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Abstract
Fomentation is positioned as one of the thermotherapies. It is already known that warm temperature stimulus to a part of the body will have an effect throughout 
the body. However, no consensus has been reached on the internal effects of fomentation on the body and systemic metabolism, and no study has been conducted. 
The present study examined the effects of fomentation on metabolic and inflammatory biomarkers by applying thermal sheets to thigh skeletal muscles. The study 
subjects were twelve healthy people. The men were 34.5 ± 3.9 years old (mean ± SD, n=6) and had a BMI of 21.18 ± 2.5. The women were 34.3 ± 3.7 years old (n=6) 
and had a BMI of 20.2 ± 2. All the subjects were asked to apply thermal loads to the skeletal muscles of their thighs for ten weeks (8 hours per day, 5 days per week) 
using thermal sheets. The following plasma levels before and after the fomentation were measured and compared in the  study  subjects;  fasting  glucose,  insulin,  
adiponectin,  soluble  form  of  urokinase  type plasminogen activator receptor (suPAR) and high sensitive C-reactive protein (hsCRP). Following the application 
of the thermal sheets, a significant increase was noted in serum adiponectin (18.6 ± 7.64, vs. 15.73 ± 6.16 μg/ml, p=0.033), but no significant change was noted in 
the fasting serum insulin (7.47 ± 4.04 μIU/ml vs. 5.77 ± 3.12, p=0.117), fasting serum glucose concentrations (95.42 ± 6.19 vs. 93.25 ± 8.39, p=0.13), and in the 
HOMA-IR (1.75 ± 0.91 vs.1.35± 0.83, p=0.099). On the other hand, following the application of the thermal sheets, a significant decrease was noted in the serum 
suPAR (0.73 ± 0.49 ng/ml vs.1.62 ± 0.9 ng/ml, p=0.046) in women, although no significant change was noted in the serum hsCRP levels (760.2 ± 1221.6 ng/ml vs. 
304.3 ± 287.5, p=0.686). Fomentation applied to the skeletal muscles using thermal sheets caused significant elevation of serum adiponectin levels, although insulin 
sensitivity did not change. In women, fomentation caused a reduction in plasma suPAR levels, suggesting anti-inflammatory or fibrinolytic roles.

Introduction
Fomentation is already known that warm temperature stimulus 

to a part of the body will have an effect throughout the body. Recent 
previous reports have indicated that a thermal sheet can be used for 
simple fomentation, and can be used at the bedside or in the house 
[1]. However, no consensus has been reached on the internal effects of 
fomentation on the body and systemic metabolism, and no study has 
been conducted to examine the effects on metabolic and inflammatory 
biomarkers.

Heat therapy, which activates the heat-shock protein (HSP) 72, 
improves clinical parameters in type 2 diabetes. HSP72 expression in 
skeletal muscle improved insulin resistance [2]. Elevating temperatures 
lead to activation of the heat-shock response in a variety of tissues 
including the vasculature [3]. The present study examined the effects 
on metabolic and inflammatory biomarkers of thermal loads produced 
by applying thermal sheets to the skeletal muscles of the thighs. 
Adiponectin protects cardiovascular health [4]. Adiponectin receptors 
are particularly abundant in skeletal muscles and the liver [5]. Changes 
in the fluidity lipids induced by the high temperature may cause signal 
transduction that would induce a cellular heat-shock response such as 
direct stimulation of adipokine expression by greater HSP expression 
[6]. Our hypothesis is that this application of thermal sheets may 
affect plasma levels of adiponectin as a metabolic biomarker. It is also 
expected that this application might improve skeletal muscle functions 
due to the increase in the blood flow and improve glucose metabolism. 
The urokinase-type plasminogen activator receptor (uPAR) is a 
multifunctional glycoprotein, and the expression is increased during 
inflammation [7-9]. The soluble form of uPAR (suPAR) takes part in 
various immunological functions, including cell adhesion, migration, 

