
Integrative Medicine Research 12 (2023) 100922 

Contents lists available at ScienceDirect 

Integrative Medicine Research 

journal homepage: www.elsevier.com/locate/imr 

Original Article 

Addressing cancer-related fatigue through sleep: A secondary analysis 

of a randomized trial comparing acupuncture and cognitive behavioral 

therapy for insomnia 

Xiaotong Li a , Kevin T. Liou 

a , Susan Chimonas b , c , Karolina Bryl a , Greta Wong 

a , 
Eugenie Spiguel a , d , Susan Q. Li a , Sheila N. Garland 

e , Ting Bao 

a , Jun J. Mao 

a , ∗

a Integrative Medicine Service, Department of Medicine, Memorial Sloan Kettering Cancer Center, New York, NY, United States 
b Center for Health Policy and Outcomes, Memorial Sloan Kettering Cancer Center, New York, NY, United States 
c Department of Epidemiology and Biostatistics, Memorial Sloan Kettering Cancer Center, New York, NY, United States 
d Department of Advanced Practice Providers, Memorial Sloan Kettering Cancer Center, New York, NY, United States 
e Department of Psychology and Oncology, Memorial University of Newfoundland, St. John’s, NL, Canada 

a r t i c l e i n f o 

Article history: 

Received 27 October 2022 

Revised 29 January 2023 

Accepted 30 January 2023 

Available online 3 February 2023 

Keywords: 

Fatigue 

Insomnia 

Acupuncture 

Cognitive behavioral therapy 

Cancer 

a b s t r a c t 

Background: Fatigue is a troublesome symptom in cancer survivors that often results from disrupted 

sleep. We sought to assess whether two insomnia-focused non-pharmacological interventions are also 

effective for improving fatigue. 

Methods: We analyzed data from a randomized clinical trial comparing cognitive behavioral therapy for 

insomnia (CBT-I) versus acupuncture for insomnia among cancer survivors. Participants were 109 patients 

who reported insomnia and moderate or worse fatigue. Interventions were delivered over eight weeks. 

Fatigue was evaluated at baseline, week 8, and week 20 using the Multidimensional Fatigue Symptom 

Inventory-Short Form (MFSI-SF). We used both mediation analysis and t-tests to explore the extent to 

which fatigue reduction was attributable to insomnia response. 

Results: Compared to baseline, both CBT-I and acupuncture produced significant reductions in total MFSI- 

SF scores at week 8 ( −17.1 points; 95% confidence interval [CI]: −21.1 to −13.1, and −13.2 points; 95% 

CI: -17.2 to -9.2, respectively, all p < 0.001) and week 20 (-14.6 points; 95% CI: -18.6 to -10.6, and −14.2 

points; 95% CI: -18.1 to -10.3. respectively, all p < 0.001), with no significant between-group differences. 

MFSI-SF total scores at week 8 were significantly associated with sleep improvements in both CBT-I and 

acupuncture groups ( p < 0.001 and p = 0.011, respectively). Insomnia responders demonstrated significantly 

greater improvements in mean MFSI-SF total scores compared with non-responders in the CBT-I group 

( p = 0.016) but not in the acupuncture group. 

Conclusion: CBT-I and acupuncture produced similar, clinically meaningful, and durable fatigue reduc- 

tions in cancer survivors with insomnia, primarily through improvements in sleep. Acupuncture may also 

reduce fatigue through additional pathways. 

© 2023 Korea Institute of Oriental Medicine. Published by Elsevier B.V. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction 

Fatigue is one of the most prevalent, distressing, and persistent 

ymptoms experienced by cancer survivors. 1 , 2 In a survey of 3032 

urvivors with diverse cancer types, approximately 30% had mod- 

rate to severe fatigue lasting months or even years after treat- 

ent completion. 3-5 Additionally, survivors reported that fatigue 
∗ Corresponding author at: Integrative Medicine Service, Department of Medicine, 
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ad worsened their quality of life, limited their ability to work, im- 

osed burdens on family members and caregivers, and prevented 

hem from leading “normal” lives. 6-8 In a survey of 379 survivors 

ho had undergone chemotherapy, a quarter reported that fatigue 

as the side effect with the greatest impact after treatment com- 

letion, 8 lasting longer than all other common symptoms including 

ausea, depression, and pain. 8 However, there is still no widely ac- 

epted standard to manage cancer-related fatigue and a lack of ev- 

dence to guide personalized care. 2 , 8 , 9 

Insomnia treatment studies may provide relevant information 

or the management of fatigue. Research indicates that fatigue and 

nsomnia have a close, reciprocal relationship. 10-12 In cancer pa- 
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ients, insomnia is a significant predictor of severe fatigue and in- 

reases the risk for persistent fatigue, while fatigue increases both 

leep disturbance and psychological distress in patients with in- 

omnia. 13-19 Since fatigue and insomnia frequently coexist and are 

trongly associated, interventions that are effective for insomnia 

ay also help with fatigue. 20 , 21 It is important to identify treat- 

ents that effectively tar get both fatigue and insomnia, thus re- 

ucing the need for multiple interventions for comorbid symp- 

oms. 

