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ABSTRACT
Aims/Introduction: To assess the efficacy and safety of acetyl-L-carnitine (ALC) on dia-
betic peripheral neuropathy compared with methylcobalamin (MC).
Materials and methods: This was a multicenter, randomized, parallel-group, double-
blind, double-dummy, positive-controlled, non-inferior phase II clinical trial. Diabetic
patients with abnormal nerve conduction test results were randomized in a 1:1 ratio to
receive oral ALC 500 mg t.i.d. or MC 0.5 mg t.i.d. for 24 weeks. The neuropathy symptom
score, neuropathy disability score and neurophysiological parameters were measured dur-
ing follow up.
Results: A total of 232 patients were randomized (ALC n = 117, MC n = 115), 88% of
which completed the trial. At week 24, patients from both groups had significant reduc-
tions in both neuropathy symptom score and neuropathy disability score with no signifi-
cant difference between two groups (neuropathy symptom score reduction: ALC vs MC
2.35 – 2.23, P < 0.0001 vs 2.11 – 2.48, P < 0.0001, intergroup P = 0.38; neuropathy disabil-
ity score reduction ALC vs MC 1.66 – 1.90, P < 0.0001 vs 1.35 – 1.65, P < 0.0001, inter-
group P = 0.23). Neurophysiological parameters were also improved in both groups. No
significant difference was found between groups in the development of adverse events.
Conclusions: ALC is as effective as MC in improving clinical symptoms and neurophys-
iological parameters for patients with diabetic peripheral neuropathy over a 24-week per-
iod with good tolerance.

INTRODUCTION
Diabetic peripheral neuropathy (DPN) is one of the most
common chronic complications of diabetes mellitus1, with a
30–50% prevalence in diabetic patients2. DPN commonly pre-
sents with distal symmetric polyneuropathy, and is diagnosed
and evaluated based on clinical symptoms and electrophysiolog-

ical examinations. The progressive development of pain, numb-
ness and sensory or motor disorders obviously affects patients’
quality of life, laying great clinical value on its prevention and
treatment.
The pathogenic mechanisms of DPN are not fully understood.

Hyperglycemia is an important etiology of DPN, and antihyper-
glycemic treatment is fundamental for long-term prevention and
management of DPN. However, simple blood glucose control is
not always sufficient. A variety of agents with potential effect on
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the pathogenic pathway of DPN have been studied, including
aldose reductase inhibitors (ARI)3, a-lipoic acid4, recombinant
human nerve growth factor5, angiotensin-converting enzyme
inhibitor6 and c-linolenic acid7. Nevertheless, current manage-
ments are still not able to achieve satisfactory neuropathic pain
reduction8.
Acetyl-L-carnitine (ALC; also known as levacecarnine and

ALCAR) deficiency plays a primary role in the development of
DPN in diabetic patients9. A recent meta-analysis of random-
ized controlled clinical trials showed that ALC significantly
reduced neuropathic pain, especially in that caused by diabetes,
compared with placebo10. Previous uncontrolled trials11,12 also
supported the efficacy and safety of ALC on DPN. However,
ALC is not introduced as a treatment alternative in the latest
guideline of the American Academy of Neurology8. Clinical evi-
dence comparing ALC with active medications in DPN is lack-
ing.
Methylcobalamin (MC), a methylated derivative of vita-

min B12, has been suggested to be beneficial on alleviating neu-
ropathic pain symptoms and on improving nerve conduction,
especially in the Chinese population13,14. It has been approved
by the China Food and Drug Administration for treating
peripheral neuropathy, and is recommended in the Chinese
guideline for type 2 diabetes. In the current trial, we compared
the efficacy and safety of ALC and MC in patients with DPN.

