
819

NEURAL REGENERATION RESEARCH 
May 2015,Volume 10,Issue 5 www.nrronline.org

Efficacy and safety of nerve growth factor for the 
treatment of neurological diseases: a meta-analysis of 
64 randomized controlled trials involving 6,297 patients

Department of Pediatrics, Chinese PLA General Hospital, Beijing, China

*Correspondecne to:
Li-ping Zou, M.D., 
zouliping21@sina.com.

doi:10.4103/1673-5374.156989    

http://www.nrronline.org/

Accepted: 2014-12-13

Meng Zhao, Xiao-yan Li, Chun-ying Xu, Li-ping Zou*

Introduction
Nerve growth factor is the first neurotrophic factor that 
was discovered and demonstrates the functions of main-
taining the survival of central and peripheral neurons and 
facilitating their growth, differentiation, and regeneration 
(Ebendal, 1989). Nerve growth factor has generated strong 
interest as a potential target for the treatment of Alzheimer’s 
disease. The dysfunction of basal forebrain cholinergic neu-
rons is a basic feature of Alzheimer’s disease. Nerve growth 
factor is synthesized and secreted by cells in the cortex and 
hippocampus, and high-affinity (TrkA) and low-affinity 
(p75NTR) neurotrophin receptors are produced within the 

basal forebrain cholinergic neurons (Eriksdotter Jonhagen 
et al., 1998). Nerve growth factor released from target cells 
activates TrkA on axon terminals and triggers the activation 
of the PI3K/Akt, MEK/ERK, and phospholipase Cγ signaling 
pathways. The signal then retrogradely travels along axons 
to the cell body and promotes neuronal survival. The dys-
function of nerve growth factor and its receptors can induce 
selective degeneration of the basal forebrain cholinergic 
neurons during end-stage Alzheimer’s disease. The potential 
benefits treating neurological diseases with nerve growth 
factor has greatly motivated both clinicians and investigators 
(Olson et al., 1992; Eriksdotter Jonhagen et al., 1998). Nerve 
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growth factor clearly promotes the regeneration of damaged 
nerves (Aloe et al., 2008; Chiaretti et al., 2008; Lambiase et 
al., 2009), and shows a large potential for other applications. 
However, the worldwide application of nerve growth factor 
has only recently started, and the appropriate combination 
nerve growth factor therapy, the best administration route 
and dosage, the efficacy, and the potential side effects all 
require further investigation. Careful basic and clinical re-
search should be performed to support the wider application 
of nerve growth factor for the treatment of cerebrovascular 
disease and neurodegenerative diseases and for the repair of 
damaged nerves.

China is the first country to apply nerve growth factor 
as a clinical therapy and has accumulated a large amount 
of research data since nerve growth factor was listed as a 
national drug (Xia et al., 2009; Hu et al., 2010). Although 
hundreds of articles on nerve growth factor have been pub-
lished in China, those results have not been widely appre-
ciated throughout the world because of language restric-
tions. The present review is a meta-analysis of randomized 
controlled trials of nerve growth factor during the past ten 
years with the goal of comprehensively evaluating the effi-
cacy and safety of nerve growth factor for the treatment of 
neurological diseases.

Data and Methods
Literature retrieval
Six databases were searched, including the Cochrane Library, 
PubMed, EMBASE, Sino Med, CNKI, and VIP databases, 
starting from the clinical establishment of nerve growth fac-
tor treatment until December 31, 2013. The subject headings 
and text of the articles were searched for the key words “nerve 
growth factor” or “NGF” and “randomized controlled trials” 
or “RCTs”.

Inclusion and exclusion criteria
Inclusion criteria
Any study published in English or Chinese referring to the 
randomized controlled trials of nerve growth factor; patients 
with neurological diseases; patients older than 7 years; simi-
lar research methods and outcomes assessing symptoms; and 
measurement of nerve conduction velocities.

Exclusion criteria
Duplicated articles, reviews, those involving animal experi-
ments, those not published in English or Chinese, and those 
where the full text was unavailable were excluded.

