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Abstract: The treatment of peritoneal dialysis in end-stage renal disease is increasing in clinical 
practice. The main purpose of this study was to evaluate the effect of far-infrared radiation therapy 
on inflammation and the cellular immunity of patients undergoing peritoneal dialysis.  
We recruited 56 patients undergoing peritoneal dialysis, and we included 32 patients from the ex-
perimental group and 24 patients from the control group in the final analysis. The experimental 
evaluation in our study was as follows: (1) We used abdominal computed tomography to measure 
the diameter and degree of hardening of the abdominal veins and large blood vessels to explore the 
changes in abdominal blood vessels. (2) The study compared the effects of peritoneal dialysis using 
albumin, blood urea nitrogen, creatinine, white blood cell, neutrophil-to-lymphocyte ratio, plate-
let-to-lymphocyte ratio, erythrocyte sedimentation rate, Hs-CRP clearance rate, and HBAlC. (3) We 
compared the cytokine concentration of blood between the two groups while controlling for 
GM-CSF, IL-2, IFN-γ, IL-6, IL-18, IL-4, IL-5, IL-13, IL-12p70, TNF-α, and IL-1β.  
Results and Discussion: (1) There was no significant difference in the abdominal blood vessels of 
the experimental group relative to the control group according to abdominal CT measured over 6 
months. (2) Our study demonstrates the statistically significant effect of FIR therapy on the fol-
lowing parameters: albumin (p = 0.048*), creatinine (p = 0.039*), and Hs-CRP (p < 0.001**) decreased 
significantly, and glomerular filtration rate (eGFR, p = 0.043*) and glucose (p < 0.001**) increased 
significantly. Our study found that, in the experimental group, albumin and creatinine decreased 
significantly due to FIR therapy for 6 months. However, our study also found that, in the experi-
mental group, glucose (p < 0.001**) increased significantly due to FIR therapy for 6 months. Peri-
toneal dialysis combined with FIR can reduce the side effects of glucose in dialysis buffer, which 
interferes with peritoneal inflammation and peritoneal mesothelial cell fibrosis. In addition, we 
also found that, in the experimental group, Hs-CRP (p < 0.001**) decreased significantly due to FIR 
therapy for 6 months. (3) No statistical significance in the inflammatory cytokines related to FIR 
therapy differences was observed in our study. IFN-γ (p = 0.124), IL-12p70 (p = 0.093), IL-18 (p = 
0.213), and TNF-α (p = 0.254) did not exhibit significant improvements in peritoneal dialysis with 
FIR treatment over 6 months. IFN-γ and IL-18 in the plasma of patients in the experimental group 
and the control group were higher in the third month than in the first month.  
Conclusion: We found that the effect of peritoneal dialysis improved significantly with FIR thera-
py, and significant improvements in the peritoneal permeability and inflammatory response were 
observed. 
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1. Introduction 
The treatment of peritoneal dialysis in end-stage renal disease (ESRD) is increasing 

in clinical practice. In Taiwan, diabetes is the main cause of kidney disease, and as many 
as 40% of dialysis patients suffer from nephropathy due to diabetes [1, 2]. Relevant 
studies have confirmed that peritoneal dialysis is the favorable treatment for end-stage 
renal disease; however, the biggest limitation is that, as the peritoneal dialysis stage in-
creases dialysis time, the peritoneum denatures, resulting in diffusion and convective 
transport, causing loss of ultrafiltration ability, and peritoneal dialysis [3]. In clinical 
studies, it is reported that the main reason for peritoneal dialysis failure is complications 
due to peritoneal inflammation. In patients with end-stage nephropathy, the immunity of 
the peritoneal cavity is reduced [4], resulting in conditions such as long-term peritoneal 
dialysis, uremia, repeated peritoneal infections, dialysis buffer, low pH, and sugar de-
composition products. All of these can induce inflammation and cause peritoneal meso-
thelial cell destruction, triggering the accumulation of monocytes, mast cells, and fibro-
blasts [5]. Moreover, these factors can also cause interstitial cell degeneration and fibrosis, 
fibrous deposition, vascular proliferation, plasma coagulation factor, and fibrin infiltra-
tion into the abdominal cavity, thereby reducing dialysis ultrafiltration rate [6].  

