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Abstract
Objective—Survival of arteriovenous fistulas (AVFs) in hemodialysis patients is associated with
both far infrared (FIR) therapy and length polymorphisms of the heme oxygenase-1 (HO-1) promoter.
In this study, we evaluated whether there is an interaction between FIR radiation and HO-1 in
regulating vascular inflammation.

Methods and Results—Treatment of cultured human umbilical vein endothelial cells (ECs) with
FIR radiation stimulated HO-1 protein, mRNA, and promoter activity. HO-1 induction was
dependent on the activation of the antioxidant responsive element/NF-E2-related factor-2 complex,
and was likely a consequence of heat stress. FIR radiation also inhibited tumor necrosis factor-α-
mediated expression of E-selectin, vascular cell adhesion molecule-1, intercellular cell adhesion
molecule-1, monocyte chemoattractant protein-1, interleukin-8, and the cytokine-mediated adhesion
of monocytes to ECs. The anti-inflammatory action of FIR was mimicked by bilirubin, and was
reversed by the HO inhibitor, tin protoporphyrin-IX, or by the selective knockdown of HO-1. Finally,
the anti-inflammatory effect of FIR was also observed in patients undergoing hemodialysis.

Conclusions—These results demonstrate that FIR therapy exerts a potent anti-inflammatory effect
via the induction of HO-1. The ability of FIR therapy to inhibit inflammation may play a critical role
in preserving blood flow and patency of AVFs in hemodialysis patients.
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Introduction
A well-functioning vascular access is necessary for achieving adequate hemodialysis (HD) in
patients with end stage renal failure. Approximately 17-25% of HD patient hospitalizations in
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the United States arise from vascular access complications, with an annual cost of more than
1 billion US dollars, which continues to grow (1). Nearly 85% of vascular access failures arise
from thromboses, more than 80% of which are associated with stenoses (2), which usually
presents with inadequate blood flow (3,4). The causative factors of vascular access stenosis
include small diameter of artery and vein, surgical technique, previous venipunctures,
hemodynamic stress, and the presence of accessory veins (5). Moreover, many factors leading
to endothelial dysfunction, such as oxidative stress, hyperhomocysteinemia, platelet activation,
and inflammation are associated with arteriovenous fistula (AVF) failure (5).

The histological features of vascular access stenosis comprise vascular inflammation, intimal
hyperplasia, and excessive accumulation of extracellular matrix (5). Despite these findings,
the cause of stenoses remains unknown in a significant proportion of HD patients. This inter-
individual variation may relate to differences in the genetic background that may influence
susceptibility to vascular inflammation and neointima formation following endothelial and
smooth muscle injury (6,7). Consistent with this notion, AVF survival was reported to be
associated with specific genetic polymorphisms of transforming growth factor β1 (8) and
methylene tetrahydrofolate reductase (9). In addition, we recently identified a length
polymorphism in the heme oxygenase-1 (HO-1) gene that is associated with patency of AVFs
(10). HO-1 catalyzes the oxidative degradation of heme into equimolar amounts of biliverdin,
free iron, and carbon monoxide (CO) (see 11-14). Biliverdin is subsequently metabolized to
bilirubin by the enzyme biliverdin reductase. Induction of HO-1 elicits potent anti-
inflammatory, anti-proliferative, anti-thrombotic, and anti-oxidant effects in the circulation via
the generation of CO and bilirubin. Interestingly, we found that a long guanidine thymidine
dinucleotide repeat [(GT)n≧30] in the HO-1 promoter, which is linked to impaired inducibility
(11), is associated with a higher frequency of access failure and diminished patency of AVFs
in HD patients, suggesting a critical role for HO-1 in governing the survival of AVFs (10).

Far infrared (FIR) radiation is an invisible electromagnetic wave with a characteristic
wavelength between 5.6 and 1000μm that can be perceived as heat by thermo-receptors in the
skin (15,16). Recent studies indicate that FIR therapy exerts beneficial effects in the
cardiovascular system. FIR radiation improves ventricular arrhythmias and endothelial
function in patients with heart disease (17,18). In addition, FIR radiation promotes
microvascular blood flow and angiogenesis in various animal models (19,20). Moreover, we
recently demonstrated that FIR therapy improves access flow and patency of AVFs in HD
patients (21). However, the mechanism by which FIR radiation exerts these favorable effects
is not known.

