
by one review author and verified by a second.

The following data were extracted for each eligible article:
the first author, year of publication, country of origin, time
interval and place of the study, study design, basic demo-
graphic characteristic (female percentage, age, number of
patients), numerical values for the outcomes pre-and post-
treatment (mean, standard deviation, median, interquartile
range, or range).

INTERNATIONAL JOURNAL OF HYPERTHERMIA 1651

https://www.crd.york.ac.uk/prospero


Data synthesis

For the meta-analysis, we used Stata 15 data analysis and
statistical software (StataCorp LLC, College Station, TX, USA)
if at least three different articles discussed the same out-
come. For continuous outcomes (glycated hemoglobin –
HbA1c, fasting glucose, triglyceride), we calculated weighted
mean differences (WMD) with 95% confidence intervals (CIs)
to investigate the differences between baseline and post-
treatment. The random effect model was used to calculate
the pooled estimates using the DerSimonian-Laird method
[21]. A p< 0.05 was considered statistically significant.
Heterogeneity was tested with the v�2 (v2) test and the I�2
statistic. A p< 0.10 was considered significant.

We did not carry out a meta-analytical calculation for the
heat therapy vs. thermoneutral therapy comparison because
of the low number of included studies. We discussed these
results in our qualitative synthesis.

Risk of bias assessment

We used the Cochrane risk-of-bias tool for randomized trials
(RoB 2) [22], and for nonrandomized studies of intervention,
the ROBINS-I tool was applied [23]. Because the number of
included articles was less than ten, we did not analyze publi-
cation bias. Quality assessment was performed by two review
authors independently. Disagreements were resolved
by consensus.

Results

Search and selection

The results of our systematic search and selection detailed
on a Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) Flowchart can be seen in Figure 1.
The systematic search yielded 5 [24–28] eligible articles for
the qualitative and quantitative analysis, including the data
of 193 patients.

Basic characteristics of included studies

The characteristics of the included studies are summarized in
Table 1. Out of these, five studies reported on the effect of
heat-therapy on changes in laboratory parameters included
HbA1c, fasting glucose, and triglyceride levels. The propor-
tion of females in these studies changed between 37.5 and
100%, while the age varied between 43 and 75 years.

Quantitative synthesis

Changes in HbA1c levels
Weighted mean difference (WMD) in HbA1c levels pre-and
post-intervention was calculated for 4 studies and did show
slight difference what is not statistically significant [WMD
�0.549%, 95% CI (-1.262, 0.164), p¼ 0.131] (Figure 2). Two
out of the four included studies showed a significant differ-
ence in the HbA1c pre-and post-interventional levels. [25,27]

Changes in fasting glucose levels
In the case of fasting glucose levels, we analyzed five studies.
The result of the analysis did not show any statistically sig-
nificant difference in the fasting glucose levels pre- and
post-intervention [WMD �0.290mmol/L, 95% CI (-0.903,
0.324), p¼ 0.355] (Figure 3).

Changes in lipid levels (cholesterol, HDL, LDL, TG) – sup-
plement figure
We cannot describe any statistically significant difference
regarding different lipid levels (cholesterol, HDL, LDL, TG) in
patients pre- and post-intervention. Based on three articles,
the WMD in TG levels pre- and post-intervention was calcu-
lated [WMD 0.035mmol/L, 95% CI (�0.130, 0.200), p¼ 0.677]
(Figure 4).

Qualitative synthesis

Three out of the five included [24–26] articles reported on
other laboratory parameters and the changes in the body
weight, blood pressure, and heart rate, pre-, and post-inter-
vention. We summarized these parameters in Table 2. Based
on the paper of Koçak et al. [26] we can observe that
HOMA-IR, leptin-, visfatin, and cortisol levels showed a slight
decrease after the intervention, while the insulin, CRP, adipo-
nectin levels and ESR increased compared to pre-intervention
measures. Beever et al. [24] reported a decreased systolic
blood pressure and heart rate. Two articles [24,25] measured
changes in body weight in the follow-up period; the mean
body weight showed a mild decrease in one of the studies
[25] but increased in the other one [24] compared pre- and
postinterventions weight and BMI.

Two out of the five enrolled studies were randomized
controlled trials [27,28]. In these investigations, besides
HbA1C, fasting glucose, lipid levels, other laboratory parame-
ters such as 2-h postprandial glucose level, CRP, ferritin, etc.,
were measured. No statistically significant changes were
observed. These laboratory changes are demonstrated in
Table 3.

Risk of bias assessment and publication bias

Summary of risk of bias assessment for each outcome is
included in Supplementary Figure 1-8. Using the ROBINS-I
tool, we found a moderate to high overall risk of bias for all
outcomes. Similarly, using the RoB 2 tool, the risk of bias
was graded ’some concerns’ for HbA1C, fasting plasma glu-
cose, cholesterol, triglyceride, and CRP.

