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Abstract

Background. Type 2 diabetes mellitus affects approximately 589 million adults worldwide and is projected to
reach 900 million by 2050. Current management is limited by high treatment costs, low patient compliance,
and disability caused by complications. Passive heat therapy has attracted growing scientific interest as an
accessible complementary intervention.

Aim. To evaluate whether passive heat therapy offers benefit as a complementary treatment in patients with
type 2 diabetes and its complications.

Material and Methods. Narrative literature review using PubMed, Google Scholar, and Scopus databases.
Search terms included: "Finnish sauna", "passive heat therapy”, "hot water immersion"”, "diabetes", and
"diabetes complications". Only English-language publications were included with no time restrictions.
Results. Repeated heat therapy sessions improved fasting plasma glucose and HbA1c, while single exposures
produced no measurable glycaemic benefit. Heat therapy was associated with increased insulin sensitivity and
HSP-70 upregulation. Regular sauna use reduced cardiovascular mortality, improved endothelial function, and
lowered blood pressure. Preliminary evidence suggests benefits in retinopathy, nephropathy, neuropathy, and
diabetic foot perfusion.



Conclusions. Passive heat therapy shows promise as a complementary intervention in type 2 diabetes,
particularly regarding cardiovascular outcomes and glycaemic control. Evidence is currently limited by small
sample sizes and heterogeneous protocols. Patients on insulin therapy should be monitored for hypoglycaemia
during heat exposure.

Key words: Finnish sauna, heat therapy, type 2 diabetes mellitus, HSP-70, glycaemic control
cardiovascular complications

1. Introduction

Heat therapy is a common health practice around the globe. Thermal baths in ancient Greece and Rome, Turkish
hammam, Japanese onsen, Russian banya and Finnish sauna are all examples of how throughout history different
civilisations attributed beneficial health properties to passive heating of the whole body. In modern times, with
rapid technological advancements in medicine and a focus on pharmacological treatment, traditional methods have
been sidetracked. However, recently, with the publication of several articles on the benefits of heat therapy in
patients with cardiometabolic [1], respiratory [2] and cognitive diseases [3], the interest of researchers is shifting
back towards the potential benefits of heat therapy, especially Finnish sauna.

Diabetes is currently one of the fastest growing global epidemics [4], estimated in 2024 at around 589 million
adults, constituting approximately 11% of the global adult population, and projected to reach 900 million by 2050
[5]. It poses a major challenge to healthcare professionals around the world. Current general treatment of type 2
diabetes is focused on reducing complications through management of body weight and glycaemia, achieved
through lifestyle modifications such as dietary restrictions and exercise, along with pharmacological therapy [6].
The high financial burden of newer generation pharmaceuticals, low compliance with lifestyle changes, and the
high prevalence of disability caused by complications preventing exercise [7, 8] attenuate the effects of standard
treatment in individual patient groups. There is therefore a need for additional treatment methods. The purpose of
this article is to assess the potential of passive heat therapy as a complementary tool in the management of type 2
diabetes and its most common complications.

Type 2 diabetes is a chronic metabolic disease characterised by insulin resistance and progressive
hyperinsulinaemia, followed by insulin deficiency due to pancreatic beta cell failure [9]. Long-term
hyperglycaemia caused by insulin resistance leads to both macro- and microvascular damage, resulting in life-
threatening complications such as ischemic heart disease, cerebrovascular disease, retinopathy, neuropathy, and
nephropathy.

2. Heat Shock Proteins

Heat acclimatisation leads to an increase in heat shock protein (HSP) expression [10]. HSPs are proteins whose
expression is triggered in cells by exposure to stress. They act as molecular chaperones, protecting and repairing
other proteins to prevent cellular damage [11]. HSP-70 is the most extensively researched HSP family, and one of
its members — HSP-72 — has been found to be associated with the pathogenesis of type 2 diabetes. Reduced HSP-
72 expression has been reported to increase insulin resistance through activation of JNK kinase, which leads to
phosphorylation of IRS-1 (insulin receptor substrate 1), disrupting insulin receptor function [12].

