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Abstract  
BACKGROUND: Acupuncture has been used as a treatment for cognitive impairment. 
OBJECTIVE: This review assesses clinical evidence for or against acupuncture as a treatment for 
cognitive impairment. This review also discusses the proposed mechanism(s) that could link 
acupuncture to improved cognitive function. 
METHODS: We searched the literature using PolyUone search from its inception to January 2013, 
with full text available and language limited to English. Levels of evidence were examined using 
Oxford Centre for Evidence-based Medicine–Levels of Evidence (March, 2009). 
RESULTS: Twelve studies met the inclusion criteria: 3 human studies and 9 animal studies. Levels 
of evidence ranged from level 1b to level 5. 
CONCLUSION: Most animal studies demonstrated a positive effect of acupuncture on cognitive 
impairment. However, the results of human studies were inconsistent. Further high-quality human 
studies with greater statistical power are needed to determine the effectiveness of acupuncture and 
an optimal protocol. 
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Research Highlights 
(1) This is a systematic review on 12 selected papers out of 227 to study acupuncture for cognitive 
impairment in human and animals.  
(2) The results of acupuncture protocols are variable, although a number of individual studies 
reported positive effects on cognitive function.  
(3) Further high-quality research is needed to determine the effectiveness of acupuncture and an 
optimal protocols. 
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INTRODUCTION 
    
Cognitive impairments prevail among neurologic 
disorders. More than 60% of people experienced 
cognitive deficits after stroke[1]. 29% of patients with 
Parkinson’s disease also met the criteria of dementia[2].  
Cognitive impairment reduces the quality of life of 
patients, mainly because it affects mood and memory. 
Functional limitation due to cognitive impairment can also 
decrease quality of life. Study suggests that poor 
cognitive functioning is associated with reduced 
functional independence, social participation, depressive 
mood, and life satisfaction 1 year post stroke[3]. 
According to the World Health Organization, the number 
of people with dementia will continue to grow. The total 
population with dementia worldwide in 2010 was 
estimated to be 35.6 million and was projected to nearly 
double every 20 years[4]. The total estimated worldwide 
costs of dementia were US$604 billion in 2010[4]. It does 
create a serious financial burden on the society. 
Since treatment for cognitive impairment has not been 
well developed, some clinicians have suggested that 
acupuncture could be an alternative treatment of 
cognitive impairment.  
 
Acupuncture is an alternative medicine methodology that 
originated in ancient China. It is an important part of 
Chinese medicine that involves the insertion of fine, solid 
needles into acupuncture points in the skin. According to 
traditional Chinese medicine, stimulating these points 
could correct imbalances of the flow of Qi through 
meridians[5]. 
 
There are many different ways to practice acupuncture. 
In this review, we will focus on traditional acupuncture 
where needles were inserted into the body according to 
traditional Chinese medicine framework[6] and electro 
acupuncture involved passing a pulsed current through 
the body tissues via acupuncture needles. 
Acupuncture has become more popular not only in China 
but also in other foreign countries. Acupuncture has been 
claimed to be effective for a wide range of conditions, 
such as pain, musculoskeletal disorders and several 
neurologic diseases[7]. However, its use for cognitive 
diseases has been much less emphasized. 
 
In order to justify the efficacy and make 
recommendations regarding acupuncture treatment for 
cognitive impairment, we conducted a review that 
summarizes the evidence from previous studies on this 
topic.   

 
DATA AND METHODS 
 
Search strategy 
The following electronic databases were searched: 
PolyUone search included SciVerse ScienceDirect 
(Elsevier), MEDLINE (NLM), OneFile (GALE), Health 
Reference Center Academic (Gale), SpringerLink, 
American Psychological Association (APA), PMC 
(PubMed Central), Oxford Journals (Oxford University 
Press), Hindawi Journals, Sage Publications (CrossRef), 
Bentham Science (IngentaConnect), PLoS; and the 
following keywords were used: acupuncture, cognition, 
cognitive, dementia, Alzheimer’s disease, memory.  
 
Inclusion criteria 
Two independent reviewers were responsible for data 
retrieval and quality evaluation. 
 
Types of publication: All randomized controlled trials, 
randomized crossover trials and controlled trials that 
measured at least 1 cognitive domain. Only English 
articles were included. No publication date limits were set, 
and the search was completed in January 2013.  
 
Participants: Human or animal studies on cognitive 
impairment were included. 
 
Interventions: We included trials in which there was a 
comparison between a treatment group that received 
acupuncture with/without combined treatment, and a 
control or comparison group that received either an 
alternative form of intervention or no treatment.  
 
Outcomes: The outcome measure of interest was 
cognitive function. This included any neuropsychological 
test designed to detect a change in cognitive function in 
any domain; for example, memory, learning or the 
Mini-Mental State Examination.  
 
Published articles that did not meet the inclusion criteria 
were excluded using titles, abstracts and full text as 
appropriate. 
 
