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Abstract
Background: Prostaglandin E1 (P) or methylcobalamin (M) treatment has been suggested as a therapeutic approach for diabetic
peripheral neuropathy (DPN) in many clinical trial reports. However, the combined effects of 2 drugs still remain dubious.

Objective: The aim of this report was to evaluate the efficacy of M plus P (M+P) for the treatment of DPN compared with that of P
monotherapy, in order to provide a reference resource for rational drug use.

Methods:Randomized controlled trials (RCTs) of M+P for DPN published up to September 2017 were searched. Risk ratio (RR),
mean difference (MD), and 95% confidence interval (CI) were calculated and heterogeneity was assessed with the I2 test. Subgroup
and sensitivity analyses were also performed. The outcomes measured were as follows: the clinical efficacy, median motor nerve
conduction velocities (MNCV), median sensory nerve conduction velocity (SNCV), peroneal MNCV, peroneal SNCV, and adverse
effects.

Results:Sixteen RCTs with 1136 participants were included. Clinical efficacy of M+P combination therapy was significantly better
than P monotherapy (fifteen trials; RR 1.25, 95% CI 1.18–1.32, P< .00001, I2=27%). Compared with P monotherapy, the pooled
effects of M+P combination therapy on nerve conduction velocity were (MD 6.29, 95% CI 4.63–7.94, P< .00001, I2=90%) for
medianMNCV, (MD 5.68, 95%CI 3.53–7.83, P< .00001, I2=94%) for median SNCV, (MD 5.36, 95%CI 3.86–6.87, P< .00001, I2=
92%) for peroneal MNCV, (MD 4.62, 95% CI 3.48–5.75, P< .00001, I2=86%) for peroneal SNCV. There were no serious adverse
events associated with drug intervention.

Conclusions:M+P combination therapy was superior to P monotherapy for improvement of neuropathic symptoms and NCVs in
DPN patients. Moreover, no serious adverse events occur in combination therapy.

Abbreviations: CI = confidence interval, DM = diabetes mellitus, DPN = diabetic peripheral neuropathy, FE = fixed-effect, M =
methylcobalamin, MNCV = motor nerve conduction velocity, P = prostaglandin E1, RCTs = randomized controlled trials, RR = risk
ratio, SNCV = sensory nerve conduction velocity.

Keywords:diabetic peripheral neuropathy, efficacy, meta-analysis, methylcobalamin, nerve conduction velocity, prostaglandin E1
Editor: Zelena Dora.

This study was supported by grants from the Doctoral Scientific Research
Foundation of Yulin Normal University of China (No. G2016006).

The authors have no conflicts of interest to disclose.
a College of Biology and Pharmacy, Guangxi Key Laboratory of Agricultural
Resources Chemistry and Biotechnology, Yulin Normal University, Yulin,
b Department of Pharmacy, Sir Run Run Shaw Hospital, School of Medicine,
Zhejiang University, Hangzhou, c Department of Pharmacy, Zhujiang Hospital of
Southern Medical University, Guangzhou, d Department of Pharmacy,
Guangdong Province Hospital of Integrated Traditional Chinese and Western
Medicine, Foshan, China.
∗
Correspondence: Yan Wang, No.16 5th Road, GuiCheng street South, Nanhai,

Foshan, Guangdong Province, 528200, China (e-mails: wy6507364@163.com,
yongwh2005@hotmail.com).

Copyright © 2018 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-
ND), where it is permissible to download and share the work provided it is
properly cited. The work cannot be changed in any way or used commercially
without permission from the journal.