Glucose is the most commonly used osmotic agent in peritoneal dialysis solutions. 
The continuous absorption of dextrose leads to hyperglycemia, exacerbation of diabetes 
mellitus (DM), hyperlipidemia, obesity, malnutrition, and titration of insulin dose in DM 
patients. Hyperglycemia can cause changes to the renal cell structure and glomeruli in-
crease, which induces glomerular proliferation, glomerular basement membrane thick-
ening, and fibrosis [7]. Glucose degradation products (GDPs) contribute to reduced di-
alysis function and the pathogenesis of peritoneal membrane fibrosis [8, 9, 10]. A previ-
ous study showed that long-term exposure to non-biocompatible high-concentration 
glucose dialysate and repeated peritonitis are the main causes of changes in the structure 
and function of the peritoneum [4, 11,12]. In summary, these factors induce proinflam-
matory hormones, such as interleukin-l beta (IL-1β), interleukin(IL), and tumor necrosis 
factor alpha (TNF-α), which triggers a persistent inflammatory response in the perito-
neum, ultimately leading to structural changes in the peritoneum [13,14,15,16]. 

Far-infrared rays have been widely used in clinical healthcare and rehabilitation 
since 1800. Certain studies found far-infrared can vibrate the water molecules in our 
body to produce energy [17, 18]. Far-infrared rays are called biological waves, and the 
effects produced are called biological effects [19, 20]. The energy produced is divided into 
two categories: thermal effect and non-thermal effect, according to the form the energy 
takes [21]. Akasaki et al. (2006) found that FIR promotes angiogenesis in mice through a 
non-thermal effect. FIR was able to increase skin blood flow in rats [22, 23], and FIR in-
hibited interleukin-6 and TNF-α activity in mice with peritonitis [24]. In recent years, 
more studies confirmed and elucidated the effects of far-infrared rays in the human body. 
For example, FIR has been shown to promote blood circulation [23, 25], relieve fatigue 
and pain [26, 27], and promote wound healing [28,29,25,30]. 

As regards to the non-thermal effects, studies show that far-infrared rays can pro-
mote cell proliferation and wound healing [31,32], and can increase the expression of ar-
terial endothelial nitric oxide synthase and nitric oxide synthesis in hamsters [33]. 
Moreover, it can promote angiogenesis in mice [22], and inhibit interleukin-6 and TNF-α 
activity in mice with peritonitis [24]. Far-infrared radiation therapy can promote heme-
oxygenase-1 (HO-1) and endothelial nitric oxide synthase (eNOS) generated by the 
L-Arginine/nitric oxide pathway, reducing inflammation through the inhibition of inti-
mal hyperplasia and reducing oxidation. It can even stimulate the inhibition of tumor 
necrosis factor α (TNF-α) to produce anti-inflammatory effects [34, 29, 32, 35, 36, 23, 37]. 
Although the mechanisms involved in FIR are not clear, various studies indicate that 
far-infrared rays can promote the proliferation of bone marrow stem cells and keratino-
cytes through the CXCR4/ERK or Notch1/Twist pathways [38, 31, 39, 40]. Excessive oxi-
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dative stress and inflammation are the major factors that promote abnormal cell prolif-
eration. Lin et al. (2013) found that far-infrared rays can enhance the activity of vascular 
endothelial cells and promote angiogenesis [41], and can inhibit inflammation by inhib-
iting inflammatory factors, such as IL-6 and TNF-α [42, 24]. Furthermore, they can im-
prove mitochondrial function effects [43, 44]. Although how far-infrared therapy affects 
inflammation and cellular immunity in patients undergoing peritoneal dialysis remains 
to be explained, various studies indicate that IL-4 and IL-13 activated macrophages play 
critical roles in the resolution of inflammation and the restoration of tissue homeostasis 
[45, 46, 47, 48, 49, 50]. 