 
RESULTS 
 
Identification and selection of studies 
A total of 227 articles were identified from searches 
performed in January 2013. Eighty-two articles were 
duplicated and 96 were excluded due to irrelevance to 
acupuncture and/or cognition, leaving 49 articles for 
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further evaluation. Thirty-three of them were not 
experimental trials. Four remaining studies did not meet 
the inclusion criteria, because they did not have cognitive 
outcome measurements. In the end, 12 studies were 
included in this review. Three studies were human trials, 
while other nine studies used animals (Figure 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Description of studies 
Level of evidence 
Studies were classified by Oxford Centre for 
Evidence-based Medicine–Levels of Evidence (March 
2009)[8]. Among human trials, Rorsman and Johansson[9] 
was classified as level 1b evidence, Chou and 
colleagues[10] as level 2b evidence and Chen et al [11] as 
level 4 evidence. All the animal studies selected were 
classified as level 5[12-20] (Table 1). 
 
Participants 
A total of 105 subjects received acupuncture treatment 
across the 3 studies using human as subjects[9-11]. A 
further 116 subjects acted as control or received other 
treatment besides acupuncture. One hundred and 
sixty-seven subjects were between 59 and 90 years old 
and with Mini Mental State Examination scores less than 
24[9-10]. There were 87 subjects with stroke, 33 subjects 
with stroke onset from 13 to 33 months[9] and 54 subjects 
were treated 5 to 10 days after stroke[11]. A total of 134 
vascular dementia subjects with illness course ranging 
from 1 to 7 years were also included[10] (Table 2). 
 
A total of 421 rats (rats which died or screened out in any 
cognitive impairment check after surgeries were excluded) 
were used in studies[12-20]. In order to prepare cognitive 

impaired subjects, 150 rats had been injected a clot into 
the internal carotid artery[12-13, 16, 18]. Forty-five 
senescence-accelerated prone mouse rats were used[14]. 
Twenty rats were isolated[15]. Sixteen rats were under 
chronic mild stress[17]. The origin of the cerebral arteries of 
15 rats were occulted[19] or 28 were induced with cognitive 
impairment by chronic injection of corticosterone[20]. A total 
of 117 rats had acupuncture treatment, whereas 304 rats 
acted as control or received other treatments. 
 
Three clinical and nine animal studies examined the 
effect of acupuncture on human and rats, respectively. 
No adverse effects were reported after treatment.  
 
Intervention 
Acupuncture stimulation was applied using a variety of 
acupoints, needle stimulation and frequency setting. 
Selected acupoints included LI4, LI11, GV20, ST36, ST40, 
GB34, EX36:1, EX28:2, (1 study)[9], PC6, HT7 (1 study)[10], 
GV20, GV16, GB20, EX-HN5, LI4, LR3, EX-HN1, EX-HN3 
(1 study)[11], “Yiqitiaoxue, fubenpeiyuan” acupuncture 
method CV17, CV12, CV6, ST36, SP10               
(5 studies)[12-14, 16, 18], ST36 (1 study)[15], PC6 vs. TE5    
(1 study)[17], GV20 (1 study)[19], HT7 vs. TE5 (1 study)[20]. 
Needle stimulation was either made by manual twisting 
or electrical stimulation. Control intervention consisted of 
needle insertion to a non-acupoint. Treatment duration 
ranged from 30 to 180 seconds for each acupoint 
(manual twisting)[12, 17]; 20 to 30 minutes for each 
acupoint (electrical stimulation)[10, 15], ranged from 2 
sessions a week to 6 sessions a week[10, 12]. The total 
session number ranged from 4 to 36[11, 15]. 
 
Outcome measurements 
In the human studies, cognitive function which was the 
primary outcome was measured by Loewenstein 
Occupational Therapy Cognitive Assessment, for 
geriatric population[10], Mini Mental State Examination[9, 

11] and Bless Behavioral ability[11] were used. Other 
cognitive functional aspects were measured, including 
verbal learning and memory by Rey Auditory Verbal 
Learning Test, visual memory by Facial Recognition 
Memory, visual attention by Star Cancellation Test, 
visual perception by Time Perception, receptive 
language by Token test and word fluency by Fast 
Application Switching[9]. Secondary outcome was quality 
of life, which was assessed by SF-36 questionnaire and 
Stroke-Specific Quality of Life Scale[11].  
 
For the animal studies, the learning ability and memory 
aspects of cognitive function were assessed using Morris 
Water Maze test, which included hidden platform     

Figure 1  Flow chart of the literature selection process. 

Publications 
identified (n = 227) 

Excluded: Duplication (n = 82) 
Not relevant to acupuncture 
and/or cognition (n = 96) 

Studies of 
interest (n = 49) 

Studies 
included (n = 12) 

Excluded: Not experimental trials  
(n = 33) 
No cognitive outcome 
measurement (n = 4) 

Human trials (n = 3) Animal trials (n = 9) 
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trial [12-14, 16, 18-20], probe trial[12-14, 16, 20] and reversal 
trial[12-14, 16] and visible platform trial[12-14, 16, 20], and 
passive avoidance task[15, 17] (Tables 3 and 4).  
 
