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Abstract
BACKGROUND 
Diabetic peripheral neuropathy (DPN) is a common complication of diabetes 
mellitus and can lead to serious complications. Therapeutic strategies for pain 
control are available but there are few approaches that influence neurological 
deficits such as numbness.

AIM 
To investigate the effectiveness of acupuncture on improving neurological deficits 
in patients suffering from type 2 DPN.

METHODS 
The acupuncture in DPN (ACUDPN) study was a two-armed, randomized, 
controlled, parallel group, open, multicenter clinical trial. Patients were 
randomized in a 1:1 ratio into two groups: The acupuncture group received 12 
acupuncture treatments over 8 wk, and the control group was on a waiting list 
during the first 16 wk, before it received the same treatment as the other group. 
Both groups received routine care. Outcome parameters were evaluated after 8, 16 
and 24 wk and included neurological scores, such as an 11-point numeric rating 
scale (NRS) 11 for hypesthesia, neuropathic pain symptom inventory (NPSI), 
neuropathy deficit score (NDS), neuropathy symptom score (NSS); nerve 
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https://dx.doi.org/10.4239/wjd.v14.i12.1813
mailto:joanna.dietzel@charite.de


Hoerder et al. Neurological outcomes of ACUDPN trial

WJD https://www.wjgnet.com 1814 December 15, 2023 Volume 14 Issue 12

conduction studies (NCS) were assessed with a handheld point-of-care device.

RESULTS 
Sixty-two participants were included. The NRS for numbness showed a difference of 2.3 (P < 0.001) in favor of the 
acupuncture group, the effect persisted until week 16 with a difference of 2.2 (P < 0.001) between groups and 1.8 
points at week 24 compared to baseline. The NPSI was improved in the acupuncture group by 12.6 points (P < 
0.001) at week 8, the NSS score at week 8 with a difference of 1.3 (P < 0.001); the NDS and the TNSc score improved 
for the acupuncture group in week 8, with a difference of 2.0 points (P < 0.001) compared to the control group. 
Effects were persistent in week 16 with a difference of 1.8 points (P < 0.05). The NCS showed no meaningful 
changes. In both groups only minor side effects were reported.

CONCLUSION 
Study results suggest that acupuncture may be beneficial in type 2 diabetic DPN and seems to lead to a reduction 
in neurological deficits. No serious adverse events were recorded and the adherence to treatment was high. 
Confirmatory randomized sham-controlled clinical studies with adequate patient numbers are needed to confirm 
the results.

Key Words: Diabetic peripheral neuropathy; Numbness; Nerve conduction study; Acupuncture

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Diabetic peripheral neuropathy affects a high number of diabetic patients. It can lead to painful sensations of the 
lower extremities and loss of sensory function. The latter can lead to gait instability, falls and injury of the feet. Pharmaco-
logical treatments can only reduce painful symptoms but do not improve numbness; furthermore, they add to pharmaco-
logical burden of multimorbid patients. Acupuncture is a safe option to treat chronic pain; the potential to improve sensory 
loss is evaluated in this trial.

Citation: Hoerder S, Habermann IV, Hahn K, Meyer-Hamme G, Ortiz M, Grabowska W, Roll S, Willich SN, Schroeder S, Brinkhaus 
B, Dietzel J. Acupuncture in diabetic peripheral neuropathy-neurological outcomes of the randomized acupuncture in diabetic 
peripheral neuropathy trial. World J Diabetes 2023; 14(12): 1813-1823
URL: https://www.wjgnet.com/1948-9358/full/v14/i12/1813.htm
DOI: https://dx.doi.org/10.4239/wjd.v14.i12.1813

INTRODUCTION
According to the International Diabetes Federation (IDF), 537 million adults worldwide were already living with diabetes 
mellitus (DM) in 2021 and IDF estimates that there will be 783 million adults with diabetes by 2045[1]. Diabetic distal 
sensorimotor polyneuropathy occurs in approximately 28% of hospitalized diabetic patients and in those in primary care
[2], it is the most common neurological complication of DM. Moreover, diabetic peripheral neuropathy (DPN) can 
already occur in the presence of impaired glucose tolerance and thus before the manifestation of diabetes[3]. DPN 
presents with stocking-like numbness, thermoanesthesia, hypesthesia, painful tingling, pricking, or burning sensations, 
and loss of proprioception. Especially hypesthesia and loss of proprioception may result in gait instability and falls; 
plantar injuries may go unnoticed and increase the risk for ulcerations or even amputation[4-6].

