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Introduction

As one of the most common and distressing symptoms 
in cancer patients, the prevalence of CRF remains high 
throughout the year. Studies have shown that [1] the prev-
alence of fatigue in different types of cancer ranges from 
50 to 92% and even up to 100%. For instance, a retrospec-
tive study of 4067 cancer patients post-treatment reported a 
fatigue prevalence of 59.60%, making it the most prevalent 
symptom in this population [2]. Tian [3] investigated the 
prevalence and influencing factors of CRF in East China 
and found that 52.07% of 1749 cancer patients experienced 
significant fatigue, with the severity linked to factors such 
as cancer stage, sleep quality and functional movement. 
Despite extensive research on CRF, the medical community 
often underestimates the negative impact of these symp-
toms on patients and society. Furthermore, there is a lack 
of standardized assessment, management and treatment 
protocols for CRF. Studies have showed that CRF is signifi-
cantly associated with a lower quality of life [4, 5]in cancer 
patients, as well as somatic symptoms, anxiety, depression 
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Abstract
Cancer-related fatigue(CRF) is a prevalent and distressing symptom among cancer patients. This study aimed to assess 
the initial effectiveness and safety of 3.95 μm infrared moxibustion for CRF. A randomized controlled trial was conducted 
with 65 CRF-diagnosed cancer patients, where the treatment group received 3.95 μm infrared moxibustion on on the ST36 
(bilateral), CV4, and CV6 acupoints, each patient underwent 30-minute sessions, with 8 sessions per course and a total of 
24 sessions, while the control group received standard care. The study evaluated fatigue and sleep quality using the Piper 
Fatigue Score (PFS) and the Pittsburgh Sleep Quality Index (PSQI) after the 2nd and 3rd sessions. After the 2nd session, 
individual fatigue was significantly lower in the infrared moxibustion treatment group than in the control group (6.39 vs. 
5.26, P = 0.000). After the 3rd session, individuals treated with infrared moxibustion had significantly better fatigue and 
sleep quality than the control group (6.60 vs. 4.63, P = 0.000), (9.45 vs. 7.84, P = 0.041). The safety profile of infrared 
moxibustion was favorable, with only four cases of skin adverse reactions reported. This study suggests that infrared 
moxibustion is a safe and effective treatment for CRF in Chinese cancer patients. However, further research involving 
larger and more diverse populations is necessary to validate these findings.
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and comorbidities [6]. In some cases, the severity of fatigue 
has been identified as a predictor of survival time [7]. Given 
the complex etiology and pathogenesis of CRF, research on 
CRF treatment is only in the preliminary stage [8]. Although 
some non-pharmacological therapies can reduce the clinical 
symptoms of some CRF patients [9, 10], clear therapeutic 
interventions are currently lacking.

Moxibustion therapy is a crucial element of ancient Chi-
nese medicinal practices and has been employed for gen-
erations to combat health deficiencies. By utilizing moxa 
as a fundamental ingredient, this therapy involves applying 
heat to specific points on the skin to enhance overall health 
and prevent diseases. The introduction of the modern infra-
red moxibustion device marks a significant technological 
advancement in the medical field, providing a more efficient 
and controlled treatment method compared to traditional 
techniques.Research studies have shown that the infrared 
moxibustion device delivers a consistent source of heat 
without the issues associated with traditional methods, like 
incomplete burning and excessive smoke production. This 
novel approach not only improves safety but also serves as 
a more eco-friendly option to traditional moxibustion prac-
tices. By closely mimicking the infrared wavelengths emit-
ted during traditional moxibustion, the 3.95  μm infrared 
moxibustion device used in our study effectively overcomes 
the limitations of conventional methods.Our study aimed 
to evaluate the effectiveness and safety of 3.95 μm infrared 
moxibustion for treating Chronic Renal Failure (CRF) in a 
controlled randomized trial. The main focus of the research 
was to assess patient fatigue and quality of sleep using the 
Piper Fatigue Score (PFS) and Pittsburgh Sleep Quality 
Index (PSQI) after the second and third treatment sessions.

Materials and methods

Patients diagnosed with CRF according to the International 
Classification of Diseases, Tenth Revision, Clinical Modi-
fication (ICD-10-CM) criteria were randomly assigned to a 
2-arm randomized controlled trial (RCT) in a 1:1 ratio.