Enzyme activities of superoxide dismutase[13, 19], 
catalase[13, 19], glutathione peroxidase[13, 19], nerve growth 
factor[15], brain-derived neurotrophic factor[15], 
acetylcholinesterase[17, 20], hexokinase[18], pyruvate 
kinase[18], glucose-6-phosphate dehydrogenase[18], 
choline acetyltransferase[20] and expression of 
copper-zinc superoxide dismutase mRNA and its 
protein[13], Bcl-2 protein[16], Bax protein[16], lipid 
peroxidation product, malondialdehyde[19] in brain, brain 

cell proliferation[14] and nerve cell apoptosis[16] were 
measured for investigating the mechanisms by which 
acupuncture improved cognitive function. 
 
 
DISCUSSION 
 
Effect of acupuncture on cognition of human 
subjects 
Electroacupuncture could improve Loewenstein 
Occupational Therapy Cognitive Assessment, for geriatric 
population: orientation, perception, praxis, and attention in 
patients with stroke. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1  Study design  
 

Study Subject characteristics (size) 

Design 

Randomization Blinded Control group (normal or 
sham acupuncture) 

Screening trial 

Rorsman et al [9] 
2006 

Human 
Stroke patients 5–10 days after stroke (n = 54) 

√ √ No control No cognitive 
screening 

Chou et al [10] 2009 Human  
Taiwanese stroke patients with Mini Mental State 
Examination < 24 (n = 33) 

√ X No control √ 

Chen et al [11] 2011 Human  
Vascular dementia patients (n = 134) 

√ X No control √ 

Yu et al [12] 2005 Rat 
Embolic injection to right internal carotid artery  
(n = 43)  
Normal (n = 15) 
Sham-operation (n = 15) 

√ X Normal & sham 
acupuncture 

√ 

Liu et al [13] 2006 Rat 
Embolic injection to right internal carotid artery  
(n = 43) 
Normal (n = 15) 
Sham-operation (n = 15) 

√ X Normal & sham 
acupuncture 

√ 

Cheng et al [14] 2008 Rat 
Senescence-accelerated prone mouse mice: 
Genetic ageing dementia (n = 45) 
SAMR1 mice: normal (n = 15) 

√ Single 
blinded 

Normal & sham 
acupuncture 

X 

Manni et al [15] 2009 Rat 
Social isolated (n = 20)  
Non-social isolated (n = 20) 

X X Normal & sham 
acupuncture 

X 

Wang et al [16] 2009 Rat 
Embolic injection to right internal carotid artery  
(n = 34) 
Normal (n = 10) 
Sham-operation (n = 10) 

√ X Normal & sham 
acupuncture 

√ 

Kim et al [17] 2011 Rat 
Chronic mild stress rats (n = 16) 
Normal (n = 5) 

X X Normal & sham 
acupuncture 

X 

Zhao et al [18] 2011 Rat 
Embolic injection to right internal carotid artery  
(n = 20)  
Normal (n = 10) 
Sham-operation (n = 10) 

√ X Normal & sham 
acupuncture 

√ 

Jittiwat et al [19] 2012 Rat 
Occulted origins of right anterior and middle 
cerebral artery, posterior communicating artery 
(n = 15) 

X X Sham acupuncture X 

Lee et al [20] 2012 Rat 
Chronic corticosterone injection (n = 28) 
Normal (n = 7) 

√ Single 
blinded 

Normal & sham 
acupuncture 

X 
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Also, Chinese medicine plus rehabilitation and 
acupuncture could improve vascular dementia patients’ 
Bless Behavioral ability (Bless behavior score) and Mini 
Mental State Examination[9-10]. 
 
Effect of acupuncture on cognitive function for 
dementia rats 
Nine studies[12-20] examined the effect of acupuncture 
on cognitive deficit induced by surgical emboli 
injection, social isolation, genetic pre-exposure, 
chronic mild stress and chronic injection of 
corticosterone of rats separately. Acupuncture was 
shown to have a significant beneficial effect on 
cognitive function, including learning or relearning 
ability and memory in all animal studies[12-20]. They 
were measured by Morris Water Maze test including 
all types of trial mentioned before[12-13, 15, 17-20] and 
passive avoidance task[14, 16]. 
 
However, due to some limitations mentioned in these 
studies, this effect might be subjected to some biases. 
 
General limitations of literature included 
Human studies 
There were only three human studies included in this 
review out of 12 published[9-11]. Among the three selected 
studies, two studies had a small sample size, less than 
20 subjects per group[9-10]. None of them had justified the 
choice of sample size. Three studies were randomized, 
but methods of randomization were not stated. One 
study did not blind the tester[11]. The results might be 

subjected to bias of tester. Three studies only 
investigated the combined effect of acupuncture with 
conventional rehabilitation or Chinese medicine, no exact 
control group received no treatment and no treatment 
group received acupuncture alone[9-11]. Two studies did 
not have follow-up assessment[10-11]. The long lasting 
effect of acupuncture could not be justified.  
 
Rat studies 
There were nine rat studies selected for our review[12-20]. 
Even when the studies were well designed, animal studies 
were considered at level five of evidence which is the 
lowest. In fact, there were some limitations in these animal 
studies[12-20]. Six studies had 10–15 rats in each   
group[12-16, 18]. Three studies had 5–10 rats in each   
group[17, 19-20]. None of them had justified the choice of 
sample size.  
 