Medicine (2018) 97:44(e13020)

Received: 31 May 2018 / Accepted: 8 October 2018

http://dx.doi.org/10.1097/MD.0000000000013020

1

1. Introduction

As one of the most common complications of diabetes mellitus
(DM), diabetic peripheral neuropathy (DPN) carries complicated
pathogenesis which mainly lies on microcirculatory disturbance
caused by impaired endothelial function,[1] while the endothelial
dysfunction can be aggravated by elevated advanced glycation
end products resulted from long-term hyperglycemia.[2] There-
fore, peripheral neuropathy occurred at 5 to 10 years after the
onset of type 2 diabetes, the atherosclerosis of major vessels,
especially in the lower extremity arteries, also appeared in
diabetic patients.[1] Which is to say, a vicious circle of “ischemia-
inflammation” is set up, then, the onset and progression of DPN
are accelerated.[3,4] Current therapeutic options for the treatment
of DPN include good glycaemic control, nerve nurturing,
oxidative-stress suppressing, microcirculation improving and
others.[5] As there is no effective single therapy currently existing
for DPN, combination therapy with multiple drugs is generally
performed. Clinically, prostaglandin E1 (P) is mainly used to
relax vessels, decrease hematic viscosity, inhibit platelet aggrega-
tion and improve microcirculation.[6] Methylcobalamin (M), a
kind of endogenous coenzyme, promotes axon regeneration and
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myelinogenesis by increasing nucleic acid, protein and phospha-
tidylcholine synthesis.[7,8] M also can speed up nerve conduction
velocities (NCVs) through accelerating delayed nerve impulse
conduction.[7,9] By far, clinical performances of the 2medications
in the treatment of DPN have been demonstrated by various
studies.[7,10,11]

DengH et al suggested that treatment withM plus P (M+P) for
patients with DPN was safe and could gain better outcomes in
neuropathic symptoms and NCVs compared with M alone by
meta-analysis.[12] Furthermore, compared with P monotherapy,
the efficacy and safety of M+P combination therapy have also
been explored by numerous studies in mainland China.[13–15] In
order to understand the effects of M+P for DPN comprehen-
sively, the present meta-analysis identified the efficacy and safety
of M+P in DPN more precisely by retrieving data published in
the randomized controlled trials (RCTs).
2. Methods

2.1. Search strategy

We retrieved the electronic databases of PubMed, Embase, Web
of Science, Cochrane Library, Chinese BioMedical Database,
Chinese National Knowledge Infrastructure Database and
Wanfang Database (last search date September 2017) without
language restrictions. The key terms used in this search were
(diabetic peripheral neuropathy or diabetic neuropathy or
diabetic neuropathies or DPN) and (M or mecobalamin or
vitamin B12) and (P or alprostadil).
2.2. Study selection criteria

All the following inclusion criteria must be met for this study at
the same time:
(1)
(2)
study design was RCT.
Patients had DM and distal symmetrical sensorimotor

polyneuropathy of the limbs, the diagnostic criteria included
standardized DM criteria of World Health Organization,[16]

clinical assessments and nerve conduction.[12]

Patients were treated with combination therapy (M+P)
(3)

versus monotherapy (P).
Data on symptoms and (or) NCVs could be extracted,
(4)

(5)
 treatment duration was ≥14 days, and a full-text publication

was available.

The exclusion criteria included:

(1) sensorimotor polyneuropathy caused by other factors.

(2)
 Trials with some deficiencies in data or study design.

(3)
 Patients with DPN received oral administration of M and
(or) P.

2.3. Data extraction

All potentially relevant data including patient baseline character-
istics, trial durations, daily doses of M and P along with outcomes
were extracted independently by the investigators from the
collected studies. The primary outcomes of interest were clinical
efficacy, median motor nerve conduction velocity (MNCV),
median sensory nerve conduction velocity (SNCV), peroneal
MNCV, and peroneal SNCV. Clinical efficacy was divided into 3
categories including markedly effective (disappearance of subjec-
tive symptoms, recovered tendon reflex, and NCV increased by at
2

least 5m/s), effective (alleviated subjective symptoms, improved
tendon reflex, andNCV increased by at least 3m/s) and ineffective
(no improvement in symptoms, tendon reflex and NCV).[17]

Moreover, secondary outcomes included adverse events.
2.4. Quality assessment

The established Jadad scale was used to assess themethodological
quality of included studies by the authors.[18] Four to 7 points
implied high-quality trials, and 0 to 3 points implied poor or low-
quality trials.[16,19] The disputes during quality assessment were
solved by consensus.
2.5. Ethical approval