All participants provided written informed consent and 
met the following criteria: (1) aged 18–80 years; (2) diag-
nosed with a malignant tumor; (3) meeting the ICD-10 CRF 
western medicine diagnostic criteria; (4) exhibiting Tradi-
tional Chinese Medicine TCM deficiency symptoms; (5) 
expected survival period of ≥ 2 months; (6) Piper fatigue 
scale score of ≥ 4; (7) demonstrating strong compliance and 
high cooperation levels.

Participants with incomplete data, pregnant, expected 
survival of less than 2 months, serious primary illnesses 
such as cardiovascular and psychiatric diseases, uncoopera-
tive and unable to cooperate, having received other physical 

therapy methods for fatigue, and allergic to infrared light 
were excluded.

Randomization and blinding

Randomization was conducted using SPSS 22.0 statistical 
software, and the allocation of patients to treatment and 
control groups was concealed in opaque sealed envelopes. 
Patients were then selected in the order of treatment. While 
maintaining the integrity of the double-blind requirement 
was challenging given the particularity of moxibustion, 
our research team ensured scientific rigor by following the 
principle of ‘three separations’, which involved separating 
researchers, operators, and statistical analysts.

Study Design

The study consisted of two groups: the treatment group, 
which received infrared moxibustion, and the control group, 
which received usual care. The trial flow is illustrated in 
Fig.  1. In the treatment group, participants underwent 
30-minute sessions of infrared moxibustion for 8 sessions, 
totaling 24 sessions over 3 weeks. Assessment was con-
ducted at the end of the second and third sessions to measure 
the longevity of the treatment’s effects.

Treatment time and method

Participants in the treatment group underwent sessions with 
BXM-02 Infrared moxibustion devices (Beijing Deyuan 
Bohui Technology Tech Co Ltd, Beijing, China) in a des-
ignated private room. The Infrared probes were positioned 
at four specific points - the bilateral ST36, CV4, and CV6 
acupoints - approximately 3 cm from the skin surface for a 
duration of 30 min. Patients in the control group received 
standard symptomatic nursing care. Each patient underwent 
a 30-minute treatment session, eight sessions per course, 
totaling three intervention courses and 24 sessions overall.

Outcome measures

The Piper Fatigue Scale (PFS) was employed in this study 
to evaluate fatigue levels. The scoring system ranged from 0 
to 10, with scores above 6 indicating severe fatigue, scores 
between 4 and 6 representing moderate fatigue, scores 
between 1 and 3 reflecting mild fatigue, and a score of 0 
indicating no fatigue. The fatigue levels were determined 
based on the responses to questions 3 to 24. The Pittsburgh 
Sleep Quality Index (PSQI) was employed to evaluate sleep 
quality in the past month, with factors such as the use of 
hypnotic drugs and daytime dysfunction taken into account. 
Scores on the PSQI ranged from 0 to 3, with higher scores 
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indicating more severe sleep issues. A total score of 7 or less 
was considered normal sleep quality, while a score above 7 
suggested the presence of a sleep disorder.

Statistical analysis

The sample size calculation was based on both reviewing 
the relevant literature [11, 12] and our pilot study compar-
ing the FPS scores of the Infrared moxibustion and control 
groups at Sect. 2 or 3 and Per preliminary data. Considering 
the dropout rate of 10%, the sample size of each group was 
33 cases, and the total sample size was 66 cases. After fill-
ing in the questionnaire data into Excel, import it into the 
SPSS 22.0 software system for statistical analysis, compare 
the measurement data with the mean ± standard deviation 
for description, and use the t-test statistics for the measure-
ment data that meet the normal distribution or homogeneity 
of variance, and do not meet the normal distribution. The 
rank sum test was used for the data with unequal variance or 
the chi-square test was used for the count data. P < 0.05 was 
regarded as statistically significant for all statistics.

Results

A total of 66 participants were recruited for this study from 
the outpatient oncology department of the Second Affili-
ated Hospital of Beijing University of Chinese Medicine 
between May 2021 and February 2022. The participants 
were divided into two groups: one receiving conventional 
symptomatic care (33 participants) and the other receiving 
the infrared moxibustion method (33 participants). Only 

one patient (1.52%) dropped out before the second assess-
ment (Fig. 1).