However, HSP-70 may play a dual role in the pathophysiology of type 2 diabetes depending on its cellular
localisation. The intracellular fraction (iHSP-70) is associated with an anti-inflammatory role, while the
extracellular fraction (eHSP-70) promotes inflammation by inducing neutrophil activity, activating natural killer
(NK) cells, and increasing production of pro-inflammatory cytokines [13]. HSP-70 levels have been found to be
elevated in diabetic patients [14, 15].



Animal studies confirmed the beneficial effect of HSP-72 by demonstrating that increasing its expression reduced
insulin resistance and hyperglycaemia [16]. Some of these studies used whole-body heating as the method to induce
HSP-72 expression, suggesting heat therapy’s potential as a tool to combat diabetes [17, 18, 19]. Research in
humans has shown that heat exposure upregulates the HSPA1A gene, which encodes HSP-70-1 [20]. However,
studies comparing HSP-70 levels before and after heat exposure in humans have yielded conflicting results, with
some demonstrating an increase [21, 22] and others showing no significant difference [23, 24, 25].

Regardless, researchers broadly agree that while better standardised research is needed, passive heat exposure may
be useful in the treatment of type 2 diabetes and other metabolic diseases. This potential extends beyond HSP-
mediated pathways, with a growing body of evidence examining the direct effect of heat therapy on glycaemic
markers and metabolic control, as discussed in the following section.

3. Effect on Glucose Metabolism

Diabetes is diagnosed when one of the following criteria is met: HbAlc >6.5%, fasting plasma glucose (FPG) >126
mg/dL, 2-hour plasma glucose >200 mg/dL (>11.1 mmol/L) during an oral glucose tolerance test (OGTT), or a
random plasma glucose >200 mg/dL accompanied by symptoms of hyperglycaemia or hyperglycaemic crisis.
These markers are also used in the diagnosis of prediabetes [26], serve in monitoring disease progression and the
effectiveness of introduced therapy, and have been used as predictors of complication prevalence and morbidity.
Maintaining HbAlc below 7% reduces cardiovascular disease risk by 37%, and every percentage point above this
level increases the risk of macrovascular complications by 18% [27, 28].

Given the significance of glycaemic markers in both diagnosis and long-term outcomes, identifying non-
pharmacological strategies capable of improving them remains an important area of research. One such approach
that has attracted scientific interest is passive heat therapy, with early evidence suggesting it may positively
influence HbALc and fasting plasma glucose in patients with type 2 diabetes.

A study by Hooper in 1998 showed promise of passive heat therapy in the regulation of HbAlc and glycaemia in
diabetic patients. Over the three-week study period, participants’ fasting plasma glucose decreased from 182+37
mg/dL (10.1+2.0 mmol/L) to 159+42 mg/dL (8.8+2.3 mmol/L) (P=0.02), and mean glycosylated haemoglobin
decreased from 11.3£3.1% to 10.3+2.6% (P=0.004) [29]. These promising results incited scientists to further study
the effect of heat therapy on glycaemic control, with conflicting results.

Hooper’s study was included in a meta-analysis of 5 studies by Sebok et al., which showed only a slight, statistically
insignificant decrease in HbAlc and fasting glucose. However, the authors note that while mean levels showed no
overall improvement, two of the included studies individually demonstrated a significant change in HbAlc [29 ,30]
and two showed a significant change in fasting glucose level [29, 31].

In a separate study, hot water immersion repeated 8—10 times over 14 days resulted in increased fasted insulin
sensitivity and lowered fasted plasma insulin. However, postprandial insulin sensitivity (P=0.19), fasting plasma
glucose (P=0.40), and postprandial plasma insulin (P=0.47) were not significantly different. These results are
consistent with the broader pattern seen across the literature, in which chronic passive heating appears to improve
fasting glucose levels [32] and HbA1c [33], while postprandial glucose levels remain largely unaffected.

A meta-analysis of 14 studies by Maley et al. involving a single heat exposure found that isolated sessions did not
improve the glycaemic profile in diabetic individuals [34]. These findings suggest that any beneficial effect of
passive heating on glycaemic control requires repeated exposure rather than isolated sessions. Interestingly, one
included study also reported an increase in plasma leptin following heating — a hormone involved in satiety
regulation — which may warrant further investigation in the context of obesity management in diabetic patients.