METHODS
Study design and patients
This multicenter, randomized, parallel-group, double-blind,
double-dummy, positive-controlled, non-inferior phase II clini-
cal trial was carried out between August 2008 and March 2011
in eight centers in China (ChiCTR-TRC-08000141).
Men and women with type 1 or type 2 diabetes mellitus

were eligible to participate if they were aged between 18 and
70 years, had been diagnosed with DPN according to electrodi-
agnostic criteria from San Antonio Conference15, and had
abnormal nerve conduction velocity (NCV) and/or amplitude
found in at least one nerve of the extremities. Negative urine or
blood test for pregnancy was an additional requirement for
women of reproductive age. Diagnosis of diabetes was made
according to 1999 World Health Organization criteria16.
Exclusion criteria included unstable blood glucose control or

glycated hemoglobin (HbA1c) >8.5% within 2 weeks before the
study; established non-diabetic causes for peripheral neuropa-
thy, such as HIV and chemotherapy; history of allergy or intol-
erance to ALC; history of or current treatment for thyroid
disorders; severe hemorrhagic diseases; peptic ulcer; grade III
hypertension, unstable angina pectoris, severe arrhythmia, car-
diopulmonary dysfunction, cardiac pacemaker or stent, or
myocardial infarction within 6 months before the study;
impaired renal or hepatic function (serum concentrations of
alanine transaminase or aspartate transaminase more than twice
the upper limit of normal range; serum creatinine higher than
the upper limit of normal range); malignant cancer; lactating or

pregnant women, men or women of reproductive age refusing
to use effective contraception during the study; history of alco-
hol or drug abuse within 1 year before the study; and participa-
tion in other clinical trials currently or within 3 months before
the study. During the study, therapies known to affect the ner-
vous system (e.g., aldose reductase inhibitors, gangliosides or
acupuncture) were avoided. Oral hypoglycemic agents or insu-
lin were maintained. Other therapies for concomitant diseases
were allowed, but monitored during the trial.
All participants provided written informed consent before

the study. The study was carried out in accordance with the
Declaration of Helsinki and the International Conference on
Harmonization Guidelines for Good Clinical Practice, and was
approved by the China Food and Drug Administration
(2005L01756). The study protocol was approved by the ethics
committee of the West China Hospital of Sichuan University.

Randomization and masking
Computer-generated randomization lists were produced by each
center, sealed in opaque envelops and assigned to participants
by physicians according to the sequence of entry to the study.
ALC, MC and dummy tablets were identical in appearance,
and were provided by the Liaoning Haisike Pharmaceutical Co.
Ltd. in individualized patient kits with only one number on
each tablet for patient matching. Patients and investigators,
including the investigators assessing nerve conduction and
blood tests, were masked to treatment assignment throughout
the study.

Procedures
After screening, eligible patients were randomized in a 1:1 ratio
to receive oral treatment with ALC (500 mg three times per
day) or MC (0.5 mg three times per day) for 24 weeks. Three
times per day after every meal, patients in the ALC group
received two ALC tablets (250 mg ALC per tablet) plus one
dummy tablet, whereas those in the MC group received one
MC tablet (0.5 mg MC per tablet) plus two dummy tablets.
The primary end-point was the changes in the neuropathic

symptom and sign scores from baseline to week 24, assessed by
the neuropathy symptom score (NSS), the neuropathy disability
score (NDS) and the sum of both (NSS+NDS). The secondary
end-points included changes in the NSS and in the NDS from
baseline at week 12, change in the NCV and amplitude from
baseline to week 24, and the reversal rates of affected nerves at
week 24. Measurements of the NSS and NDS at baseline,
week 12, and week 24 were carried out by trained investigators
using standard questionnaires, which were used as clinical
assessment tools of DPN17. The measurements of the NCV
and amplitude were carried out at baseline and week 24 by one
neurologist in each center according to the guideline of stan-
dardized measures in diabetic neuropathy18, and were carried
out on the affected side of the body for patients with unilateral
symptoms or both sides for patients with bilateral symptoms.
The NCV and amplitude in the median sensory and motor,
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ulnar sensory and motor, peroneal sensory, tibial sensory, and
sural motor nerves were measured.
Safety end-points included incidence and intensity of adverse

events, withdrawals as a result of adverse events, changes in
fasting blood glucose and HbA1c, abnormal electrocardio-
graphs, and changes in vital signs, laboratory variables and
background treatment.
During the study period, patients visited their local study

center every 4 weeks, to receive a tablet count for compliance
assessment, to report adverse events and to report changes in
background treatments.