Study selection and data extraction
Eligible studies were selected in two stages: first by screening 
the title and abstracts for relevance, and then by reviewing 
the full-text. The following data were extracted from each 
selected study: basic information, including the title, author, 
date of publication, and funding; participant information, 
including age, gender, diagnosis, number of participants 
in each group, and baseline comparisons; intervention 
measures information, including drugs, dosages, routes of 

administration, courses of treatment, and follow-up times 
in the treatment and control groups; and results informa-
tion, including the results reported and criteria applied for 
measuring efficacy and safety. Two of the authors reviewed 
each citation at both stages. Conflicts were resolved between 
reviewers or by group consensus.

Quality assessment
The quality of all randomized controlled trials was assessed 
based on five categories: statistical analysis, outcomes, ex-
posure, study population, and the specific domain of ran-
domization for randomized controlled trial studies. The key 
elements of these categories for assessing the quality of cita-
tions were adapted from the Jadad scale (Jadad et al., 1996) 
for randomized controlled trial studies. Each quality item 
was rated as met (yes), unmet (no), or unsure.

Main outcome measurements
The main outcome measures were the total effective rate 
and the incidence of adverse effects. The secondary outcome 
measure was the nerve conduction velocity.

Statistical analysis
To reduce the heterogeneity of the studies, the nervous sys-
tem diseases were divided into four groups: peripheral nerve 
injury, central nerve injury, cranial neuropathy, and nervous 
system infections. Each group was further divided into sever-
al subgroups, and meta-analyses were conducted within the 
subgroups. When the heterogeneity in the subgroups could 
not be explained, a sensitivity analysis was used to determine 
the impact of excluding specific studies on the overall esti-
mate of the effect.

From each primary study, the effect estimates were ex-
tracted for the relationship between nerve growth factor 
treatment and the neurological disease. The heterogeneity 
was assessed using a test based on the deviations of the 
individual study estimates from the summary estimate of 
the effect and quantified with I2, which describes the pro-
portion of the variance due to heterogeneity among studies 
rather than due to sampling error. An I2 > 50% represents 
substantial heterogeneity. The random effects meta-analyses 
were conducted with RevMan 5.2.3 software (The Cochrane 
Collaboration, Australia) to determine the effect estimates, 
and the origin of the heterogeneity was discussed. For val-
ues of I2 < 50%, fixed effect models were used to perform 
the meta-analysis.

Results
Data retrieval
The selection of studies is described in Figure 1. A total of 
644 articles were retrieved, and 64 randomized controlled 
trial studies were finally selected, including two in English 
using recombinant human nerve growth factor (Apfel et 
al., 1998; Apfel et al., 2000) and 62 in Chinese using mouse 
nerve growth factor. Of these 64 articles, 22 (Apfel et al., 
1998, 2000; Liu et al., 2007; Peng et al., 2009; Xia et al., 2009; 
Huang et al., 2010; Li et al., 2010a; Meng et al., 2010; Wang 
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et al., 2010a, 2011a; Guo and Liu, 2011; Zhang et al., 2011b; 
Zhao, 2011; Fang et al., 2012a, b; Jiang et al., 2012; Ye et al., 
2012; Chen, 2013; Chi and Zhai, 2013; Feng et al., 2013; 
Shen, 2013; Shu et al., 2013) examined peripheral nerve 
injury, 16 (Chen et al., 2004; Yuan and Lei, 2005; Li, 2006; 
Tang et al., 2008; Zhang et al., 2008, 2009, 2011a, 2012; Li 
and Yang, 2009; Wang and Liu, 2010; Wang et al., 2010b, c; 
Hou et al., 2012; Qi et al., 2012; Yan et al., 2012; Zheng et al., 
2013) examined central nerve injury, 23 (Yang et al., 2006; 
Wang et al., 2007, 2012b; Peng et al., 2008; Tang and Wang, 
2008; Huang and Li, 2010; Sun, 2010; Wang and Zhang, 
2010; Zhang, 2010; Zhang et al., 2010; Chen et al., 2011; Li 
and Yuan, 2011; Mo et al., 2011; Xia and Pan, 2011; Lin et 
al., 2012; Ma et al., 2012; Shen, 2012; Zhao and Li, 2012; Li 
et al., 2013; Lu et al., 2013; Tang et al., 2013; Tian and Dong, 
2013; Yu, 2013) examined cranial neuropathy, and three (Xia 
et al., 2010; Li et al., 2012; Shan et al., 2013) examined ner-
vous system infections (Table 1). There were 6,297 patients 
in those 64 studies, including 3,346 patients in the experi-
mental groups and 2,951 patients in the control groups. The 
case numbers in the studies ranged from a maximum of 948 
(Apfel et al., 2000) to a minimum of 15 (Jiang et al., 2012). 
The ages of the patients ranged from 7 to 87 years old. The 
experimental group was treated with nerve growth factor 
and the control group received conventional treatments. 
The mouse nerve growth factor doses were 4–30 μg in 2 mL 
by intramuscular injection, once per day. The course of the 
treatment ranged from 7 to 112 days.