4. Role of Heat Therapy in Type 2 Diabetes Complications

The most common cause of death in patients with type 2 diabetes are events related to long-term complications.
The highest morbidity is attributed to acute myocardial infarction, stroke, end-stage renal disease, and lower
extremity amputation [35]. Risk factors associated with an increased likelihood of developing complications
include male sex, smoking, presence of other complications, elevated HbAlc, and raised systolic blood pressure
[36].

Complications can be divided into microvascular — retinopathy, nephropathy, and neuropathy — and
macrovascular — cardiovascular, cerebrovascular, and peripheral artery disease.

Prolonged elevation of blood glucose causes dysregulation of cellular metabolic pathways throughout the body,
contributing to the development of complications. Researchers propose several theories to explain this mechanism:

AGE theory — Advanced Glycation End-products (AGESs) are formed by the binding of sugars to proteins, causing
structural damage and impairing various metabolic cascades, ultimately leading to tissue damage and
complications. Experimental evidence suggests that heat therapy may reduce AGE accumulation by upregulating
HSP expression, which helps protect proteins from glycation-related damage.

Aldose reductase theory — Under normal conditions, aldose reductase reduces harmful aldehydes to non-toxic
compounds. However, in hyperglycaemia, glycolysis is insufficient to process excess glucose, and the enzyme
begins reducing glucose to sorbitol and subsequently fructose, consuming the cofactor NADPH in the process.
NADPH is critical to many other cellular reactions, and its depletion may impair normal cell function. Heat therapy
has been proposed to partially mitigate this pathway through its anti-inflammatory and metabolic effects, though
direct evidence remains limited.

ROS theory — This hypothesis proposes that the intensification of cellular glucose metabolism during
hyperglycaemia leads to increased production of byproducts such as free radicals, which cause cellular damage.
Heat therapy may attenuate ROS production through HSP-mediated cytoprotection and improvements in
mitochondrial function.

PKC theory — Protein kinase C is activated during hyperglycaemia, modifying gene and protein expression,
leading to activation of growth factors and aberrant angiogenesis. Reductions in hyperglycaemia achieved through
repeated heat therapy sessions may indirectly reduce PKC activation.

All of these mechanisms contribute to the induction of inflammation, vascular damage, and pathological
angiogenesis [37]. The following subsections examine the evidence for heat therapy’s role in modulating both
macrovascular and microvascular complications.

4.1 Macrovascular Complications

Macrovascular damage is mostly attributed to endothelial dysfunction caused by hyperglycaemia and insulin
resistance. It leads to an increase in Reactive Oxygen Species (ROS) production, causing cellular damage and a
reduction of endothelial nitric oxide synthase (eNOS) mediated NO secretion. NO is an important factor in vascular
protection through its vasodilating effect, improving organ blood flow and preventing blood clot formation [38].
A meta-analysis of 39 studies demonstrated that acute hyperglycaemia impairs endothelial function in large vessels
in both healthy individuals and those with cardiometabolic disease [39].



In the last decade, Finnish researchers have shown across multiple studies that sauna use reduces mortality from
both coronary events [40] and cerebrovascular events [41]. A study using infrared sauna on 25 patients with
cardiovascular risk factors, including type 2 diabetes, showed a significant decrease in both diastolic and systolic
pressure, as well as an increase in flow-mediated, endothelium-dependent dilation [32]. Similar effects were
observed in other studies [42, 43]. This beneficial effect is attributed to the similarity between the body’s response
to passive heating and physical exercise — namely an increase in heart rate, an increase in left ventricular ejection
fraction, and a reduction in blood pressure with regular use [44].

4.2 Microvascular Complications

Microvascular damage represents one of the most burdensome consequences of long-term hyperglycaemia in type
2 diabetes. The following subsections examine the evidence for heat therapy’s role across the main microvascular
complication subtypes.

Retinopathy

Growth factors including VEGF have been found to play an important role in the pathogenesis of diabetic
retinopathy [45]. Although currently no studies have examined the direct effect of whole-body heating on diabetic
retinopathy, studies on in vitro human cells showed that increased HSP-70 expression is associated with
suppression of VEGF and inflammatory cytokines [46], and in mice it protected retinal capillary cells from
apoptosis [47]. These findings suggest potential benefit of whole-body heating, given its capacity to elevate HSP-
70 levels. However, due to the absence of direct clinical studies, it is not currently possible to determine whether
heating methods such as sauna provide a sufficient stimulus to replicate the effects observed in these experimental
models.