Insomnia interventions hold great potential for fatigue reduc- 

ion. Among these, two non-pharmacological therapies are espe- 

ially promising: acupuncture and cognitive behavioral therapy for 

nsomnia (CBT-I). Both have demonstrated the ability to produce 

linically meaningful reductions in insomnia among survivors of 

iverse cancer types 22 23 . 24 , 25 Preliminary evidence suggests that 

cupuncture and CBT-I may also effectively reduce fatigue com- 

ared with placebo, usual care, and wakefulness-promoting med- 

cations such as armodafinil. 26 , 27 However, these findings have sig- 

ificant limitations: the acupuncture studies were small and lim- 

ted to breast cancer patients, while the CBT-I studies assessed 

nly total fatigue scores, despite the fact that fatigue is a muti- 

imensional construct. 28 Thus, greater evidence is urgently needed 

o assess whether these interventions are, indeed, effective for fa- 

igue in diverse cancer patients with comorbid insomnia. 29 

To address this critical issue, we sought to evaluate whether 

BT-I and acupuncture can effectively reduce fatigue associated 

ith comorbid insomnia. Through a randomized trial, we com- 

ared the effectiveness of acupuncture versus CBT-I for reducing 

atigue in a sample of diverse cancer survivors with insomnia. Due 

o the observed relationships between insomnia and fatigue, we 

lso assessed the extent to which any improvements in fatigue 

ere attributable to a reduction in insomnia. Our findings may 

rovide novel, preliminary evidence of tailored interventions for 

oth insomnia and fatigue. 

. Methods 

.1. Study design 

The present study is a secondary analysis of data from a dual- 

enter, parallel group, randomized, comparative effectiveness trial 

valuating acupuncture versus CBT-I for insomnia in cancer sur- 

ivors. 22 , 30 The study was conducted from March 2015 to July 

017. Interventions were administered over eight weeks, and out- 

omes were assessed at baseline, week 8, and week 20. The institu- 

ional review boards at the University of Pennsylvania and Memo- 

ial Sloan Kettering Cancer Center approved this trial (ClinicalTri- 

ls.gov identifier NCT02356575). 

.2. Participants and procedures 

Patients diagnosed with cancers of all types and stages were 

ligible for the parent study if they were: (1) English speaking; 

2) had completed active treatment (surgery, chemotherapy, and/ 

r radiotherapy) at least one month prior to enrollment; (3) met 

he criteria for insomnia disorder as defined by the Diagnostic and 

tatistical Manual of Mental disorders, 5th Edition (DSM-5) 31 ; and 

4) scored at least 8 on the Insomnia Severity Index (ISI) . 32 We ex-

luded patients with: (1) diagnosis of a sleep disorder other than 

nsomnia, such as delayed/advanced sleep phase syndrome or rest- 

ess legs syndrome; (2) prior or ongoing receipt of acupuncture or 

BT-I; (3) employment in shift work that would impair the ability 

o establish a regular sleep schedule; and (4) presence of a psy- 

hiatric disorder with no adequate treatment. Participants using 

sychotropic medications (e.g., antidepressants, hypnotics, or seda- 
2 
ives) were eligible as long as the dose had been stable over the 

rior six weeks. 

This secondary analysis was further limited to participants 

ho reported moderate or worse fatigue at baseline, as as- 

essed by the Patient Reported Outcomes Measurement Infor- 

ation System-Global Health Scale-fatigue item (PROMIS-GHS- 

atigue). 33 PROMIS-GHS-fatigue is an item in PROMIS-GHS, a val- 

dated ten-item patient-reported-outcomes survey assessing key 

ealth-related quality of life domains (pain, fatigue, mental health, 

ocial health, and overall health). 34 , 35 Items may be evaluated sep- 

rately to assess specific domains. PROMIS-GHS-fatigue has five re- 

ponse choices for fatigue severity: none, mild, moderate, severe, 

nd very severe. 

After initial screening, trained research staff interviewed partic- 

pants to review their insomnia diagnoses and confirm eligibility. 

ligible patients provided informed consent and completed base- 

ine assessments. Participants were then randomly assigned to re- 

eive CBT-I or acupuncture in a 1:1 ratio using permuted block 

andomization, with a biostatistician generating the randomiza- 

ion sequence prior to recruitment. Allocation concealment was 

xecuted through sealed envelopes. Participants received random- 

zation information after baseline assessments. All study investi- 

ators including the primary investigators, co-investigators, out- 

ome assessors, and statisticians were blinded to treatment assign- 

ents. Participants, research coordinators, and treatment practi- 

ioners were not blinded. 