Statistical analysis
A sample size of 113 participants per treatment group was
required to achieve 95% power to show non-inferiority for
treatment difference through a 1.2 score reduction of the
NSS+NDS from baseline to week 24 at the level of a = 0.025
(one-sided), taking into account a 20% dropout.
All primary and secondary efficacy analyses were carried out

in both the full analysis set (FAS) and the per-protocol set. The
FAS population included all randomized patients receiving at
least one dose of study treatment, and the last observation car-
ried forward approach was used to impute missing data. Analy-
sis of covariance (ANCOVA) was also carried out in assessment of
the change in the NSS+NDS from baseline at week 24, to
explore the effect of baseline NSS+NDS, baseline HbA1c level,
diabetes duration, center and treatment group on the primary
end-point.
All data analyses were carried out using the SAS program sys-

tem (version 9.1; SAS Institute, Cary, NC, USA). Data are pre-
sented as mean – standard deviation. Non-inferiority analysis
for primary efficacy was carried out by one-tailed Mann–Whit-
ney U-test with a level of significance being P < 0.025. Baseline
parameters in both groups were compared by t-test.
Intragroup changes from baseline were analyzed by paired

samples t-test for normal distributed data and Wilcoxon
signed-rank test for non-normal distributed data. Intergroup
comparisons were carried out by independent sample t-test
for normally distributed data and Wilcoxon rank–sum test
for non-normally distributed data. All statistical tests were
two-sided with a level of significance being a < 0.05.
Dichotomous baseline characteristics, reversal rates and inci-
dence of adverse events were compared by v2-test or Fisher’s
exact test.

RESULTS
A total of 232 patients from eight centers were randomized to
receive either ALC (n = 117) or MC (n = 115). A total of 204
patients (88%) completed the 24-week study (ALC n = 103
[88%], MC n = 101 [88%]), and the dropout rate was not sig-
nificantly different between the two groups (P = 0.96). Details
are shown in Figure 1. The two treatment groups were well
balanced with respect to demographic characteristics, vital signs,
NSS, NDS, fasting blood glucose, HbA1c, laboratory assess-

ments and proportion of patients with abnormal electrocardio-
graphs (Table 1).

Comparison of the effects on improvement of the clinical
scores of DPN
In the FAS population, the sum of NSS and NDS was reduced
significantly in both ALC and MC groups at week 24 com-
pared with baseline (Table 2), with no significant difference
found between changes in the two groups (change in ALC vs
MC 4.01 – 3.25 vs 3.46 – 3.43, intergroup P = 0.14). The
change of summed NSS and NDS in the ALC group was non-
inferior to that in the MC group (U = 3.98, P < 0.025). A sim-
ilar trend was observed for the individual NSS (change in ALC
vs MC 2.35 – 2.23 vs 2.11 – 2.48, intergroup P = 0.38) and for
the individual NDS (change in ALC vs MC 1.66 – 1.90 vs
1.35 – 1.65, intergroup P = 0.23). Analyzed covariates, includ-
ing baseline NSS+NDS, baseline HbA1c level, diabetes duration,
center and treatment group, did not significantly affect the
change of NSS+NDS at week 24 (Table S1). At week 12,
changes in the NSS and NDS were also of significance com-
pared with baseline, whereas no significant difference was
found between treatment groups (Table 2).

Comparison of the effects on improvement of the
electrophysiological parameters
In the FAS population, the NCV and amplitude of all investi-
gated motor and sensory nerves were improved in the ALC
group at week 24 compared with baseline (Table 3), when the
majority of NCV and amplitude in the MC group were
improved, except the amplitude of sural sensory and peroneal
motor nerves. The reversal rates of most nerves were similar in
the two groups (Table S4), except that the reversal rate of the
motor ulnar nerve was significantly higher than that of the MC
group (P = 0.0015).
All results in the per-protocol set population were consistent

with those from the FAS population (Table S2, S3, S5).