In the present study, we investigated the effect of FIR radiation on HO-1 gene expression and
inflammation in human endothelial cells (ECs), In particular, we determined whether FIR
radiation modulates the expression of inflammatory proteins and the adhesion of monocytes
to the surface of ECs, and the potential involvement of HO-1 in mediating the anti-
inflammatory action of FIR therapy. In addition, we explored the effect of FIR therapy on
circulating inflammatory markers in patients following a single HD session.

Methods
Human umbilical vein ECs (HUVEC) were exposed to FIR radiation using a WS™ TY101
FIR emitter (WS Far Infrared Medical Technology Co., Ltd., Taipei, Taiwan). This device
generates electromagnetic waves with wavelengths between 3 and 25 μm (peak 5-6 μm). The
radiator was set at a height of 25 cm above the bottom of the tissue culture plates and cells
were exposed to FIR radiation for various times (0-40 minutes). The effect of FIR radiation on
HO-1 or NF-E2-related factor-2 (Nrf2) protein and mRNA expression were quantified by
western and northern blotting, respectively, while the action of FIR radiation on HO-1 promoter
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activity was determined using wild-type and mutant HO-1 promoter/firefly luciferase
constructs. Vascular inflammation was assessed by measuring the expression of endothelial
adhesion receptor molecules, the endothelial production of chemokines, and the adhesion of
monocytes to HUVEC. Finally, the anti-inflammatory effect of FIR was also investigated in
patients undergoing HD. For complete details of Material and Methods please see
Supplemental Materials and Methods (available online at http://atvb.ahajournals.org).

Results
FIR therapy stimulates HO-1 expression via the Nrf2/ARE complex in human ECs

Treatment of HUVEC with FIR radiation for 40 minutes stimulated a time-dependent increase
in HO-1 protein. A significant increase in HO-1 protein was observed after 2 hours of FIR
radiation and protein levels returned to basal levels by 48 hours (Figure 1A). The induction of
HO-1 protein by FIR radiation was also dependent on the duration of FIR exposure. Increasing
the duration of FIR exposure from 10 to 40 minutes resulted in a progressive increase in HO-1
protein (Figure 1B). In addition, application of FIR radiation for 40 minutes stimulated a time-
dependent increase in HO-1 mRNA beginning 2 hours after exposure (Figure 1C). The
induction of HO-1 mRNA by FIR radiation was also dependent on the exposure interval (Figure
1D). Application of FIR radiation for 40 minutes had no effect on cell viability (data not shown)
and did not stimulate the production of reactive oxygen species (please see supplemental Figure
I). However, administration of FIR radiation for 40 minutes resulted in a significant elevation
in temperature of the culture media (36.8±0.3° C in control media versus 39.6±0.4°C
immediately after FIR radiation; n=3). Interestingly, raising the temperature from 36.8 to 39.6°
C also evoked a significant increase in HO-1 expression in HUVEC (please see supplemental
Figure IIA).

To determine whether the increased expression of HO-1 in response to FIR therapy involves
the transcriptional activation of the gene, HUVEC were transiently transfected with a wild-
type HO-1 promoter construct and promoter activity was monitored. Treatment of HUVEC
with FIR therapy for 40 minutes stimulated more than a 2-fold increase in HO-1 promoter (E1)
activity (Figure 2A). However, mutation of the ARE (M739) markedly attenuated basal HO-1
promoter activity and abolished the response to FIR radiation, suggesting that FIR exposure
activates HO-1 transcription via the ARE. Since the transcription factor Nrf2 appears crucial
for ARE-mediated gene expression, we determined whether Nrf2 was involved. Indeed,
transfection of HUVEC with a dominant-negative Nrf2 mutant (dnNrf2) suppressed basal
activity by more than 50% and blocked the induction of HO-1 promoter activity by FIR (Figure
2A). Furthermore, 40 minutes of FIR therapy resulted in a rapid time-dependent increase in
Nrf2 protein (Figure 2B). A significant increase in Nrf2 protein was observed only after 30
minutes after FIR exposure and Nrf2 levels progressively increased for up to 6 hours after FIR
exposure. In addition, the induction of Nrf2 protein expression was dependent on the duration
of FIR exposure, with longer exposures demonstrating a progressive increase in Nrf2 protein
(Figure 2C). Interestingly, raising the temperature of the culture media from 36.8 to 39.6°C
also stimulated a time-dependent increase in Nrf2 protein (please see supplemental Figure IIB).