Pharmacological options to treat hypesthesia are missing. Symptomatic therapy addresses only plus-symptoms such as 
pain or tingling; here anticonvulsants and antidepressants are used[7]. According to a Cochrane meta-analysis even strict 
glycemic control showed no recovery or prevention of neuronal demise[8] and the used anticonvulsants have common 
side effects like fatigue or interact with other medication. Previous studies have also shown that the adherence of patients 
with neuropathic pain to the standard dosage of the above-mentioned medications is poor; this has been explained by the 
fear of side effects or the inadequate control of pain[9-11]. Non-pharmacological options for treatment are therefore of 
interest.

A meta-analysis in 2017 showed that acupuncture is an effective and safe treatment for chronic pain[12]. Besides pain 
control, several trials suggest that acupuncture also has a positive influence on nerve function with an improvement of 
nerve conduction[13-18].

The acupuncture in DPN (ACUDPN) trial investigates the effectiveness of acupuncture in diabetic patients suffering 
from DPN with a follow up of the effects until week 24. The results of the primary subjective parameters were published 
elsewhere and showed that acupuncture may be beneficial with a significant and clinically relevant reduction of overall 
DPN-related complaints and pain and disease-specific quality of life[19]. In this manuscript we focus on the effects of 
acupuncture on neurological examination scores and nerve conduction studies (NCS).

https://www.wjgnet.com/1948-9358/full/v14/i12/1813.htm
https://dx.doi.org/10.4239/wjd.v14.i12.1813
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MATERIALS AND METHODS
The study protocol was approved by the ethics committee Berlin (EA1/183/18) and Hamburg, Germany in October 2018. 
ACUDPN was performed in compliance with the Declaration of Helsinki and standards of Good Clinical Practice. 
Informed written and oral consent was given by all patients prior to beginning of the study. The trial was registered on 
ClinicalTrials.gov NCT03755960.

This trial is a two-armed, randomized, controlled, parallel group, multicenter clinical trial. It was conducted between 
February 2019 and April 2021 at the German Charité Universitätsmedizin Berlin and at an outpatient clinic for TCM 
(HanseMerkur Center for TCM) at the University Medical Center Hamburg-Eppendorf in Hamburg, Germany. Details 
regarding study methodology have been published elsewhere[20].

Eligibility criteria
Participants had to meet the following criteria to be eligible for the study: Female or male aged 18-80 years; with a 
diagnosis of DPN with at least moderate symptoms and a minimum of at least 40 mm on a 0-100 mm visual analogue 
scale (VAS) for overall DPN-related complaints; pathological nerve conduction velocity (NCV) < 42 m/s and/or an 
amplitude of the sural nerve < 6 μV; absence of severe DPN with muscular weakness of the proximal leg muscles or 
neuropathy due to other reasons (such as borrelia infection, human immunodeficiency virus infection, hereditary factors, 
alcohol, or a history of neurotoxic drug use or traumatic lesions of the nerves or vessels in the lower extremities); body 
mass index < 35; absence of anticoagulation or bleeding disorders; absence of severe peripheral artery disease in Fontaine 
stage IV or ulcers or gangrenous lesions of the feet; severe fatigue syndrome; if needed then previously (since 4 wk) 
unchanged doses of pain medication against DPN; no opioid use before inclusion in the study or regular use of cannabis 
or cannabinoids or lipoic acid infusions planned during participation in the trial; no scheduled psychotherapy during 
study participation; no additional therapy with complementary medicine or physical therapy for symptoms of DPN 
during the 6 wk before inclusion in the study or planned during the study; no pregnancy or lactation. In addition, 
patients had to be able to complete a diary for the self-evaluation of symptoms, to record the use of symptomatic 
medication.