All the data in present meta-analysis were extracted from the
previous published studies, no ethical approval or patient consent
was required.
2.6. Statistical analysis

Dichotomous data (efficacy) were expressed as risk ratio (RR)
and 95% confidence intervals (95% CIs), and the weighted mean
difference (MD) and 95%CIs were estimated for continuous data
(NCVs). The statistical heterogeneity between trials was assessed
by the Q-statistic and I2-test.[20] A significant Q-statistic (P�.10)
indicated heterogeneity across studies. The random-effect (RE)
model was used to pool the data when heterogeneity was
confirmed (P �.10 or I2 ≥50% suggested significant heterogene-
ity among studies),[21] otherwise, the fixed-effect (FE) model was
employed. Funnel plot was used to detect the possibility of
publication bias. Sensitivity analysis was performed by excluding
1 trial at a time, starting from the trial with lower-quality, to
further study the effect of a single trial on pooled data. Subgroup
analyses were also conducted based on the treatment duration
(≥28 days or <28 days). All tests were 2-sided and a value of
P< .05 was regarded as statistically significant. Statistical
analysis was performed using Revman Manager 5.3 software
(Cochrane Collaboration, Oxford, UK).
3. Results

3.1. Description of the studies

The process of the study selection and literature search was
displayed in Figure 1. The 205 potentially relevant articles were
identified from the initial searches, but only 16 trials[12–14,22–34]

satisfying the inclusion and exclusion criteria were selected for
this meta-analysis. The key characteristics of the 16 RCTs and
Jadad scores were presented in Table 1. The 576 DPN patients
were included in the M+P combination therapy group and 560
DPN patients were included in the P monotherapy group. The
daily doses ofMwere 0.1mg or 0.5mg or 1.0mg, daily doses of P
were 10mg or 20mg or 100mg, respectively. The routes of drug
administration included intravenous bolus injection or intrave-
nous drip infusion; furthermore, intramuscular injection was also
used for M administration. The treatment durations varied from
14 to 28 days in most studies except 1 trial[22] for 30 days and the
other trial[25] for 56 days. Only 2 studies[14,25] with 4 points were
of high quality and the remaining 14 trials with 3 or lower points
were all of low quality. Five studies[24,25,27–29] reported the DM
duration. Seven trials[12,14,22,25,27,30,33] did not differentiate the
type of diabetes.



Figure 1. Map of the literature search and selection process.

Table 1

Characteristics of the studies included in the meta-analysis.

Study Number
M+P/P

Age
M+P/P

Gender
male/female

Type of
diabetes (n)

DM duration
(year) M+P/P

Treatment
duration/days

Treatment drugs sig/day Outcomes Quality

M+P P

M P

An XQ et al, 2016 46/46 NR NR NR NR 14 0.5mg im 20mg ivgtt 20mg ivgtt 2
Chen RL et al, 2014 45/45 69.8/71.5 61/29 2 NR 21 0.1mg ivgtt 10mg iv 10mg iv 2
Dai HB, 2011 40/40 NR NR NR NR 30 1.0mg ivgtt 10mg iv 10mg iv 2
Feng LH et al, 1999 38/40 57/55 32/46 2 NR 14 0.5mg im 100mg ivgtt 100mg ivgtt 2
Fu QL et al, 2012 35/35 65/64 41/29 2 18.5/16.5 28 0.1mg ivgtt 10mg ivgtt 10mg ivgtt 3
Li HJ, 2014 41/41 54.9/54.2 43/39 NR 9/8.7 56 0.5mg iv 10mg ivgtt 10mg ivgtt 4
Li HY et al, 2013 34/34 NR NR 2 NR 14 0.5mg im 10mg ivgtt 10mg ivgtt 2
Liu XL, 2015 31/31 45/46 35/27 NR 8/9 14 0.5mg im 10mg ivgtt 10mg ivgtt 2
Liu Y et al, 2012 30/30 42.2/43.1 NR 1 or 2 7/7.2 28 0.5mg iv 10mg ivgtt 10mg ivgtt 2
Niu XH et al, 2009 29/28 70.2/68.2 33/24 2 11.1/10.2 21 1.0mg ivgtt 10mg iv 10mg iv 3
Pan LY et al, 2015 42/42 68.7/69.5 45/39 NR NR 21 0.1mg ivgtt 10mg ivgtt 10mg ivgtt 4
Peng WD, 2013 48/48 49.7/50.9 57/39 NR NR 21 0.5mg ivgtt 100mg ivgtt 100mg ivgtt 3
Wang ZH et al, 2009 38/31 NR NR 2 NR 28 0.5mg iv 10mg iv 10mg iv 2
Yi LJ et al, 2005 21/23 50.6/47.8 19/25 1 or 2 NR 28 0.5mg iv 10mg ivgtt 10mg ivgtt 2
Yu JT et al, 2014 26/26 53.5/50.4 21/31 NR NR 14 0.5mg im 10mg iv 10mg iv 3
Zhu XP et al, 2001 32/20 NR NR 2 NR 28 0.5mg im 100mg ivgtt 100mg ivgtt 2

