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 Background: Chemotherapy can cause adverse effects such as chemotherapy-related cognitive impairment (CRCI). In this 
prospective study, the efficacy of traditional Chinese medicine acupuncture therapy in relieving CRCI and its 
impact on serum brain-derived neurotrophic factor (BDNF) are evaluated.

 Material/Methods: Eighty patients were randomly divided into a treatment group and a control group with 40 patients in each 
group. The treatment group was treated at the following acupuncture points: Baihui (DU20), Sishencong (EX-
HN1), Shenting (DU24), Zusanli (ST36), Taixi (K13), Dazhong (K14), and Juegu (GB39). Cognitive function was 
assessed using the functional assessment of cancer treatment cognition test (FACT-COG, version 3), the audi-
tory-verbal learning test (AVLT), the verbal fluency test (VFT), the symbol digit modality test (SDMT), the clock-
drawing test (CDT), and the trail-making test part B (TMT-B). In addition, blood serum levels of BDNF were mea-
sured before and after treatment. Correlations between change in BDNF levels and cognitive function were also 
analyzed.

 Results: CRCI was ameliorated in the acupuncture treatment group, with scores on FACT-COG, AVLT-recognition and CDT 
assessments all significantly increased (P<0.05 in all cases). In addition, serum BDNF levels after acupuncture 
treatment were significantly higher than before treatment (t=3.242, P<0.01). Moreover, the level of BDNF was 
positively correlated with the total score of FACT-COG, AVLT-recognition, and CDT (r=0.694, 0.628, and 0.532, 
respectively; all P<0.05). The control group showed no statistically significant difference in any measures over 
the same period.

 Conclusions: Acupuncture therapy is effective in the treatment of CRCI in breast cancer patients through a mechanism that 
may be related to an increase of BDNF.
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Background

Breast cancer (BC) is a common malignant disease in women. 
When treated with chemotherapy, patients often complain of 
memory loss; this symptom is referred to as chemotherapy-re-
lated cognitive impairment (CRCI) or “chemotherapy brain” [1]. 
It is widely recognized as one of the adverse effects of che-
motherapy used to treat malignant tumors. CRCI is defined 
as a cognitive decline in memory, learning, attention, reason-
ing, visual-spatial functioning, and information processing 
during and after discontinuation of chemotherapy in cancer 
patients [2,3]. A recent nationwide, multicenter, prospective, 
longitudinal study noted that chemotherapy can cause CRCI 
and affect quality of life [4]; however, CRCI treatment methods 
are limited. Therefore, an effective rehabilitation approach to 
CRCI is desirable. A randomized controlled trial has established 
that traditional Chinese medicine acupuncture is safe, well-
tolerated, and effective in treating mild cognitive impairment 
in people with Alzheimer’s disease [5]. Acupuncture has been 
widely used to treat other diseases and shown to be safe and 
effective, with little risk and no complication, in many stud-
ies [6–8]. Acupuncture has a history of over 2000 years and is 
important in traditional Chinese medicine [9]. The philosophy 
behind acupuncture is the balance between yin and yang en-
ergies, similar to the need for sympathetic and parasympa-
thetic activity to be balanced [10]. In the clinic, hair-thin nee-
dles are inserted deep into the skin at specific sites known as 
acupuncture points by skilled practitioners, followed by stim-
ulation to those points through different methods, including 
manual stimulation (acupressure), heat (moxibustion), electri-
cal pulses (electro-acupuncture), or laser light (laser acupunc-
ture) [9]. Acupuncture is widely used in cancer patients for its 
ability to relieve pain, fatigue, xerostomia, and other symp-
toms [11,12]. This study evaluated the effect of acupuncture 
on CRCI in breast cancer patients who received chemother-
apy and assessed changes in BDNF levels in these patients.