Safety and tolerance
During the study period, a total of 67 patients (ALC n = 34,
MC n = 33, P = 0.95) reported adverse events, among which
nine had severe adverse events (ALC n = 4, MC n = 5,
P = 0.75). None of the severe adverse events were deemed
related to study agents. Seven patients discontinued because of
adverse events (ALC n = 4, MC n = 5). No deaths occurred.
The most common adverse events in both groups were gas-
trointestinal symptoms, such as abdominal distension, hiccups
and nausea (Table 4).
Fasting blood glucose at week 24 was 8.01 – 2.57 mmol/L in

the ALC group and 7.65 – 2.93 mmol/L in the MC group,
without significant changes from baseline (ALC P = 0.12, MC
P = 0.41). HbA1c at week 24 was 6.94 – 1.02% in the ALC
group and 7.04 – 1.36% in the MC group, without significant
changes from baseline (ALC P = 0.16, MC P = 0.26). Further-
more, no significant change at week 24 from baseline was
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observed in each group of vital signs, other laboratory variables
(white blood cells, red blood cells, hemoglobin, platelets, alanine
transaminase, aspartate transaminase, blood urea nitrogen,
serum creatinine and total bilirubin) and the proportion of
patients with abnormal electrocardiographs.

DISCUSSION
The present randomized controlled trial showed that 500 mg
ALC three times per day for 24 weeks was non-inferior to MC
in ameliorating neuropathic symptoms and neurophysiological
parameters in adult diabetic patients, and was well tolerated.
This was the first active-controlled randomized trial of ALC on
DPN, which was suggested for future research by the latest
American Academy of Neurology guideline8. This is also the
first trial studying the effects of ALC on DPN in the Eastern
Asian population, while previous trials were conducted in the
American and Canadian19, the Italian20, the Turkish11,12 or the
British21 population.
In the present trial, ALC showed similar efficacy and safety

with MC, which was proven to be superior to placebo in treat-
ing DPN in a meta-analysis14, and was approved by the China
Food and Drug Administration. It suggested ALC might be a
potential treatment of DPN. Furthermore, in the ALC group,
the NSS and the NDS were reduced significantly at week 12 as
well as at week 24, suggesting that ALC took effect within

3 months and remained effective until the end of the study
period. It could be considered together with previous studies
suggesting that in DPN patients, 8 weeks might be insufficient
for ALC to bring detectable changes11, and once had ALC
taken effect, it continuously improved clinical symptoms for at
least 52 weeks19. Clinical symptoms evaluation is a common
end-point in previous trials19,20; however, the assessments of
which varied largely. In the present trial, we evaluated both the
NSS and the NDS2, and summed the two scores for non-infer-
iority determination, for which the assessment was supported
by the American Association of Clinical Endocrinologists guide-
line22.
The NCV and amplitude were ameliorated similarly in

patients on ALC and on MC, which was consistent with the
studies carried out by De Grandis et al.20 and by Ulvi et al.12,
and the change of electrophysiological parameters were of a
similar scale in all studies. However, Sima et al.19 found that
ALC (500 mg or 1,000 mg, three times per day) significantly
improved all vibratory parameters, but not the NCV or ampli-
tude throughout a follow-up period of 52 weeks. Unfortunately,
detailed data of the NCV and amplitude were not given in that
study. Furthermore, in the present trial, changes of the NCV
and amplitude in ulnar nerves from baseline to week 24 in two
treatment groups were statistically different, but clinical signifi-
cance could not be shown. Additionally, we carried out ANCOVA

Assessed for eligibility (n = 248)

Excluded (n = 16)

Analysed in FAS (n = 117)
♦ Excluded from analysis in FAS (n = 0)
Analysed in PPS (n = 103)
♦ Excluded from analysis in PPS (n = 14)

Lost to follow-up (n = 7)

Discontinued intervention (n = 7)

♦ 3 withdrew automatically

♦ 4 due to adverse events

Allocated to ALC group (n = 117)
♦ Received ALC intervention (n = 117)

Lost to follow-up (n = 4)

Discontinued intervention  (n = 10)

♦ 5 withdrew automatically

♦ 5 due to adverse events

Allocated to MC group (n = 115)
♦ Received MC intervention (n = 115)

Analysed in FAS (n = 115)
♦ Excluded from analysis in FAS (n = 0)
Analysed in PPS (n = 101)
♦ Excluded from analysis in PPS (n = 14)

Allocation

Analysis

Follow-up

Randomized (n = 232)