Six studies stated they had allocated the rats randomly, 
but none of them stated the method of  
randomization[12-14, 16, 18, 20]. Seven studies did not blind 
the tester[12-13, 15-19]. The results might be subjected to 
bias of tester. All studies had an impaired treatment 
group receiving only acupuncture, and an impaired 
control group receiving no or sham treatment[12-20]. It 
was good to demonstrate the effect of acupuncture. 
Eight studies included a normal control group[12-18, 20]. It 
was useful to exhibit the magnitude of recovery due to 
acupuncture treatment effect. Five studies did not 
conduct a screening trial to confirm that there were 
cognitive impairments in the rats[14-15, 17, 19-20].  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2  Major findings of human studies  
 

Study Main findings 

Rorsman and  
Johansson[9] 2006 

There were significant differences in 4 out of the 8 variables between groups with inferior performances in the control 
group at baseline, prior to any treatment (visual memory: P < 0.01; visual attention: P < 0.05; visual perception: P < 
0.05; receptive language: P < 0.05). There were no significant differences between groups on any cognitive variables 
at 3 or 12 months. 
The electroacupuncture group demonstrated significant improvements on visual memory (P < 0.05) and word fluency 
(P < 0.01). The transcutaneous electrical neuromuscular stimulation group demonstrated significant changes in verbal 
learning (P < 0.01), verbal memory (P < 0.01), visual memory (P < 0.001), visual attention (P < 0.05) and visual 
perception (P < 0.05). The control group showed changes in visual memory (P < 0.001), visual attention (P < 0.001), 
visual perception (P < 0.05), receptive language (P < 0.05) and word fluency (P < 0.01). 
Results for the whole pooled patient group, irrespective of treatment, showed significant improvements on all cognitive 
measures: global cognitive function: P < 0.01; verbal learning: P < 0.001; verbal memory: P < 0.001; visual memory:  
P < 0.001; visual attention: P < 0.001; visual perception: P < 0.001; receptive language: P < 0.05; word fluency: P < 
0.001. 

Chou et al [10] 2009 Significant improvement was detected in four subtests of Loewenstein Occupational Therapy Cognitive Assessment, 
for geriatric population: orientation, perception, praxis, and attention (P < 0.05) between treatment and control groups. 

Chen et al [11] 2011 Bless Behavioral ability score: Only Chinese medicine plus rehabilitation and acupuncture group were significantly 
reduced in living ability domain of Bless Behavioral ability score (P < 0.01). 
Mini Mental State Examination score: directional ability, calculating ability, short-term memory and linguistic ability did 
not significantly enhance after treatment in the 4 groups. The short-term memory after treatment was significantly 
enhanced as compared with that before treatment in the Chinese medicine and acupuncture plus rehabilitation group 
(P < 0.05). 
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The results might be affected by inclusion of some of the 
rats which did not suffer from cognitive impairment after 
surgery or other procedures. Four studies did not 
conduct a visible platform trial or open field test to 
exclude the effect of motor deficit or motivation problem 
as a result of Morris Water Maze or passive avoidance 
test[12, 14, 16, 20]. 
 
There was no follow up in any of the rat studies[12-20]; 
hence it was not possible to evaluate the long lasting 

effect of acupuncture. 
 
Since the treatment protocols and causes of cognitive 
impairment varied, it remains difficult to suggest an 
optimal protocol and indication. 
 
Mechanism of acupuncture effect of cognitive 
impairment 
Acetylcholinesterase and choline acetyltransferase 
Previous studies had shown that the most profound 

Table 3  Major findings of rats studies (Morris Water Maze Test)  
 

Study Probe trial Reversal Trial Visible Platform Hidden platform trial 

Yu et al [12] 
2005 

Normal group, sham operated group and 
acupuncture group were better than Impaired 
control group and sham-acupunture/non 
acupoint group (P < 0.05). No significant 
differences among acupuncture group, normal 
group and sham operated group 

Normal group, sham operated 
group and acupuncture group 
were better than impaired 
control group and 
sham-acupunture/non acupoint 
group (P < 0.05) 

No significant 
difference 
among groups 

 

Liu et al [13] 
2006 

Acupuncture group was better than impaired 
control group and sham-acupunture/non 
acupoint group (P < 0.05)  

Acupuncture group was better 
than impaired control group 
and sham-acupunture/non 
acupoint group (P < 0.05)  

No significant 
differences 
among groups 
(P > 0.05) 

Acupuncture group was better 
than impaired control group 
and sham-acupunture/non 
acupoint group (P < 0.01) 

Cheng et al [14] 
2008 

Normal group and sham operated group were 
better than impaired control group (P < 0.01). 
Acupuncture group was better than impaired 
control group (P < 0.05) and 
sham-acupunture/non acupoint group  
(P < 0.01)   

Normal group and sham 
operated group were better 
than impaired control group  
(P < 0.01) 

Acupuncture group was better 
than impaired control group and 
sham-acupunture/non acupoint 
group (P < 0.01) 

No significant 
differences 

Normal group was better than 
impaired control group (P < 
0.01) 

Acupuncture group was better 
than impaired control group  
(P < 0.05) and sham- 
acupunture/non acupoint group 
(P < 0.01) 

Wang et al [16] 
2009 

No significant difference immediately after 
hidden platform trial.  