Material and Methods

Participants

Breast cancer patients treated with chemotherapy were recruit-
ed from the local hospital from May 2017 to October 2017. 
Patients were diagnosed with early breast cancer (stage 0–II) 
and received chemotherapy. Inclusion criteria were: (1) age 
21–55 years (i.e., premenopausal); (2) newly diagnosed with 
breast cancer after surgery and treated with common standard-
dose chemotherapy regimens; (3) a chief complaint of mem-
ory impairment that was confirmed by a family member; (4) 
a level of education sufficient to understand the information 
content of the Mini-Mental State Examination (MMSE); (5) ex-
pected to survive >1 year. Exclusion criteria were: metastatic 

breast cancer, prior cancer, substance abuse, brain injury, a his-
tory of neurological or psychiatric disorders, or currently tak-
ing psychoactive medications that might affect brain struc-
ture and function.

Patients were recruited according to the above criteria and 
were treated with acupuncture therapy (n=40) or not treat-
ed with acupuncture (control, n=40). All subjects were right-
handed. No demographic differences were found between 
groups (P>0.05).

All assessments were completed twice: before acupuncture 
therapy (time 1) and after completion of acupuncture thera-
py (time 2). The control group completed assessments at the 
same time points. Data collectors were blind to the study par-
ticipants’ treatment group.

This study was approved by the Ethics Committee of the 
Affiliated Hospital of Jiangnan University. All participants pro-
vided informed written consent.

Chemotherapy

Based on the current guidelines for the treatment of breast 
cancer, we chose the 3 most commonly used chemotherapy 
schemes. Specific regimens were as follows: (1) TC chemo-
therapy: 5 mg/m2 docetaxel + 600 mg/m2 cyclophosphamide 
by intravenous (IV) on day1; cycled every 21 days for 4 cycles; 
(2) TCb chemotherapy: 75 mg/m2 docetaxel + AUC 6 dose of 
carboplatin by IV on day 1; cycled every 21 days for 4 cycles; 
and, 3) AC followed by docetaxel chemotherapy: 60 mg/m2 
doxorubicin + 600 mg/m2 cyclophosphamide by IV on day 1; 
cycled every 21 days for 4 cycles and followed by 100 mg/m2 
docetaxel by IV on day 1; cycled every 21 days for 4 cycles. The 
total duration of chemotherapy lasted 3–6 months. Adjuvant 
drugs included antacids (lansoprazole and omeprazole), anti-
emetics (ondansetron and palonosetron) and anti-allergy med-
icine (dexamethasone). Granulocyte colony-stimulating factor 
was used when complications such as anemia and bone mar-
row suppression occurred.

Neuropsychological assessment

Neuropsychological assessment, including self-report mea-
sures and neuropsychological tests, were performed with-
in 14 days of the final chemotherapy treatment. Self-report 
measures were: (1) health information and medical histo-
ry and (2) functional assessment of cancer treatment cogni-
tion (FACT-COG, version 3). FACT-COG is the cancer patient’s 
own cognitive function assessment; it includes 4 aspects: per-
ceived cognitive impairments (PCI), impact on quality of life 
(QOL), comments from others (OTH), and perceived cognitive 
abilities (PCA). Neuropsychological tests performed were: (1) 
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the auditory-verbal learning test (AVLT); (2) the verbal fluency 
test (VFT); (3) the symbol digit modality test (SDMT); (4) the 
clock-drawing test (CDT); and, (5) the trail-making test part B 
(TMT-B). AVLT is to assess memory, including short-term mem-
ory (AVLT1), delayed recall (AVLT2), and recognition (AVLT3). 
The verbal fluency test (semantic categories “animals/min-
ute”) aims to verify language, semantic memory, and execu-
tive functions by evaluating word retrieval ability established 
in long-term memory. The symbol digit modality test (SDMT) is 
a measure of attention (perception and coding), cognitive pro-
cessing speed, and visual working memory. The clock-drawing 
test (CDT) is a visual (non-verbal) screening instrument for mea-
suring mild-to-moderate cognitive impairment. The trail-mak-
ing test part B (TMT-B) is used to evaluate driving abilities and 
includes testing for executive functions. All participants were 
also required to complete the MMSE, State Anxiety Inventory 
(S-AI) and Beck Depression Inventory (BDI). S-AI was used to 
exclude patients with anxiety disorder and was measured as 
baseline values. BDI was used to exclude depressive disor-
der and was measured for inclusion as covariates in analyses.

