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Abstract

Rheumatoid arthritis (RA) is a progressive common autoimmune disorder and is one of the most functional limiting diseases in
elderly. Until recently, its treatment is mainly based on physical locations and meetings while being face to face. However, laser
acupuncture tele-therapy approaches can significantly provide the patient with safety during the COVID-19 pandemic as well as
changing the disorder’s prognosis. Sixty patients were assigned randomly into 2 groups with 1:1 ratio. Patients in group A are
treated remotely by laser acupuncture in addition to methotrexate and a tele-rehabilitation program in the form of aerobic exercise
training. Patients in group B are treated by methotrexate and a tele-rehabilitation program in the form of aerobic exercise. There
was a statistically significant difference in health assessment questionnaire (HAQ) pre- and post-treatment in group A (p < 0.05).
The C-reactive protein (CRP) and interleukin-6 (IL-6) inflammatory markers as well as the malondialdehyde (MDA) oxidative
marker showed a significant reduction pre- and post-treatment in group A (p < 0.05). Additionally, there was a significant
increase in the adenosine tri-phosphate (ATP) antioxidant marker pre- and post-treatment in group A (p < 0.05). The comparison
between groups A and B showed a statistically significant post-treatment difference in RAQoL, CRP, IL-6, ATP, and MDA in
group A than group B. Considering the significant improvement that was found in the laser acupuncture group, it can be
concluded that the use of laser acupuncture as adjunctive was effective in the treatment of elderly patients with RA.
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Introduction

Rheumatoid arthritis is one of the most common and dev-
astating autoimmune diseases that can cause progressive
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disability and systemic inflammation. The global preva-
lence varies from 0.3 up to 1%. Within 10 years of dis-
case onset, at least 50% of the affected patients are limited
functionally. Prevalence of comorbidities in elderly onset
RA is higher than young onset RA due to the effects of
aging process on the immune system. The disease-
associated comorbidity prevalence can also be influenced
by various genetic and environmental factors as it is con-
sidered a multifactorial disease [1, 2].

The elderly RA populations are obviously increasing; this
can be attributed to the increasing life expectancy in elderly as
well as the elderly onset RA increased incidence [3].

With aging the immune system deteriorates; this phenom-
enon is known as immunosenescence. Several studies re-
vealed that the immune system of patients with RA undergoes
premature and accelerated aging [4].

Elderly onset RA is characterized by a more systemic in-
volvement leading to worse therapeutic outcome than the
young onset RA [5].
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Despite the expanding awareness of pharmacological agent
adverse effects, management of RA depends mainly on the
use of disease-modifying anti-rheumatic drugs (DMARDs),
nonsteroidal anti-inflammatory drugs (NSAIDs), and biolog-
ical agents. On the other hand, acupuncture has been widely
used as a safe contemporary management option [6].

Acupuncture is recommended by the World Health
Organization (WHO) for the treatment of sixteen inflammatory
diseases including RA and more than thirty pain conditions [7].

Acupuncture can manage autoimmune diseases by regulat-
ing the immune network of the disease, exerting a regulating
effect on the hemodynamic functions, and changing the con-
centrations of neurotransmitters in the central nervous system
(CNS). The current evidence supports that the interaction be-
tween the immune and nervous systems is the main reason for
the sensitization of the peripheral and central neurons leading
to induction and maintenance of pathological pain [8].

According to Traditional Chinese Medicine (TCM) theory,
RA is regarded as four syndromes including kidney and liver
deficiency syndrome, blood stagnation syndrome, wind damp
joint heat syndrome, and wind damp joint cold syndrome.
Therefore, the systemic effects from the application of laser
acupoints stimulation can make a great challenge in managing
the disease [9, 10].

Concerns about adverse effects from therapeutic approach
options can markedly influence the therapeutic decisions as
patients as well as clinicians are often favoring a non-invasive
and safe approach especially in this age group [11].

Despite the presence of these concerns, the therapeutic trials
on this age group are limited due to the age-related high preva-
lence of comorbidities such as malignancies and infections [12].

Electronic health and tele-therapy solutions can provide bet-
ter access to health and medical care. Their strengths made them
crucial tools as a clinical response for the COVID-19 pandemic.
Recent evidence shows that the tele-therapy can facilitate self-
monitoring and ensure patient involvement and adherence im-
provement, while giving higher value with a lower cost [13, 14].

Therefore, the aim of our study is to investigate a therapeu-
tic approach targeting RA in elderly patients through tele-
therapy as it is considered safer and more challenging specif-
ically in this group of patients in the presence of the pandemic.