Randomization with a 1:1 ratio was performed using a computer-generated randomization list with the statistical 
package SAS (SAS 9.4, SAS Institute Inc., Cary, NC, United States). The study physician received the information about 
the allocation by phone from the study nurse.

All patients were enrolled in the trial for 24 wk. The patients in the intervention group received a total of 12 
acupuncture sessions over the first 8 wk, the control group was on a waiting list and received the same acupuncture 
treatment from week 16 onwards. All patients kept diaries for the first 8 wk, completed questionnaires, and attended 
follow ups. Both groups were allowed to continue their usual medication during the study. A detailed description of the 
methodology has been published elsewhere[19].

The main acupuncture points were inserted bilaterally (Figure 1). ST 40, LV3 and most of the EX-LE-10 “Bafeng” points 
are located in the innervation area of the peroneal nerve. SP 6 and KI 3 are located close to the tibial nerve. The 
acupuncture treatment was carried out with sterile, single use, stainless-steel 0, 25 mm × 30 mm (manufactured by Dong 
Bang AcuPrime) and 0, 25 mm × 40 mm needles (manufactured by PHOENIX).

This research focuses on improvement of sensory loss assessed with patient reported outcomes, clinical and 
neurophysiological outcomes: Changes in the neuropathy symptom score (NSS), neuropathy deficit score (NDS), the 
clinical total neuropathy score (TNSc), and the patient questionnaire neuropathic pain symptom inventory (NPSI), which 
uses an 11-point scale to capture 5 different subdimensions of neuropathic pain which are sensitive to treatment[21]. Since 
the NPSI does not assess hypesthesia, we added the 11-point numeric rating scale (NRS) for patients to rate the numbness 
sensation on the soles of the feet. All outcomes were assessed at 8, 16 and 24 wk.

Neurophysiological assessment included measurements of the sural nerve. This nerve is typically affected in DPN and 
is commonly used in the diagnosis or to assess the progression of the disease[22-24]. Amplitude of the sensory nerve 
action potential (SNAP) and the NCV of the suralis nerve were measured with the handheld point-of-care device (POCD) 
NC-stat®/DPNCheck™ (NeuroMetrix, Inc., Waltham, MA). This is a novel handheld point-of-care-device which automat-
ically performs multiple single measurements with increasing intensity within 10 s to provide amplitude (μV) and 
velocity (m/s) of the sural nerve after supramaximal stimulation. The POCD utilizes a linear temperature compensation 
method for velocity. With the default skin temperature set to 28 ℃, the device automatically adjusts the velocity by 1.0 
m/s per degree, with a maximum correction of 5 m/s. If skin temperature is lower than 23 ℃ or wrong placement or limb 
are recognized, the POCD displays a warning.

The device has been validated in multiple studies as an accurate screening and monitoring tool for DPN and diabetic 
foot risk assessment[22,25-27]. Six trained researchers (four medical doctors and two medical students) performed the 
measurements in a standardized manner.

To collect the data, patients were lying on their side, with the leg to be examined on top and exposing the ankle. The 
POCD was manually programmed to assess the left or right leg of the patient. Electrode gel was applied to the 
stimulating probe before placing it behind the malleolus externus. The release button was pushed, and the device would 
automatically give up to 16 electric discharges of increasing intensity for supramaximal stimulation. The displayed values 
were noted in the case report file. Each leg was measured a minimum of two times, and if values were very discrepant a 
third or fourth measurement was added. The procedure was then repeated for the other leg.