The literature concerning the effect of far-infrared radiation therapy on inflamma-
tion in patients undergoing peritoneal dialysis is limited. Therefore, in this study, we 
aimed to study the physiological condition and inflammatory response of dialysis pa-
tients who had been irradiated with far-infrared rays for 6 months. The main purpose of 
this study was to evaluate the effect of far-infrared radiation therapy on inflammation 
and the cellular immunity of patients undergoing peritoneal dialysis. 

2. Materials and Methods 
2.1. Research Objects 

In this study, we selected patients with the following conditions from the peritoneal 
dialysis area of the Shin Kong Wu Ho-Su Memorial Hospital medical center, Taipei: 
(1) Patients with peritoneal dialysis stabilized for 3 months. 
(2) Patients with no peritonitis, with a low dialysis fluid and plasma creatinine ratio 

(D/P Cr) and peritoneal permeability, who did not need to use hypertonic dialysate, 
and with a C-reactive protein (CRP) index that did not increase. 

(3) Patients under 75 years old who could perform peritoneal dialysis fluid exchange 
alone or with the assistance of a family member. 

2.2. Patient Selection 
The study was conducted according to the guidelines of the Declaration of Helsinki, 

and was approved by the Institutional Review Board of the medical center. There 
were 151 patients on peritoneal dialysis in the medical center, and 71 of these met the 
conditions. Two patients died, two patients underwent kidney transplantation, and 11 
patients were hospitalized without FIR and so withdrew from this study over the 6 
months. In this study, 56 patients on peritoneal dialysis were randomly assigned to the 
experimental group (32) and the control group (24). According to the literature, patients 
who underwent kidney transplantation or were hospitalized during the study peri-
od were excluded from the study, because of an inability to assess the far-infrared ray 
therapy. In order to perform a complete far-infrared radiation study, the observation pe-
riod was at 3 months to 6 months (Figure 1).  
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Figure 1. Flow chart of participants comparing the effect of patients undergoing FIR treatment and non-FIR 
(far-infrared) treatment. 

2.3. Experiment Method 
Before going to bed, the peritoneal dialysis patients had their fluid emptied and re-

placed each day; it was then irradiated for 40 minutes after the fluid input. The patients 
drew blood each third month, and the data from the 6-month period were assessed. 

2.4. Experimental Disposal (FIR instrument)  
This study used the WS TY301 FIR Emitter (WS Far-Infrared Medical Technology, 

Taipei, Taiwan) far-infrared instrument, which has a wavelength of 3~25μm, and a peak 
of 8 μm [51, 52, 53]. The treatment location was centered on the navel, i.e., the entire ab-
dominal cavity, from the lower edge of the sternum to the groin. The distance between 
the far-infrared instrument and the skin was 25~30 cm [51, 52, 53]. Before going to bed, 
the peritoneal dialysis patients had their fluids emptied and replaced each day; it was 
then irradiated for 40 minutes using the far-infrared instrument (WS TY301 FIR emitter) 
after the fluid input. The patients in the other group did not receive far-infrared radia-
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tion treatment and served as the control group. The dialysis effect of patients in the con-
trol group was compared with that of the experimental group after irradiating the ab-
domen with far-infrared rays for 6 months. 

2.5. Centrifugal Collection of Plasma 
(1) Plasma collection: The CBC and DC of blood collection tubes contained EDTA, 

and the plasma was centrifuged at 800 g for 15 minutes. The upper supernatant of 
the plasma was pipetted equally into 110 μL Eppendorf tubes. The remaining white 
blood cells in the Buffy coat were collected into another tube, and hemolysis was 
performed using erythrocytes lysis buffer to remove erythrocytes without a cell nu-
cleus. A total of 0.4 mL of solution with white blood cells was separated equally in-
to 200 μL Eppendorf tubes to collect RNA and DNA. 

(2) Determination of immune factors in plasma: The plasma, peritoneal dialysate, and 
the associated supernatant were used for multiple analysis of cyto-
kines using Human Th1/Th2 Panels of Luminex 200 (BioRad Corporation, Madi-
son). We aimed to analyze the release innate immunity cytokines after peritoneal 
dialysis patients had been irradiated with FIR, includ-
ing GM-CSF, IL-2, IFN-gamma 
(IFN-γ), IL-6, IL-18, IL-4, IL-5, IL-13, IL-12p70, TNF-α, and IL-1 β, in order to con-
firm the effects of the inflammatory response in peritoneal dialysis patients [54]. 

