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Abstract

Introduction: Decreased brain-derived neurotrophic factor (BDNF) is associated with poor 

sleep. This study examined the effects of acupuncture versus cognitive-behavioral therapy for 

insomnia (CBT-I) on serum BDNF and sleep outcomes in cancer survivors with insomnia.

Methods: This was an exploratory analysis of a randomized clinical trial (N=160) comparing 

acupuncture versus CBT-I for cancer survivors with insomnia. Interventions were delivered over 

8 weeks. Outcomes were assessed at baseline and week 8. Serum BDNF was evaluated with 

ELISA. Sleep was evaluated with Insomnia Severity Index and Consensus Sleep Diary. Pearson 

correlations between BDNF and sleep outcomes were calculated. Data analysis was limited to 87 

survivors who provided serum samples.

Results: Among 87 survivors, the mean age was 61.9 (SD 11.4) years, 51.7% were women, and 

24.1% were non-white. Mean serum BDNF did not significantly increase in acupuncture (N=50) 

or CBT-I (N=37) groups. When analysis was restricted to patients with low baseline BDNF (i.e. 

levels below the sample median of 47.1 ng/ml), the acupuncture group (N=22) demonstrated a 

significant 7.2 ng/ml increase in mean serum BDNF (P=0.03), whereas the CBT-I group (N=21) 
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demonstrated a non-significant 2.9 ng/ml increase (P=0.28). Serum BDNF was not significantly 

correlated with sleep outcomes (all P>0.05).

Conclusion: Among cancer survivors with insomnia and low baseline BDNF, acupuncture 

significantly increased serum BDNF levels; however, the clinical significance of this finding 

requires further investigation.
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INTRODUCTION

Over half of patients with cancer suffer from insomnia, leading to harmful consequences 

for their physical and mental quality of life.1 Medications are commonly used to treat 

insomnia; however, their potential side effects, including drowsiness, impaired cognition, or 

increased fall risk, highlight that non-pharmacological modalities are important treatment 

options, particularly as polypharmacy becomes a growing concern in the aging cancer 

population.2, 3 In our recently published comparative effectiveness trial (N=160), both 

acupuncture and cognitive-behavioral therapy for insomnia (CBT-I) produced clinically 

meaningful improvements in insomnia among diverse cancer survivors across various 

disease stages.4 However, the biological mechanisms of these two non-pharmacological 

modalities may differ and have not been fully elucidated.

Brain-derived neurotrophic factor (BDNF) is a neuropeptide that plays an important role in 

neuronal survival, differentiation, plasticity, growth, and long-term potentiation.5–7 BDNF 

has been widely studied in the context of stress-related mood disorders8, 9 and some 

evidence suggests that sleep may be implicated in the relationship between BDNF and 

stress.10 Research from animal studies points to a potential role of BDNF in sleep 

homeostasis.11 In human studies, decreased serum BDNF levels have been associated 

with greater severity of subjective insomnia.12, 13 A recent study also demonstrated that 

serum BDNF levels were significantly lower among insomnia patients with objective short 

sleep duration (<6 hours of total sleep time) compared with those with normal sleep 

duration (≥6 hours of total sleep time).14 Limited research to date has explored these 

associations between BDNF and sleep in cancer populations or the responsiveness of BDNF 

to treatments for cancer-related insomnia.

Acupuncture has been shown to increase hippocampal BDNF expression in animal models 

of cognitive dysfunction.15, 16 A randomized controlled trial (N=80) demonstrated that 

acupuncture increased serum BDNF levels among breast cancer patients relative to no-

treatment controls; however, this study lacked sleep measures and thus was unable to 

evaluate the association between BDNF and sleep.17 To the best of our knowledge, the 

effects of CBT-I on BDNF have not been studied in cancer survivors with insomnia. To 

address gaps in the mechanistic understanding of these two effective non-pharmacological 

insomnia treatments, the current study examined the effects of acupuncture versus CBT-I 

on serum BDNF in cancer survivors with insomnia. Guided by prior literature,12–14 we also 
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sought to characterize the relationship between BDNF, subjective insomnia severity, and 

total sleep time in the context of insomnia treatment.