The primary outcome of the ACUDPN trial was a VAS for overall DPN-related complaints including pain at week 8. 
The results of further secondary outcomes related to pain and quality of life were published elsewhere[19].
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Figure 1 Mandatory acupuncture points used in the acupuncture in diabetic peripheral neuropathy study. Anatomical presentation of 
acupuncture points in relation to major nerves of the lower extremity; A: Anterior aspect of leg with points on stomach-meridian 34 and 40; B: Medial aspect of ankle 
with point 6 on spleen-meridian and point 3 on kidney–meridian; C: Dorsal foot with point 3 on liver-merdian and extra-points lower-extremity. ST: Stomach-meridian; 
SP: Spleen-meridian; KI: Kidney–meridian; LV: Liver-merdian; EX-LE: Extra-points lower-extremity.

Statistical analysis
Sample size was calculated to detect a group difference in the mean values of the primary outcome parameter VAS DPN-
related overall complaints after 8 wk[19,20]. A sample size of 90 patients was calculated to provide 80% power plus 15% 
to account for estimated dropouts (45 per group).

Evaluation of the secondary outcome parameters was exploratory, therefore was carried out without adjustment for 
multiple testing. All endpoints were analyzed with an ANCOVA or logistic regression (depending on the scale of the 
outcome). The treatment group and study center were used as fixed-effect factors and the corresponding baseline values 
were defined as fixed covariates. The analysis of the primary endpoint was performed with the full analysis set based on 
an intention-to-treat principle, the results have been published elsewhere[19]. Missing values were not replaced.

Additionally, the percentage change for the NRS 11 numbness was calculated for weeks 8 and 16 based on NRS 11 
results obtained from the adjusted ANCOVA models. Data assessment was performed using SAS for Windows, version 
9.4 or higher (SAS Institute, Cary, NC, United States), SPSS version 26 or higher (IBM SPSS Statistics for Windows, 
Armonk, NY: IBM Corp). The statistician was blinded to the groups until the end of analysis.

The trial was terminated prematurely due to strong restrictions on research with direct patient contact caused by the 
coronavirus disease 2019 (COVID-19) pandemic. Consequently, the previously calculated sample was not reached. Due to 
the lower sample size, the study center was not included as fixed effect in the statistical models for primary and 
secondary endpoints in the predefined statistical analysis plan. Instead, study center was included as a random effect in 
the analyses. The inclusion of a patient with an hemoglobin A1c below 6.5% represented a further protocol deviation with 
no impact on statistical analysis.

RESULTS
Altogether, 292 patients were screened for eligibility, 230 were excluded mainly because the required pathological NCV 
was not met or nerve conduction was within the normal age range; one patient was excluded because of very severe 
neuropathy with atrophy of the proximal leg muscles. Sixty-two participants [mean age 68.1 (SD 7.4); males 49 (79.0%), 
females 13 (21.0%)] met our inclusion criteria and were randomized 1:1 to either the intervention group or the waiting 
group. Recruitment was from February 2019 through to November 2020. Regarding the dropouts, 2 patients discontinued 
the trial in the control group because of the COVID-19 pandemic, and 3 dropped out of the intervention group, one due 
to intolerance to the acupuncture and 2 because of the pandemic (Figure 2, Table 1). Regarding the baseline parameters, 
there were no differences in demographic parameters. The control group had a few more participants with painful and 
severe neuropathy. Even though the relative difference could be considered significant, the absolute difference in groups 
was too small to address them through sensitivity analysis. Baseline characteristics are summarized in Table 1. The 
adherence rate was high; 96,8% of all 744 acupuncture treatments sessions were carried out.

Numbness 11-point NRS
The evaluation yielded a difference of 2.3 (P < 0.001) in favor of the acupuncture group, an effect that persisted until week 
16 with a difference of 2.2 (P < 0.001), which corresponds to 35.4% and 32.4% improvement for the intervention group 
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Table 1 Baseline characteristics, n (%)

Characteristics Acupuncture group (n = 31) Control group (n = 31)

Age mean (SD) 66.7 (7.6) 69.5 (7.2)

Age group > 60 yr 24 (77.4) 27 (87.1)

Male 25 (80.6) 24 (77.4)

BMI > 25 kg/m² 27 (87.1) 27 (87.1)

Duration of neuropathy symptoms > 5 yr 14 (45.2) 19 (61.3)

