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ABSTRACT
Introduction Studies have shown that acupuncture 
has significant therapeutic effects on painful diabetic 
peripheral neuropathy (PDPN) yet the precise mechanism 
of action underpinning these effects remains controversial. 
Resting- state functional MRI (rs- fMRI) is an advanced 
imaging technique that can be used to monitor changes in 
the activity of the brain, particularly in PDPN. However, the 
data from several studies remain inconclusive and there is 
currently no systematic review and meta- analysis for the 
use of rs- fMRI in PDPN.
Methods and analysis In this study, we will select all 
eligible studies published on or before 30 June 2021. Four 
English and four Chinese databases will be searched, 
specifically, PubMed, Embase, Web of Science, Cochrane 
Library, China National Knowledge Infrastructure, WanFang 
database, China Science Technology Journal Database 
(VIP) and China Doctor/Master Dissertations Full- text 
Database. Only clinical trials and the first cycle of a cross- 
over trial linked to acupuncture for PDPN will be included 
in the analysis. The main outcomes include the amplitude 
of low- frequency fluctuation, regional homogeneity, 
functional connectivity of the brain, bilateral superficial 
peroneal nerve sensory nerve conduction velocity, bilateral 
dorsal current perception threshold values and the degree 
of subjective pain. The secondary outcomes include 
biochemical indicators, the degree of depression and 
anxiety and changes in efficiency. The study selection, 
data extraction and risk of bias assessment will be 
performed by two investigators. For statistical analyses, 
Review Manager V.5.4 software will be used. If necessary, 
heterogeneity testing, data synthesis, and subgroup 
analysis will be performed.
Ethics and dissemination Our systematic review and 
meta- analysis will be based on published literature for 
data extraction and will not include the use of individual 
patient data and so no ethical approval required.
PROSPERO registration number CRD42021211644.

INTRODUCTION
Diabetic peripheral neuropathy (DPN) refers 
to the presence of signs and/or symptoms 
associated with peripheral nerve dysfunction 
in patients with diabetes when other causes 
are excluded.1 It is one of the most common 

complications of diabetes mellitus (DM) and 
occurs in 46.6% of patients with diabetes in 
China.2 Painful diabetic peripheral neurop-
athy (PDPN) is a disease for which there are 
currently no effective treatments and has a 
major impact on the quality of life of patients 
with diabetes.3 4 The prevalence of PDPN 
increases with age.5 Around 12% of patients 
with PDPN do not report significant symptoms 
and 39% of patients do not receive any treat-
ment.6 The main clinical manifestations of 
PDPN are numbness, tingling and abnormal 
sensations mostly in the lower extremities 
and increased pain at night. More than two- 
thirds of patients with PDPN suffer from 
varying degrees of depression, anxiety and 
sleep disorders7 8 resulting in a major societal 
burden on families and caregivers. The latest 
research data have shown that diabetes and its 
complications are also important risk factors 
for the progression and adverse outcomes of 
patients with COVID-19.9

The pathogenesis of PDPN is complex 
involving metabolic disorders, vascular 
damage, neurological damage, oxidative 

Strengths and limitations of this study

 ► This study will be the first systematic review and 
meta- analysis to investigate the effects of acupunc-
ture based on brain activity of painful diabetic pe-
ripheral neuropathy.

 ► Strict inclusion and exclusion criteria will be used to 
check for randomised controlled trials in four English 
databases and four Chinese databases.

 ► To verify the robustness of the conclusions, sensitiv-
ity analysis will be performed.

 ► Any missing or inadequate data will be acquired by 
contacting the first or corresponding author of the 
included studies.