The total effective rate of treatment was 82.22% (2,751/ 
3,346) in the nerve growth factor group and 62.69% (1,850/ 
2,951) in the control group. The total effective rate of treat-
ment was significantly higher in the nerve growth factor 
group than in the control group (P < 0.0001, RR: 1.35, 
95%CI: 1.30–1.40).

Figure 1 Flow diagram of study screening.
A total of 644 articles were retrieved, and 64 randomized controlled 
trials were finally selected for inclusion. Sino Med: China biomedical 
literature service system; CNKI: China National Knowledge Infrastruc-
ture; VIP: Chinese VIP network.

Eliminate: 16 
No English or Chinese

Eliminate: 185 
Reviews (n = 70) 
Animal experiments (n = 67) 
No full text (n = 48) 

Eliminate: 45 
No comparison group

5 records 
identified through 

the Cochrane 
Library

16 records 
identified 
through 

PUBMED

22 records 
identified 
through 

EMBASE

244 records 
identified 

through Sino 
Med

211 records 
identified 

through CNKI

146 records 
identified 

through VIP

644 records identified through database searching 

310 records after removing duplicate data

294 records screened

109 full texts assessed for eligibility 

64 studies included in quantitative synthesis (meta-analysis) 

Quality assessment
The commonly found sources of bias based on the study de-
sign are summarized in Figure 2. All of the studies described 
their statistical methods and addressed the potential con-
founding factors. All of the studies also clearly described the 
population, case participants, control participants, inclusion 
and exclusion criteria, and that the groups were recruited 
over the same time period. The most common unmet or 
unclear item was blinding, as it was often unclear whether 
the researchers encountered difficulties in implementing 
blinding. Of the 62 Chinese studies, only three (Wang et 
al., 2007; Li and Yang, 2009; Tang et al., 2013) mentioned 
blinding without providing details. Forty-nine studies men-
tioned randomization, four (Wang and Liu, 2010; Xia et 
al., 2010; Qi et al., 2012; Li et al., 2013) reported sequence 
generation using a random number table, and three (Liu et 
al., 2007; Jiang et al., 2012; Shen, 2012) used the hospital-
ization sequence number. However, 59 studies reported no 
significant difference before treatment between the case and 
control groups with regard to patient gender, age, disease se-
verity, and course of the disease.

The Chinese patients were from 25 provinces and 59 hos-
pitals, which included 45 provincial or municipal tertiary 
hospitals and 14 district or county secondary hospitals. The 
patients distributed in those hospitals represented the gener-
al case population, to a certain extent.

Meta-analysis results
Nerve growth factor and peripheral nerve injury
Twenty studies (Liu et al., 2007; Peng et al., 2009; Xia et al., 

Figure 3 A RevMan forest plot of the effect of mouse nerve growth 
factor for the treatment of peripheral nerve injury.
Mantel-Haenszel risk ratios for dichotomous data are shown. DPN: 
Diabetic peripheral neuropathy; GBS: Guillain-Barre syndrome.
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Table 2 Meta-analysis of adverse drug reactions (ADR) related to nerve growth factor treatment

Adverse 
reactions Studies  

Cases of ADR/
total treatment 
cases

Cases of ADR/
total control 
cases Heterogeneity RR (95%CI) P

Pain or scleroma 
at the injection 
site

Chen et al., 2004, 2013; Yuan and Lei, 
2005; Li, 2006, 2013; Wang et al., 2007, 
2010b, c; Peng et al., 2008; Tang and 
Wang, 2008; Xia et al., 2009, 2010; 
Wang and Zhang, 2010; Zhang et al., 
2010, 2012; Guo and Liu, 2011; Zhao, 
2011; Fang et al., 2012a, b; Ma et al., 
2012; Qi et al., 2012; Ye et al., 2012; 
Zhao and Li, 2012; Chi and Zhai, 2013; 
Feng et al., 2013; Shan et al., 2013; Tian 
and Dong, 2013; Zheng et al., 2013 