DM=diabetes mellitus, DPN=diabetic peripheral neuropathy, im= intramuscular injection, iv= intravenous bolus injection, ivgtt= intravenously guttae, =efficacy, =median MNCV, =median SNCV,
=peroneal MNCV, =peroneal SNCV, M=methylcobalamin, NR=not report, P=prostaglandin E1, Quality was assessed by the established Jadad scale and 4–7 points implied high-quality trials.

Jiang et al. Medicine (2018) 97:44 www.md-journal.com

3

http://www.md-journal.com


Jiang et al. Medicine (2018) 97:44 Medicine
3.2. Efficacy

Fifteen trials[12,13,22–34] involving 1052 patients measured the
efficacy (534 patients received M+P combination therapy and
518 patients received P monotherapy). As shown in Figure 2, the
FE model was used because insignificant heterogeneity between
studies for the 2 groups was observed (P= .16, I2=27%).
Compared with P monotherapy, M+P combination therapy for
DPN significantly enhanced the efficacy (RR 1.25, 95% CI 1.18–
1.32, P< .00001). The subgroupwith≥28 days of study duration
showed moderate heterogeneity in efficacy outcome (I2=51%,
P= .05). Figure 3 showed the funnel shape was not perfectly
symmetrical, indicating a potential publication bias.

3.3. Median MNCV

Nine trials[12–14,22,25,27,28,32,34] involving 646 patients measured
the median MNCV. Heterogeneity was significant for the
analysis (P< .00001, I2=90%), the RE model was used.
Compared with P monotherapy, median MNCV showed
significant improvement in the M+P combination therapy group
(MD 6.29, 95% CI 4.63–7.94, P< .00001) (Fig. 4A). On
sensitivity analyses, after excluding the study reported by Li
HJ,[25] the I2 value ranged from 90% to 71% and the overall
effect ranged from 7.42 to 10.38. The subgroupwith<28 days of
study duration showed moderate heterogeneity in median
MNCV outcome (I2=57%, P= .07).

3.4. Median SNCV

Nine trials[12–14,22,25,27,28,32,34] involving 646 patients measured
the median SNCV. As shown in Figure 4B, the RE model was
used because significant heterogeneity between studies for the 2
groups was observed (P< .00001, I2=94%). Compared with P
monotherapy, M+P combination therapy increased median
SNCV significantly (MD 5.68, 95% CI 3.53–7.83, P< .00001).
On sensitivity analyses, we found the I2 value ranged from 89%
to 95%, which indicated the result, was robust.
Figure 2. Comparison of M+P combination therapy and P monotherapy in the effi
prostaglandin E1, M=methylcobalamin.
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3.5. Peroneal MNCV

Eleven trials[12–14,22,24,25,27–29,32,34] involving 773 patients
measured the peroneal MNCV. As shown in Figure 5A, the
RE model was used because significant heterogeneity between
studies for the two groups was observed (P< .00001, I2=92%).
Compared with P monotherapy, M+P combination therapy
accelerated peroneal MNCV significantly (MD 5.36, 95% CI
3.86–6.87, P< .00001). The sensitivity analyses showed that the
I2 value ranged from 88% to 93% and the overall effect ranged
from 6.07 to 7.60, which indicated the result was robust.