FIR therapy inhibits TNFα-stimulated inflammatory protein expression
Treatment of HUVEC with TNFα (100ng/ml) stimulated a time-dependent increase in the
expression of the adhesion molecules: E-selectin, vascular cell adhesion molecule -1,
(VCAM-1), and intercellular adhesion molecule-1 (ICAM-1) (Figure 3A). Application of FIR
therapy for 40 minutes suppressed the cytokine-mediated induction of the adhesion molecules
(Figure 3A). Optimal inhibition of adhesion molecules by FIR was observed at 4 hour for E-
selectin, at 6 hour for VCAM-1, and at 24 hour for ICAM-1. The effect of FIR therapy duration
on individual adhesion proteins was examined at their optimally inhibited times and revealed
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that protein expression for all three adhesion molecules was maximally inhibited by 40 minutes
of FIR radiation (Figure 3B). In addition, treatment of HUVEC with TNFα (100ng/ml) for 6
hours stimulated an increase in the production of monocyte chemoattractant protein-1 (MCP-1)
and interleukin-8 (IL-8) that was blocked by FIR therapy in a duration-dependent manner
(Figure 3C and D).

FIR therapy suppresses TNFα-stimulated VCAM-1 protein expression and monocyte
adhesion to human ECs via the induction of HO-1

In subsequent experiments, we explored whether the induction of HO-1 is involved in
mediating the inhibitory effects of FIR therapy on adhesive protein expression. Since FIR
radiation markedly inhibited VCAM-1 expression at nearly all time points studied, we focused
on this particular adhesion molecule. Consistent with our earlier results, we found that FIR
therapy for 40 minutes markedly suppressed the TNFα (100ng/ml for 6 hours)-mediated
induction of VCAM-1 (please see supplemental Figure III). However, treatment of HUVEC
with the HO inhibitor, SnPP (10 or 20μM), reversed the inhibitory effect of FIR radiation in a
concentration-dependent manner. Significantly, SnPP did not induce the expression of
VCAM-1 in the absence of TNFα and slightly, but not significantly, increased the induction
of VCAM-1 by TNFα

The physiological significance of FIR therapy mediated inhibition of HUVEC adhesion
molecule expression was examined by determining the effect of FIR radiation on monocyte
adhesion. FIR therapy, SnPP, HO-1 siRNA, or the control non-targeting oligonucleotide
minimally affected monocyte adhesion in the absence of TNFα. Treatment of HUVEC with
TNFα (100ng/ml) for 6 hours stimulated a nearly 3-fold increase in monocyte adhesion which
was potentiated by SnPP (20μM) or by treating HUVEC with the HO-1 siRNA (0.1μM) for
two days but unaffected by the non-targeting siRNA (NT siRNA; 0.1μM) (Figure 4A).
Application of FIR therapy for 40 minutes significantly blocked cytokine-stimulated monocyte
adhesion to HUVEC (Figure 4A). Similarly, the TNFα-mediated adhesion of monocytes to
human aortic endothelial cells (HAEC) was blocked by FIR radiation, indicating that the anti-
inflammatory effect of FIR was not unique to venous endothelium (please see supplemental
Figure IV). However, treatment of ECs with SnPP (20 μM) or pretreatment of cells with the
HO-1 siRNA (0.1 μM) fully reversed the inhibitory effect of FIR radiation (Figure 4A). In
contrast, the NT siRNA (0.1μM) failed to block the anti-adhesive effect of FIR therapy. Figure
4B shows relative HO-1 protein expression in HUVEC exposed to various treatment regimens.
In comparison with control cells, HO-1 expression was elevated approximately 3-fold in
HUVEC treated with FIR radiation for 40 minutes and 2-fold in cells treated with TNFα
(100ng/ml for 6 hours). Treatment of cells with the combination of FIR and TNFα resulted in
an additive increase (approximately 4-fold) in HO-1 protein. In addition, treatment of HUVEC
with the HO-1 siRNA (0.1μM) suppressed the increase in HO-1 protein expression evoked by
the combined treatment of cells with FIR radiation and TNFα. In contrast, the NT siRNA
(0.1μM) had no effect on HO-1 expression in response to FIR therapy and TNFα. The HO-1
siRNA also abolished the basal expression of HO-1 whereas the NT siRNA had no effect on
HO-1 expression, confirming the selectivity of our HO-1 knockdown approach.