89/1,727 7/1,486 P = 0.06, I2 = 41% 6.30 (3.53–1.27) < 0.00001

Rash Xia et al., 2009, 2010; Shan et al., 2013 4/76 0/76 P = 0.96, I2 = 0% 3.67 (0.62–1.69) 0.15

Gastrointestinal 
discomfort, or 
diarrhea

Chen et al., 2004; Tang and Wang, 2008; 
Li and Yang, 2009; Li et al., 2010a; 
Zhang, 2010; Tian and Dong, 2013

11/238 37/236 P = 0.03, I2 = 59% 0.33 (0.19–0.60) 0.0003

Headache or 
dizziness

Li and Yang, 2009; Li et al., 2010a; Tian 
and Dong, 2013

3/130 3/130 P = 0.35, I2 = 6% 1.01 (0.25–4.03) 0.99

Incidence of pain or scleroma was significantly higher in the nerve growth factor group than in the control group. 

2009; Huang and Li, 2010; Li et al., 2010b; Meng et al., 2010; 
Wang and Liu, 2010; Guo and Liu, 2011; Wang et al., 2011a; 
Zhang et al., 2011b; Zhao, 2011; Fang et al., 2012a, b; Jiang 
et al., 2012; Ye et al., 2012; Chen, 2013; Chi and Zhai, 2013; 
Feng et al., 2013; Shen, 2013; Shu et al., 2013) reported the 
effect of nerve growth factor for the treatment of peripheral 
nerve injury. The peripheral nerve injuries were divided into 
three subgroups: diabetic peripheral neuropathy, polyneu-
ropathy, and Guillain-Barre Syndrome. A RevMan forest plot 
detailing the effects of nerve growth factor on peripheral 
nerve injury is shown in Figure 3. The test of heterogeneity 
showed significant differences among the studies (x2 = 98.57, 
df: 21, P < 0.00001, I2= 79% > 50%). Therefore, a random ef-
fect model was applied to determine the effect sizes. The to-
tal effective rate of treatment on peripheral nerve injury was 
significantly higher in the nerve growth factor group than in 
the control group (P < 0.00001, RR: 1.38, 95%CI: 1.26–1.62; 
Figure 3).

The heterogeneity in subgroup diabetic peripheral neu-
ropathy (I2 = 66%, P = 0.0004) was explained by the com-
bined treatments used. The heterogeneity among the 8 
studies (Xia et al., 2009; Li et al., 2010a; Meng et al., 2010; 
Wang et al., 2010a; Zhang et al., 2011b; Fang et al., 2012a; Ye 
et al., 2012; Shen, 2013) that combined nerve growth factor 
with other therapies (I2 = 36%, P = 0.14) was lower than the 
heterogeneity among the 5 studies (Huang et al., 2010; Guo 
and Liu, 2011; Zhao, 2011; Fang et al., 2012b; Chen, 2013) 
that used only nerve growth factor treatments (I2 = 57%, P = 
0.05). The effect of the combined use of nerve growth factor 
and other therapies (RR: 1.57, 95%CI: 1.38–1.78) was higher 
than that of those using only nerve growth factor treatments 
(RR: 1.32, 95%CI: 1.11–1.57).

Twelve studies (Xia et al., 2009; Huang et al., 2010; Li et al., 
2010b; Meng et al., 2010; Wang and Liu, 2010; Guo and Liu, 
2011; Fang et al., 2012a, b; Ye et al., 2012; Chen, 2013; Feng et 
al., 2013; Shen, 2013) reported the nerve conduction velocities 

Figure 4 A RevMan forest plot of the mean difference estimates after 
treatment of peripheral never injury with mouse nerve growth factor.
MNCV: Motor nerve conduction velocity; SNCV: sensory nerve con-
duction velocity.
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of 994 patients with peripheral nerve injury (Figure 4). The 
nerve conduction velocities included the median nerve motor 
conduction velocity, the median nerve sensory conduction ve-
locity, the peroneal nerve motor conduction velocity, and the 
sural sensory conduction velocity. Because the test of hetero-
geneity showed significant differences among the studies (x2 = 
224.91, df: 39, I2 = 83% > 50%, P < 0.00001), a random effect 
model was used to determine the effect sizes. The nerve con-
duction velocity was significantly higher in the nerve growth 
factor group than in the control group (P < 0.00001, MD: 
4.59 m/s, 95%CI: 4.12–5.06; Figure 4).