Enrollment

Figure 1 | Trial profile. ALC, acetyl-L-carnitine; FAS, full analysis set; MC, methylcobalamin; PPS, per-protocol set.
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and carried out analysis in both the FAS population and the
per-protocol set population. The consistency of results from all
analyses carried out, together with the comparable baseline con-
dition of patients in both groups, suggested reliability of the
results from the present trial.
The therapeutic effect of ALC on DPN was supported by

previous studies, in which ALC improved visual analog scale
and other symptoms scores, as well as electrophysiological
parameters12,19–21. Additionally, ALC has also been studied to
treat peripheral neuropathy induced by chemotherapy23–27 or
antiviral treatment28–30. Most of these trials were uncontrolled
or placebo-controlled, and showed that ALC is efficacious and
safe. To be noted, ALC was compared with MC in a recent
trial among patients with chemotherapy-induced peripheral
neuropathy, and ALC was found less efficacious than MC in
alleviating neuropathic symptoms27. This difference from the
present study might be explained by a higher potency of ALC

for neuropathy induced by diabetes than other etiologies, as
supported by a recent meta-analysis10.
Throughout the present 24-week study, both ALC and MC

were well tolerated and did not have a significant effect on
blood glucose. This relieved to a certain extent the concern of
hypoglycemia, as ALC had the potential to reduce insulin resis-
tance. However, trials with a longer follow-up period are
required to confirm the long-term safety.
The exact mechanisms for the therapeutic efficacies of ALC

in DPN patients are not well established. ALC deficiency was
noted in DPN patients9; all associated disorders, including
membrane stability perturbations31 and dysfunction32, abnormal
energy production in nerves33, disordered fatty acid oxidation34,
and the impaired synthesis of vasoactive prostacyclin35, could
be corrected by supplementation with ALC31–36. The neuropro-
tective and analgesic effects of ALC are considered as the major
mechanism of action, whose pharmacological pathway is not

Table 1 | Baseline characteristics of the study population

ALC group (n = 117) MC group (n = 115) P-value

Demographic parameters
Age (years) 57.82 – 8.72 57.75 – 7.92 0.95
Female (n/%) 60/51.28 50/43.48 0.23
Diabetes duration (months) 118.36 – 94.89 102.67 – 77.90 0.33

Vital signs
Temperature (°C) 36.52 – 0.35 36.46 – 0.37 0.30
Heart rate (cpm) 77.65 – 8.80 77.15 – 9.29 0.67
Respiratory (cpm) 17.62 – 1.70 17.58 – 1.89 0.90
SBP (mmHg) 127.32 – 14.19 127.90 – 15.09 0.93
DBP (mmHg) 76.88 – 8.36 76.74 – 8.62 0.90

Neurological parameters
NSS 6.52 – 1.52 6.37 – 1.71 0.48
NDS 6.58 – 2.19 6.43 – 2.04 0.57
NSS+NDS 13.10 – 2.80 12.79 – 2.80 0.40

Laboratory tests
TSH (mU/L) 2.54 – 1.97 2.58 – 2.75 0.13
WBC (109/L) 5.86 – 1.72 5.69 – 1.57 0.98
RBC (1012/L) 4.46 – 0.46 4.53 – 0.48 0.35
HB (g/L) 134.41 – 14.81 136.25 – 15.95 0.42
PLT (109/L) 187.49 – 74.02 178.05 – 60.12 0.44
ALT (U/L) 22.35 – 11.81 22.98 – 9.96 0.31
AST (U/L) 23.13 – 8.19 23.23 – 8.41 0.94
TBIL (lmol/L) 13.68 – 5.98 12.78 – 4.92 0.30
BUN (mmol/L) 6.26 – 2.09 5.99 – 1.93 0.39
Cr (lmol/L) 68.13 – 16.09 67.49 – 14.23 0.75
FPG (lmol/L) 7.58 – 2.48 7.44 – 3.04 0.27
HbA1c (%) 7.10 – 1.16 6.96 – 1.35 0.52