Exogenous administration of bilirubin mimics the anti-inflammatory action of FIR therapy
We also determined which of the HO-1 products mediates the anti-inflammatory action of
HO-1. Incubation of HUVEC with bilirubin (BV; 20 μM) significantly suppressed TNFα
(100ng/ml for 6 hours)-stimulated monocyte adhesion (Figure 4C). In contrast, the addition of
CO (500 ppm) or free iron (Fe; 20 μM) failed to block cytokine-mediated monocyte adhesion
(Figure 4C). In the absence of TNFα, the HO-1 products had no effect on monocyte adhesion
(data not shown).
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FIR therapy exerts an anti-inflammatory effect in HD patients
Finally, we examined whether FIR radiation could also evoke an anti-inflammatory effect in
vivo. A prospective, randomized, controlled clinical trial involving twenty Chinese HD patients
was conducted. Patient characteristics were as follows: 13 males and 7 females, average age
of 66.5±9.1 years, HD duration of 91.2±63.8 months. The distribution of the underlying cause
of end stage renal disease for these patients includes diabetes mellitus for 8, chronic
glomerulonephritis for 6, hypertension for 4, IgA nephropathy for 1, and unknown for 1 patient.

Circulating levels of inflammatory markers before and after a single HD session as well as
changes in inflammatory marker concentration are shown in Table 1. Consistent with previous
reports showing that HD can provoke an inflammatory response (22-24), a significant increase
in hypersensitive C-reactive protein (hsCRP), soluble ICAM-1 (sICAM-1), and soluble
VCAM-1 (sVCAM-1) was observed in patients following a single HD session that lasted for
4 hours. However, significant elevations in only sICAM-1 and sVCAM-1 were noted in
patients that were exposed to 40 minutes of FIR therapy. Interestingly, the concentration of
sVCAM-1 following HD was significantly lower in patients treated with FIR therapy.
Moreover, the incremental change in serum concentration of all three inflammatory markers
following a single HD session with FIR therapy was significantly lower than that without FIR.

Discussion
In the present study, we identified FIR therapy as a novel inducer of HO-1 gene expression in
human vascular endothelium. The induction of HO-1 is dependent on the duration of FIR
exposure and requires the activation of the Nrf2-ARE signaling pathway. In addition, we found
that FIR therapy inhibits the expression of pro-inflammatory adhesion receptors and
chemoattractant molecules in human ECs, and blocks the adhesion of monocytes to ECs.
Moreover, we found that FIR therapy blunts the increase in circulating inflammatory markers
in patients following a single HD session. These potent anti-inflammatory effects of FIR
therapy are dependent on the induction of HO-1 and are mimicked by the exogenous
administration of bilirubin. Thus, the ability of FIR therapy to inhibit inflammation via the
HO-1-catalyzed production of bilirubin may provide an important mechanism by which FIR
radiation promotes the survival of AVFs in HD patients.

Treatment of ECs with FIR radiation results in a time-dependent increase in HO-1 protein and
mRNA expression that correlates with the duration of FIR exposure. Transient transfection
experiments indicate that FIR radiation stimulates the transcriptional activation of the HO-1
gene. The induction of HO-1 by FIR radiation is likely thermally-mediated. FIR radiation
results in a modest degree of heat stress, and application of a similar amount of heat is sufficient
to induce HO-1 expression in vascular endothelium. Interestingly, the activation of the HO-1
gene by FIR radiation does not occur via classical heat shock responsive elements since these
elements are inactive in most mammalian species, including the mouse and human HO-1 gene
(25). Instead, we found that the induction of HO-1 requires the presence of AREs in the HO-1
promoter since mutation of these sites abolishes the stimulation of promoter activity by FIR
radiation. While many transcription factors are capable of binding to the ARE, Nrf2 appears
to play a predominant role in ARE-dependent HO-1 expression (25,26). In support of this, we
found that FIR radiation stimulates the expression of Nrf2 in a manner that precedes the rise
of HO-1 mRNA. In addition, we observed that transient transfection of ECs with a dominant-
negative mutant of Nrf2 abrogates the activation of HO-1 promoter activity by FIR radiation.
The mechanism by which FIR radiation activates Nrf2 is not known. Activation of Nrf2 is
regulated by the cytosolic protein Keap1 that negatively modulates the nuclear translocation
of Nrf2 and facilitates the degradation of Nrf2 via the proteasome. Interestingly, heat has been
shown to inhibit proteasomal activity (27), which can lead to the activation of Nrf2 (28). Thus,
it is possible that FIR radiation activates Nrf2 via a thermally-induced decrease in proteasomal
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function. Consistent with this notion, we found that a similar degree of heat stress that is evoked
by FIR radiation is able to increase Nrf2 protein levels.