 ► Heterogeneity may occur across different acupunc-
ture methods leading to difficulties in data collation.
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stress damage and the inflammatory response. Although 
poor control of blood glucose is the most important 
cause of PDPN, its exact aetiology remains unclear. 
Several studies have indicated that peripheral and 
central sensitisation play an important role in the onset 
and progression of PDPN.10–12 Peripheral sensitisa-
tion involves the hypersensitisation of primary injury 
receptor neurons resulting in an enhanced nociceptive 
response to normal pain- causing stimuli. In contrast, 
central sensitisation refers to the amplification of the 
response of the spinal cord and the central nervous 
system above the spinal cord to pain transmission. 
Central sensitisation is evidenced by the expansion 
of the receptive field, enhanced response to stimuli, 
prolongation of the duration and lowering of the pain 
threshold. It has been shown that dysfunction of the 
descending pain modulation system mediated by the 
ventrolateral periaqueductal grey- mediated may reflect 
a brain- based pain promotion mechanism leading to 
PDPN.13 Therefore, this deleterious injury should be 
addressed early to prevent the continued exacerbation 
of neurological complications.

The pathogenesis of PDPN remains unclear and so it 
is difficult for modern medicine to develop improved 
treatment options for PDPN. Approaches such as control 
of blood glucose, nerve nutrition and pain treatment 
can be used but often deliver unsatisfactory outcomes.3 
Pain associated with PDPN is often treated with tricy-
clic antidepressants (amitriptyline, promethazine and 
nortriptyline), 5- hydroxytryptamine and norepineph-
rine reuptake inhibitors (duloxetine, griseofulvin), 
anticonvulsants (gabapentin, pregabalin) and opioids. 
However, only duloxetine and pregabalin are currently 
approved by the US Food and Drug Administration 
and the European Medicines Agency for the treatment 
of PDPN.14 Although a variety of drugs are available 
for the treatment of PDPN, none has been shown to 
provide 100% effective relief from symptoms and are 
also associated with significant adverse side effects.15 16

Acupuncture is an important component of tradi-
tional Chinese medicine that has demonstrated 
significant advantages in the treatment of PDPN.17 
Acupuncture involves the transmission of information 
through body surface stimulation to the brain center 
for integration and processing which in turn outputs 
instructions that regulate the neuroendocrine–immune 
system and overall body function.18 Acupuncture has 
been shown to improve the state of the body and can 
be used to treat many diseases. Studies have shown that 
acupuncture can significantly improve pain in patients 
with PDPN by reducing their symptoms of burning 
and tingling sensations, numbness and heterogeneous 
pain.19 20 Acupuncture is a complex intervention and 
while some small- sample randomised controlled clin-
ical trials have demonstrated efficacy in the treatment 
of PDPN, the specific mechanisms remain to be fully 
understood. Resting- state functional MRI (rs- fMRI) has 
been widely used to study neurological disorders as it 

assesses the activity of the central nervous system. The 
amplitude of low- frequency fluctuation (ALFF) is a 
validated rs- fMRI analysis method that can be used to 
assess the neuronal activity of the brain by measuring 
the low- frequency oscillation (0.01–0.08 Hz) in the 
blood oxygen level dependent (BOLD) signal.21 22 
Regional homogeneity (ReHo) is a method that allows 
local correlations in the BOLD signal to reveal regional 
synchronisations of temporal changes in BOLD.23 Seed- 
based functional connectivity (FC) analysis is also used 
to investigate abnormal FC between areas of the brain 
in the PDPN. Studies have evaluated abnormal brain 
activity in patients with diabetic neuropathy treated 
with acupuncture using ALFF, ReHo and FC yet these 
studies have reported inconclusive findings.24–28 More-
over, previous studies on acupuncture for PDPN have 
been focused on changes in the spinal level rather 
than the central level due to the limitations of research 
techniques. Recently, rapid developments in rs- fMRI 
technology have allowed it to be widely used to inves-
tigate changes in brain function changes in a variety of 
diseases. We hypothesise that this technique could be 
successfully applied to investigate changes in the brain 
in the treatment of PDPN with acupuncture.