ECG
ECG, abnormal (n/%) 30/25.86 28/25.00 0.88

All continuous variables are presented as mean – standard deviation. Continuous parameters were compared by independent sample t-test.
Dichotomous parameters were compared by v2-test. SD, standard deviation; ALC, acetyl-L-carnitine; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; BUN, blood urea nitrogen; cpm, counts per min; Cr, creatinine; DBP, diastolic blood pressure; ECG, electrocardiograph; FPG, fasting
plasma glucose; HB, hemoglobin; HbA1c, glycated hemoglobin; MC, methylcobalamin; NDS, neuropathy disability score; NSS, neuropathy symptom
score; PLT, platelet; RBC, red blood cell; SBP, systolic blood pressure; TBIL, total bilirubin; TSH, thyroid-stimulating hormone; WBC, white blood cell.
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covered by any previously studied agent for DPN37. In the
meantime, as a cofactor facilitating the utilization of fatty acids
in the mitochondria, ALC also leads to reduced insulin resis-
tance. However, the unchanged glucose level did not contribute
to the improvement of DPN in the current study. Additionally,
ALC was reported effective in neuropathic patients without
abnormal blood glucose, including patients with chemotherapy-
induced peripheral neuropathy23–27 and with HIV-associated
antiretroviral toxic neuropathy28–30,38.

The present trial had several limitations. First, the duration
of study was 24 weeks, and thus the long-term efficacy and
safety of ALC remained unclear. However, this trial aimed at
studying whether ALC was effective, instead of its long-term
action. Second, only the oral administration route was studied
while ALC and MC could be administered both intramuscu-
larly and orally. To be noted, although several studies39,40

administered ALC or MC intramuscularly, the recent meta-
analysis10 suggested no significant difference between the two

Table 2 | Changes in the neuropathy symptom score, the neuropathy disability score, and the sum of both comparing baseline and week 12 and
week 24 in the full analysis set population

ALC (n = 117) MC (n = 115) P-value:
change
in ALC
vs MC

Baseline Week 12 Week 24 Change
from
baseline to
week 24

P-value:
baseline
vs week
24

Baseline Week 12 Week 24 Change
from
baseline to
week 24

P-value:
baseline
vs week
24

NSS+NDS 13.10 – 2.80 10.50 – 3.78 9.09 – 4.24 4.01 – 3.25 <0.0001 12.79 – 2.80 10.51 – 3.70 9.33 – 4.34 3.46 – 3.43 <0.0001 0.14
NSS 6.52 – 1.52 4.95 – 2.21 4.17 – 2.45 2.35 – 2.23 <0.0001 6.37 – 1.71 4.94 – 2.12 4.25 – 2.60 2.11 – 2.48 <0.0001 0.38
NDS 6.58 – 2.19 5.55 – 2.50 4.92 – 2.62 1.66 – 1.90 <0.0001 6.43 – 2.04 5.57 – 2.37 5.08 – 2.41 1.35 – 1.65 <0.0001 0.23

All continuous variables were presented as mean – standard deviation. All comparisons were analyzed by t-test. ALC, acetyl-L-carnitine; MC, methyl-
cobalamin; NDS, neuropathy disability score; NSS, neuropathy symptom score.

Table 3 | Changes in nerve conduction velocity and amplitude comparing baseline and week 24 in the full analysis set population

ALC MC P-value:

change

in ALC

vs MC

n Baseline Week 24 Change

from

baseline to

week 24

P-value:

baseline

vs week

24

n Baseline Week 24 Change from

baseline to

week 24

P-value:

baseline

vs week

24

Nerve conduction velocity

Sensory nerves (m/s)

Median 75 41.58 – 7.71 46.76 – 10.23 5.03 – 10.78 <0.0001 65 40.35 – 10.34 46.73 – 10.71 6.42 – 12.73 <0.0001 0.57

Ulnar 50 42.89 – 7.06 47.45 – 9.50 5.01 – 9.76 0.0002 41 40.54 – 9.25 45.79 – 9.30 5.72 – 9.95 0.0002 0.81

Sural 37 35.47 – 7.75 38.75 – 7.23 3.10 – 5.59 0.0001 28 33.88 – 9.94 35.90 – 10.93 2.02 – 4.10 0.01 0.40

Motor nerves (m/s)