METHODS

Study Design, Participants, and Procedures

The current study is an exploratory analysis of a dual-center, parallel-group, 2-arm, 

randomized comparative effectiveness trial evaluating acupuncture versus CBT-I for the 

treatment of insomnia in cancer survivors.4 Interventions were delivered over 8 weeks. 

Outcomes were assessed at baseline and week 8 (end of intervention). Recruitment and 

interventions occurred from March 2015 to April 2017. The primary findings of the 

comparative effectiveness trial have been published previously.4 The study was approved 

by the institutional review boards at the University of Pennsylvania (IRB #: 821497) and 

Memorial Sloan Kettering Cancer Center (IRB #: 16–947). The study was conducted in 

accordance with the Declaration of Helsinki.

Inclusion criteria included: 1) English-speaking adult patients of any cancer type and stage; 

2) completion of active cancer treatment with surgery, chemotherapy, and/or radiotherapy at 

least one month prior to study initiation; 3) score ≥8 on the Insomnia Severity Index;18 and 

4) meeting criteria for insomnia disorder as defined by the Diagnostic and Statistical Manual 

of Mental disorders, 5th Edition (DSM-5).19 Exclusion criteria included: 1) presence of 

another sleep disorder not adequately treated (e.g. delayed/advanced sleep phase syndrome, 

obstructive sleep apnea, restless leg syndrome); 2) previous insomnia treatment with 

acupuncture or CBT-I; 3) presence of psychiatric disorder not adequately treated (e.g. 

major depressive disorder, bipolar disorder, schizophrenia, generalized anxiety disorder, 

post-traumatic stress disorder, dementia); and 4) employment in shift work that would 

impair ability to establish a regular sleep schedule. Research staff conducted a diagnostic 

interview to confirm study eligibility.

After eligibility was confirmed, patients completed written informed consent. Patients 

were sequentially randomized in a 1:1 ratio to one of the two treatment conditions using 

permuted block randomization with a secure computer system that ensures full allocation 

concealment. The study investigators, including outcome assessors, were blinded to 

treatment assignment. The complete study protocol has been described in detail separately.20

All participants were invited to provide serum samples for exploratory analyses. The 

provision of biospecimens was voluntary and was not required for study participation. The 

current study includes only patients who provided complete serum samples at all study 

timepoints (N=87).

Interventions

Acupuncture, a therapeutic modality derived from Traditional Chinese Medicine (TCM), 

involves the insertion of thin, sterile, single-use, metallic needles into the body surface.21 It 

is considered safe with few side effects.22 Four licensed acupuncturists with 11–14 years of 

experience delivered the intervention following a semi-fixed, manualized protocol. Informed 

by TCM principles, the protocol consisted of standardized points to address insomnia 
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(Heart-7, Spleen-6, Du-20, Du-24, Auricular Shen-Men, Auricular Sympathetic) as well 

as supplementary points to treat co-morbid symptoms (i.e. psychological distress, fatigue, 

pain). Licensed acupuncturists inserted a total of 8 to 16 needles with sizes of 0.16–0.25 

mm × 15–40 mm (manufactured by SEIRIN, Weymouth, MA). Needles were inserted at 

appropriate angles to indicated depths, based on body type and point location, then manually 

manipulated to achieve De Qi (a sensation of aching and soreness).23 Needles remained in 

place for 30 minutes. Participants received acupuncture treatments a total of ten treatments 

over eight weeks, i.e. twice per week for the first two weeks, then weekly for the six 

remaining weeks.

CBT-I is a manualized multi-component intervention that includes sleep restriction, stimulus 

control, cognitive restructuring, relaxation training, and sleep hygiene education.24 Four 

licensed therapists and five psychology trainees delivered the CBT-I intervention. Patients 

received a total of seven sessions over eight weeks, i.e. five weekly sessions of CBT-I 

followed by two bi-weekly sessions. The details of the acupuncture and CBT-I treatment 

protocols are available in Supplementary Materials.