The subgroup analyses could not eliminate the hetero-
geneity in motor nerve conduction velocity among the 
studies (I2 = 99%, P < 0.00001). A statistically significant 
heterogeneity (I2 = 99%, P < 0.00001) remained when the 
analysis was restricted to studies of the combined use of 
nerve growth factor and other therapies. Similarly, when 
the studies were divided into those published before 2011 
(Li et al., 2010a; Meng et al., 2010; Wang et al., 2010a; Zhao, 
2011) and after 2012 (Fang et al., 2012a, b; Ye et al., 2012; 
Shen, 2013), the heterogeneities of each group were still 
statistically significant (I2 = 99%, P < 0.00001; I2 = 100%, 
P < 0.0001). In addition, the analysis of dosing for 30 μg 
doses (Meng et al., 2010; Wang et al., 2010a; Fang et al., 
2012a; Ye et al., 2012; Shen, 2013) and 4–20 μg doses (Li et 
al., 2010a; Zhao, 2011; Fang et al., 2012b), showed that the 
heterogeneities were still statistically significant (I2 = 99%, 
P < 0.00001; I2 = 100%, P < 0.0001). Finally, the analysis of 
treatment course of 4 weeks (Li et al., 2010a; Zhao, 2011; 
Fang et al., 2012a; Ye et al., 2012) and 2–3 weeks (Meng 
et al., 2010; Wang et al., 2010a; Fang et al., 2012b; Shen, 
2013) also showed that the heterogeneities were still sta-
tistically significant (I2 = 100%, P < 0.00001; I2 = 99%, P < 
0.0001). There was no difference in the age of patients with 
peripheral nerve injury among the studies, and the age of 
the patients ranged from 40 to 87 years old. Therefore, age 
was not a major factor contributing to the heterogeneity. 
The origin of the heterogeneities may be from the different 
measurement methods used, the measurement error from 
the instruments or user, and the different sites where the 
electrodes were inserted into the muscles when conducting 
the electromyography testing.

The sensitivity analysis showed that the positive effect was 
persistent. The overall mean difference in nerve conduction 
velocity between the nerve growth factor group and the 
control group was 4.59 m/s (95%CI: 4.12–5.06, P < 0.00001; 
Figure 4). After removing a low-weight study (Ye et al., 
2012), the overall mean difference became 4.41 m/s (95%CI: 
3.93–4.89, P < 0.00001).

Nerve growth factor and central nerve injury
Sixteen studies (Chen et al., 2004; Yuan and Lei, 2005; Li, 
2006; Tang et al., 2008; Zhang et al., 2008, 2009, 2011a, 2012; 
Li and Yang, 2009; Wang and Liu, 2010; Wang et al., 2010b, 
c; Hou et al., 2012; Qi et al., 2012; Yan et al., 2012; Zheng 
et al., 2013) reported the effect of nerve growth factor on 
central nerve injury. To reduce the clinical heterogeneity, 

the studies were divided into five groups by affliction: 
Alzheimer’s disease, cerebral infarction, spinal cord inju-
ry, traumatic brain injury, and CO poisoning. The test of 
heterogeneity showed significant differences among the 
studies (x2 = 34.78, df: 15, P = 0.003, I2 = 57% > 50%), and 
thus a random effect model was applied to determine the 
effect size. The total effective rate of treatment on central 
nerve injury was significantly higher in the nerve growth 
factor group than in the control group (RR: 1.22, 95%CI: 
1.12–1.32, P < 0.00001). Because there was only one study 
in the Alzheimer’s disease subgroup, a sensitivity analysis 
was conducted. After removing the Alzheimer’s disease 
subgroup (Li and Yang, 2009), the heterogeneity remained      
(I2 = 53% > 50%, P = 0.009) and the positive effect of nerve 
growth factor was unchanged (RR: 1.24, 95%CI: 1.14–1.34, 
P < 0.00001).