Types of neuropathy

Painful neuropathy 4 (12.9) 7 (22.6)

Mixed neuropathy 27 (87.1) 24 (77.4)

Severe neuropathy 3 (10.0) 7 (24.1)

Palpable pedal pulse right 29 (93.6) 25 (80.7)

Palpable pedal pulse left 25 (83.3) 26 (86.7)

Relevant comorbidities (cardiovascular, hyperlipidemia, arthrosis) 27 (87.1) 27 (87.1)

Previous treatment with medication 12 (38.1) 13 (41.9)

NPSI total intensity score

    Mean (SD) 28.1 ± 15.8 28.8 ± 20.5

    Median (range) 30 (4-63) 23 (0-72)

11-NRS scale for numbness

    Mean (SD) 5.8 ± 1.8 5.8 ± 2.0

    Median (range) 6 (0-9) 6 (1-8)

NDS

    Mean (SD) 8.1 ± 2.6 8.1 ± 1.9

    Median (range) 9 (2-10) 8 (4-10)

NSS

    Mean (SD) 7.2 ± 1.8 7.6 ± 1.5

    Median (range) 7 (4-10) 7 (5-10)

TNSc Total

    Mean (SD) 10.2 ± 4.1 11.3 ± 3.9

    Median (range) 11 (2-17) 11 (6-19)

NSS Sub-groups

    Mild 3 (9.7) 0 (0.0)

    Moderate 8 (25.8) 6 (19.3)

    Severe 20 (64.5) 25 (80.7)

Sural nerve conduct velocity of both legs (m/s)

    Mean (SD) 40.9 ± 13.6 33.6 ± 19.9

    Median (range) 44 (0-59) 44 (0-55)

Sural nerve Amplitude of the sensory nerve action potential of both 
legs (µV)

    Mean (SD) 4.0 ± 1.9 3.7 ± 2.1

    Median (range) 4 (0-7) 4 (0-7)

TENS: Transcutaneous electrical nerve stimulation; NPSI: Neuropathy symptom pain inventory; NRS: Numeric rating scale; NDS: Neuropathy deficit 
score; NSS: Neuropathy symptom score; TNSc: Total clinical ceuropathy score; BMI: Body mass index.
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Figure 2 Flow-chart of the acupuncture in diabetic peripheral neuropathy-trial.

compared to control at weeks 8 and 16 respectively (Figure 3). At week 24, in the acupuncture group the reduction of 
subjectively perceived hypesthesia was still 1.8 points lower than at baseline (Table 2).

The neuropathy pain symptom inventory
The score was improved in the acupuncture group by 12.6 points (P < 0.001) at week 8 and the difference persisted with 
11.7 points at week 16 compared to the control group. The most notable difference was in the subdimension of 
paresthesia and dysesthesia at week 8 and in the subdimension of paroxysmal pain in week 16. The results of the NPSI 
have already been published together with the primary endpoint and the other patient reported outcomes, but the results 
are provided again together with the NRS-11 on numbness to complete the report of subjectively perceived changes of the 
neuropathy[27].

The neurological examination total neuropathy score clinical TNSc
The score improved for the acupuncture group at week 8, with a difference of 2.0 points (P < 0.001) compared to the 
control group. Effects were persistent in week 16 with a difference of 1.8 points. Pre-post-comparisons in the acupuncture 
group showed persisting reductions of TNSc in week 24 in the acupuncture group compared to baseline 10.2 ± 4.1 vs. 7.9 
± 3 .5 (Table 2).

The NSS
The NSS total score at week 8 was in favor of the acupuncture group with a difference of 1.3 (P < 0.001); this effect was 
persistent at week 16 with a difference of 1.4 (P = 0.005). The NDS in the acupuncture group showed a better outcome in 
week 8 with a difference of 1.0 points. This effect was persistent in week 16 with a difference of 0.9.