Acupuncture group was better than impaired 
control group and sham-acupunture/non 
acupoint group (P < 0.05) after reversal trial 

Acupuncture group was better 
than impaired control group 
and sham-acupunture/non 
acupoint group (P < 0.05) 

No significant 
difference 

 

Acupuncture group was better 
than impaired control group 
and sham-acupunture/non 
acupoint group (P < 0.05) in 
the acquisition phase 

Zhao et al [18] 
2011 

   Acupuncture group was better 
than impaired control group 
and sham-acupunture/non 
acupoint group (P < 0.01) 

Acupuncture group had no 
difference to sham operated 
group and normal group 

Jittiwat et al [19] 
2012 

   At 7 days after surgery ginger 
pharmacopuncture was better 
than sham-acupunture/non 
acupoint group (P < 0.05) 

At 14 days after surgery, 
acupuncture group and ginger 
pharmacopuncture group were 
better than sham-acupunture/ 
non acupoint group(P < 0.05 
all) 

No significant difference 
between acupuncture group 
and ginger pharmacopuncture 

Lee et al [20] 
2012 

HT7 acupuncture group was better than 
impaired control group (P < 0.05).  
No difference in swimming latency time was 
observed between the sham-acupunture/non 
acupoint group and impaired control group  
(P = 0.881) or TE5 acupuncture group and 
impaired control group (P = 0.247)  

 No significant 
difference 
among groups  

The HT7 acupuncture group 
group was better than impaired 
control group in day 5 (P < 
0.01) and day 6 (P < 0.05) 
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change in patients with Alzheimer's disease was a 
progressive reduction in the activity of 
acetylcholinesterase in the neocortex and hippocampus 
compared with normal subjects[21-22]. Also, choline 
acetyltransferase activity was highly correlated with the 
severity of dementia across the neocortex of the 
Alzheimer’s disease cases[21]. Therefore, it was generally 
accepted that the cellular loss and dysfunction of 
cholinergic neurons result in development of dementia in 
Alzheimer’s disease[23]. 
 
In this review, two studies investigated the effect of 
acupuncture on acetylcholinesterase activity in the 
hippocampus. One study found that the 
acetylcholinesterase reactivity in the hippocampus of a 
chronic mild stress group of rats was significantly lower 
than that of the controls (P < 0.000 1), and acupuncture 
at PC6 could increase the acetylcholinesterase reactivity 
in both hippocampal CA1 (P < 0.05) and CA3 (P < 0.05) 
in chronic mild stress group. Learning and memory ability 
of the rats were tested by passive avoidance task, and 
the PC6 acupuncture group showed improvement in 
learning and memory compared to the chronic mild 
stress group (P < 0.001)[17]. Another study found that 
acetylcholinesterase reactivity in the hippocampal CA1 
due to chronic exposure to exogenous corticosterone 
was significantly restored by acupuncture at HT7 (P < 
0.05), but the restoration in the CA3 area was not 
statistically significant (P = 0.526). In the study that used 
Morris Water Maze test to measure the learning and 
memory functions, the HT7 acupuncture group had 
significantly reduced escape latency (P < 0.01 on day 5 
and P < 0.05 on day 6) and spent more time around the 
platform area in probe trial compared with impaired 
group (P < 0.05)[20]. 
 
The above study also investigated the effect of 
acupuncture on choline acetyltransferase activity in 
brain. The number of choline acetyltransferase- 
immunoreactive neurons was significantly increased in 
the medial septum region and the hippocampal CA1 in 
the HT7 acupuncture group (P < 0.05), compared with 
the impaired group[20]. Nevertheless, the relationship 
between enzyme activities and learning and memory 
functions was not investigated in these two studies. 
 
This might suggest that acupuncture attenuated the 
impairments of memory and cognition by restoring 
cholinergic neurochemical abnormalities. However, 
both studies had only a few rats in each group (Kim et 
al [17]: 5–6 rats in each group; Lee et al [20]: 4 rats in each 
group were used for acetylcholinesterase and choline 

acetyltransferase tests). In the study conducted by Lee  
et al [20], there was no screening for cognitive 
impairment after corticosterone injection. With all these 
limitations, future studies are needed to examine the 
thorough relationship between acupuncture and 
cholinergic neurochemical activities in different areas of 
the brain.  
 
More well-designed studies are required to establish the 
mechanism of acupuncture effect on cognitive function 
with respect to activities of cholinergic neurons in the 
brain. 
 
Effect on superoxide dismutase, catalase, 
glutathioneperoxidase 
Free radicals and the oxidative stress were the prime 
candidates to be responsible for producing the neuronal 
damages and cognitive deficits[24]. Comparing patients 
with vascular dementia, with Alzheimer’s disease and 
control group, antioxidant defense decreased and the 
susceptibility to oxidative stress increased[25].  
 
There were two studies from this review which 
investigated the effects of antioxidants like superoxide 
dismutase, catalase, glutathioneperoxidase in relation to 
improvement in cognition[13, 19].  
 