Serum BDNF detection

On the mornings before and after acupuncture treatment, 5 
ml of venous blood was drawn from each subject on the same 
day as the neuropsychological assessment. Blood samples 
were centrifuged at 3000 rpm for 10 min after standing for 
15 min, and then kept at –80°C after separation. An enzyme-
linked immunosorbent assay (ELISA) kit was used to measure 
expression levels of BDNF in the serum twice, and the mean 
value was used in analysis.

Acupuncture therapy

Acupuncture therapy was performed by 2 skilled acupunctur-
ists with >5 years’ experience in neurological rehabilitation with 
acupuncture. Sterile, disposable needles 40 mm long and 0.25 
mm in diameter (Huatuo, Suzhou Medical Instruments Factory, 
China) were used by acupuncturists. Basic acupuncture formu-
las Baihui (DU20), Sishencong (EX-HN1), and Taixi (KI3) were 
used. Based on symptoms and tongue manifestation, other acu-
points could also be stimulated as follows. The angle insertion 
of Baihui, Shenting (DU24), and Sishencong are approximate-
ly 10–20° (between needle and scalp), with 10–15 mm as the 
best insertion depth. Taixi, Dazhong (KI4), and Juegu (GB39) 
were inserted 15–20 mm deep with a 0.25×25 mm acupunc-
ture needle. Zusanli (ST36) was inserted 25–35 mm deep with 
a 0.25×40 mm acupuncture needle. Effective needling was ac-
companied by needling feelings of numbness, tingling, swell-
ing, or muscle weakness, known as “de qi” in acupuncture; the 
needle was kept in situ for 30 min after stimulation. Patients 
received two 4-week courses of acupuncture with a 3-day rest 
between the 2 courses. Every week, patients were treated once 
a day for 5 days, followed by 2 days of rest.

Statistical analysis

SPSS v. 19.0 (SPSS Inc., IL, USA) was used for statistical anal-
ysis. Paired t tests were used to assess changes in neuropsy-
chological test performance between time 1 (t1) and time 2 
(t2) within each treatment group. Differences in cognitive tests 
and subjective measures were assessed using an ANCOVA 
with age, radiotherapy, tamoxifen, S-AI, and BDI scores initially 

Exclusion criteria

Breast cancer patients
after chemotherapy

Inclusion criteria (80)

Randomised

Treatment group (39)Lost to follow-up
(n=1)

Lost to follow-up
(n=4)

Treatment group (40) Control group (40)

Control group (36)

Statistical analysis

Acupuncture
therapy 2 months

No acupuncture,
Bo CBT, no Yoga...

Time 1
Neuropsychological assessment,

serum BDNF

Time 2
Neuropsychological assessment,

serum BDNF

Figure 1.  Flow chart of the study. BT: cognitive-
behavior therapy.
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included as covariates (and removed from the model if p>0.05). 
Relationships between change in BDNF and change in neuro-
psychological measures (scores that changed from t1 to t2) 
were explored within each group separately using a two-tailed 
Pearson or Spearman correlation, as appropriate.

Results

Demographic characteristics and clinical data

A total of 80 subjects were initially enrolled in the study. Figure 
1 show the flow of patients through the study. One treatment 
subject and 3 control subjects were excluded from analysis 
because they were unable to finish the neuropsychological 

 
Treatment group

(n=39)
Control group

(n=36)
Paired t test P

Age, mean (SD), years  43.11±4.23  42.26±4.42 0.70 0.50

TNM stage, No (%)

 0  0 (0.0)  0 (0.0) – –

 I  24 (61.5)  22 (61.1) – –

 II  15 (38.5)  14 (38.9) – –

Surgery method, No (%)

 Conservative surgery  8 (20.5)  7 (19.4) – –

 Mastectomy + SLNB  20 (51.3)  18 (50.0) –

 Modify mastectomy  11 (28.2)  11 (30.6) – –

Subtype, No (%)