Discussion

This meta-analysis and systematic review aimed to investi-
gate the effect of repetitive or chronic passive heating on
glycemic control, insulin resistance, and cardiovascular risk
factors in type-2 diabetes mellitus. Our study found no sig-
nificant reduction in fasting plasma glucose and HbA1c,
although there was a trend toward improvement.
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Although an increasing number of animal and human
studies report positive effects of chronic passive heating on
cardiometabolic health, a limited number of studies investi-
gate this intervention in individuals with type-2 diabetes.

With different lengths of interventional periods (12weeks
to 5months), experimental animal models have proven the
positive effect of heat therapy on glucose homeostasis
[29–31]. It is hypothesized that a sufficient heat stimulus is

Figure 1. Process of the systematic search and selection.

Table 1. Basic characteristics of included studies.

Study Country Study type
Total number of

patients (female %)
Age

(years) Intervention

Hooper et al. (1999) USA prospective cohort 8 (37.5) 43–68 hot tube immersion, 37.8 �C�41.0 �C
30min 6x/week for 3 weeks

Qiu et al. (2014) China randomized controlled
trial (RCT)

128 (39.84) 61–65 þ/� 9.32 spa therapy,
39þ/-1 �C
20min, for 4 weeks

Beever et al. (2010) Canada prospective cohort 15 (no data) 50–75 infrared sauna
20min 3x/week for 12weeks

Koçak et al. (2020) Turkey prospective case-control 22 (100) 58.35þ/� 9.84 spa therapy, 42 �C
20min 5x/week for 3 weeks

Ol�ah et al. (2011) Hungary randomized controlled
trial (RCT)

20 (no data) 59–61 (7.1 SD) spa therapy, 38 �C
30min, 5x/week for 3weeks
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required for glycemic control amelioration since a specific
core body temperature rise is necessary for an adequate
heat shock protein (HSP) response. There is an existing con-
sensus that states the threshold of the heat adaptation of
humans is a core body temperature of 38.5 �C and above,
this temperature is enough to stimulate and increase the
abovementioned HSP response [32]. The induction or restor-
ation of HSPs benefits low-grade inflammation, oxidative
stress, insulin signaling, and insulin resistance. Indeed, in
murine models, the achieved and investigated body tem-
perature was higher than it would be acceptable and safe in
humans [33]. However, Hooper et al. [25] found significant
improvements in HbA1c and fasting glucose at a tolerable

rise of core body temperature (0,8 �C). Further studies are
required to find an effective but safe temperature rise, espe-
cially in T2DM patients with impaired thermoregulation and
altered thermal sensitivity caused by peripheral neur-
opathy [34].

Acute heat causes an elevation in fasting plasma glucose
in patients with diabetes [35], and especially in individuals
with insulin resistance, repetitive passive heating interven-
tions result in improved glycemic control [14]. Another study
investigating the effect of passive local heating and mild
electric stimulation in patients with T2DM showed improved
metabolic parameters and found a positive correlation
between the magnitude of the improvements and the

Figure 2. Forest plot shows that heat-therapy has a slight effect without statistically significant difference in Hemoglobin A1c levels in patients with Type 2
Diabetes Mellitus before and after heat therapy.

Figure 3. Forest plot shows that heat-therapy has a slight effect without statistically significant difference in fasting glucose levels in patients with type-2 diabetes
mellitus before and after heat therapy.
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lengths of intervention [36]. In a recent cross-sectional study
by Kamioka et al., a higher frequency of heat intervention
(hot water bathing) associates with decreased risk of poor
glycemic control in patients with type-2 diabetes [37].

The beneficial metabolic effects of heat therapy are
mainly due to an increase in the expression of intracellular
heat shock proteins (HSPs). This response is increased with
the frequency of intervention [38]. HSPs have anti-inflamma-
tory effects; they decrease inflammatory cytokines like TNF-a
hence ameliorating insulin signaling and improving insulin
sensitivity [39,40].

Two of the included studies found a significant decrease
in HbA1c level [25,27]. Significant improvement in fasting
plasma glucose was measured in two of the enrolled studies
as well [25,26].

Hooper et al. included only eight patients with poor gly-
cemic control into his study. In these patients, the effect of
any glucose-lowering intervention was more detectable, but
the reason of it is unknown (probably according to HbA1c
and fasting plasma glucose). Ol�ah et al. found [27] that in
the interventional group decrease of HbA1c level after
12weeks follow-up was no more observed. The lowering of

Figure 4. Forest plot shows that there is no statistically significant difference in lipid levels in patients with Type 2 Diabetes Mellitus before and after heat therapy.

Table 2. Summary of findings.