.3. Interventions 

CBT-I is a manualized, multicomponent intervention that im- 

roves sleep through behavioral modifications that restructure 

abits and thoughts that contribute to insomnia. 36 , 37 The inter- 

ention consists of five components: sleep restriction, stimulus 

ontrol, cognitive restructuring, relaxation training, and education. 

our licensed CBT-I therapists and five psychology trainees deliv- 

red the intervention. Participants each received seven CBT-I ses- 

ions over eight weeks: six weekly sessions, with a final session at 

eek 8. The first session was 60 minutes, and the remaining ses- 

ions were 30 minutes each. 

Acupuncture is a component of traditional Chinese medicine 

TCM) that promotes the healing process by stimulating strate- 

ic areas in the body using thin, sterile, single-use, metallic nee- 

les. 38 Acupuncture for insomnia follows a semifixed, manualized 

cupuncture protocol comprised of standardized points to address 

nsomnia (Bilateral: Shenmen [HT.7], Sanyinjiao [SP. 6]; Midline: 

aihui [GV. 20], Shenting [GV. 24]; Unilateral: Shenmen [Auricu- 

ar], Sympathetic [Auricular]) and additional points to manage co- 

orbid symptoms (e.g., pain, anxiety), with a total of 8–16 points. 

cupoint selection was based on a TCM acupuncture textbook 39 

ith incorporation of points that were commonly used for treating 

ain, anxiety, and insomnia in cancer survivors. 40 , 41 The acupunc- 

ure protocol was verified through consultations with local and 

hina-based acupuncturists. Four licensed acupuncturists delivered 

he intervention by manipulating the needles to achieve “De Qi,”

 sensation of soreness, numbness, fullness, burning, heaviness, 

nd/or aching around acupoints. 42 Participants received a total of 

en treatments over eight weeks: two treatments per week for two 

eeks, followed by six weekly treatments. The first acupuncture 

isit was 60 minutes, and subsequent sessions lasted 30 minutes 

ach. 

.4. Outcomes 

.4.1. Fatigue severity 

The Multidimensional Fatigue Inventory-Short Form (MFSI-SF) 

s a 30-item self-report fatigue instrument that has been val- 
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Fig. 1. Consort Diagram. 

Abbreviation: PROMIS-GHS-fatigue, Patient Reported Outcomes Measurement Information System-Global Health Scale-fatigue item. 

i

r

t

L

s

o

s

l

p

m

p

p

p

r

2

i

t

a

v

f

n

0

8

2

I

p

s

“

2

T

e

i

a

t

f

m

f

F

t

d

t

m

S

t

l

f

p

I

i

n

t

i

1

S

dated in cancer populations. 43 It assesses five empirically de- 

ived domains: general fatigue, physical fatigue, emotional fa- 

igue, mental fatigue, and vigor. 44 Items are rated on a five-point 

ikert scale ranging from 0 (Not at all) to 4 (Extremely). Total 

cores, calculated by subtracting the vigor score from the sum 

f the other four domains, range from −24 to 96, with higher 

cores indicating more severe fatigue. According to the estab- 

ished minimal clinically important difference range (4.50 to 10.79 

oints), 45 we conservatively defined a meaningful fatigue treat- 

ent response as a total MFSI-SF score reduction ≥10. 46 This ap- 

roach is consistent with another study conducted in the cancer 

opulation. 46 Thus, participants with a reduction of ten or more 

oints on the MFSI-SF scale from baseline were considered “fatigue 

esponders.”

.4.2. Insomnia severity 

ISI is a validated self-report instrument measuring subjective 

nsomnia symptoms, consequences, and associated distress over 

he prior two weeks. 47 This seven-item questionnaire has been 

pplied across a wide range of populations including cancer sur- 

ivors. 48 Items are scored on a five-point Likert scale, ranging 

rom 0 to 4, with higher scores representing more severe insom- 

ia symptoms. Items are then summed to generate total scores of 

 to 28. Clinically meaningful cutoff values are: < 8 (no insomnia), 

 to 14 (mild insomnia), 15 to 21 (moderate insomnia), and 22 to 

8 (severe insomnia). 49 A reduction of eight or more points on the 

SI scale indicates clinically significant improvement 32 ; therefore, 

articipants with a reduction of eight or more points on the ISI 

cale from baseline to week 8 (end of treatment) were considered 

insomnia responders.”
3 
.5. Statistical analysis 

Data were analyzed following intent-to-treat (ITT) principles. 

he sample size of 109 participants was predetermined by the par- 

nt study. 22 Descriptive statistics were used to assess fatigue sever- 

ty and demographic and clinical characteristics (e.g., age, gender, 

nd cancer type) at baseline. 