Neurophysiological data
There was no considerable difference at week 8 in the mean nervus suralis conduction velocity between the acupuncture 
group and the control group with 0.4 m/s (P = 0.818). The amplitude of the nervus suralis at week 8 showed no difference 
between the groups with 0.6 µV (P = 0.156). With the mean velocities at 38.8 m/s for both groups, the lack of effect 
persisted in week 16. Similarly, there was no difference in amplitude between groups at week 16 [difference of 0.4 µV (P = 
0.428)]. At week 24 the intervention group has a mean velocity of 41.1 ± 11.8 and an amplitude of 4.6 ± 2.0.

At the end of the study intervention at week 8, the difference between groups regarding the primary outcome VAS 
overall DPN-related complaints was 24.7 mm (95%CI 14.8; 34.7, P < 0.001) in favor of the acupuncture group. The change 
in VAS overall DPN-related complaints at week 8 compared to baseline was 34.8 (95%CI 27.8; 41.8) in the acupuncture 
group vs. 59.5 (95%CI 52.4; 66.6) in the control group; significant improvements persisted in week 16 and clinically 
relevant improvements until week 24. Relevant reductions of neurological deficit scores persisted until week 24 (Table 3) 
For details regarding pain and quality of life outcomes see previous publication[19].

Adverse events (AE)
The following AEs were reported during the study: one patient discontinued acupuncture due to persistent discomfort 
after the needling session, which resolved in over one week and did not require any medical attention. Further AE were 
mild and consisted of minor local hematomas (n = 18), transient pain at needling site (n = 5) transient paresthesia (n = 7), 
tiredness after treatments (n = 5), light-headedness (n = 1), transient intensifying of DPN-related symptoms (n = 4), 
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Table 2 Overview of the outcome parameters

Outcome Week Acupuncture group adj. mean 
(95%CI)

Control group adj. 
mean(95%CI)

Difference adj. mean 
(95%CI) P value

NRS 11 numbness 8 4.2 (3.1; 5.2) 6.5 (5.4; 7.6) 2.3 (1.3; 3.4) < 0.001

16 4.6 (3.7; 5.6) 6.8 (5.8; 7.9) 2.2 (1.3; 3.1) < 0.001

NPSI 8 17.4 (13.5; 21.4) 30.0 (26.0; 34.0) 12.6 (7.1; 18.0) < 0.001

16 20.9 (16.2; 25.6) 32.6 (27.8; 37.4) 11.7 (5.0; 18.4) < 0.001

NDS 8 7.0 (6.1; 8.0) 8.1 (7.1; 9.1) 1.0 (0.2; 1.9) 0.021

16 7.3 (5.7; 9.0) 8.2 (6.5; 9.9) 0.9 (0.1; 1.7) 0.035

NSS 8 6.3 (5.8; 6.8) 7.6 (7.1; 8.1) 1.3 (0.6; 2.0) < 0.001

16 6.0 (4.1; 7.9) 7.4 (5.4; 9.3) 1.4 (0.4; 2.3) 0.005

TNSc 8 7.8 (5.7; 9.8) 9.8 (7.7; 11.9) 2.0 (0.9; 3.1) < 0.001

16 8.3 (6.8; 9.8) 10.1 (8.5; 11.7) 1.8 (0.5; 3.1) 0.010

N. suralis CV (m/s) 8 38.2 (36.1; 40.4) 38.6 (36.4; 40.7) 0.4 (-2.7; 3.5) 0.818

16 38.8 (33.5; 44.1) 38.8 (33.6; 44.1) 0.0 (-6.2; 6.3) 0.988

N. suralis ampl. (µV) 8 3.8 (3.3; 4.4) 4.4 (3.8; 4.9) 0.6 (-0.2; 1.3) 0.156

16 4.2 (3.5; 5.0) 4.6 (4.0; 5.3) 0.4 (-0.6; 1.4) 0.428

NRS-11: 11 point numeric ratings scale; NPSI: Neuropathic pain symptom inventory; NDS: Neuropathy deficit score; NSS: Neuropathy symptom score; 
TNSc: Total clinical ceuropathy score; CV: Conduction velocity.