2.6. Experimental Evaluation 
1. The study used abdominal computed tomography (CT) to measure the diameter 

and degree of hardening of the abdominal veins and large blood vessels to explore 
the changes in the abdominal blood vessels [53]. The checkpoints were as fol-
lows: before the FIR instrument was used; the third month (after the FIR instrument 
was used for 3 months), and the sixth month (after the FIR instrument was used 
for 6 months). The dialysis effect and the degree of abdominal vascular stiffness in 
the experimental group and the control group were measured. 

2. The study compared the effects of peritoneal dialysis using Bun, Creatinine (Cr) 
value, and the dialysate and plasma creatinine ratio (D/P Cr) from the blood and the 
peritoneal dialysate (the emptied dialysate fluid) every 3 months. 
After the blood and peritoneal dialysate were collected, the blood hemoglobin, al-
bumin (ALB), blood urea nitrogen (BUN), creatinine (Cr), white blood cell (WBC), 
neutrophil-to-lymphocyte (N/L) ratio, platelet-to-lymphocyte ratio, erythrocyte 
sedimentation rate, Hs-CRP clearance rate, and HBAlC (the first and the last time) 
analyses were used to assess check peritoneal inflammation, with the hope of 
slowing down the incidence of peritoneal dialysis using this treatment. 

3. Evaluation of Serum Biochemical Parameters  
The research process and the selection conditions were explained and the consent of 
the patients or family was obtained. A total of 56 peritoneal dialysis patients were 
selected, and each participant was randomly assigned to the experimental group or 
the control group. The experimental group (peritoneal dialysis patients), which re-
ceived far-infrared abdominal irradiation for 6 months after dialysis, was compared 
with the control group. The research design is as follows (Figure 1).n order to ob-
serve the changes in plasma cytokines in peritoneal dialysis patients in the experi-
mental group and the control group in different observation periods after 
far-infrared irradiation, plasma was collected in February (before irradiation), May 
(after irradiation for 3 months), and August (after irradiation for 6 months). The 
cytokines secreted by type 1 and type 2 helper T cells play an important role in in-
fection. In this study, 11 kinds of cytokines related to type 1 and type 2 helper T cells 
were screened and analyzed, including GM-CSF, IL-2, IFN-γ, IL-6, IL-18, IL-4, IL-5, 
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IL-13, IL-12p70, TNF-α, and IL-1β. We used repeated-measures ANOVA to compare 
the cytokine concentration of blood between the two groups, while controlling for 
GM-CSF, IL-2, IFN-γ, IL-6, IL-18, IL-4, IL-5, IL-13, IL-12p70, TNF-α, and IL-1β.  

2.7. Statistical Analysis 
The statistical analysis was performed using SPSS statistics (version 26, IBM SAS 

Institute, USA), and standard descriptive statistics were used to assess the baseline 
characteristics. Data are presented as mean ± standard deviation. Repeated-measures 
ANOVA was performed to compare serial changes in the clinical data and echo param-
eters. P-values <0.05 were considered statistically significant, and p-values <0.01 were 
significantly different. 

3. Results 
3.1. Patient Characteristics 

We recruited 71 patients undergoing peritoneal dialysis in this study. Of these, nine 
did not meet the inclusion criteria. As described above, we divided the remaining pa-
tients into groups according to the patient number: 39 patients were assigned to the ex-
perimental group and 32 patients were assigned to the control group. Therefore, we in-
cluded 32 patients from the experimental group (82.1% of the initial group) 
and 24 patients from the control group (75% of the initial group) in the final analysis 
(Figure 1). The baseline demographic and clinical characteristics of the patients who 
completed the study did not differ significantly between the two groups.  

3.2. Evaluation of Abdominal Blood Vessels  
We used abdominal Computed Tomography (CT) to measure the diameter and de-

gree of hardening of the abdominal veins and large blood vessels in order to explore the 
changes in abdominal blood vessels. The dialysis effect difference of the experimental 
group as compared to the control group did not reach statistical significance in ab-
dominal blood vessels according to the CT scan at the three checkpoints (Table 1). 