Both acupuncture and ginger pharmacopuncture in 
which ginger extract was injected into acupoint induced 
significant elevation of catalase and 
glutathioneperoxidase activities in the cerebral cortex 
and hippocampus compared with the sham group (P < 
0.05 for all). However, both acupuncture and ginger 
pharmacopuncture produced a significant elevation of 
superoxide dismutase activity only in the hippocampus 
compared with sham (P < 0.05)[19].  
 
Another study also showed that there was a significant 
decrease in the superoxide dismutase activity in 
hippocampus of rats in impaired and placebo- 
acupuncture groups when compared with the normal rats 
(P < 0.05). However, acupunctural treatment caused a 
significant increase in hippocampal superoxide 
dismutase activity. A significant reduction in the 
glutathioneperoxidase activity was found in the 
hippocampus of rats in the impaired and placebo- 
acupuncture groups when compared with the normal rats 
(P < 0.01). After acupunctural treatment, a significant 
increase of glutathioneperoxidase activity was observed 
in the hippocampus. However, the catalase activity had 
no significant difference among all the five groups    
(P > 0.05)[13]. 
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The insignificant changes in the catalase activity in the 
second study might be due to the fact that the catalase 
activity in the rat brain was very low[13, 26]. Acupunctural 
treatment increased superoxide dismutase and 
glutathioneperoxidase activities in the hippocampus of 
the cerebral multi-infarction rats. The increase of 
superoxide dismutase induced by acupuncture could 
convert superoxide radicals into hydrogen peroxide. 
Subsequently, the increase of glutathioneperoxidase and 
catalase induced by acupuncture broke down hydrogen 
peroxide to water molecules, prevented hydrogen 
peroxide from converting into hydroxyl radicals, the most 
toxic form of free radicals which are involved in a number 
of brain lesions and in brain aging[13, 26]. 
However, there were still some confounding factors. To 
illustrate this, only a small number of rats were sacrificed 
to examine their brains (24 rats[13] and 15 rats[19] 
respectively). In Jittiwat’s study, there was no normal 
control group[19]. Therefore there was no comparison of 
catalase and glutathioneperoxidase activity between 
cognitive impaired subjects undergoing acupuncture and 
normal subjects, but only comparison with cognitive 
impaired subjects with sham acupuncture. 
 
Effect of copper-zinc superoxide dismutase mRNA 
and its protein 
In this review, one study[13] investigated the effect of 
acupuncture on copper-zinc superoxide dismutase mRNA 
and its protein. The decreased expression of copper-zinc 
superoxide dismutase mRNA in the hippocampus was 
observed in the impaired rats and the expression of 
copper-zinc superoxide dismutase mRNA in the 
hippocampus significantly increased in the acupuncture- 
treated group (P < 0.01). Copper-zinc superoxide 
dismutase positive cells in the hippocampus of the normal 
group was higher than in sham-operated groups, but was 

not statistically significant (P > 0.05). The copper-zinc 
superoxide dismutase positive cells in the acupuncture 
group were significantly higher than that in the impaired 
group (P < 0.01). The value of the placebo-acupuncture 
group did not differ from the impaired group. The 
expression pattern of copper-zinc superoxide dismutase 
protein was similar to that of its mRNA. There was no 
difference of the copper-zinc superoxide dismutase 
positive cells between normal and sham-operated groups 
(P > 0.05). The copper-zinc superoxide dismutase in the 
acupuncture group was significantly higher than that in the 
impaired group (P < 0.01). The value for the placebo- 
acupuncture group did not differ from the impaired group. 
 
This study also showed that the lower copper-zinc 
superoxide dismutase expression of the cerebral multi- 
infarction rats increased in the acupuncture group. These 
results suggest that acupunctural treatment could maintain 
the oxidant-antioxidant balance to a greater extent[13]. 
 
To conclude, acupuncture could increase the copper-zinc 
superoxide dismutase expression, consequently exerting 
antioxidant effects and improve cognition. However, 
acupuncture might improve cognitive deficits by many 
possible ways, and the result might be affected by some 
confounding factors, including small sample size. Further 
studies are required to elucidate the mechanisms in detail. 
 
Effect of neurotrophin regulation 
Neurotrophins, a class of growth factors, are a family of 
proteins that induce the survival, development, and 
function of neurons. 
 
In our review, two of the neurotrophins, i.e. brain-derived 
neurotrophic factor and nerve growth factor, were 
investigated in rats[15, 20]. Brain-derived neurotrophic 

Table 4  Major findings of rats studies (passive avoidance)  
 

Study Acquisition phase Retention phase 

Manni et al [15] 
2009 

Step-through latency increased over successive trials (P < 0.01). 
In the analysis of variance, calculating the latency time revealed 
the main effects of both isolation and electroacupuncture and 
an interaction social isolation × electroacupuncture [F(1, 36) = 
6.93; F(1, 36) = 10.29; F(1, 36) = 9.46, P < 0.01 respectively; P < 
0.01 in post-hocs, isolated controls vs. isolated 
electroacupuncture mice and non-isolated control mice]. 

Analysis of variance revealed main effects of both 
social isolation and electroacupuncture [F(1,36) = 
12.00; F(1, 36) = 8.81; F(1, 36) = 15.67, P < 0.01 
respectively; P < 0.01 in post-hocs, isolated controls 
vs. isolated electroacupuncture mice and non-isolated 
control mice]. 