Baseline characteristics of the patients

Table  1 shows the baseline data for the 65 participants. 
The mean age of the patients enrolled was 63.22 years 

Table 1  General data of the participants
Category Control group 

(N = 33)
Treatment group 
(N = 32)

P

Gender
   Male 10(30.30%) 7(21.87%) 0.660
   Female 23(69.70%) 25(78.13%)
Age 66.15 ± 10.54 62.16 ± 4.75 0.058
Cancer type
   Lung cancer 11 (18.75%) 6 (18.75%) 0.25
   Bowel cancer 5 (9.38%) 3 (9.38%)
   Liver cancer 0 0
   Stomach cancer 1(3.03%) 0
   Kidney cancer 0 0
   Breast cancer 11 (33.33%) 16 (50%)
   Ovarian cancer 0 4 (12.5%)
   Uterine cancer 2 (6.06%) 0
   Bladder Cancer 2 (6.06%) 0
   Oral Cancer 0 1 (3.125%)
   Pancreatic cancer 1 (3.13%) 1 (3.125%)
   Thyroid cancer 0 0
Treatment
   Operation 29 (87.88%) 31 (96.88%) 0.952
   Chemotherapy 19 (57.58%) 19 (59.38%)
   Radiotherapy 4 (12.12%) 4 (12.5%)
   Target 5 (15.15%) 3 (9.37%)
   Immunity 1 (3.03%) 0
   Endocrine 1 (3.03%) 2 (6.25%)

Fig. 1  Flow chart of the study 
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4) The incidence of adverse reactions in the IR group was 
12.5%, and no serious adverse reactions occurred in both 
groups.

Discussion

The purpose of this study was to evaluate the efficacy and 
safety of infrared moxibustion in patients with CRF.

CRF is the most common and distressing symptom 
among cancer patients. The incidence of fatigue is high, 
reaching 25–99% in oncology patients after treatments such 
as surgery, radiotherapy and chemotherapy [13, 14]. CRF 
takes a significant toll on patients. According to a survey, 
fatigue affects the normal life of 91% of cancer patients, 
forcing 88% of patients to change their lifestyle and caus-
ing 75% of patients to make adjustments to their work [15]. 
Moreover, CRF is associated with negative emotions like 
anxiety depression, impacting patients’ overall well-being 
and confidence in battling cancer [16]. Addressing CRF is 
crucial for enhancing patients’ quality of life and extending 

(range47-85 years); 17 patients (26.15%) were male, 
whereas 48 patients (73.84%) were female. They were all of 
Han Chinese ethnicity, all patients were in the survivorship 
phase after curative cancer treatment. There is no significant 
statistical difference in the general data among the groups, 
and they are comparable (Table 1).

Changes in fatigue between the groups

Figure  2 shows PFS at baseline, course 2, and course 3 
between the infrared moxibustion group (32 patients) and 
control group (33 patients). At baseline, the PFS was not 
significantly different between the 2 groups (6.31 ± 1.22 vs. 
5.98 ± 1.04, P = 0.457). By the middle of treatment (Sect. 2), 
the PFS was statistically lower in the infrared moxibustion 
group versus the control group (6.39 ± 0.89 vs. 5.26 ± 0.81, 
P = 0.000). At the end of treatment (Sect. 3), the PFS was 
much lower in the laser moxibustion group compared with 
the sham group (6.60 ± 1.04 vs. 4.63 ± 0.84, P = 0.000).

Figure 3 shows the PSQI at baseline, course 2, and course 
3 between the infrared moxibustion group (32 patients) and 
control group (33 patients). At baseline, the PSQI was not 
significantly different between the 2 groups (8.58 ± 3.85 vs. 
9.53 ± 5.28, P = 0.390). By the middle of treatment (Sect. 2), 
the PSQI was statistically lower in the infrared moxibustion 
group versus the control group (9.18 ± 3.82 vs. 8.56 ± 3.953, 
P = 0.518). At the end of treatment (Sect. 3), the PSQI was 
much lower in the laser moxibustion group compared with 
the sham group (9.45 ± 3.00 vs. 7.84 ± 3.69, P = 0.041).

Assessment of AEs

1) Adverse skin reactions at the treatment site were observed 
in Four patients within the infrared moxibustion group. 
These reactions included one case of local skin blistering at 
the Guan Yuan point and three cases of local skin flushing 
without itching. In cases where large localized skin blisters 
appeared, the sterilized needle tip was partially punctured 
to release the fluid. Following wound healing, other allergic 
patients were advised to apply local anti-scald cream to pre-
vent burns, with skin reaction.

2) Two patients in the treatment group experienced dry 
mouth, increased thirst, dry stool, and difficulty sleeping. 
Patients with dry mouth and dry stool were advised to 
increase their water intake and consume more fresh fruits 
and vegetables. Those struggling with sleep were given 
adjusted treatment times and encouraged to soak their feet 
and drink milk before bedtime, resulting in significant relief 
of symptoms.