Table 1. Abdominal blood vessels of experimental group (FIR) and control group (non-FIR). 

Parameters Experimental group 
   (n = 32) 

  Control group 
  (n = 24) p 

Abdominal blood vessels (nm) 24.53 ± 9.25  25.31 ± 10.19 0.121 

Continuous variables were presented as mean ± standard deviation. Categorical variables were 
presented as number (percentage). *: p < 0.05; **: p < 0.01 by using SPSS statistics (IBM SAS 
Institute, USA) standard descriptive statistics. 

3.3.  Physiological evaluation 
Using blood samples, we assessed all physiological and biochemical responses af-

ter baseline and 6 months of FIR intervention. In Table 2, it can be observed that the 
baseline demographic and clinical parameters between the two groups of patients were 
similar, excepting glucose (p < 0.001**), creatinine (p = 0.039*), albumin (p = 0.048*), eGFR 
(p = 0.043*), and Hs-CRP (p < 0.001**). Even though no statistical significance in the blood 
urea nitrogen (p = 0.121) or WBC (p = 0.365) were found between the experimental group 
and the control group, we observed that the blood urea nitrogen increased in the control 
group and decreased in the experimental group over 6 months. We also observed that 
WBC decreased in the experimental group and increased in the control group over the 6 
months. 
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Table 2. Baseline demographic and clinical parameters of experimental group (FIR patients) and control group (non-FIR 
patients). 

Parameters Experimental group (n = 32) 
0            3            6 

Control group (n = 24) 
0            3            6 p 

Age (years) 54.53 ± 12.56 58.31 ± 8.19  

Peritoneal function    

 Peritoneal Kt/V 1.96 ± 0.28 2.02 ± 0.21 0.061 

 Peritoneal weekly 
CCr (L/week/ m2) 

58.17 ± 15.82 61.66 ± 17.32 0.123 

Serum biochemistry    

 Glucose (mg/dL) 105.27 ± 29.48  111.27 ± 28.37  99.40 ± 12.25 98.85 ± 10.24  99.31 ± 9.75  105.08 ± 13.72 <0.001** 

WBC 6.51 ± 2.26    5.90 ± 1.97    6.68 ± 2.24 8.28 ± 2.74    7.59 ± 1.84    7.89 ± 2.01 0.365 

RBC 3.32 ± 0.48    3.26 ± 0.50    3.41 ± 0.62 3.45 ± 0.55    3.49 ± 0.57    3.54 ± 0.61 0.131 

 HbA1c (%) 9.93 ± 1.51    9.79 ± 1.65   10.21 ± 1.91 9.68 ± 1.46   10.22 ± 1.69   10.25 ± 1.85 0.757 

 BUN (mg/dL) 63.67 ± 14.77  62.27 ± 13.03  61.13 ± 12.22 71.85 ± 13.38  64.15 ± 20.40  60.01 ± 12.45 0.42 

 Creatinine (mg/dL) 9.07 ± 3.48    7.79 ± 4.25    6.23 ± 0.68 12.02 ± 1.69   10.22 ± 1.69    9.16 ± 0.21 0.039* 

 Albumin (g/dL) 3.68 ± 0.30    3.57 ± 0.38    3.73 ± 0.43 3.56 ± 0.42    3.67 ± 0.40    3.73 ± 0.56 0.048* 

eGFR 4.21 ± 1.41    3.96 ± 0.91    3.73 ± 0.78 4.01 ± 0.75    3.99 ± 0.73    4.12 ± 0.78 0.043* 

 Phosphate (mg/dL) 4.96 ± 1.02    4.83 ± 0.91    5.01 ± 0.68 5.13 ± 1.43    5.02 ± 1.61    5.36 ± 1.12 0.58 

T-P 6.52 ± 0.71    6.48 ± 0.54    6.47 ± 0.66 6.44 ± 0.52    6.47 ± 0.58    6.36 ± 0.65 0.314 

 Hs-CRP (mg/dL) 1.31 ± 2.14    0.51 ± 0.54    0.75 ± 1.37 0.98 ± 1.49    1.00 ± 2.21    0.41 ± 0.36 <0.001** 

Continuous variables were presented as mean ± standard deviation. Categorical variables were presented as number (percentage). 
*: p < 0.05; **: p < 0.01 by using Mann–Whitney U test (two-tailed)/Fisher’s exact test. Kt/V: Kt/V urea; CCr: creatinine clearance; 
HbA1c: glycated hemoglobin; BUN: blood urea nitrogen; hs-CRP: high-sensitivity C-reactive protein. 