chemotaxis, proteolysis, immune activation, tissue remodeling, 
invasion and signal transduction [9]. suPAR also plays a role in 
atherogenesis by orchestrating cellular adhesion, migration, and 
proliferation during  development  of  atherosclerotic  plaque  [10].  
The current gold  marker  of  low-grade inflammation is high sensitive 
C-reactive protein (hsCRP), which is measured by a sensitive assay of 
low levels of the acute phase protein CRP [11]. The value of suPAR is 
independent of hsCRP levels in predicting future death and myocardial 
infarction, suggesting that these biomarkers reflect activation of 
different pathophysiological pathways [12]. Therefore both plasma 
suPAR and hsCRP levels were evaluated as inflammatory biomarkers.

Materials and methods
The study subjects were twelve healthy people. The men were 

34.5 ± 3.9 years old (mean ± SD, n=6) and BMI of 21.18 ± 2.5. The 
women were 34.3 ± 3.7 years old (mean ± SD, n=6) and with a BMI 
of 20.2 ± 2. They had no history of metabolic disorders. The study 
subjects were asked to apply thermal loads to the skeletal muscles of 
their thighs for ten weeks (8 hours per day, 5 days per week) using 
thermal sheets. Fomentation was performed using a heat and steam-
generating (HSG) sheet (Kao Corporation Japan). The HSG sheet 
produces a heat of about 40°C during 5-8 hours. When the HSG sheets 
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18.6 ± 7.64, vs. before 15.73 ± 6.16, p=0.033) (Figure 1). However, no 
significant change was noted in fasting serum insulin concentrations 
(μIU/ml) (7.47 ± 4.04 vs. 5.77 ± 3.12, p=0.117), fasting serum glucose 
concentrations (mg/dl) (95.42 ± 6.19 vs. 93.25 ± 8.39, p=0.13) or in 
the HOMA-IR (1.75 ± 0.91 vs. 1.35 ± 0.83, p=0.099). Following the 
application of thermal sheets, no significant change was noted in 
the serum suPAR (ng/ml) (n=12; 1.79 ± 1.15 vs. 1.4 ± 1.65, p=0.099) 
(Figure 2.a). However, a significant decrease was noted (n=6; 0.73 
± 0.49 vs.1.62 ± 0.9, p=0.046) in women (Figure 2b). There was no 
significant change of plasma hsCRP levels (ng/ml) (all subjects, n=12; 
942.4 ± 1196.4 vs. 367.6 ± 385.3, p=0.328, and women, n=6; 760.2 ± 
1221.6 vs. 304.3 ± 287.5, p=0.686).

Discussion
In the present study, thermal sheets applied to the skeletal 

muscles increased serum adiponectin levels, although body weight 
was not changed during the application of thermal sheets. The serum 
adiponectin concentration inversely related to BMI and the amount 
of adipose tissue [13,14], although the mechanism of this inverse 
relation remained unclarified. In the present study, fasting plasma 
glucose, insulin and HOMA-IR were not significantly changed despite 
plasma adiponectin elevation, so it is unlikely that insulin sensitivity 
was improved in this period. The previous study showed that insulin 
resistance was not directly associated with plasma adiponectin levels 
in healthy adults [15]. The serum adiponectin levels are well known 
to be stable in healthy people, but there was no report regarding the 
effect of intervention on the association between serum adiponectin 
and HOMA-IR in healthy people.