Median 61 47.33 – 4.54 50.83 – 8.24 3.49 – 8.40 0.001 55 47.36 – 4.49 49.47 – 5.26 2.11 – 6.25 0.004 0.78

Ulnar 50 45.81 – 4.97 50.31 – 7.38 4.49 – 7.38 <0.0001 52 46.83 – 5.14 47.37 – 7.20 0.55 – 5.25 0.86 0.003

Tibial 40 39.80 – 3.61 41.37 – 6.03 1.72 – 5.85 0.07 46 38.94 – 4.01 42.03 – 6.29 2.75 – 5.18 0.0007 0.66

Peroneal 64 38.96 – 4.61 43.97 – 10.06 5.00 – 10.25 <0.0001 54 39.62 – 4.50 42.13 – 6.29 2.45 – 5.36 0.0006 0.45

Response amplitude

Sensory nerves (uV)

Median 69 6.20 (2.30~9.60) 6.80 (3.30~12.0) 0.0 (–0.07~3.60) 0.04 62 5.20 (2.60~10.15) 5.90 (2.20~17.0) 0.0 (0.0~3.50) 0.01 0.65

Ulnar 44 6.05 (2.50~8.10) 6.90 (3.20~11.0) 0.0 (–0.30~1.35) 0.38 44 4.30 (2.25~8.10) 8.40 (2.95~18.0) 0.50 (0.0~11.50) 0.001 0.04

Sural 35 3.10 (1.57~5.0) 3.25 (2.35~5.80) 0.0 (–0.10~1.76) 0.22 18 5.45 (2.80~6.80) 5.30 (3.30~10.0) 0.0 (-1.95~1.40) 1.0 0.41

Motor nerves (mV)

Median 32 2.38 (1.40~3.81) 6.43 (3.05~8.48) 1.03 (0.0~6.08) <0.0001 23 3.74 – 1.76 5.27 – 3.52 1.53 – 3.14 0.03* 0.24

Ulnar 30 1.95 (1.23~2.70) 4.35 (2.54~5.57) 1.18 (0.0~2.71) <0.0001 25 2.55 – 1.34 2.80 (1.90~5.49) 0.40 (0.0~0.95) 0.01 0.24

Tibial 45 3.48 (1.35~5.45) 4.75 (1.38~7.35) 0.0 (–0.15~2.46) 0.036 51 3.17 (1.37~7.0) 5.31 (1.60~9.79) 0.45 (-0.41~3.96) 0.0009 0.45

Peroneal 60 1.53 (0.76~2.46) 2.0 (0.90~3.30) 0.0 (–0.03~1.14) 0.007 60 1.81 (1.23~2.70) 2.28 (1.56~2.94) 0.08 (0.0~0.88) 0.06 1.0

*Data was analyzed by paired samples t-test and the rest intragroup comparisons were analyzed by Wilcoxon signed-rank test. All intergroup com-
parisons were analyzed by Wilcoxon rank–sum test. ALC, acetyl-L-carnitine; MC, methylcobalamin.
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administration routes for ALC. Third, only a daily ALC dose
of 1,500 mg was studied in the present trial. As a previous
trial19 showed that 3,000 mg daily ALC is superior to
1,500 mg, it is not clear whether 3,000 mg daily ALC is supe-
rior to regular dose MC considering both efficacy and safety.
Fourth, placebo control was lacking in our trial. However,
administration of placebo was not accepted by local ethical
committees, because MC is already approved in China for
DPN treatment, although not in the USA and Europe. Fifth,
we did not distinguish between type 1 and type 2 diabetes on
patient inclusion. Sixth, only NCV and amplitude were used
to measure the nerve damage, which only surveyed the large
myelinated fibers. Seventh, potential confounding parameters
were not studied extensively in the analysis, such as current
medication of diabetes and other concomitant diseases, base-
line serum ALC, vitamin B12 and lipid profiles, body mass
index, smoking and drinking history, comorbidities, and
genetic profiles. Eighth, blood glucose levels were only mea-
sured at several time-points, making glucose fluctuation data
unavailable. Ninth, we only analyzed the NSS and NDS, but
not the detailed items in each scoring, which could not show

if the positive and negative neuropathic symptoms had a simi-
lar response after intervention.
In summary, ALC is as effective as MC in improving clinical

symptoms and neurophysiological parameters in diabetic
patients with DPN with good tolerance. ALC is a treatment
option for DPN, whereas further clinical trials and observa-
tional studies with long-term follow up are required.
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Table 4 | Adverse events in the full analysis set population