3.4. Evaluation of Serum Biochemical Parameters  
The results showed that there was no expression of GM-CSF, IL-2, IL-5, or IL-13 in 

the plasma of the experimental group or the control group. In Table 3, no statistical sig-
nificance in the inflammatory cytokines related to FIR therapy differences in the experi-
mental group or the control group was observed. We noted improvements in the variety 
of IL-6 (p = 0.061), IL-4 (p = 0.156), IL-1β (p = 0.175), and TNF-α (p = 0.254), but these dif-
ferences did not reach statistical significance (Table 3 and Figure 2). However, the plasma 
IL-18 levels in the experimental group and the control group were higher than those in 
the other two observation periods at the third month (p = 0.213) (Figure 2). A higher ex-
pression of IL-12p70 was detected in the plasma of patients in the experimental group at 
the third month, which lasted until the sixth month (p = 0.093) (Figure 2). However, the 
plasma IFN-γ of the experimental group decreased in the sixth month, recording a lower 
value than in the third month (p = 0.124) (Figure. 2). Although repeated-measures 
ANOVA showed that the pre–post values improved in the experimental group as com-
pared to the control group, the difference was not statistically significant (Table 3). Re-
peated-measures ANOVA also revealed improvements in the variety of IFN-γ, IL-12, 
IL-18, and TNF-α, but these differences did not reach statistical significance (Figure 2). 
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Figure 2. Comparison of biochemical clinical parameters of experimental group (FIR) and control group (non-FIR). (A) 
IL-6, (B) IL-1β , (C) IL-4, (D) IFN-γ , (E) IL-12p70, (F) IL-18, (G) TNF-α . 

Table 3. Biochemical evaluation and clinical parameters of experimental group (FIR) and control group (non-FIR). 

Parameters         Experimental group (n = 32) 
      0            3             6 

              Control group (n = 24) 
         0            3            6 p 

IL-1beta 2.23 ± 0.44     1.54 ± 0.14    3.45 ± 0.75 3.45 ± 0.39    2.54 ± 0.42     4.55 ± 1.12 0.175 

IL-4 4.56 ± 1.75     3.84 ± 0.87    5.36 ± 2.44 6.58 ± 1.98    5.84 ± 1.58     6.87 ± 2.12 0.156 

IL-6  48.6 ± 9.49     46.2 ± 12.35    42.3 ± 11.63 53.5 ± 11.64     58.8 ± 19.42     65.4 ± 21.75 0.061 

IFN-gamma 4.93 ± 1.44    10.52 ± 2.86      4.83 ± 1.43 3.69 ± 0.94    9.73 ± 2.53     4.78 ± 2.14 0.124 

IL-12p70 0.20 ± 0.09     0.36 ± 1.14    0.36 ± 0.09 0.10 ± 0.04    0.32 ± 0.053    0.18 ± 0.07 0.093 

TNF-alpha 6.06 ± 2.23     5.07 ± 2.12    4.78 ± 1.47 5.39 ± 2.18    4.61 ± 1.97     5.85 ± 2.11 0.254 

IL-18 6.35 ± 2.12    36.48 ± 8.9          10.88 ± 2.47  15.51 ± 4.23     38.11± 11.64     9.34 ± 3.11 0.213 

Continuous variables were presented as mean ± standard deviation. Categorical variables were presented as number (percentage).  
*: p < 0.05; **: p < 0.01 by using SPSS statistics (IBM SAS Institute, USA) standard descriptive statistics. 