Outcomes

BDNF—Most human studies measure BDNF peripherally due to the infeasibility of 

collecting brain-derived samples. BDNF readily crosses the blood-brain barrier,25 and 

circulating BDNF levels in peripheral blood have been shown in several species to correlate 

with levels in brain tissue.26 Given that plasma BDNF is sensitive to acute changes in 

circulating levels and is strongly influenced by pre-analytical conditions, measurement of 

serum BDNF is preferable in clinical studies.27, 28

For this study, we collected blood samples in serum separator tubes (SST) at baseline and 

week 8. Samples were allowed to clot for 30 minutes then centrifuged before sera were 

isolated, aliquoted and cryopreserved at −80°C until batch testing. Sera were diluted at 

1:200 for all but one batch of samples (which was diluted at 1:100). Sera were tested in 

duplicates with the Human BDNF ELISA Kit (Aviscera-Bioscience, Santa Clara, CA). This 

kit demonstrated acceptable intra- and inter-assay variation, detection range, sensitivity, and 

processing time, in a study that compared six different kits.29

All samples fell within the range of detection. To determine testing variance and consistency 

across testing plates in this study, we used aliquots from the positive control included in the 

kit as well as aliquots of an internal laboratory control serum (i.e., serum control). The mean 

intraplate coefficient of variation (CV) in this study was 20.6% for the positive control and 

8.8% for the serum control. The mean interplate CV was 13.1% for the positive control and 

41.7% for the serum control. To maximize the detection of technical or procedural errors and 

minimize false rejections, quality control data points were plotted on Levey-Jennings and 

Westgard rules applied. No plate-runs were found to be in violation of these rules, i.e. values 

remained within the mean +/− 3 SD.

Insomnia Severity—The Insomnia Severity Index (ISI) provides a reliable measure of 

insomnia that has been validated in cancer populations with Cronbach’s α of 0.90.30 This 

7-item instrument evaluates the subjective symptoms and consequences of insomnia as well 
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as the degree of associated distress. Items are scored on a five-point scale (0–4), and total ISI 

scores range from 0–28 with higher scores indicating more severe insomnia symptoms.

Total Sleep Time—Consensus Sleep Diary (CSD) is a standardized measure that 

provides a night-by-night self-report of sleep continuity, including sleep latency, number 

of awakenings, duration of awakenings, total sleep time, and sleep efficiency.31 Values are 

averaged across the week to produce a single value for each CSD variable. Participants 

completed the CSD for a one-week period at baseline and week 8. Given that prior research 

had demonstrated significant association between BDNF and sleep duration,14 total sleep 

time was selected as the variable used in the current analyses.

Statistical Analyses

The analyses conducted in this study were post-hoc and exploratory with the goal of 

generating hypotheses for future research. To explore the effects of acupuncture and CBT-I 

on BDNF, we used paired t-tests to evaluate within-group changes in serum BDNF from 

baseline to week 8 by treatment group; between-group differences were evaluated with 

a 2-sample t-test. To explore the relationship between BDNF and sleep outcomes in the 

context of insomnia treatment, we examined Pearson correlations between serum BDNF 

and sleep outcomes (ISI and total sleep time) among the total sample and by treatment 

group. Given that prior research has demonstrated larger magnitude of BDNF response in 

those with lower baseline levels,32 we also conducted separate analyses restricted to patients 

with low serum BDNF, which we defined as patients with baseline BDNF levels below the 

sample median. The sample size was pre-determined by the parent study.4 All statistical 

tests were two-sided. Statistical significance was set at P<0.05. All statistical analyses were 

conducted using STATA (version 12.0; STATA Corporation, College Station, TX).

RESULTS

Between February 2015 to March 2017, we screened 604 patients for eligibility. Among 

these, 444 were excluded due to ineligibility, lack of interest, lack of time, or inability to 

travel to study appointments. The remaining 160 patients were randomly assigned to receive 

acupuncture (N=80) or CBT-I (N=80) in the parent study. Of these 160 patients, 87 (54%) 

provided complete serum samples and were included the current study: 50 were assigned to 

receive acupuncture and 37 were assigned to receive CBT-I. No patients withdrew from the 

study between baseline and week 8. In the acupuncture group, 50 (100%) patients received 

all ten treatments. In the CBT-I group, 31 (83.8%) patients received all seven treatments, 

and 37 (100%) received six out of seven treatments. Figure 1 summarizes participant flow 

through the study.