3) No adverse reactions such as tumor enlargement, 
metastasis or tumor burden aggravation related to the pri-
mary disease occurred in the treatment group.

Fig. 3  Comparing PSQI of the infrared moxibustion group (32 patients) 
and control group (33 patients) at baseline, Sect. 2, Sect. 3 (shown as 
the mean ± the standard error)

 

Fig. 2  Comparing Piper fatigue score(PFS) of the infrared moxibus-
tion group (32 patients) and control group (33 patients) at baseline, 
Sect. 2, Sect. 3 (shown as the mean ± the standard error)
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also exhibits a beneficial anti-inflammatory effect. This sug-
gests that the combined light radiation and thermal effects 
of infrared moxibustion may be crucial initiating factors for 
the overall effectiveness of moxibustion.

The present study has several limitations. Firstly, the 
short duration of treatment in this study was due to trial time 
and site, constraints, leading to a lack of follow-up observa-
tion on late clinical outcomes. Secondly, the study included 
CRF patients with fatigue from 12 different tumor types, 
predominantly breast cancer, resulting in a relatively com-
plex distribution of disease types. Future trials could con-
sider focusing on CRF patients with a single disease type 
to enhance the scientific validity of the trial results. Thirdly, 
the absence of a sham infrared moxibustion group as a 
control made it challenging to assess the placebo effect of 
infrared moxibustion for CRF. Lastly, the safety evaluation 
of this study lacked quantitative evaluation indexes, poten-
tially introducing bias. For future clinical trials, quantitative 
indicators such as body temperature, heart rate, blood pres-
sure, pulse, and routine liver and kidney function tests can 
be utilized to evaluate the safety of the experiment.
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their survival. Despite numerous international clinical trials, 
a safe and effective treatment for CRF remains elusive [17].

Moxibustion activates receptors in superficial areas 
of the body and increases the internal energy of the body 
[18]. It acts on deep tissues and mediates the capillary net-
work to produce extensive thermal effects, accelerating 
the body’s circulation and metabolism [19]. Additionally, 
moxibustion activates active substances such as heat shock 
proteins, stimulating the body’s neurological and humoral 
immune functions [20]. It is also effective in reducing the 
toxic side effects of surgery, radiotherapy, and chemother-
apy [21], improving clinical symptoms, immune function, 
and the quality of life for cancer patients [22, 23]. Widely 
used in the treatment of CRF due to its effectiveness, con-
venience, safety and economy. Scholars agree [24] that the 
key efficacy factors of moxibustion are light radiation and 
thermal stimulation, with pharmacological effects playing 
an auxiliary role. Infrared moxibustion can partially replace 
the physical effects of moxibustion [25], but its therapeu-
tic effects on CRF have been underreported, hindering the 
advancement of modern medical technology and the explo-
ration of moxibustion’s mechanism of action. And infrared 
moxibustion treatment was found to be safe, with no sig-
nificant adverse events reported. The results of this study 
indicate that 3.95 μm infrared moxibustion could be a safe 
and effective non-pharmacological approach for managing 
CRF, aligning with findings from previous clinical studies.

Inflammatory factor imbalance and circadian rhythm 
disturbances are associated with the development of CRF 
[26, 27]. Pro-inflammatory factors such as interleukin-6 
(IL-6), C-reactive protein (CRP), interleukin-1β (IL-1β), 
tumor necrosis factor-a (TNF-a), and others can trigger cen-
tral fatigue through various mechanisms including anemia, 
fever, depression, and cachexia [28]. A retrospective study 
of 1312 chemotherapy patients identified over 20 cytokines 
associated with CRF, with anthracycline chemotherapy 
patients showing significant associations with transform-
ing growth factor-β (TGF-β), soluble tumor necrosis fac-
tor receptor 2 (sTNF-R2), and interleukin-1RA (IL-1 RA) 
[29]. Research [30] also indicates that sleep disturbances 
can impact inflammation and lead to fatigue, with factors 
like difficulty falling asleep, frequent awakening, poor sleep 
quality, and sleepiness being linked to CRF. Studies have 
shown a positive correlation between fatigue and sleep dura-
tion, number of awakenings, total sleep time, and a negative 
correlation with sleep efficiency [31]. Furthermore, longer 
latency to fall asleep in breast cancer patients was associ-
ated with more nighttime awakenings and increased sever-
ity of CRF symptoms [32]. Circadian rhythms play a role in 
regulating sleep duration, and phototherapy can influence 
the suprachiasmatic nucleus’s function to synchronize with 
the body’s circadian rhythm [33]. In addition, infrared light 
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