Nerve growth factor and cranial neuropathy
Twenty-three studies (Yang et al., 2006; Wang et al., 2007, 
2010c, 2012b; Peng et al., 2008; Tang and Wang, 2008; 
Huang and Li, 2010; Sun, 2010; Zhang, 2010, 2011a; Chen et 
al., 2011; Mo et al., 2011; Xia and Pan, 2011; Ma et al., 2012; 
Shen, 2012; Zhao and Li, 2012; Li et al., 2013; Lu et al., 2013; 
Tang et al., 2013; Tian and Dong, 2013; Yu, 2013) reported 
the effect of nerve growth factor for the treatment of cranial 
neuropathy, including 14 for optic neuropathy, seven for 
facial paralysis, and two for hearing loss. The test of hetero-
geneity showed significant differences among the studies (x2 
= 65.47, df: 22, I2 = 66% > 50%, P = 0.003), and therefore 
a random effect model was applied to determine the effect 
size. The total effective rate of treatment on cranial neuropa-
thy was significantly higher in the nerve growth factor group 
than in the control group (RR: 1.31, 95%CI: 1.21–1.42, P < 
0.00001). There were significant differences between the nerve 
growth factor group and control group in the treatment of 
optic neuropathy (RR: 1.38, 95%CI: 1.24–1.53, P < 0.00001), 
facial paralysis (RR: 1.19, 95%CI: 1.07–1.33, P = 0.002), and 
hearing loss (RR: 1.31, 95%CI: 1.00–1.70, P = 0.05).

Nerve growth factor and nervous system infection
Three studies reported the effect of nerve growth factor 
treatment on nervous system infections, including two 
studies of postherpetic neuralgia (Xia et al., 2010; Shan 
et al., 2013) and one study of meningitis in HIV (Li et al., 
2012). The test of heterogeneity in the postherpetic subgroup 
showed no significant differences between the two studies  
(x2 = 0.12, df: 2, I2 = 0 < 50%, P = 0.94). Therefore, a fixed ef-
fect model was applied to determine the effect size. The total 
effective rate of treatment on nervous system infections was 
significantly higher in the nerve growth factor group than in 
the control group (RR: 1.28, 95%CI: 1.10–1.49, P < 0.00001).

Nerve growth factor safety analysis
Of the 64 studies included, 38 studies reported the adverse 
effects of the nerve growth factor therapy (Table 2). The test 
of heterogeneity showed no significant differences in adverse 
effects among the studies (x2 = 46.54, df: 25, I2 = 46% < 50%, 
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P = 0.006), and thus a fixed effect model was applied to deter-
mine the effect size. The most common side effect was pain or 
scleroma at the injection site. The incidence of pain or sclero-
ma was significantly higher in the nerve growth factor group 
(5.23%, 89/1,727) than in the control group (0.54%, 7/1,486) 
(RR: 6.30, 95%CI: 3.53–11.27, P < 0.00001). However, the ad-
verse effects were mild and could be relieved without specific 
treatment or with symptomatic treatment. The incidence 
of gastrointestinal discomfort or diarrhea was significantly 
lower in the nerve growth factor group (4.61%, 11/236) than 
in the control group (15.74%, 37/238) (RR: 0.33, 95%CI: 
0.19–0.60, P = 0.0003). There were no significant differences 
between the nerve growth factor and control groups in the 
incidences of rash or headache (P = 0.15, P = 0.99).

Analysis of publication bias
The symmetry of the funnel plot (Figure 5) showed that there 
was no evidence of publication bias among the studies using 
mouse nerve growth factor and reporting adverse reactions.

Discussion
This systematic review summarized studies to determine the 
efficacy and safety of nerve growth factor for the treatment 
of neurological diseases. The meta-analyses showed that the 
nerve growth factor therapy was effective and safe in patients 
with neurological diseases. Treatment with nerve growth 
factor clearly improved the nerve conduction velocity of 
patients. The average nerve conduction velocity increased 
by 4.59 m/s in the nerve growth factor group compared 
with the control group, which met the effectiveness criteria 
according to the American Diabetes Association standard 
(2006). The most common side effect was pain or scleroma 
at the injection site, but such adverse effects were mild and 
could be relieved without specific treatment.