Baseline sociodemographics and clinical characteristics of patients are shown in Table 1. 

The mean (SD) age was 61.9 (11.4) years, 51.7% were women, and 24.1% were non-white. 

The most common cancer types were breast (31.0%) and prostate (23.0%). The median time 

since cancer diagnosis was 4.6 years (interquartile range 3.0–7.0).

Serum BDNF levels and sleep profile of patients at baseline are shown in Table 2. Median 

BDNF at baseline was 47.1 ng/ml (interquartile range 26.0 to 78.6 ng/ml). The mean years 
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since insomnia onset was 9.8 (SD 9.9). The mean ISI total score was 17.8 (SD 4.2). The 

mean total sleep time was 360 (SD 71.6) minutes.

Effects on BDNF

Among patients treated with acupuncture (N=50), mean BDNF increased non-significantly 

from 49.5 to 52.7 ng/ml (3.2 ng/ml, 95% CI −0.5 to 7.0, P=0.09). Among patients treated 

with CBT-I (N=37), mean BDNF increased non-significantly from 46.8 to 49.2 ng/ml 

(2.4 ng/ml, 95% CI −1.3 to 6.0, P=0.19). Between-group difference was not statistically 

significant (P=0.74). These findings are depicted in Figure 2.

When analysis was restricted to patients with low baseline BDNF (i.e. <47.1 ng/ml), those 

who received acupuncture (N=22) demonstrated a significant increase in mean BDNF from 

37.2 to 44.4 ng/ml (7.2 ng/ml, 95% CI 0.6 to 13.9, P=0.03), whereas those who received 

CBT-I (N=21) demonstrated a non-significant increase from 35.9 to 38.8 ng/ml (2.9 ng/ml, 

95% CI −2.6 to 8.4, P=0.28). The between-group difference was not statistically significant 

(P=0.30). These findings are depicted in Figure 3.

Relationship between BDNF, Insomnia, and Sleep Continuity

Among the total sample (N=87), BDNF was not significantly associated with ISI scores or 

total sleep time at baseline (all P>0.05). Both acupuncture and CBT-I produced statistically 

significant reduction in ISI scores at week 8 compared to baseline. Acupuncture reduced by 

8.7 points (95% CI 6.9 to 10.5, P<0.001), whereas CBT-I reduced by 12.4 points (95% CI 

10.6 to 14.1, P<0.001); the between-group difference was statistically significant, favoring 

CBT-I (P=0.005). Acupuncture and CBT-I also produced statistically significant increases 

in total sleep time at week 8 compared to baseline. Acupuncture increased by 53.5 minutes 

(95% CI 36.1 to 70.9, P<0.001), whereas CBT-I increased by 35.4 minutes (95% CI 10.0 

to 60.1, P=0.008); the between-group difference was not statistically significant (P=0.26). 

Changes in serum BDNF were not significantly associated with changes in ISI score and 

total sleep time in either treatment group (all P>0.05).

When analyses were restricted to patients with low BDNF at baseline (N=43), BDNF was 

not significantly associated with ISI scores or total sleep time at baseline (all P>0.05). 

Among those with low baseline BDNF, acupuncture significantly reduced the ISI score 

by 8.0 points (95% CI 5.0 to 11.0, P<0.001) from baseline to week 8, whereas CBT-I 

significantly reduced the ISI score by 13.1 points (95% CI 10.7 to 15.6, P<0.001); the 

between-group difference was statistically significant, favoring CBT-I (P=0.008). Among 

those with low baseline BDNF, acupuncture increased total sleep time by 57.6 minutes 

(95% CI 37.0 to 78.2, P<0.001) from baseline to week 8, whereas CBT-I increased by 48.2 

minutes (95% CI 6.7 to 89.8, P=0.03); the between-group difference was not statistically 

significant (P=0.66). Changes in serum BDNF were not significantly associated with 

changes in ISI score and total sleep time among those with low baseline BDNF in either 

treatment group (all P>0.05).
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DISCUSSION

Insomnia is a prevalent, disabling, and costly condition among cancer survivors.33 

Acupuncture and CBT-I represent two effective, non-pharmacological treatments, but their 

biological mechanisms have not been clearly defined. In this exploratory analysis, we 

demonstrate that acupuncture significantly increased serum BDNF in cancer survivors with 

insomnia and low baseline BDNF levels, although the clinical significance of this finding 

remains unclear. Further research is required to determine whether acupuncture targets 

certain aspects of sleep through a mechanism involving BDNF.