METHODS
Study registration
This study is registered on the International Platform of 
Registered Systematic Review and Meta- analysis Protocols 
(PROSPERO) and is reported in compliance with the 
Preferred Reporting Items for Systematic Reviews and 
Meta- Analysis (PRISMA) Protocol statement guidelines.29

Patient and public involvement
No patient involved.

Inclusion criteria for collection of studies
Type of studies
The review will include all clinical trials to investigate 
the central mechanism of acupuncture in the treat-
ment of PDPN based on rs- fMRI using ALFF, ReHo or 
FC as the main outcomes. The right anterior cingulate 
cortex, amygdala, hypothalamus and ventrolateral peri-
aqueductal grey will be defined as region of interest for 
FC.13 Other experiments, such as non- clinical trials, non- 
controlled trials will not be included.

Type of participants
This analysis will include studies on adult patients 18 years 
of age or older who have been diagnosed with PDPN 
according to the diagnostic criteria from the WHO, the 
American Diabetes Association and the diagnostic criteria 
for DPN from the International Association for Pain 
Research. No constraints will be placed on regional data, 
educational background, race and gender.

Type of interventions
Patients in the treatment group will be given acupunc-
ture without restrictions on the needle content, choice 
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of treatment point, mode of procedure, the retention 
time of the needle and course of treatment. Interven-
tions without stimulating acupoints combined with two or 
more therapies or with potential safety problems will be 
excluded.

Type of outcomes
Main outcomes
The main outcomes will include the ALFF, ReHo, FC 
of the brain, superficial peroneal nerve sensory nerve 
conduction velocity (SCV), bilateral dorsal current 
perception threshold (CPT) values of the first toe, the 
Michigan Diabetic Peripheral Neuropathy Screening 
Inventory (MNSI), the Neuropathic Pain Symptom Inven-
tory (NPSI), the Leeds Neuropathic Signs and Symptoms 
Score (LANSS), the Brief Pain Inventory (BPI) and the 
McGill Pain Questionnaire.

Secondary outcomes
The secondary outcomes for the study will be fasting 
glucose, serum C- peptide, blood lipids, glycated serum 
protein and the depression and anxiety status of the 
patients with PDPN.

Search strategies for recognising studies
Electronic searches
We will search articles in electronic databases including 
PubMed, Embase, the Web of Science, Cochrane Library, 
China National Knowledge Infrastructure, WanFang 
database, China Science Technology Journal Database 
(VIP) and the China Doctor/Master Dissertations Full- 
text Database. All the publications to 30 June 2021 will 
be searched. Also, by searching the WHO International 
Clinical Trials Registry Platform, Chinese Clinical Trial 
Registry and  ClinicalTrials. gov, we will retrieve unpub-
lished protocols and overview findings. Our approach 
uses a combination of subject and free words and will 
be decided after several pre- searches. At the same time, 
the original literature of all the study references will be 
searched to supplement and obtain relevant literature 
and ensure a high recovery rate. An example of the 
search strategy for the Medical Search Headings that 
will be used is presented in table 1. For Chinese data-
bases, Chinese translations of these search terms will be 
used. This approach will adapt and incorporate similar 
search techniques for other electronic databases.

Other search methods
Specific conference papers will be manually retrieved and 
the experts in the field will contact the corresponding 
authors to obtain valuable information that cannot be 
accessed by the above data retrieval process.

Data acquisition and analysis
Selection of studies
Before reviewing the studies, researchers will discuss and 
decide the screening criteria for the community. The corre-
sponding study members will import the retrieved studies 
for repetition elimination into the EndNote V.X9 content 

management system. Ineligible studies will be excluded by 
reading the titles and abstracts. The final included studies 
will be determined by reading the full text and discussing 
the study within the group and contacting the authors for 
more details if required. Information retrieval and liter-
ature screening will be conducted independently by two 
study members. In cases of disagreement, a third party will 
be consulted to assess if the study should be included in 
the final analysis. A description of the selection process is 
presented in the PRISMA flowchart shown in figure 1.