Nerve growth factor was also used effectively to treat 
peripheral nerve injury. The combined use of nerve growth 
factor and other therapies, such as methylcobalamin, tanshi-
none II A, lipoic acid, and hyperbaric oxygen therapy, was 
even more effective than nerve growth factor alone. The ef-
fect of injecting Danhong Chinese medicine was better than 
that of nerve growth factor treatment for diabetic peripheral 
neuropathy. Diabetic peripheral neuropathy is a common 
chronic complication of diabetes with a prevalence rate of 
32.7% among diabetes patients over 40 years old in the Unit-
ed States (Candrilli et al., 2007). There are no effective treat-
ment methods for diabetic peripheral neuropathy (Brown-
lee, 2005), and the pathophysiology of diabetic peripheral 
neuropathy remains unclear. One hypothesis suggested was 
that diabetic peripheral neuropathy may be associated with a 
deficiency of nerve growth factor (Palacka et al., 2010). The 
level of nerve growth factor in the tissue and blood from 
both animal models of diabetes and patients with diabetic 
neuropathy is very low. This may be caused by disorders of 
glucose metabolism that occur with an increased generation 
of intracellular reactive oxygen species, increased production 
of oxygen free radicals, and increased NADH oxidase activ-
ity. All of those factors together may deplete the amount of 

neurotrophic factor in the tissue and blood (Chyun et al., 
2006). If this hypothesis is true, exogenous nerve growth fac-
tor may be able to help relieve peripheral neuropathy.

Several case reports have suggested that the administra-
tion of nerve growth factor may cause certain potentially 
beneficial effects. The results reported by Olson et al. (1992) 
indicated that nerve growth factor may counteract the cho-
linergic deficits in Alzheimer’s disease. Nerve growth factor 
treatment can result in a marked transient increase in the 
uptake and binding of 11C-nicotine in the frontal and tem-
poral cortex, improving verbal episodic memory. Eriksdotter 
Jonhagen et al. (1998) concluded that the long-term intrace-
rebroventricular administration of nerve growth factor may 
induce potentially beneficial effects, and lower doses of nerve 
growth factor can decrease shooting pain. Considerable ac-
cumulated evidence has shown that nerve growth factor is a 
peripheral pain mediator, particularly in states of inflamma-
tory pain (Pezet and McMahon, 2006). Nerve growth factor 
is upregulated in various inflammatory conditions, and, in 
many persistent pain models, nerve growth factor neutraliz-
ing molecule is an effective analgesic agent.

Treatment with recombinant human nerve growth factor 
for patients with diabetic peripheral neuropathy had been 
thought to herald a new type of treatment approach to such 
hitherto largely untreatable disorders (Zochodne and Said, 
1998; Riggs, 1999). Unfortunately, further clinical trials 
failed to demonstrate significant beneficial effects (Apfel et 
al., 2000). The author concluded that side effects and lower 
doses (0.1 μg/kg) may explain why the trails were unsuccess-
ful (Apfel, 2002).

The results presented here are consistent with another 
systematic review of nerve growth factor treatment for pe-
ripheral nerve injury (Liu and Liu, 2012). That review also 
suggested that nerve growth factor therapy was effective and 
safe for peripheral nerve injury. However, the authors of that 
review used the OR instead of the RR as an effect indicator, 
which resulted in I2 = 0, and therefore obscured the hetero-
geneity among the studies.

Finding effective drugs that can effectively penetrate the 
blood-brain barrier is one of the most difficult challenges in 
the treatment of central nerve diseases. One published study 
determined the permeability of I125-labeled β-nerve growth 
factor (13 kDa) extracted from aborted fetuses across the 
blood-brain barrier in rats. β-nerve growth factor with 4% 
I125-β-nerve growth factor was able to cross the blood-brain 
barrier 30 minutes after injection (Zhu et al., 2002). The 
molecular weight of nerve growth factor is 13.5 kDa, which 
is similar to that of β-nerve growth factor. Both in vitro and 
in vivo studies have shown that nerve growth factor encapsu-
lated in liposomes can also penetrate the blood-brain barrier 
(Xie et al., 2005).

One case report that was not included in the present re-
view reported the successful application of mouse nerve 
growth factor (Enjingfu, Xiamen Beida Road Bioengineer-
ing, Xiamen, Fujian Province, China) for the treatment of 
a Chinese patient with radiation-induced temporal lobe 
necrosis (Wang et al., 2011b). Late temporal lobe necrosis is 
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and provides strong evidence for the wider application of 
nerve growth factor in the future.
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