Table 3 Pre and post comparison of outcomes in the acupuncture group at last follow-up in week 24. Intervention had ended in week 8

Variable unadjusted means (SD) Pre (baseline) Post (week 24)

NRS_11 5.8 ± 1.8 4.5 ± 2.3

NPSI 28.1 ± 15.8 22.6 ± 16.8

NDS 8.1 ± 2.0 7.2 ± 2.9

NSS 7.2 ± 1.8 6.2 ± 2.4

TNSc 10.2 ± 4.1 7.9 ± 3.5

Nervus suralis CV (ms) 40.9 ± 13.6 41.1 ± 11.8

Nervus suralis amplitude (µV) 4.0 ± 1.9 4.6 ± 2.0

NRS-11: 11 point numeric ratings scale; NPSI: Neuropathic pain symptom inventory; NDS: Neuropathy deficit score; NSS: Neuropathy symptom score; 
TNSc: Total clinical ceuropathy score; CV: Conduction velocity.

cramps of thigh muscle after needling (n = 1) and itching at needling site (n = 1). Serious AE were not observed.

DISCUSSION
Summary of results
The results of this trial suggest that patients with moderate to severe DPN-related complaints benefit from a series of 
acupuncture treatments with reduction of dysesthesia and improvement of sensory function; the patient-reported 
outcomes are reflected in the neurological examinations. The improvements persist for up to 4 mo. Changes of nerve 
conduction parameters could not be shown with the POCD used in this trial.

Strength and limitations
This trial focuses on hypesthesia/numbness and loss of further sensory functions, which is crucial in the development of 
gait disorders, risk of falls and development of diabetic foot. This approach is a novelty in DPN research, which usually 
concentrates on reducing pain or tingling. The reduction of numbness is of equally high importance since there is no 
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Figure 3 11 point numeric ratings scale, neuropathic pain symptom inventory neuropathy deficit score, neuropathy symptom score, total 
neuropathy score clinical, week 8 and week 16. NRS-11: 11 point numeric ratings scale; NDS: Neuropathy deficit score; NSS: Neuropathy symptom score; 
TNSc: Total neuropathy score clinical.

pharmacological option for this symptom and it is of high relevance in protecting the integrity of the feet. Our results 
showed the decrease of numbness at 8 and 16 wk to be above 32%, which is indicative of a clinically important 
improvement. Regarding the neurological examination scores, they have been assessed by different members of the two 
study centers, and the findings were consistent. The trial adds the important information that a lasting improvement of 
DPN-related symptoms and improvement of sensory function can be achieved in chronically ill patients with an ongoing 
risk factor for neuropathy. The high adherence rate shows again that repetitive acupuncture treatments were well 
tolerated and led to patient satisfaction.

However, this study has some limitations: The sample was smaller than initially planned; a bigger trial would be 
useful. The statistical analysis was adapted accordingly. The results are from an analysis of secondary endpoints, which is 
exploratory by nature. Furthermore, a placebo effect on the patient-related outcome must be considered, despite the 
persistent improvement 4 mo after the end of the treatment. Due to limited resources, the clinical assessments could not 
be performed through a blinded assessor. Furthermore, the trial failed to show these improvements in the 
neurophysiological endpoints, which might be due to the diagnostic device used, which is a POCD instead of conven-
tional NCS. Although the DPN-check device has been validated as an accurate screening tool in previous studies, it´s 
reliability to monitor therapy response in an intervention study has not been evaluated.

Comparison with other studies
The ACUDIN trial was a three-armed randomized, placebo-controlled trial with 180 patients with confirmed type 2 
diabetes-induced DPN that were either allocated to receive 10 sessions of needle acupuncture, laser acupuncture, or 
placebo laser acupuncture for 10 consecutive weeks[17]. Neurological assessments, including NCS of sural and tibial 
nerves with the conventional method, were performed at baseline and weeks 6 and 15 with conventional neurography. 
Primary outcome was the delta of sural SNAP. Secondary outcomes included further NCS values, clinical scores, and 
patient-reported outcome measures (PROMs). The amplitude of the sural nerve improved by 1.95 in the acupuncture 
group vs 0.5 in the placebo group and the sural nerve conduction velocities improved significantly by a mean of 13.5 m/s 
in the acupuncture group compared to placebo lase with 3.4 m/s. However, sural nerve conduction and amplitude was 
evaluated in the ACUDIN with classical needle neurography by experienced neurologists, which might be more 
sensitive.