Data acquisition and management
Extraction of the research background and design information
Two reviewers will extract the following details based 
on a pre- designed data extraction form before data 

Table 1 Search strategy in PubMed (MEDLINE)

Number Search terms

#1 Diabetic neuropathy (MeSH)

#2 Diabetic neuropathies (MeSH)

#3 Neuropathies.ti, ab.

#4 Neuropathy.ti, ab.

#5 Painful.ti, ab.

#6 Or #1-#5

#7 Acupuncture (MeSH)

#8 Acupuncture therapy (MeSH)

#9 Acupuncture point.ti, ab.

#10 Acupuncture ear (MeSH)

#11 Electroacupuncture.ab.

#12 Moxibustion.ab.

#13 Warm acupuncture

#14 Skin acupuncture

#15 Acupoints.ti, ab.

#16 Or #7-#15

#17 Randomised controlled trial.pt.

#18 Controlled clinical trial.pt.

#19 Clinical Trial.pt.

#20 Trial.ti, ab.

#21 Clinical trials as topic.sh.

#22 Pragmatic clinical trial.pt.

#23 Or #17-#22

#24 Magnetic Resonance Imaging (MeSH)

#25 Functional Neuroimaging (MeSH)

#26 Functional Magnetic Resonance Imaging 
(MeSH)

#27 Resting state functional magnetic resonance 
imaging (MeSH)

#28 Or #14-#27

#29 #6 AND #16 AND #23AND#28

#30 Remove duplicates from #29

MeSH, Medical Search Headings.
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collection: details of the research (name of the first 
author, year of publication, if it is a multicentre study), 
details of participants (baseline data, gender, age, PDPN 
diagnostic criteria, exclusion criteria), methods of study 
(sample size, distribution hiding, blinding), treatment 
and control group intervention methods and the primary 
and secondary outcomes (ALFF, ReHo, FC, SCV, CPT, 
MNSI, NPSI, LANSS, BPI, fasting glucose, serum C- pep-
tide, blood lipids, glycated serum protein, depression and 
anxiety status, as well as follow- up duration and adverse 
events). Any differences will be discussed and consulted 
through an experienced third party.

Quality control for fMRI data
The relative head movement of the subjects will be <2 mm, 
the time of all functional data included in the study will 
be >6 min and all functional data included in the study 
will be smoothed. All data preprocessing included in the 
study must be registered to the Montreal Neurological 
Institute standard space template. All of the included 
studies must provide information such as the equipment 
model, magnetic field strength, voxel size, field of view, 
repetition time and echo time.

Assessment of risk of bias in included studies
The risk of bias will be assessed using the Cochrane Risk 
of Bias Assessment Method,30 which focuses on selection 
(including random sequence generation and allocation 
concealment), implementation (including blinding of 
researchers and subjects), evaluation (blinded study 
outcomes assessment), follow- up (competence of 
outcome data), reporting (selective study outcomes 
reporting) and other sources of bias. For a total of seven 
entries in six fields, the probability of bias will be assessed 
(other sources of bias). Based on the risk of bias evaluation 

criteria, ‘low risk of bias’, ‘high risk of bias’ and ‘unclear’ 
will be calculated for each entry. Review Manager statis-
tical software (RevMan) V.5.4 will produce a graphical 
presentation of the risk evaluation of bias.

Measures of treatment effects
For continuous variable results, we will report the mean 
difference (MD) or standardised MD at the 95% CI. We 
will report the relative risk and 95% CI for dichotomous 
outcomes.

Dealing with missing data
In the case of studies where data are missing, the researcher 
will attempt to obtain information by contacting the corre-
sponding author of the study. We will build our research 
on the available data if communication is unsuccessful.