 Luminal A (HR/HER2-)  0 (0.0)  0 (0.0) – –

 Luminal B (HR/HER2 )  20 (51.3)  19 (52.8) – –

 Erb-B2 (HR-/HER2 )  9 (23.1)  8 (22.2) – –

 Basal-like (HR-/HER2-)  10 (25.6)  9 (25.0) – –

Radiotherapy, No (%)  12 (30.8)  11 (30.6) – –

Hormonal therapy, No (%)  21 (53.8)  20 (55.6) – –

Chemotherapy regimen, No (%)

 TC  19 (48.7)  18 (50.0) – –

 TP  9 (23.1)  7 (19.4) – –

 ECx4®Tx4  11 (28.2)  11 (30.6) – –

T1 to T2, mean (SD), days  58.94±5.73  55.85±4.86 1.76 0.09

Depression BDI, mean (SD)  7.81±4.35  7.33±4.47 0.56 0.58

Anxiety S-AI, mean (SD)  34.91±7.20  33.95±6.27 2.01 0.06

Education, mean (SD), years  14.26±2.06  13.87±2.58 0.28 0.78

 MMSE, mean (SD)  24.81±1.48  25.19±1.72 0.84 0.41

Table 1. Demographic and clinical characteristics.

N/A – not applicable; SD – standard deviation; SLNB – sentinel lymph node biopsy; TC – Docetaxel + cyclophosphamide; TP – Paclitaxel 
+ Carboplatin; ECx4®Tx4 – (Epirubicin + Cyclophosphamide)×4+Docetaxel×4; BDI – Beck Depression Inventory; S-AI – State Anxiety 
Inventory; MMSE – Mini-Mental State Examination. P-values are the result of t tests for continuous variables, or Fisher’s Exact test for 
categorical variables * Statistically significant (p<.05).
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assessment or acupuncture therapy. One control subject was 
diagnosed with brain metastases in the second assessment 
and was also dropped from the analysis. Therefore, n=39 for 
the treatment group and n=36 for the control group.

Patients in the treatment and control groups did not differ 
in terms of age, education, MMSE, or depression or anxiety 
symptoms at time 1 (Table 1). S-AI and BDI scores were ini-
tially included as covariates, but none had significant effects 
and they were thus removed from the final model. The sec-
ond neuropsychological assessment was conducted, on aver-
age, 2 months after time 1; inter-scan intervals did not differ 
significantly between the 2 groups.

Neuropsychological assessment

Treatment and control groups did not differ in self-report mea-
sures or neuropsychological tests at baseline (Table 2). The 
treatment group had significantly higher scores after acu-
puncture therapy on FACT-COG, AVLT3, and CDT compared 
with baseline (paired t test, P<0.05). In contrast, the control 
group showed no significant differences in performance at 

time 2 compared to baseline. Moreover, a repeated-measures 
ANOVA revealed significant interactions between groups and 
performance change over time for self-report measures (FACT-
COG), CDT, and AVLT3.