Patients and methods
Patients

Sixty patients aged from 65 to 75 years of both sexes with active
rheumatoid arthritis and not on DMARDs for 3 months partic-
ipated in this study. The patients were 41 females and 19 males.

All patients were meeting the criteria of ACR and EULAR
classification for rheumatoid arthritis [15]. Patients having ma-
lignancy and connective tissue diseases including systematic
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lupus erythematosus and systematic sclerosis, smokers, and al-
coholics were excluded. The Cairo University research ethics
approval was obtained before starting the study.

The sixty patients were randomly assigned into two groups
with 1:1 ratio. The study group received laser acupuncture
tele-therapy in addition to methotrexate and a tele-
rehabilitation program in the form of aerobic exercise. The
other group received methotrexate and a tele-rehabilitation
program in the form of aerobic exercise, forming the control
group. Written consent was obtained from all patients.

The evaluation procedure

The primary outcome measures for patients were IL-6, MDA,
ATP, and CRP. While the secondary outcome measures for
patients was RAQoL and HAQ.

The inflammatory markers including plasma interleukin-6
(IL-6) and C-reactive protein (CRP) was determined by
ELISA methods. Oxidative marker of plasma malondialdehyde
(MDA) and antioxidant marker of adenosine tri-phosphate
(ATP) was determined through spectrophotometric methods.

Patients were asked to respond to the questions of theumatoid
arthritis quality of life (RAQoL) index which is concerned with
unfulfilled requirements related to emotional well-beings, social
interactions, and activities of daily living (ADL) that are relevant
to patients with theumatoid arthritis. Patients were also asked to
respond to the questions of health assessment questionnaire
(HAQ) which explores performance in twenty ADL areas [16,
17]. All measurements were taken pre- and post-treatment.

At the end of the treatment program, patients were
instructed to fulfill a score sheet for the tele-therapy program.
The score sheet involved the overall satisfaction, if they would
recommend it to others, if it is convenient, if it is preferable,
the quality of video and audio, if it is simple, and if they are
generally convenient with the equipment.

The clinical procedure

Laser acupoints stimulation was established by a smart infra-
red laser system previously calibrated by the manufacturer
with 808-nm wavelength, continuous wave (CW), a power
density of 100 mW cm?, energy density of 7.5 J cm?, and
the irradiation period of 60 s.

The system was capable of connecting and reading informa-
tion from smart laser device as well as initiating the laser pa-
rameters and settings. This allowed the health professionals to
control the smart laser device parameters and settings remotely.

An acupoint detector was used for specifying accurately
the acupuncture points for each patient. The acupoints that
were selected for laser radiation were Stomach (ST 36),
Ququan (LRS), Yinlingquan (SP9), and Neiguan (PC6). The
laser acupuncture sessions were undertaken in the period of 4
weeks with six sessions per week.
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In the study group, a laser acupuncture procedure was
followed to produce a systemic effect relying largely on the
immune-neuroendocrine network, which have been reported
to be effective for different body organs [18].

Treatment with methotrexate was started at 15 mg per week
and gradually reduced by 2.5 mg every 2 weeks for 4 weeks.

Aecrobic exercise was in the form of treadmill walking at 3
mi per hour speed with fixed 0% inclination for 20 min, three
times weekly for 4 weeks.

Tele-therapy and remote counseling

The system architecture was designed with the ability to adopt
the Internet of Things technologies. A simple application in-
terface has been developed for communications between pa-
tients and health professionals in addition to storage and ex-
changing of medical information. The system facilitated for
full-time technical supports to be available.

Once enrolled, the RA patients have installed the applica-
tion on their phones and then went through a brief training
concerning how the application would be used.

The application contains diagrams indicating the functions
and locations of the acupuncture points, video scripts to dem-
onstrate the proper probe holding technique, how to use the
acupoint detector, and precautions when performing the laser
acupuncture and/or aerobic exercises.

‘When providing the patient with the application, the patient
was prompted to select the starting date for treatment.

Notifications and reminders were sent out to the health
professionals in order to reply accordingly to the patient que-
ry. On the same way, the health professionals had the ability
themselves for initiating a consultation according to outcomes
of the periodical reports.

The system processed the online data as well as sending the
patient data to the participating health professions after being
analyzed (e.g., measurements were not in the normal range).