Our findings align with other basic and clinical studies demonstrating that acupuncture 

increases serum BDNF levels and its expression in the brain.17, 34 Notably, one acupuncture 

trial did not demonstrate a significant BDNF increase after treatment;35 however, the study 

enrolled healthy, community-dwelling older adults and excluded patients with medical 

or psychiatric conditions (e.g. insomnia, depression, or dementia), which are typically 

associated with low BDNF levels.9, 36 Prior research has shown that patients with lower 

BDNF levels demonstrate a greater BDNF increase in response to interventions,32 as 

suggested by our current study. Future studies should evaluate whether patients with 

insomnia are more likely to respond to acupuncture if they have lower BDNF levels 

at baseline. If confirmed, BDNF has potential clinical utility as a biomarker to identify 

individuals more likely to benefit from acupuncture, helping to guide more personalized 

approaches to insomnia treatment.

In our comparative effectiveness trial, CBT-I was more effective at improving subjective 

insomnia symptoms, whereas acupuncture was more effective at improving self-reported 

total sleep time.4 Our current study did not demonstrate a significant correlation between 

BDNF and self-reported sleep duration. However, others have reported associations between 

BDNF and objective measures of sleep time; specifically, serum BDNF levels were found 

to be significantly lower among insomnia patients with <6 hours of total objective sleep 

time compared to those with longer sleep duration.14 Given that acupuncture has been 

shown to significantly increased objective total sleep time as measured by actigraphy 

or polysomnography,37, 38 BDNF warrants further investigation as a candidate biological 

mechanism by which acupuncture may increase total sleep time. If confirmed, acupuncture 

may be a good treatment option for insomnia with objective short sleep duration, which 

others have identified as a biologically severe insomnia phenotype that may be less 

responsive to CBT-I.39, 40

Our findings must be considered in the context of several limitations. First, our analysis 

of serum BDNF levels are hypothesis-generating and require confirmation in rigorously 

designed, adequately powered studies. Second, total serum BDNF was measured with 

an ELISA kit that lacks the sensitivity to quantify the precursor form of BDNF (i.e. pro-

BDNF); thus, in practice, our current study reports on the mature, most abundant form 

of BDNF (i.e. mBDNF). The balance between mBDNF and pro-BDNF in the context of 

insomnia is potentially important to characterize, as others have previously demonstrated the 

differential activity of mBDNF and proBDNF.41 We plan to investigate both forms of BDNF 

in a future study. Third, given the lack of usual-care or no-treatment controls, regression to 
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the mean and natural fluctuation of BDNF levels must also be considered. Fourth, our study 

population was comprised of cancer survivors, the majority of whom were well-educated 

and white, thus limiting the generalizability of our findings; this could potentially explain 

why our study did not observe a significant association between insomnia severity and 

BDNF levels, which had previously been demonstrated in non-cancer populations.12, 13 

Lastly, our study used self-reported sleep outcomes and did not evaluate the relationship 

between serum BDNF and objective sleep parameters. This is a potential reason that we 

did not find a correlation between BDNF and total sleep time at baseline, in contrast to 

other studies that demonstrated a significant association with objective measures of sleep 

duration.14 Given that discrepancies between self-reported and objectively measured sleep 

are well-documented,42 future studies should incorporate both types of sleep outcomes to 

better characterize the relationship between BDNF and sleep.