3.6. Peroneal SNCV

Eleven trials[12–14,22,24,25,27–29,32,34] involving 773 patients
measured the peroneal SNCV. As shown in Figure 5B, the RE
model was used because significant heterogeneity between studies
for the 2 groups was observed (P< .00001, I2=86%). Compared
with P monotherapy, M+P combination therapy improved
peroneal SNCV significantly (MD 4.62, 95% CI 3.48–5.75,
P< .00001). On sensitivity analyses, we found the I2 value ranged
from 80% to 88%, which indicated the result, was robust.
3.7. Safety

Eight studies[12,14,24–26,28,29,31] reported the adverse events, there
were no serious treatment-related side effects during the
treatment period in both M+P combination therapy group
and P monotherapy group. Only some mild adverse effects
including facial blushing (4 cases),[12,14,25] local skin redness (3
cases),[29] pain at the injection site (9 cases),[24,28] gastrointestinal
discomfort (1 case),[25] dizziness (4 cases),[14,25,29] abdominal
distention (3 cases),[12] limb burning (3 cases),[31] anepithymia (2
cases),[12] headache (2 cases)[25,28] and transient orthostatic
hypotension (1 case)[26] inM+P combination therapy group, and
facial blushing (2 cases),[14,29] pain at the injection site (12
cases),[24,25,28,29] abdominal distention (1 case),[12] limb burning
(1 case),[31] anepithymia (2 cases),[12] headache (1 case),[28]
cacy for diabetic peripheral neuropathy, the former showed a better effect. P=



[26]

Figure 3. Funnel plot was not perfectly symmetrical, indicating the presence of between-study heterogeneity and a potential publication bias.
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transient orthostatic hypotension (1 case), and dizziness (2
cases)[14,25] in Pmonotherapy groupwere reported. Because most
studies did not report these side effects in detail, we were unable
to analyze the rates of adverse events.
Figure 4. M+P combination therapy improved the median MNCV (A) and median S
with P monotherapy. P=prostaglandin E1, M=methylcobalamin, MNCV=motor

5

4. Discussion

With the raised prevalence of diabetes, the occurrence of DPN
increases significantly and has become a leading cause of
NCV (B) significantly for treatment of diabetic peripheral neuropathy compared
nerve conduction velocity, SNCV=sensory nerve conduction velocity.
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Figure 5. Compared with P monotherapy, M+P combination therapy increased the peroneal MNCV (A) and peroneal SNCV (B) significantly for treatment of
diabetic peripheral neuropathy. P=prostaglandin E1, M=methylcobalamin, MNCV=motor nerve conduction velocity, SNCV=sensory nerve conduction velocity.
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diabetes-related disability. Sensory neuropathy is a principal
form of DPN, whose pathological changes include demyelination
of nerve fibers, axonal degeneration, cell hyperplasia, and then
fading-away of myelinated fibers.[3] Currently, DPN is believed to
be closely related to various factors, including genetic predispo-
sition, glucose toxicity, abnormal aldose reductase activity,
oxidative stress.[5,35] Besides that, factors such as diabetic
microangiopathy-induced hypoxic-ischemic neuronal death
and altered hemodynamics, as well as disorder of intrinsic
clotting, also play a vital role in the occurrence of DPN.[1,36]