Study Parameter Pre-intervention: mean (SD) Postintervention: mean (SD) p-value (�p< 0.05 singificant)

Koçak et al. (2020) Insulin (U/l) 14.08 (12.73) 14.17 (12.41) 0.643
Koçak et al. (2020) HOMA-IR 4.23 (3.82) 3.54 (2.84) 0.573
Koçak et al. (2020) CRP (mg/dl) 0.47 (0.42) 0.52 (0.37) 0.338
Koçak et al. (2020) ESR (mm/h) 10 (6.77) 10.9 (6.84) 0.657
Koçak et al. (2020) fibrinogen 253.47 (78.77) 272.96 (62.78) 0.272
Koçak et al. (2020) leptin 9.84 (6.67) 7.76 (5.72) 0.001*

Koçak et al. (2020) adiponectin 6.13 (5.2) 7.82 (6.59) 0.001*

Koçak et al. (2020) visfatin 2.34 (2.42) 1.34 (1.59) <0.001*
Koçak et al. (2020) cortisol 0.38 (0.16) 0.37 (0.21) 0.887
Beever et al. (2010) Systolic blood pressure (mm Hg) 124 (12) 118 (15) 0.05*

Beever et al. (2010) Diastolic blood pressure (mm Hg) 74 (9) 71 (10) 0.32
Beever et al. (2010) Pulse (bpm) 71 (13) 68 (8) 0.49
Beever et al. (2010) Weight (kg) 98.7 (18) 99.5 (17.9) 0.26
Beever et al. (2010) BMI (kg/m2) 35.1 (7.2) 35.5 (7.5) 0.27
Hooper et al. (1999) Weight (kg) 104.7 (5.3) 103 (5.14) 0.08

Abbreviations: HOMA-IR: Homeostatic model assessment-insulin resistance; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; BMI: Body Mass Index;
SD: Standard deviation.
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fasting plasma glucose showed by Koçak et al. [26] can be
caused by improved insulin resistance: patients in his study
were extremely obese.

These results might suggest that the possible beneficial
effects of heating are correlated to the frequency and/or dur-
ation of heat intervention. This might also explain the lack of
significant changes in glycemic control (HbA1c; and fasting
glucose). The included studies have too short interventional
period to achieve a significant improvement in glucose
homeostasis.

T2DM is also associated with atherogenic dyslipidemia,
which is essential in the therapy. In this meta-analysis, there
were no significant changes in total cholesterol level, low-
density lipoprotein (LDL) level, and high-density lipoprotein
(HDL) level. In three of the enrolled studies [24,26,27], lipid
levels were measured before and after the interventions, and
only Koçak et al. [26] found a significant decrease in LDL
cholesterol.

It is well known that exercise can improve diabetes-associ-
ated dyslipidemia, but the effect of a theoretically similar
intervention like chronic passive heating is controversial in
other studies. Kondo et al. could detect positive outcomes in
lipids with a local (abdominal) heating method combined
with electric stimulation [36]. Another study with a duration
of 8-10weeks planned for effects of heat therapy on insulin
resistance (polycystic ovarium syndrome) had beneficial
results in glucose homeostasis and lipid profiles [41]. Since
insulin resistance plays a pivotal role in developing dyslipide-
mia associated with diabetes, improvement of insulin sensi-
tivity and glycemic control could also lead to amelioration of
lipid profile. Since all of these above-mentioned interven-
tions, such as exercise, diet and passive heating are inexpen-
sive methods for supporting the antidiabetic therapies, the
combination of them could be very useful as well [42].

Glucose regulation and is also related to adequate adipo-
kine balance. Adipokines secreted by adipocytes play a cru-
cial role in appetite and satiety balance, fat store regulation,
insulin release, and sensitivity [43]. The development and
progression of T2DM are associated with adipokine dysregu-
lation related to visceral obesity, as adipokines in this setting
alter insulin signaling pathway and affect low-grade inflam-
mation, contributing to insulin resistance [44]. Koçak et al.

[26] studied the effect of passive heating on serum adipo-
kines. They found a significant elevation in the level of
adiponectin (‘good adipokine’), it has anti-diabetic, anti-
inflammatory, and anti-atherogenic effect- [45,46] and a sig-
nificant reduction in leptin and visfatin levels after 3weeks
of spa therapy, which then may be associated with an
improvement of low-grade inflammation and insulin sensitiv-
ity [46–48]. Another study reported significant improvement
of serum leptin after spa therapy (combined with strict diet)
in obese males with or without diabetes, a significant
decrease in visfatin in obese, but not in individuals with dia-
betes. In contrast, no significant change in adiponectin levels
were observe after a three-week spa therapy program in
obese, diabetic participants [49]. The different results partly
could come from the various study populations.