Circulating adiponectin levels are strongly inversely correlated 
with insulin resistance and risk of type 2 diabetes, but the causal 
relationship of these associations are unclear [16], and these trends 
were inconsistent with recent reports. The relation between serum 
adiponectin and HOMA-IR is controversial in previous intervention 
studies [17,18]. Thermal sheets applied to the skeletal muscles did 
not significantly change plasma suPAR values, but significantly 
decreased plasma suPAR in women. The reduction of suPAR in 
women might be an anti-inflammatory effect by fomentation. The 
uPAR is a multifunctional glycosyl-phosphatidylinositol (GPI)-linked 

were applied, the mean skin temperature under the sheets increased 
by 4-5°C from the baseline and remained at 38-39°C throughout the 
4-hour application period [1]. Prior to and following the fomentation, 
plasma fasting levels of glucose were measured by hexokinase UV, 
insulin by chemiluminescence enzyme immunoassay, adiponectin 
and suPAR by enzyme-linked  immunosorbent  assay,  and  hsCRP  by  
latex  agglutination  turbidimetry. HOMA-IR was calculated as insulin 
sensitivity index by the formula; fasting plasma glucose x insulin/405.

Statistical significance was assessed using Wilcoxon matched-pairs 
signed-rank test using the “IBM® SPSS® Statistics Desktop version. 
The study was approved and monitored by the human investigation 
committee of the Baika Women’s University.

Results
Following the application of thermal sheets, a significant increase 

was noted in the serum adiponectin (µg/ml) (mean ± SD, n=12; after 
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Figure 1. Effect of fomentation on plasma adiponectin levels.
Following the application of thermal sheets, a significant increase was noted in the serum 
adeponectin (n=12) (mean ± SD; 15.73 ± 6.16 μg/ml vs.18.6 ± 7.64 μg/ml, p=0.033*).
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Figure 2.  Effect of fomentation on plasma suPAR levels in all subjects (a), and in female (b).
Following the application of thermal sheets, no significant change was noted in the serum suPAR (n=12) (mean ± SD; 1.79  ± 1.15 vs. 1.4 ± 1.65, p=0.099), but a significant decrease was 
noted in female (n=6) (1.16 ± 0.86 ng/ml vs. 0.77 ± 0.43 ng/ml, p=0.046*).



Nagai M (2015) Effect of thigh muscle fomentation on metabolic and inflammatory biomarkers

 Volume 1(4): 98-100Integr Obesity Diabetes, 2015        doi: 10.15761/IOD.1000122

membrane protein. The uPAR is present as membrane-bound form 
in various immunologically active cells [9]. The suPAR mediates a 
chemotactic effect on immunologically active cells, but the regulation 
of the receptor cleavage and hence generation of chemotactic suPAR-
fragments is still not fully understood [9]. The hsCRP concentration 
was not significantly changed following the application of thermal 
sheets. Since suPAR is reported to reflect an inflammatory response 
more extensively than hsCRP [9], we cannot exclude the possibility 
that the serum suPAR reduction could reflect an anti-inflammatory 
effect by fomentation in women. The previous study shows that suPAR 
concentrations positively correlates with gender-specific variation 
where higher serum concentrations are present in females compared 
to males [19]. Another possibility explaining the reduction of suPAR 
is increased fibrinolysis by fomentation. The suPAR is involved in 
the plasminogen-activating pathway [20]. The down-regulation of 
suPAR observed in this study may cause the increased free available 
plasminogen-activator in plasma, thereby inducing fibrinolysis in 
women.

Additionally, plasma suPAR correlates with important features 
of dysmetabolism, including the number of white cells, TNF-α, 
fat distribution, insulin sensitivity, insulin or proinsulin secretion, 
glucose tolerance, and serum lipids in HIV-infected patients. In our 
study, plasma suPAR levels did not correlate with plasma glucose and 
adiponectin levels or HOMA-IR in healthy people.

Conclusion
Fomentation applied to the skeletal muscles using thermal 

sheets caused significant elevation of serum adiponectin levels, 
although insulin sensitivity did not change. In women, fomentation 
caused a reduction in plasma suPAR levels, suggesting a role in anti-
inflammation or fibrinolysis. Taken together, fomentation might 
be a favorable approach for the prevention of obesity, diabetes and 
atherosclerosis-related diseases.
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