Kim et al [17] 
2011 

Passive avoidance task. The chronic mild stress group showed a 
learning and memory deficit in the passive avoidance test 
compared to the control group (P < 0.05). The PC6 group 
showed improved learning and memory compared to the 
chronic mild stress group (day 6, P < 0.001).  

The retention latencies of the rats were higher in the 
PC6 group than in the chronic mild stress group, 
whereas those of other groups showed no significant 
increase.  
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factor played an important role in hippocampal 
long-term[27]. Nerve growth factor was required for the 
survival of developing sympathetic and sensory 
neurons[28]. 
 
Brain-derived neurotrophic factor and nerve growth 
factor: Manni et al [15] studied the effect of 
electro-acupuncture in social isolated mice on 
brain-derived neurotrophic factor and nerve growth factor 
concentration in hypothalamus, hippocampus and 
striatum. 
 
Only the isolated electroacupuncture group showed a 
significant decrease of brain-derived neurotrophic factor 
in the hippocampus compared to isolated control group 
(P < 0.05). While other groups showed no significant 
difference[15]. 
 
For nerve growth factor, no differences between all four 
groups were found in the hypothalamus. In the striatum 
and hippocampus, the isolated electroacupuncture group 
showed the lowest values when compared to isolated 
control and non-isolated electroacupuncture groups (P < 
0.05)[15]. 
 
The learning abilities were measured by passive 
avoidance task. In acquisition phase, isolated control 
group had lower latency to step-through during 10 trials 
compared to isolated electroacupuncture and 
non-isolated controls (P < 0.01). Also isolated controls 
had high values of the number of trials to reach learning 
criteria compared to the other three groups (P < 0.05). 
This suggested a delay in learning performances of the 
isolated control groups[15]. 
 
This study suggested that electroacupuncture on ST36 
could help socially isolated mice to improve the delay of 
learning performances and electroacupuncture had a 
down regulation effect on brain-derived neurotrophic 
factor and nerve growth factor. However, the treatment 
course for electroacupuncture lasted only 4 days, and it 
failed to show any differences in the retention phase of 
passive avoidance task[15]. 
 
Brain-derived neurotrophic factor: Lee et al [20] studied 
the effect of acupuncture on corticosterone-induced 
cognitive impairment rats on brain-derived neurotrophic 
factor mRNA expression in the hippocampus. 
 
In the hippocampus, brain-derived neurotrophic factor 
mRNA expression in corticosterone (impaired) group 
significantly decreased compared to that in the normal 

group (P < 0.001). The brain-derived neurotrophic factor 
mRNA expression in corticosterone-HT group 
significantly increased compared to corticosterone group 
(P < 0.05), and the brain-derived neurotrophic factor 
mRNA level was similar to that of normal rats in the 
normal group (P < 0.001)[20]. 
 
The learning abilities were measured using Morris Water 
Maze; the corticosterone-HT group was significantly 
shorter in escape latency and longer retention time 
compared with the corticosterone group (both P < 0.05). 
It showed the recovery of spatial memory in the 
corticosterone-HT group[20]. 
 
This study suggested that acupuncture on HT7 could 
help to improve cognitive impairment due to chronic 
corticosterone injection and had an up-regulating effect 
on brain-derived neurotrophic factor expression. 
However, only 3 rats in each group were sacrificed for 
brain-derived neurotrophic factor analysis[20]. 
 
These two studies suggested that brain-derived 
neurotrophic factor was affected in different cases of 
cognitive impairment. Applying acupuncture to different 
acupoints could help to normalize the brain-derived 
neurotrophic factor level by either up- or 
down-regulation[15, 20]. 
 
Bcl-2, Bax and apoptosis 
The members of the bcl-2 family of genes play an 
important role in regulating apoptosis[29]. One member of 
the family, Bcl-2, functions as a repressor of apoptosis 
whereas another member of the family, Bax, acts as a 
promoter of cell death[30]. 
 
One study in our review studied the effect of acupuncture 
on memory performance, the expression of Bcl-2 family, 
and apoptosis in hippocampal CA1 region after cerebral 
multi-infarction in rats[16]. The acupuncture group showed 
improvements in acquisition (P < 0.05), relearning ability 
(P < 0.05) and retention of spatial memory (P < 0.05) 
when compared to the impaired and placebo- 
acupuncture groups. The mRNA expression (P < 0.01) 
and protein expression of Bcl-2 (P < 0.01) was 
up-regulated in the acupuncture group when compared 
with the impaired group; on the other hand, the mRNA 
expression (P < 0.01) and protein expression of Bax (P < 
0.01) decreased in the acupuncture group when 
compared with the impaired group. For apoptosis, the 
number of apoptotic cells significantly decreased (P < 
0.05) in the acupuncture group when compared with the 
impaired group. 
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According to these observations, acupuncture might 
protect the neurons in the hippocampus by regulating the 
apoptotic cell death, thus promoting cell survival and 
improve cognitive performances. In order to construct a 
complete mechanism, further well-designed studies 
should be conducted to investigate the effect of 
acupuncture on apoptosis in different areas of the brain 
after multi-infarction. 
 