ALC (n = 117) (%) MC (n = 115) (%) P-value

Overall
Any adverse event 34 (29.06) 33 (28.70) 0.95
Severe adverse event 4 (3.42) 5 (4.35) 0.71
Insufficient blood glucose control 0 (0.00) 1 (0.87) 0.31
Coronary events 1 (0.85) 1 (0.87) 0.99
Diabetic ketoacidosis 0 (0.00) 1 (0.87) 0.31
Diabetic foot induced infection 2 (1.70) 1 (0.87) 0.57
Benign paroxysmal positional vertigo 1 (0.85) 0 (0.00) 0.32
Angioedema 0 (0.00) 1 (0.87) 0.31
Cataract surgery 1 (0.85) 0 (0.00) 0.32

Drug-related adverse event 10 (8.55) 19 (16.52) 0.07
Adverse event leading to discontinuation† 4 (3.42) 5 (4.35) 0.71
Stomachache 1 (0.85) 1 (0.87) 0.99
Diarrhea 1 (0.85) 1 (0.87) 0.99
Abdominal distension 1 (0.85) 2 (1.74) 0.55
Dizziness 0 (0.00) 1 (0.87) 0.31
Nausea 0 (0.00) 1 (0.87) 0.31
Waist pain 1 (0.85) 0 (0.00) 0.32
Pruritus 1 (0.85) 0 (0.00) 0.32

Death 0 (0.00) 0 (0.00) NA
Most common adverse event (>3% in any treatment group)

Hiccups or nausea 7 (5.98) 3 (2.61) 0.21
Diarrhea 6 (5.13) 6 (5.22) 0.98
Upper respiratory tract infection 3 (2.56) 5 (4.35) 0.46
Dizziness 4 (3.42) 2 (1.74) 0.42

Adverse event of special interest
Hypoglycemia 0 (0.00) 2 (1.74) 0.15

All events were compared by v2-test between groups. †One patient complained of more than one adverse event as the cause for discontinuation.
ALC, acetyl-L-carnitine; NA, not applicable; MC, methylcobalamin.
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SUPPORTING INFORMATION
Additional Supporting Information may be found in the online version of this article:

Table S1 | Analysis of variance (ANCOVA) of changes in the summed neuropathy symptom score and neuropathy disability score in
acetyl-L-carnitine and methylcobalamin group comparing baseline and week 24. FAS, full analysis set; NDS, neuropathy disability
score; NSS, neuropathy symptom score; PPS, per-protocol set.
Table S2 | Changes in the neuropathy symptom score (NSS), the neuropathy disability score (NDS), and the sum of both compar-
ing baseline and week 12 and week 24 in the per-protocol set population. All continuous variables were presented as mean – stan-
dard deviation. All comparisons were analyzed by t-test. ALC, acetyl-L-carnitine; MC, methylcobalamin; NDS, neuropathy
disability score; NSS, neuropathy symptom score.
Table S3 | Changes in nerve conduction velocity and amplitude comparing baseline and week 24 in the per-protocol set popula-
tion. *Data was analyzed by paired samples t-test and the rest of the intragroup comparisons were analyzed by Wilcoxon signed-
rank test. All intergroup comparisons were analyzed by Wilcoxon rank–sum test. ALC, acetyl-L-carnitine; MC, methylcobalamin.
Table S4 | Rate of nerves with reversed nerve conduction velocity and amplitude at week 24 from baseline in the per-protocol set
population. All comparisons were analyzed by v2-test. ALC, acetyl-L-carnitine; MC, methylcobalamin; MN, motor nerve; SN, sen-
sory nerve.
Table S5 | Rate of nerves with reversed nerve conduction velocity and amplitude at week 24 from baseline in the per-protocol set
population. All comparisons were analyzed by v2-test. ALC, acetyl-L-carnitine; MC, methylcobalamin; MN, motor nerve; SN, sen-
sory nerve.
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