Metabolites

Treatment (n=39) Control (n=36)
Repeated measures 

ANOVA

T1 T2
T value

T1 T2
T value F P

Mean ±SD Mean ±SD Mean ±SD Mean ±SD

FACT-COG 98.75±12.94 102.38±13.78 4.840** 99.60±11.05 99.80±10.77 1.489 5.77 0.001

PCI 55.42±10.95 56.29±11.49 3.494** 57.55±8.43 57.35±8.99 0.721 3.21 0.027

QOL 11.33±3.42 11.75±3.38 2.632* 11.70±2.41 11.55±2.24 0.326 1.30 0.279

OTH 11.63±2.89 12.54±3.31 2.991** 11.10±2.65 11.30±1.92 1.189 0.48 0.697

PCA 20.38±4.19 21.79±4.40 2.298* 19.25±3.31 19.60±3.33 1.285 3.75 0.014

AVLT1 9.13±1.48 9.17±1.55 0.440 9.25±1.55 9.50±1.82 1.561 0.23 0.873

AVLT2 9.42±1.61 9.63±1.50 2.005 9.45±1.36 9.65±1.50 1.453 0.14 0.936

AVLT3 10.92±1.44 11.42±1.18 2.202* 10.75±1.59 10.70±1.49 0.357 5.21 0.002

VFT 17.88±3.33 18.21±3.74 1.163 18.50±3.38 19.15±2.83 1.412 0.56 0.642

SDMT 34.75±5.15 35.71±5.54 1.558 36.70±5.50 38.05±6.62 2.077 1.33 0.269

CDT 8.08±1.50 8.54±1.14 2.696* 8.10±1.21 8.05±1.36 0.438 5.50 0.002

TMT-B 95.58±26.67 95.46±26.80 0.901 92.35±27.06 90.40±26.19 1.698 0.19 0.901

Table 2. Summary of neuropsychologic assessment.

ANOVA – analysis of variance; FACT-COG – Functional Assessment of Cancer Therapy-Cognitive Function; PCI – perceived cognitive 
impairments; QOL – impact of perceived impairments on quality of life; OTH – comments from others; PCA – perceived cognitive 
abilities; AVLT1 – Auditory-Verbal Learning Test – Immediately recall; AVLT2 – Auditory-Verbal Learning Test – Delayed Recall; 
AVLT3 – Auditory-Verbal Learning Test – recognition; VFT – Verbal Fluency Test; SDMT – Symbol digit modality test; CDT – Clock-
Drawing Test; TMT-B – Trail-Making Test part B. Statistically significant * (p<.05, ** p<.01).
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Control
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Figure 2. Levels of BDNF in serum. ** p<.01.
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Figure 3.  Correlation in BDNF changes and cognitive changes (treatment group).
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BDNF change

The expression of BDNF significantly increased after acu-
puncture treatment (BDNF Mean ±SD, before treatment (t1): 
19.17±4.63 ng/ml; after treatment (t2): 22.52±4.99 ng/ml; 
t=3.242, P<0.01). No significant difference was observed in 
the control group (BDNF Mean ±SD, t1: 18.97±4.52 ng/ml; t2: 
18.67±4.61 ng/ml) (Figure 2).

Correlation analysis

BDNF levels were positively correlated with cognitive scores 
(Figure 3). Change in FACT-COG, AVLT3, and CDT scores were 
positively correlated with BDNF levels in the treatment group 
(r=0.694, 0.628, and 0.532, respectively, all P<0.05). No other 
cognitive score changes were correlated with BDNF change and 
no significant correlations were observed in the control group.

Discussion

This study on the efficacy of acupuncture treatment to CRCI 
showed, using neurocognitive assessments, that acupuncture 
can improve the cognitive ability of breast cancer patients who 
receive chemotherapy. Both subjective and objective cogni-
tive function tests were performed, and the results of the ob-
jective AVLT3 and CDT tests were consistent with the subjec-
tive FACT-COG test, showing that the CRCI is ameliorated after 
acupuncture treatment.

Although acupuncture has a long history of, and is widely ac-
cepted in, clinical use, the mechanism by which it works re-
mains elusive. Recent studies on acupuncture have provid-
ed some possible insights into its mechanism. For example, 
through neuroimaging, researchers studying Alzheimer dis-
ease have shown that acupuncture increases hippocampal 
connectivity, activates certain cognitive-related areas, and 
adjusts default network activity patterns [13]. In a cognitive-
ly-impaired rat model, stimulating Shenmen (HT7) with laser 
acupuncture inhibits the expression of acetylcholinesterase in 
the hippocampus [14].

In the expresses mutated amyloid precursor protein (APP) and 
presenilin-1 mouse model, electro-acupuncturing Baihui can 
reduce the abnormally high expression of b-amyloid-42, in-
hibit the apoptosis of nerve cells, enhance BDNF level, and re-
lieve cognitive impairment [15]. Moreover, experiments have 
shown that acupuncture on aging mice can: induce cell pro-
liferation and improve learning and memory in different brain 
regions [16]; upregulate the activity of phospho-isomerase in 
the hippocampus [17]; and regulate the function of cytoskel-
etal-related synapses, induce neurotransmitter secretion, and 
promote the recovery of neuroplasticity [18,19].