Despite these limitations, this is the first study to characterize the effects of acupuncture and 

CBT-I on serum BDNF in cancer survivors with insomnia. We found preliminary evidence 

that acupuncture may increase serum BDNF in cancer patients with insomnia and low 

baseline BDNF levels. Confirmation of these findings could potentially lead to novel clinical 

applications of BDNF to guide personalized management of cancer-related insomnia.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
CONSORT Diagram. Italicized sections denote the current study.
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Figure 2. 
Change in Mean Serum BDNF by Treatment Group.
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Figure 3. 
Change in Mean Serum BDNF among Patients with Low Baseline BDNF by Treatment 

Group. These analyses were restricted to patients whose baseline BDNF levels were below 

the sample median of 47.1 ng/ml.
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Table 1.

Sociodemographic and Clinical Characteristics.

Total Acupuncture CBT-I

N % N % N %

87 100.0 50 57.5 37 42.5

Age (Mean, SD), years 61.9 (11.4) 62.7 (10.6) 60.8 (12.4)

Gender

Male 42 48.3 26 52.0 16 43.2

Female 45 51.7 24 48.0 21 56.8

Race

White 66 75.9 37 74.0 28 78.4

Non-white 21 24.1 13 26.0 8 21.6

Education

Elementary school 1 1.2 1 2 0 0

High school graduate 6 6.9 5 10 1 2.7

Some college or trade school 13 14.9 6 12 7 18.9

College graduate 24 27.6 13 26 11 29.7

Graduate school degree 43 49.4 25 50 18 48.7

Employment

Full-time 33 37.9 21 42 12 32.4

Part-time 14 16.1 7 14 7 18.9

Not currently employed 40 46.0 22 44 18 48.7

Cancer Type *

Breast 27 31.0 15 30.0 12 32.4

Prostate 20 23.0 13 26.0 7 18.9

Other 40 46.0 22 44.0 18 48.7

Cancer Stage

Stage 0 3 3.5 0 0 3 8.1

Stage I 41 47.1 24 48.0 17 46.0

Stage II 16 18.4 8 16.0 8 21.6

Stage III 16 18.4 10 20.0 6 16.2

Stage IV 8 9.2 6 12.0 2 5.4

Unknown 3 3.5 2 4.0 1 2.7

Cancer Treatments **
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Total Acupuncture CBT-I

N % N % N %

Surgery 70 80.5 42 84.0 28 75.7

Chemotherapy 42 48.3 24 48.0 18 48.7

Radiation 49 56.3 29 58.0 20 54.1

Hormonal 20 23.0 12 24.0 8 21.6

Years since Cancer Diagnosis (Median, IQR) 4.6 (3.0–7.0) 4.9 (2.9–7.0) 4.2 (1.4–6.4)

*
Other cancer types include Colorectal, Head/Neck, Hematologic, Gynecologic, Skin, Lung, Other Gastrointestinal, Other Genitourinary, and >1 

cancer type.

**
Subjects can have more than 1 type of cancer treatments
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Table 2.

Baseline BDNF, Insomnia Symptom, and Sleep Continuity Profile.

Total
N=87

Acupuncture
N=50

CBT-I
N=37

BDNF Levels at Baseline

 Median (ng/ml) 47.1 50.9 44.9

 Inter-Quartile Range (ng/ml) 26.0 – 78.6 27.6–67.8 28.3–69.2

Insomnia Symptom Profile at Baseline

 Years since insomnia onset, mean (SD) 9.8 (9.9) 10.0 (10.5) 9.6 (9.0)

 ISI total score, mean (SD) 17.8 (4.2) 17.5 (4.2) 18.2 (4.1)

Sleep Continuity Profile at Baseline

 Minutes of total sleep time, mean (SD) 360.0 (71.6) 362.5 (62.6) 356.6 (83.0)

 Minutes of sleep onset latency, mean (SD) 33.0 (33.6) 30.4 (30.4) 36.5 (37.6)

 Number of awakenings, mean (SD) 2.6 (1.3) 2.6 (1.4) 2.5 (1.2)

 Minutes awake after sleep onset, mean (SD) 53.2 (34.8) 52.2 (32.2) 54.5 (38.4)

 Sleep efficiency percentage, mean (SD) 75.9 (12.1) 77.3 (9.2) 74.0 (15.1)

Notes: BDNF, brain-derived neurotrophic factor; CBT-I, cognitive-behavioral therapy for insomnia; SD, standard deviation; ISI, Insomnia Severity 
Index
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