According to the included studies, CRP level as a marker
of inflammation is not changed. Former studies showed the
beneficial effect of heat therapy on CRP level: among mor-
bidly obese patients with balneotherapy combined with diet
and exercise [50], also a trend was observed among patients
with a degenerative musculoskeletal disease or with hyper-
tension under balneotherapy [27,51] or patients with fibro-
myalgia [52]. With a longer intervention period, heat therapy
can be an option for ameliorating low-grade inflammation
observed in obesity and T2DM. It can be connected with
increased expression of HSPs, as mentioned above [53].

The bodyweight lowering effect of heat therapy is
unclear: probably combined and longer therapy is needed to
achieve the required effect, but that is known that the
human body during heat adaptation is lowering its resting
metabolic rate (RMR) to aid in the reduction of resting core
body temperature [54]. This would result in the reduction of
calory expenditure and increase in weight gain in sitting
individuals. However hot water bathing results in acute rises
of RMR during the period of heating [55]. Passive heating
has a beneficial effect on vascular dysfunction and systemic
and diastolic blood pressure [56]. Increased skin blood flow
through alteration of the shear pattern of arterial blood flow
finally enhances vascular remodeling and endothelial func-
tion [57]. Due to repeated heat exposure, increased expres-
sion of HSP90 results in an increased amount of nitric oxide,
consequential vasodilatation, reduce sympathetic activity

Table 3. Summary table with the findings of the randomized controlled studies.

Study Parameter

Intervention Control p-value

Pre-intervention:
mean (SD)

Postintervention:
mean (SD)

Pre-intervention:
mean (SD)

Postintervention:
mean (SD) (p< 0.05)

Qiu et al. 2014 Fasting glucose
(mmol/l)

7.12 (1.85) 6.99 (2.01) 7.35 (2.03) 7.22 (2.24) NS

Qiu et al. 2014 2-h postprandial
glucose (mmol/l)

12.45 (4.47) 12.38 (3.04) 12.14 (3.12) 12.03 (2.97) NS

Qiu et al. 2014 HbA1c (%) 8.02 (2.13) 7.85 (2.27) 7.81 (2.21) 7.72 (2.02) NS
Ol�ah et al. 2011 Cholesterol (mmol/l) 6.17 (1) 6.24 (1.37) 6.48 (1.46) 6.32 (1.28) NS
Ol�ah et al. 2011 Triglyceride (mmol/l) 1.96 (0.9) 1.98 (0.97) 1.82 (1.07) 1.94 (1.51) NS
Ol�ah et al. 2011 HDL (mmol/l) 1.51 (0.28) 1.44 (0.33) 1.46 (0.41) 1.48 (0.24) NS
Ol�ah et al. 2011 LDL (mmol/l) 3.77 (0.86) 3.91 (1.15) 4.2 (1.2) 3.97 (1.2) NS
Ol�ah et al. 2011 Glucose (mmol/l) 5.38 (0.96) 5.61 (1.11) 5.82 (1.3) 5.61 (0.81) NS
Ol�ah et al 2011 HbA1c (%) 6.11 (0.76) 6.18 (0.53) 6.01 (0.57) 6.25 (0.65) NS
Ol�ah et al 2017 CRP (mg/l) 5.39 (5.33) 3.98 (2.65) 6.89 (6.8) 7.15 (6.66) NS

Abbreviations: HbA1C: Hemoglobin-A1c; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; CRP: C-reactive protein; SD: Standard deviation; NS: not
significant.
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[58]. It offers an opportunity to improve metabolic and car-
diovascular function and reduce cardiovascular events
risk [59].

In summary, chronic heat therapy has promising effects
on cardiometabolic dysfunction in patients with T2DM.
Further randomized controlled study with longer intervention
is needed to detect beneficial results for high-risk T2DM
patients who cannot exercise regularly.

Strengths and limitation

Our study is the most comprehensive systematic review and
meta-analysis in this field. One of the strengths of this study
is that the rigorous methodology adhering to the latest inter-
national standards was applied. Furthermore, currently, this
meta-analysis contains the most outcomes relevant to this
topic. This study has several limitations as well. Based on our
assessment, the risk of bias was moderate/some concern or
high in most studies. These studies contain relatively low
numbers of patients, which could contribute to the border-
line significant results by decreasing the analyses’ statistical
power. Some of our results are affected by statistical hetero-
geneity, probably due to the slight differences in the
interventions.

Implication for practice and research

Heat therapy seems to be a good candidate to complement
the standard treatment of these patients. Good quality
randomized controlled trials are required to elucidate the
potential of heat therapy in T2DM and further specify the
target population of this treatment who benefit most from
heat therapy.

Our findings support the potential role of heat therapy in
the treatment of T2DM. Despite the non-significant results, a
clear tendency toward improved glycemic control was
observed. To enhance the role of these effects, further ani-
mal studies could be helpful as well.

Previous reports

Hereby, we state that there is no previous submission or
report that might be regarded as redundant publication of
this work.
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