Data synthesis and analysis
The meta- analysis will be performed using RevMan 
V.5.4 software provided by the Cochrane Collaboration. 
Before the meta- analysis for effects is performed, we will 
examine heterogeneity in the data. A standard χ2 test with 
a significance level of p<0.10 will be used to detect hetero-
geneity. To measure discrepancies across studies and to 
evaluate the effect of heterogeneity in meta- analyses, the 
I2 statistics will be used.31 I2 values of 0%–30% indicate 
low heterogeneity, 30%–50% indicate medium heteroge-
neity and values ≥50% indicate high heterogeneity. When 
the data are highly heterogeneous, subgroup analysis will 
be performed and the reasons for the heterogeneity will 
be explained. A fixed- effects model will be used for meta- 
analysis when no statistical heterogeneity is observed 
between the results. The source of heterogeneity will be 
further analysed when statistical heterogeneity is detected 
in the results and after excluding the effects of significant 

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta- Analyses flow diagram of the study process.
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clinical heterogeneity, a meta- analysis will be performed 
using a random- effects model.

Subgroup analysis
If necessary, the data will be analysed in groups according 
to different factors such as differences in the acupuncture 
method, frequency of treatment and the follow- up time.

Sensitivity analysis
Sensitivity analysis will be used to assess the stability of 
the meta- analysis results based on the following criteria: 
study quality, sample size, missing data, quality of hetero-
geneity, and statistical model.

Ethics and dissemination
The systematic review and meta- analysis will be based 
on published literature for data extraction and will not 
include the use of individual patient data and so no 
ethical approval is required. The results from this study 
will be disseminated through conferences and in peer- 
reviewed journals.

DISCUSSION
DM is a severe metabolic condition characterised by 
chronic hyperglycaemia and is one of the primary causes 
of peripheral neuropathy.32 Approximately 50%–60% 
of patients with DPN have recurrent pain.33 Usually, a 
stocking- glove pattern that progresses proximally from 
the feet and hands induces burning pain, paresthesia 
and numbness. Also, sleep deprivation and depres-
sion commonly affect patients with PDPN.34 The symp-
toms associated with PDPN have a major impact on the 
quality of life of patients. Studies have demonstrated that 
acupuncture can effectively improve the clinical symp-
toms of PDPN. In this scenario, acupuncture is a simple 
and convenient treatment method that has no adverse 
side effects as so acupuncture therapy is widely used to 
treat PDPN and improve the quality of life of patients.

Recently, MRI and other brain imaging modalities 
have demonstrated utility as non- invasive tools to eval-
uate changes occurring in the brain. The simultaneous 
development of modern information science and tech-
nology in multimodal data fusion and processing anal-
ysis methods has shown that brain imaging may play an 
increasingly important role in revealing the pathogenesis 
and central mechanisms of PDPN. Rs- fMRI is widely used 
to study the mechanism of acupuncture in the treatment 
of neurological diseases. ALFF and ReHo are neuroim-
aging analysis methods used to measure spontaneous 
fluctuations in the BOLD- fMRI signal intensity for a given 
region in the resting brain.35 Changes in ALFF and ReHo 
can be used to locate the spontaneous neural activities in 
specific regions and the physiological state of the brain. 
FC can reveal the key roles and regulatory influences on 
the activity of the target brain area of the entire network. 
Correlation analysis can be used to calculate the rela-
tionship between the average ALFF, ReHo and FC in the 

changing area of the brain in patients with PDPN and 
their clinical characteristics. These parameters can reveal 
the central effect mechanism of acupuncture.

Despite evidence from clinical and animal studies, the 
central mechanism of acupuncture in the treatment of 
PDPN has not been elaborated in detail. Furthermore, 
there has been no systematic evaluation and meta- analysis 
of this area. In addition to evaluating the improvement 
of acupuncture treatment for PDPN pain, this study will 
also explore the latest literature on the mechanism of 
acupuncture treatment for PDPN. However, there are a 
relatively small number of studies related to this area of 
research and our study has some limitations. In summary, 
this systematic review and meta- analysis aims to elabo-
rate the central nervous mechanism of acupuncture in 
the treatment of PDPN and will provide a reliable clin-
ical research basis for promoting acupuncture in its 
treatment.
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