The system has also provided to the patients some frequent
education messages about their health, questions and answers
activity about RA, as well as some frequently asked questions.
The system has a functionality that gives the ability to the
healthcare professionals for accessing patients’ measure-
ments, data, and analysis. Patients have continued to receive
usual care while being telemonitored via the system.

A videoconference meeting functionality was established
to allow communication between the health professional and
the patient via a communication client.

Statistical analysis
Changes in HAQ, RAQoL index, CRP, IL-6, ATP, and MDA

were evaluated between the study and control group in addi-
tion to changes within the group by using one-way Anova

with Tukey’s multiple comparison test in order to decrease
the possibility of type I error. The study data were tabulated,
and statistical analysis was done by the Statistical Package for
Social Sciences (version 19.0; SPSS Inc., Chicago, IL, USA)
with a p-level below five percent to be considered significant.

Results
Therapeutic outcomes

As shown in Table 1, group A mean age was 68.87 with SD
2.69; however, group B mean age was 69.13 with SD 2.89.
The total mean age of the two groups was 69 with SD 2.8.
Tables 2 and 3 showed the IL-6 and CRP inflammatory
markers as well as the MDA oxidative marker, and there was
a significant reduction pre- and post-treatment in group A,
where p value < 0.05. Additionally, there was a significant
increase in the ATP antioxidant marker pre- and post-
treatment in group A, where p value < 0.05. Furthermore, there
was a statistically significant difference in HAQ pre- and post-
treatment in group A, where p value < 0.05. The comparison
between groups A and B post-treatment showed a statistically
significant difference in IL-6, MDA, ATP, CRP, and RAQoL.

Tele-therapy outcomes

Twenty-six patients fulfilled the score sheets. In general, all of
the patients that have responded were satisfied (value = 4.6)
and demonstrated that they would recommend the tele-
therapy program to others (value = 4.7). Their feedback was
unanimously demonstrating that the system was convenient,
allowing open discussion, and made the access to a specialist
possible to address their needs and concerns (value =4.9). The
majority believed that it was very preferable than in-person
consultation (value = 4.7) and that it was simple (value = 4.3).
The patients were comfortable with the video quality (value =
3.9) and the audio quality (value = 3.7) and were generally
convenient with the equipment (value = 4) (see Fig. 1).

Discussion

Traditionally, laser therapy and rehabilitation meetings be-
tween a patient and health providers have been carried out

Table 1 Mean and SD

(standard deviation) of Group Age mean and SD
patients age by groups
Group A 68.87 £2.69
Group B 69.13 +2.89
Total 69 +2.8
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Table 2 Comparative analysis of

the primary outcomes Primary outcomes Tukey’s multiple comparison test Mean difference Significance (P < 0.05)
IL-6 Group A (pre) vs group A (post) 38.47 *
Group A (pre) vs group B (pre) —2.763 ns
Group A (post) vs group B (post) —41.00 *
Group B (pre) vs group B (post) 0.2267 ns
MDA Group A (pre) vs group A (post) 3.603 HkE
Group A (pre) vs group B (pre) 0.1111 ns
Group A (post) vs group B (post) —3.344 HkE
Group B (pre) vs group B (post) 0.1472 ns
ATP Group A (pre) vs group A (post) —44.52 HkE
Group A (pre) vs group B (pre) —0.6655 ns
Group A (post) vs group B (post) 39.53 HkE
Group B (pre) vs group B (post) —4.329 ns
CRP Group A (pre) vs group A (post) 37.26 Hokk
Group A (pre) vs group B (pre) 0.7527 ns
Group A (post) vs group B (post) —34.68 HokE
Group B (pre) vs group B (post) 1.826 ns

ns not significant, p value >0.05

##*Extremely significant, p value 0.0001 to 0.001

*Significant, p value 0.01 to 0.05

on physical locations while being face to face. This happens as
a result of the fact that in many situations, tele-therapy is not
being considered a stand-alone solution. Nevertheless, using
non-invasive approaches enabled our study to consider tele-
therapy as being an alternative method for extending health
professional support to the elderly communities who suffer
from RA during the COVID-19 pandemic. In this study, the
tele-therapy program provided new avenues for therapy and
rehabilitation that gained an extensive acceptance from the
patients and has been user-friendly.

The acupoints selected in this study are reported to induce
systematic effects since several studies revealed that acupunc-
ture can induce overall regulation involving multi-target,
multi-link, and multi-level patterns [8].