Emerging evidence from numerous laboratories indicate that FIR therapy exerts beneficial
effects in the cardiovascular system (17-21,29,30). In the present study, we extend these
findings to show that FIR radiation exerts a potent anti-inflammatory effect on vascular
endothelium. We observed that FIR radiation inhibits the TNFα-mediated expression of the
adhesion molecules VCAM-1, ICAM-1, and E-selectin, as well as the chemoattractants MCP-1
and IL-8. The expression of adhesion receptors and chemoattractant molecules is crucial in
recruiting inflammatory cells to sites of active inflammation and therefore important for
influencing the outcome of the inflammatory reaction. Each adhesion molecule plays a
different role in modulating leukocyte-endothelial interactions. While E-selectin is deemed to
participate in the initial phases of rolling and attachment of leukocytes to ECs, VCAM is mainly
responsible for establishing firm leukocyte adhesion to ECs, and ICAM functions to promote
the transmigration of the leukocytes to the extravascular space (31). Our finding that FIR
radiation inhibits the expression of all three adhesive proteins, MCP-1, and IL-8 indicates the
FIR therapy may modulate multiple components of the inflammatory response. The
physiological significance of FIR radiation-mediated inhibition of adhesion molecule
expression is underscored by our finding the FIR therapy completely suppresses the cytokine-
mediated adhesion of monocytes to cultured human ECs. Interestingly, the intensity and
duration of FIR radiation (40 minutes) employed to inhibit endothelial adhesion molecule
expression and monocyte adhesion is similar to what we recently used to improve access blood
flow and patency of AVFs in hemodialysis patients (21). Moreover, in the present study, we
found that HD-induced inflammatory stress is reduced in patients treated with FIR therapy.
Circulating levels of sVCAM-1 were significantly lower following a single HD session in
patients exposed to FIR radiation. In addition, the increments in hsCRP, sICAM-1, and
sVCAM-1 following a single HD session are reduced in patients treated with FIR therapy.
Given that stenotic AVFs are associated with marked inflammatory activity consisting of
abundant leukocyte infiltration and augmented ICAM-1 and VCAM-1 expression (5,32), the
ability of FIR radiation to exert potent anti-inflammatory effects may contribute to the
beneficial effects observed with FIR therapy in HD patients.

The anti-inflammatory effect of FIR radiation is mediated via the induction of HO-1. We found
that pharmacological inhibition of HO-1 activity completely reverses the ability of FIR
radiation to suppress cytokine-mediated VCAM-1 expression. Furthermore, inhibition of HO-1
activity abolishes the anti-adhesive action of FIR radiation. Similarly, the selective knockdown
of HO-1 expression by HO-1 siRNA prevents the FIR radiation-mediated induction of HO-1
protein and the inhibition of monocyte adhesion. Interestingly, TNFα also stimulates HO-1
protein expression. Moreover, the cytokine-mediated adhesion of monocytes is potentiated by
inhibiting HO-1 expression or activity, suggesting that the induction of HO-1 functions in a
negative feedback manner to limit cytokine-stimulated monocyte adhesion. Finally, the anti-
inflammatory effect of HO-1 is likely mediated via the release of bilirubin because the
exogenous administration of bilirubin mimics the anti-adhesive action of HO-1 whereas the
other HO-1 products had no effect on monocyte adhesion. Our finding the FIR therapy inhibits
the expression of EC adhesion molecules and monocyte adhesion to endothelium via the HO-1-
derived formation of bilirubin is consistent with studies demonstrating that overexpression of
HO-1 or the exogenous application of bilirubin exerts an anti-inflammatory effect by blocking
the activation of the transcription factor NF-κB, which is strictly required for cytokine-
mediated induction of endothelial adhesion receptors (33-36).