Therefore, regulating blood glucose homeostasis, improving the
microcirculation of peripheral nerve endings, and suppressing
oxidative stress are cures of DPN,moreover, significant treatment
options for diabetic complications.
P, an efficient biological activator, induces vasodilation of blood

vessels through activating intracelluar adenylate cyclase, enhances
erythrocyte deformability, improvesmicrocirculation disturbance,
protects against ischemia-hypoxia injury in peripheral nerve tissue,
and finally ameliorates the symptoms of peripheral nervous system
involvement in the form of sensory impairment and diminished
tendon jerks suggesting thepresence of neuropathy.[37] In addition,
P can reactivate Na(+)-K(+)-ATPase at the surfaces of nerve cells,
improve neuronal metabolism and inhibit oxidation of the plasma
membrane of a cell,[10,37] all of which contribute to the improve-
ments of DPN. It has been demonstrated that P significantly
improve the clinical symptomsofDPNand increase the conduction
velocity of sensory and motor fibres in human median, peroneal
nerves.[10,11,38]
6

M, a vitamin B12 analog, is involved in methyl transfer
reactions in vivo by methylation. M is distributed to organelles in
axons of nerve cells easily after being absorbed into the body,
promotes nucleic acid and protein synthesis, and axon
regeneration.[39,40] It also can stimulate phosphatidylcholine
synthesis to increase myelinogenesis, and then speed up the motor
and sensory NCVs.[41,42] Additionally, M accelerates NCVs
directly by improving blocked nerve impulse conduction and
decreased neurotransmitter levels.[43] Many studies suggested
that M monotherapy or polytherapy with other drugs is an
effective and safe therapy for patients with DPN.[25,44–46]

Our findings showed that, after P monotherapy and M+P
combination therapy, DPN patients all had improvement in
clinical symptoms and NCVs, while patients who received the
later therapy showed significant higher-level improvement.
Moreover, the results also indicated that synergistic potential
existed in the course of combination therapy without severe
adverse events. We executed subgroup and sensitivity analyses in
order to minimize the influence of a particular study or an inferior
study design. Results of subgroup analyses according to the study
duration suggested that the efficacy and 4 NCVs benefits were
seen in 2 subgroups (Table 2).
Our analysis also has several limitations that must be taken

into consideration when interpreting the results. First, the sample
size of 3 trials was small.[29,32,33] Second, a reporting bias existed
in our meta-analysis, due to only the data from published trials
were included and the unpublished statistically nonsignificant
results were excluded, but it would be very difficult to gain access
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Table 2

Subgroup analyses for efficacy and NCVs according to the treatment duration by meta-analysis.

No. of patients and studies RR (95% CI) MD (95% CI) I2 (%) P value

Treatment
duration

<28 days 595, 8 328, 4 328, 4 385, 5 385, 5 1.28
(1.18, 1.39)

6.48
(5.26, 7.70)

6.42
(3.87, 8.97)

6.14
(3.96, 8.31)

5.63
(3.12, 8.14)

0 57 91 87 87 <0.001 <0.001 <0.001 <0.001 <0.001

≥28 days 457, 7 318, 5 318, 5 388, 6 388, 6 1.17
(1.05, 1.31)

6.11
(3.04, 9.17)

5.04
(1.33, 8.76)

4.80
(2.88, 6.72)

4.05
(2.67, 5.44)

51 95 96 93 88 0.004 <0.001 0.008 <0.001 <0.001

CI= confidence interval, =efficacy, =median MNCV, =median SNCV, =peroneal MNCV, =peroneal SNCV, MD=mean difference, MNCV=motor nerve conduction velocity, NCVs=nerve
conduction velocities, SNCV= sensory nerve conduction velocity.
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to data from the unpublished studies. Third, because this study
was a study-level meta-analysis, individual patient data were not
included in the analysis, thus, we could not adjust for patient-
level confounders. In addition, the small-study effect, insufficient
number of trials, and significant statistical heterogeneity may
result in the asymmetry of funnel plot, which indicated the
likelihood of publication bias.
In summary, this meta-analysis suggests that DPN patients with

M+P combination therapy have significant higher-level improve-
ment in clinical symptoms and NCVs compared with P
monotherapy. Moreover, the results also indicate that no serious
adverse events occur during M+P combination therapy. But, due
to poor methodological quality of the studies included, strong and
definitive recommendations cannot bemade for patientswithDPN
and further large-scale, well-designed RCTs are urgently needed.
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