A systematic review with meta-analysis of 14 randomized control trials and 1 long-term follow-up study on the use of 
acupuncture for various neuropathies showed that acupuncture was effective for diabetic neuropathy, Bell’s palsy, and 
carpal tunnel syndrome[28]. In the 4 Chinese trials on diabetic neuropathy neurological examination scores and conven-
tional nerve conduction study improved significantly. In a study with a design comparable to ACUDPN with a 
randomized waiting-list control group, 87 Chinese patients with chemotherapy-induced neuropathy were investigated. 
Within this cohort, 10 acupuncture sessions resulted in significant clinical improvements after 8 wk regarding the 
primary outcome (pain) and also neurological assessment[29]. A subset of patients was tested with NCS and had no or 
only borderline electrophysiological signs of neuropathy at baseline. These parameters did not change after 8 wk, the 
authors linked it to the small number of patients in this subset and to the absence of neurophysiological abnormal 
findings at baseline. However, the randomized crossover ACUCIN study with 60 patients with chemotherapy-induced 
neuropathy revealed improvement in NCS measured by classical neurography and PROMs[30].

Further research
The results of this trial showed beneficial effects in type 2 DPN, however there were several limitations which must be 
addressed in future research. Future trials should be conducted with a sham-control group and proper blinding, and with 
neurological outcomes as primary endpoint and conventional NCS in the secondary outcomes. Studies with larger 
sample size would be needed to address the potential impact on the study result by neuropathy subtype.
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CONCLUSION
Results of this exploratory study suggest that body acupuncture seems to have a positive effect on DPN-related 
neurological impairment. In this study, acupuncture was generally safe. Improvement in numbness and clinical 
examination scores persist until 2 mo after end of treatment in a clinically significant way in comparison to the control 
group. High-quality randomized and sham-controlled clinical trials with adequate patient number are much needed to 
confirm these results and to identify specific effects.

ARTICLE HIGHLIGHTS
Research background
Peripheral neuropathy in patients with diabetes type 2 is common. It can lead to loss of sensory function which increases 
the risk of gait disturbances and falls, or injuries of the feet that go unnoticed. Painful sensations occur frequently in 
diabetic peripheral neuropathy (DPN) which have an impact on quality of life.

Research motivation
Non-pharmacological therapeutic options are warranted for a patient group who is already confronted with 
polypharmacy. Pain control as well as restoration of sensory function are the motivation to evaluate the effects of 
acupuncture treatments on outcomes of neuropathy of the lower extremities.

Research objectives
What are the effects of 12 acupuncture treatments administered over the course of 8 wk on the subdimension of 
neuropathy, such as pain, tingling and numbness? Are the treatments safe and well-tolerated? How long do the effects 
last over the course of 24 wk?

Research methods
Open, multicenter, randomized controlled trial with patients suffering from diabetes type 2 and moderate to severe 
peripheral neuropathy.

Research results
Sixty-two participants were included and randomized in the two trial arms. A numeric rating scale for numbness, 
neuropathy symptom scores and clinical examinations showed significant and relevant improvements of neuropathy at 
week 8. Improvements remained significant up to 16 wk after the end of the intervention. No changes could be recorded 
in the nerve conduction studies. Only minor adverse events were recorded.

Research conclusions
Body acupuncture seems to have a positive effect on DPN-related neurological impairment. Improvement in numbness 
and clinical examination scores persist until 2 mo after end of treatment in a clinically significant way in comparison to 
the control group.

Research perspectives
Sham-controlled clinical trials with adequate patient numbers are needed to confirm these results and to identify specific 
effects.
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