Acupuncture effects on brain cell proliferation and 
nerve cell apoptosis 
Previous studies have shown that rat’s brain cell 
proliferation could be influenced by exercise[31-32]. In our 
review, one group studied the effect of acupuncture on 
cognitive function and brain cell proliferation in 
senescence-accelerated prone mouse rats which were 
genetic pre-exposure to Alzheimer disease-like disease 
rats[14]. There was significant decrease of cell 
proliferation in the dentate gyrus, lateral ventricles, 
corpus callosum and dorsum of alveus hippocampi in the 
senescence- accelerated prone mouse control group 
when compared to normal control group (P < 0.05), while 
significant increase was noted in senescence- 
accelerated prone mouse acupuncture group when 
compared to control group and senescence-accelerated 
prone mouse non-acupoint control groups (P < 0.01). 
There was learning deficit (hidden platform trial), memory 
deficit (probe trial) and impaired relearning ability 
(reversal trial) of control group when compared to normal 
control group (P < 0.01). There was increase of learning 
and memory ability in acupuncture group compared to 
control group (P < 0.05) and non-acupoint control groups 
(P < 0.01), and also increase of relearning ability in 
acupuncture group compared to control group and 
non-acupoint control groups (P < 0.01)[14]. 
 
These results suggest that acupuncture could improve 
cognitive function in senescence-accelerated prone mouse 
rats. This improvement might be due to the increase of cell 
proliferation in multi-regions of the brain. Future studies 
should investigate the relationship between brain cell 
proliferation and cognitive function. Researchers could 
progress to test the effects on human subjects with 
Alzheimer’s disease in order to provide higher level of 
evidence to support the use of acupuncture as an 
alternative treatment in dementia rehabilitation. 
 
Effect of glycometabolic enzymes regulation 
Some studies have indicated that there was abnormal 
energy metabolism in vascular dementia patient 
brain[33-34]. Recent studies showed that acupuncture 
could increase cerebral glucose metabolism in human 

with vascular dementia[35], and suggested that cognitive 
impairment caused by vascular dementia might be 
related to impaired glucose metabolism in the brain. 
 
In our review, one study investigated the effects of 
acupuncture on the right cortex and hippocampus in rat 
brain glycometabolic enzymes, i.e., hexokinase, glucose 
6-phosphate dehydrogenase and pyruvate kinase, in 
multi-infarct dementia rats. Impaired rats and impaired 
rats with non-acupuncture had significant lower enzyme 
activities than normal rats (normal group) (P < 0.01). 
Impaired rats with acupuncture had significant higher 
enzyme activities than impaired rats and impaired rats 
with non-acupuncture (P < 0.01), and the values were 
increased toward normal group. The learning abilities 
were measured by Morris Water Maze. Impaired rats and 
impaired rats with non-acupuncture had significant 
higher escape latency than normal group (P < 0.01) and 
impaired rats with acupuncture had significant lower 
escape latency than impaired rats and impaired rats with 
non-acupuncture (P < 0.01), and there were no 
differences when compared to normal group (no P value 
provided). But the relationship between enzyme activities 
and escape latency in Morris Water Maze was not 
investigated[18].  
 
These results suggest that the improvement in learning 
abilities, one aspect of cognitive function, was associated 
with the up-regulation of glycometabolic enzyme 
activities. However, as only hidden-platform trial was 
used in Morris Water Maze, the decrease of escape 
latency in impaired rats with acupuncture compared to 
impaired rats might be due to the other confounding 
factors, including improvement of local motion ability and 
mood up-regulation. Future studies should investigate 
the relationship between those enzyme activities, ATP 
concentration or consumption in the brain and cognitive 
function, and study the thorough mechanism of 
acupuncture effects on cognitive function with respect to 
glycometabolic enzyme activities in the brain. 
 
Implications for future research 
While acupuncture has been advocated as a treatment to 
improve cognitive function impairment in patients with 
dementia, a lack of high-quality research in this area has 
so far prevented the development of sound 
recommendations for clinical practice. More high-quality 
research on human is essential. It might not be ethical to 
have a control group without any treatment. Future 
research should focus on the effect of acupuncture 
versus convention rehabilitation, medicines, and the 
effect of combined treatments, to find out the most 
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cost-effective treatment that promotes the greatest 
magnitude of recovery. Also, a follow-up assessment 
should be included to investigate the long-lasting effect 
of acupuncture. Moreover, the acupoints and protocols 
that were used in published research varied a lot. 
Therefore, standardized treatment protocols are needed 
and should be developed. 
 
Acupuncture has been used to treat cognitive 
impairment, but there is a lack of high-quality evidence 
in humans. Since there were only a limited number of 
published human studies and the results of the three 
human studies included in our review were not 
consistent, this may be due to many confounding 
factors. Therefore, we cannot draw any conclusion on 
the effectiveness of acupuncture for cognitive function 
improvement in humans. The results of acupuncture 
protocols are variable, although a number of individual 
studies reported positive effects on cognitive function. 
Further high-quality research is needed to determine 
the effectiveness of acupuncture and an optimal 
protocol. 
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