In the present study, sham acupuncture was not used in 
the control group because the acupuncture control method 
is not yet mature and should not be considered as a stan-
dard model of acupuncture research [20,21]. The so-called 
“sham acupuncture control trial” may simply be a compar-
ative study of different acupuncture methods [22]. Scholars 
hold differing views on whether sham acupuncture has a pla-
cebo effect or a therapeutic effect [23]. The commonly used 
sham acupuncture methods include adjacent sham acupunc-
ture control, non-condition-related acupoint control, shallow 
needling acupoint control, minimal stimuli acupuncture con-
trol, and soothing acupuncture control. All of these have ob-
vious defects and may cause infection if not done properly. 
Researchers have no standard method to follow when con-
ducting clinical trials [21] and can only minimize the thera-
peutic effect of the placebo through a rational and rigorous 
design to better verify the therapeutic effect of acupuncture. 
The 2 groups were not allowed to receive cognitive therapy, 
yoga, or other physical therapy throughout the present study. 
Many factors can influence CRCI, making it difficult to isolate 
any one aspect; we controlled other factors to the best of our 
ability by assigning patients to treatment groups at random 
and taking baseline measures for all patients to control for 
individual differences.

The Chinese version of FACT-COG is clinically convenient and 
makes it easy to diagnose patients with cognitive function dif-
ficulties [24]. In the objective test, the Auditory-Verbal Learning 
Test (AVLT) was used for cognitive dysfunction among cancer 
survivors with chemotherapy. In fact, the AVLT, the California 
Verbal Learning Test (CVLT), and the Hopkins Verbal Learning 
Test – Revised (HVLT-R) are equivalent to the memory tests and 
are similar in structure [25], but the HVLT-R is shorter. There 
is no standard procedure for selection of a scale in cognitive 
function research; HVLT and AVLT are both commonly used in 
published literature. The AVLT is easier to use and a revised 
version for Chinese has been created. The results of AVLT3 and 
CDT after acupuncture were significantly higher than those 
before acupuncture treatment. Given that AVLT reflects word 
memory function and CDT reflects executive function and vi-
sual space structure ability, we speculate that acupuncture can 
significantly improve memory and executive function.

In further analysis, the type of surgical technique did not affect 
the overall quality of life and sexual satisfaction [26]. Problems 
with memory and attention are not directly correlated with 
surgical adverse effects [26], but breast reconstruction has a 
negative effect on the cognitive function of breast cancer sur-
vivors [27]. In this study, we selected premenopausal patients 
to exclude the effect of hormonal changes at menopause, with 
an average age of 43 years. A mastectomy was done in 50% 
of patients. However, according to the current Chinese nation-
al data, breast reconstruction occurs in less than 1% of the all 
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breast cancers patients. Thus, regrettably, no analysis on this 
can occur because of the lack of data.

BDNF in peripheral serum can reflect the level of central 
BDNF [28]. BDNF is related to cognition [29, 30]. After acu-
puncture treatment, BDNF significantly changes and corre-
lates positively with improved cognitive function. We specu-
late that acupuncture relieves “chemotherapy brain” through 
a mechanism mediated by BDNF. Acupuncture treatment may 
promote the physiological formation of BDNF, increasing lev-
els of BDNF, which, in turn, accelerates recovery of the central 
nervous system from chemotherapy damage [19] affecting at-
tention, memory and executive function, and other cognitive 
tasks. We found acupuncture effective in reducing CRCI with-
out any report of adverse effects. Acupuncture treatment may 
also provide other benefits, such as improved mood [31], re-
duced pain [32], and improved quality of life; thus, it warrants 
further study as part of cancer patient care.

There are some limitations to our research. First, the small sam-
ple size is not sufficient to provide strong support to the con-
clusion and further studies are warranted in multicenter, large-
sample trials. Second, patients willing to participate in studies 
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