4. Discussion 
4.1. Abdominal Vessels 

This study used abdominal computed tomography to measure the diameter and 
sclerosis of the abdominal veins and large vessels in order to explore the changes in ab-
dominal vessels [53]. The dialysis effect in the experimental group relative to the control 
group exhibited no significant difference as a result of far-infrared radiation treatment for 
6 months. This may be due to the short FIR time, the PD effect of patients not being 
completely collected, or the glucose concentration of the dialysate changing the dialysis 
effect.  
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4.2. The Physiological Effect of Peritoneal Dialysis Due to FIR 
Our study demonstrated the statistically significant effect of FIR therapy on the fol-

lowing parameters: (1) albumin (p = 0.048*), creatinine (p = 0.039*), and Hs-CRP (p < 
0.001**) decreased significantly, and (2) the glomerular filtration rate (eGFR, p = 0.043*) 
and glucose (p < 0.001**) increased significantly. Our study found that, in the experi-
mental group, albumin and creatinine decreased significantly due to FIR therapy for 6 
months. Creatinine is often used to assess the severity of renal insufficiency. In the ex-
perimental group, creatinine decreased significantly and the glomerular filtration rate 
increased significantly, indicating that far-infrared irradiation can improve the effect of 
peritoneal dialysis, which is in accordance with the literature [17, 41]. Despite no statis-
tical significance in the blood urea nitrogen (p = 0.121) between the experimental group 
and the control group being found, the blood urea nitrogen increased in the control 
group and decreased in the experimental group over the 6 months. Our study found that 
the blood urea nitrogen increased in the control group, which means that the effect of 
peritoneal dialysis decreased and urea nitrogen was accumulated in the blood without 
being excreted, resulting in an increase in the degree of renal function damage. We ex-
pected FIR to increase the peritoneal permeability and slow down the rate of peritoneal 
degeneration. The thermal effect of FIR treatment was vasodilation and increased vas-
cular flow [17]. Lin et al. (2013) found that far-infrared rays can enhance the activity of 
vascular endothelial cells and promote angiogenesis [41]. The ability of microvascular 
endothelial cells to form tubes and move is also significantly improved after far-infrared 
radiation [55]. Therefore, we found that the effect of peritoneal dialysis was significantly 
improved with FIR therapy.  

Our study also found that, in the experimental group, glucose (p < 0.001*) increased 
significantly due to FIR therapy for 6 months. Long-term exposure to non-biocompatible 
high-concentration glucose dialysate and repeated peritonitis are the main causes of 
changes in the structure and function of the peritoneum [4]. The glucose concentration of 
different dialysis buffers may impact the burden of kidney filtration rate [11]. Studies 
have shown that the glucose concentration also promotes peritoneal inflammation and 
the production of transforming growth factor by peritoneal mesothelial cells, finally 
leading to fibrosis [12]. Therefore, peritoneal dialysis combined with FIR can reduce the 
side effects of glucose in dialysis buffer, which interferes with peritoneal inflammation 
and peritoneal mesothelial cell fibrosis. This finding is in accordance with the literature 
[11].  

In addition, our study also found that Hs-CRP (p < 0.001**) in the experimental 
group decreased significantly due to FIR therapy for 6 months. Hs-CRP acute reactive 
protein is a serum protein in the acute phase, which can be used as a good indicator of 
local inflammation or tissue injury [56]. Despite no statistical significance being observed 
in WBC (p = 0.365) between the experimental group and the control group, we ob-
served that WBC decreased in the experimental group and increased in the control group 
over the 6 months. Our results demonstrate that patients in the experimental group un-
dergoing FIR therapy had significantly reduced inflammatory responses, and may have 
exhibited improved vascular endothelial cell function. Chang (2018) and Lee et al. (2019) 
also mentioned that FIR treatment can improve vascular endothelial cell function and 
help reduce the inflammatory response [24, 28]. Accordingly, we found that patients in 
our experimental group reported significant improvements in the inflammatory response 
[54].  