Nephropathy

Acute exposure to high temperature forces the body to introduce adaptive mechanisms to reduce core temperature,
inducing changes in water balance and heavy sweating. This may lead to dehydration and hypovolaemia, resulting
in hypoperfusion, which has been identified as a risk factor for renal injury [48]. A prospective cohort study on
2,071 Finnish men aged 42-61 years with normal kidney function, comparing one sauna session per week with
four to seven sessions per week, found no significant changes in baseline levels of estimated GFR, creatinine, or
sodium.

Chronic exposure to ambient heat has been shown to reduce GFR in patients with chronic kidney disease and to
promote acute kidney injury [49]. Studies in both mice [50] and humans [51] have shown that heat acclimatisation
protects against heat-induced kidney injury. This research suggests that passive heating in a controlled environment
not only does not promote kidney disease progression but may also play a protective role.

Neuropathy

Diabetic neuropathy is a common microvascular complication of type 2 diabetes and the most frequently diagnosed
type of neuropathy worldwide. Its pathophysiology is linked to neuronal disruption caused by dyslipidaemia and
insulin resistance [52]. Symptoms include paraesthesia such as numbness, tingling, loss of sensation, and pain,



typically localised to the distal extremities and often described in a “glove and stocking” distribution [53]. A study
on 68 patients with type 2 diabetes showed improvement in sensation measured by vibration sensation testing
following exposure to a heated water foot bath, although the mechanism underlying this improvement remained
unclear [54]. Survey-based studies have also reported alleviation of neuropathic pain following sauna exposure
[55, 56]. While the effect of heating on neuropathy remains under-researched, the studies presented here suggest
potential benefits from heat exposure in neuropathy management.

Diabetic Foot

Diabetic foot remains a significant challenge for healthcare professionals and has a considerable negative impact
on patients’ quality of life. The combination of neuropathy and microangiopathy contributing to its development
creates difficulties in both diagnosis and management. Natural healing processes are disrupted by restricted blood
flow, and reduced sensation leads to neglect of ulcers, which in many cases may result in amputation [57]. Beyond
potential positive effects on glycaemic management and inflammation, research has shown that local heating
improved circulation around ulcers and accelerated the healing process [58, 59]. Local heating methods have shown
significant improvement in this regard; however, caution should be exercised with whole-body heating, as studies
in mice showed that temperature elevation exceeding 43°C had negative effects on wound healing [60].

5. Conclusions

The evidence reviewed in this article suggests that passive heat therapy holds meaningful promise as a
complementary tool in the management of type 2 diabetes. Findings span several domains: improvements in
glycaemic markers and insulin sensitivity, potential anti-inflammatory and cytoprotective effects mediated by heat
shock proteins, a well-evidenced cardiovascular benefit, and preliminary positive signals across microvascular
complication subtypes including neuropathy and diabetic foot.

However, several limitations of existing research must be acknowledged. The majority of studies involve small
sample sizes of typically 10-20 participants, and there is a lack of agreed standardisation of heating conditions or
objective measurement of core temperature change, which contributes to conflicting results between otherwise
comparable studies. Additionally, most studies do not differentiate between intracellular and extracellular HSP-70
fractions, limiting interpretation of their respective roles. There is also a methodological inconsistency across
research areas — cardiovascular studies predominantly use sauna as the heating modality, while studies on
glycaemic parameters and microvascular complications more commonly use hot water immersion — making direct
comparison between modalities difficult.

An ongoing randomised controlled trial, “Effect of HEAT therapy in patients with type 2 diabetes mellitus
(HEATED): protocol for a randomised controlled trial” [61], with approximately 65 participants per group, is
currently evaluating the effect of heat therapy on glycaemia and complication control, and its results are likely to
substantially advance the field. Future research should prioritise larger sample sizes, standardised protocols, and
head-to-head comparisons between heating modalities.

Finally, a practical safety note: in patients receiving insulin therapy, caution is warranted, as studies have
demonstrated accelerated insulin absorption during sauna use, which may increase the risk of hypoglycaemia [62,
63].
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