It was reported in a study that stimulation of ST 36 with
using anatomical tracers revealed that there is a specific rela-
tionship and connection between the central nervous system
(CNS) and the ST 36. Additionally, it was demonstrated that
acupuncture therapy at ST36 alleviated pain, reduced gastric
dysrhythmia, and improved stomach emptying, which were
mainly mediated by the neuro-transmitters pathways and opi-
oids pathways [19].

Another study showed that acupuncture therapy at the
Ququan (LR8) and Yinlingquan (SP9) acupoints increased
the blood flow within the liver and spleen [18, 20]. It was
also found that the acupuncture therapy at the Neiguan
(PC6) increased the cardiac functional parameters [21].
In addition, it was also confirmed that the liver is the

Table 3 Comparative analysis of

the secondary outcomes
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Secondary outcomes Tukey’s multiple comparison test Mean difference Significance (P < 0.05)
RAQOL Group A (pre) vs group A (post) 2.733 ns

Group A (pre) vs group B (pre) —2.100 ns

Group A (post) vs group B (post) —4.533 Hk

Group B (pre) vs group B (post) 0.3000 Non-significant
HAQ Group A (pre) vs group A (post) 0.2350 *

Group A (pre) vs group B (pre) 0.09167 ns

Group A (post) vs group B (post) —0.09733 ns

Group B (pre) vs group B (post) 0.0460 ns

ns not significant, p value > 0.05

**Very significant, p value 0.001 to 0.01

*Significant, p value 0.01 to 0.05
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Fig. 1 Patients scores (ranged
between 0 and 5, higher scores
indicate better opinion) 5

main source of the chemokine (C-X-C motif) ligand 1
(CXCL1) in the blood immediately after application of
acupuncture. This chemokine plays an important role in
modulating pain through its analgesic effects.
Acupuncture at ST36 was also found to produce stimula-
tion of CXCLI secretion in the liver [8].

It was also reported that stimulation at ST36 caused inhi-
bition of nuclear factor kappa light chain enhancer of activated
B cells (NF-«kB) and significantly reversed the upregulation of
its target gene p53 [22].

NF-kB is considered an oxidative stress-responsive tran-
scription factor, with well-documented involvement in ische-
mic injuries. Oxidative stress can promote the activation of
NF-kB causing apoptosis and inflammation. Activated
NF-kB is able to mediate various gene transcriptions, and
gene p53 is one of the important contributors to apoptosis in
ischemic conditions [23].

Our study revealed that there was a significant reduc-
tion in MDA and a significant increase in ATP values
indicating that oxidative stress was attenuated in the laser
acupuncture-treated group. The mechanisms of action un-
derlying this outcome may be related to the depression of
calcium elevation and reduction of reactive oxygen spe-
cies (ROS) generation which are mediated partially by the
inhibition of NF-kB and consequently its target gene p53
activation [22].

The overall outcomes of the present study revealed that
laser acupuncture caused remarkable anti-inflammatory and
anti-oxidative effects. These results are similar to some recent
studies which reported a reduction in the levels of the pro-
inflammatory cytokines involving IL-6 and CRP [12, 24]. In
addition, it was also confirmed that acupuncture can regulate
the body’s own immune function through inhibition of im-
mune cell communication and exertion of anti-inflammatory
effect [6].

In this study, no significant improvement was observed in
RAQoL, CRP, IL-6, ATP, and MDA in the control group B.
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This indicates that the parameters and the selected acupoints
for laser acupuncture were effective in improving function,
inflammatory, and oxidative markers. The laser irradiation
parameters of the study were selected based upon recent rec-
ommendations and have been adjusted remotely by the health
professional [25].

The benefits of tele-therapy are providing local health ser-
vices for elderly patients that may be particularly in great
danger due to the COVID-19 pandemic as well as providing
safety for the clinicians. Studies have found that there is in-
creased susceptibility of infection by SARS-COV-2 in elderly
patients. Also, the manifestations of COVID-19 may be
masked in elderly patients taking disease-modifying anti-
rheumatic drugs [26, 27].

It is still needed to assess laser acupuncture in different RA
syndromes according to TCM theory. Selecting critical fea-
tures for syndrome classification was not achieved in our
study due to the limitations caused by the selected study
design.

Conclusion

Our study provided an approach for how laser acupuncture
tele-therapy can be used as a powerful alternative method to
manage patients with rheumatoid arthritis by showing encour-
aging results.

Laser acupuncture tele-therapy was found to be an effec-
tive, convenient, and safe therapeutic approach by reducing
inflammation and oxidative stress and improving quality of
life and function in elderly patients having rheumatoid
arthritis.
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