The ability of FIR radiation to stimulate vascular HO-1 gene expression may contribute to its
therapeutic effect in maintaining the patency of AVFs in HD patients (10). Aside from its potent
anti-inflammatory action, HO-1 may also preserve blood flow through the AVF by inhibiting
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vascular smooth muscle cell proliferation, platelet aggregation, and vasospasm (see 12-14).
Furthermore, HO-1 can stimulate EC regrowth at sites of endothelial injury which further
inhibits vascular stenosis by reestablishing a non-thrombogenic surface and retaining the
underlying vascular smooth muscle cells in a quiescent state. Thus, the induction of HO-1 by
FIR may promote the viability of AVFs by counteracting many of the causative factors that
lead to AVF failure.

The induction of HO-1 may also contribute to other vasoprotective effects associated with FIR
therapy. In particular, the ability of non-ablative infrared laser therapy to inhibit neointimal
hyperplasia after percutaneous coronary angioplasty in hypercholesterolemic rabbits (29) may
also occur through HO-1 since this enzyme protects against intimal thickening in various
animal models of arterial injury (12-14). In addition, the induction of HO-1 may contribute to
the antioxidant effect of FIR (30). This latter effect may be particular relevant for uremic
patients which suffer from excessive oxidative stress that is further aggravated by dialysis
(37).

In conclusion, the present study demonstrates that FIR therapy induces HO-1 gene expression
in human ECs via the activation of the Nrf2/ARE complex. In addition, this study found that
the induction of HO-1 contributes to the ability of FIR therapy to inhibit the expression of EC
adhesion molecules and the adhesion of monocytes to vascular endothelium. The ability of FIR
to inhibit endothelial inflammation through the induction of HO-1 may play a critical role in
maintaining the patency of AVFs in HD patients.
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Figure 1.
FIR radiation for 40 minutes stimulates HO-1 protein (A) and mRNA (C) expression in
HUVEC. Duration-dependent effect of FIR radiation on HO-1 protein (B) and mRNA (D)
expression in HUVEC six hours after FIR exposure. Results are means ± SD (n=3-5).
*Statistically significant effect of FIR therapy.
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Figure 2.
FIR radiation for 40 minutes stimulates HO-1 promoter activity in HUVEC six hours after FIR
exposure (A). FIR radiation for 40 minutes stimulates Nrf2 protein expression (B). Duration-
dependent effect of FIR radiation on Nrf2 protein expression (C). Results are means ± SD
(n=3-6). *Statistically significant effect of FIR therapy.
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Figure 3.
FIR radiation for 40 minutes inhibits TNFα (100ng/ml)-stimulated adhesion receptor
expression in HUVEC (A). Duration-dependent effect of FIR radiation on adhesion receptor
expression (B). FIR radiation inhibits TNFα (100ng/ml for 6 hours)-stimulated MCP-1 (C) and
IL-8 (D) production. Results are means ± SD (n=3-4). *Statistically significant effect of FIR
radiation.
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Figure 4.
Monocyte adhesion (A, C) and HO-1 protein (B) in HUVEC treated with HO-1 or NT siRNA,
FIR radiation, or untreated HUVEC exposed to TNFα in the presence of SnPP, BR, CO, or Fe.
Results ar means ± SD (n=3-6). *Statistically significant effect versus untreated
cells. †Statistically significant effect of BR.
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Table 1
Serum concentrations of inflammatory markers for 20 HD patients before and after a single HD session with or without
FIR therapy.

HD session without FIR HD session with FIR

hsCRP (mg/L)-BHD 4.10±4.07 4.63±4.32

hsCRP (mg/L)-AHD 4.34±4.26* 3.98±2.93

Δ (AHD-BHD) hsCRP (mg/L) 0.24±0.43 −0.65±1.73†

sICAM-1 (ng/mL)-BHD 690±225 728±218

sICAM-1 (ng/mL)-AHD 886±281* 823±320*

Δ (AHD-BHD) sICAM (ng/mL) 196±128 95±190†

sVCAM-1 (ng/mL)-BHD 1135±664 1164±676

sVCAM-1 (ng/mL)-AHD 1461±716* 1243±667*†

Δ (AHD-BHD) sVCAM-1 (ng/mL) 326±249 79±107†

hsCRP, hypersensitive C-reactive protein; BHD, before hemodialysis; AHD, after hemodialysis; sICAM-1, soluble intercellular adhesion molecule-1;
sVCAM-1, soluble vascular cell adhesion molecule-1

Values are expressed as the mean ± SD.

*
Statistically significant effect of HD.

†
Statistically significant effect of FIR therapy.
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