4.3. Inflammatory Cytokines 
In Table 3, it can be seen that no statistical significance in the inflammatory cytokines 

with FIR therapy differences was observed in our study. Originally, we hoped to see a 
similar situation to that revealed by Chang (2018) as regards to IL-6/TNF-α/INF- γ [24]. In 
the present study, IFN-γ (p = 0.124), IL-12p70 (p = 0.093), IL-18 (p = 0.213), and TNF-α (p = 
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0.254) did not exhibit significant improvements in peritoneal dialysis with FIR treatment 
for 6 months. However, as cytokines such as IL-6/TNF-α/INF-γ are short-term inflam-
matory cytokines, we believe that the change in IFN-γ, IL-12, IL-18, and TNF-α can be 
classified as long-term inflammatory changes, according to the inflammatory situation in 
this study. TNF-α is mainly related to systemic inflammation [54]. As the TNF-α in the 
plasma of the subjects in the experimental group continuously decreased in the three 
observation periods, it was confirmed that the clinical inflammatory symptoms of the 
subjects improved due to the influence of far-infrared radiation treatment, which is sim-
ilar to the physiological phenomenon in our study (i.e., Hs-CRP decreased significantly). 
However, IFN-γ and IL-18 in the plasma of patients in the experimental group and the 
control group were higher at the third month than the first month. When macrophages 
are activated by an antigen, they secrete IL-18, and then chemotactic T cells secrete IFN-γ. 
Furthermore, IFN-γ stimulate other macrophages or related immune cells to eliminate 
microbial pathogens [54]. TNF-α and IFN-γ are vital symbols of cellular immunity and 
play an important role in immunotherapy, while IL-12 plays critical roles in the activa-
tion of innate immunity [54]. High IL-12p70 expression was observed in the plasma of 
patients in the experimental group at the third month, and this lasted until the sixth 
month. One of the effects of IL-12p70 is to stimulate the production of IFN-γ, which is 
anti-inflammatory. However, the IFN-γ in the plasma of the experimental group de-
creased in the sixth month, recording a lower value than in the third month. Moreover, 
we found that patients in our experimental group reported improvements in the in-
flammatory response over the 6 months.  

4.4. Overall Assessment 
Although there was no significant difference in the inflammatory cytokines 

throughout the study, we found that patients in our experimental group reported im-
provements in the inflammatory response over the 6 months. Previous studies reported 
that the mechanism of far-infrared therapy is related to its non-thermal effects. The 
non-thermal effect promotes vascular endothelial proliferation by stimulating HO-1[35, 
36, 23]. Lin et al. (2013) demonstrated that the stimulation of HO-1 expression leads to the 
suppression of TNF-α expression in hemodialysis patients [52]. Chang (2018) found that 
FIR treatment can inhibit or reduce the activity of IL-6 and TNF-α and can stabilize the 
expression of eNOS in mice [24]. FIR therapy can also enhance HO-1 synthesis, acti-
vate eNOS, inhibit vascular endothelial growth, reduce oxidative vascular sclerosis, and 
improve the effect of vascular repair [24, 34, 57]. Chang (2018) and Lee et al. (2019) also 
mentioned that FIR treatment can reduce and delay IL-6 and TNF-α responses, which 
may improve vascular endothelial cell function and help reduce the inflammatory re-
sponse [24, 28]. Although the changes in IFN-γ, IL-12, IL-18, and TNF-α were not statis-
tically significant, patients in the experimental group reported improvements in the in-
flammatory response. These results indicate that far-infrared therapy may have a greater 
positive impact on blood circulation, and for this reason, the long-term effects of 
far-infrared therapy need to be further studied. In this study, the effect of FIR on the 
long-term integrity of the peritoneum, how it improved the peritoneal exchange material, 
and how it reduced the incidence of peritonitis in peritoneal dialysis patients were only 
studied over 6 months. It is thought that FIR can slow down the rate of peritoneal de-
generation, increase the peritoneal permeability, and reduce the frequency of peritoneal 
inflammation. Therefore, further studies are needed to obtain a better understanding of 
the effects of FIR therapy on patients with peritoneal dialysis treatment.  

5. Conclusions 
In conclusion, our study demonstrated that the effect of peritoneal dialysis can be 

improved with FIR in terms of the physiological effects and the clinical inflammatory 
symptoms. 
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