To examine the mean change in MFSI-SF scores (including 

otal scores and individual domains) in both treatment groups 

rom baseline to weeks 8 and 20, we built a linear mixed-effects 

odel. 50 We used a subject-specific random intercept to account 

or the correlation between repeated measures of the outcome. 

ixed effects included treatment, time, treatment by time interac- 

ion, and baseline outcome. We further compared fatigue respon- 

ers to non-responders in both groups using Chi-square tests. 

To explore the relationship between sleep improvement and fa- 

igue reduction, we conducted mediation analyses in each treat- 

ent group. We built linear regression models with week 8 MFSI- 

F total scores as the dependent variable and baseline MFSI-SF to- 

al scores as the independent variable. ISI change scores from base- 

ine to week 8 were added to the models. Additionally, to further 

acilitate clinical interpretation of the results, we dichotomized 

articipants into insomnia responders and non-responders using 

SI. We used 2-sample t-tests to assess whether mean changes 

n MFSI-SF total scores differed between insomnia responders and 

on-responders within each treatment group. All analyses were 

wo-sided with a p-value of less than 0.05 for statistical signif- 

cance. Statistical analyses were conducted using STATA (version 

5.0; STATA Corporation, College Station, TX) and SAS (version 9.4; 

AS Institute, Inc, Cary, NC). 
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Table 1 

Emographic and clinical characteristics. 

Total ( n = 109) CBT-I ( n = 55) Acupuncture ( n = 54) 

Characteristics No. % No. % No. % 

Age, mean (SD) 60.42 (11.8) 60.15 (11.9) 60.70 (11.8) 

Gender 

Male 42 38.5 18 32.7 24 44.4 

Female 67 61.5 37 67.3 30 55.6 

Race 

White 75 69.4 34 63.0 41 75.9 

Non-white ∗ 33 30.6 20 37.0 13 24.1 

Education 

High school or less 12 11.0 3 5.5 9 16.7 

College or above 97 89.0 52 94.6 45 83.3 

Cancer type 

Breast 37 33.9 20 36.4 17 31.5 

Prostate 18 16.5 9 16.4 9 16.7 

Other † 54 49.5 26 47.3 28 51.9 

Years since cancer diagnos, mean (SD) 6.14 (5.68) 6.15 (6.35) 6.13 (4.97) 

ISI total score, mean (SD) 19.0 (4.0) 19.2 (4.3) 18.7 (3.6) 

MFSI-SF total score, mean (SD) 28.8 (20.8) 30.9 (20.0) 26.7 (21.6) 

PROMIS-fatigue 

Moderate 63 57.8 30 54.5 33 61.1 

Severe 36 33.0 18 32.7 18 33.3 

Very severe 10 9.2 7 12.7 3 5.56 

Abbreviations: CBT-I, Cognitive Behavioral Therapy for Insomnia; ISI, Insomnia Severity Index; MFSI-SF, 

Multidimensional Fatigue Inventory-Short Form; PROMIS-fatigue, Patient Reported Outcomes Measurement 

Information System-Global Health Scale-fatigue. 
∗Non-white includes Black, Asian, and more than one race. 

† Other cancer types includes colorectal, head and neck, hematologic, gynecologic, other cancers, and more 

than one cancer type. 
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Fig. 2. Mean Change in MFSI-SF Over Time. 

Abbreviations: CBT-I, cognitive behavioral therapy for insomnia; MFSI-SF, Multidi- 

mensional Fatigue Inventory-Short Form. 
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. Results 

.1. Participant enrollment and characteristics 

As previously reported, 22 we screened 604 cancer survivors be- 

ween February 2015 and March 2017. A total of 160 were enrolled 

n the parent study and randomized to either CBT-I or acupuncture, 

ith 80 patients in each group. Among these, 109 (68.1% of parent 

tudy participants) reported moderate or worse fatigue at baseline 

nd were included in this secondary analysis. All 109 completed 

nsomnia and fatigue assessments at baseline and went on to re- 

eive CBT-I ( n = 55) or acupuncture ( n = 54). A total of 103 partici-

ants (51 CBT-I and 52 acupuncture) completed week 8 and week 

0 assessments. All 109 participants were included in this analysis 

 Fig. 1 ). 

Table 1 shows participants’ demographic and clinical character- 

stics. The mean age was 60.4 years (standard deviation [SD], 11.8 

ears). The majority of participants were women (67, 61.5%) and 

hose who self-identified their race as white (76, 69.7%). Nearly 

ll (97, 89.0%) had at least a college-level education. Diverse can- 

er types were represented, the most common being breast (33.9%) 

nd prostate (16.5%). The mean time since diagnosis was 6.14 years 

SD, 5.68 years). Nearly half of participants (47.7%) were diagnosed 

s stage 0- Ⅰ , followed by stage II (23.9%), stage III (17.4%), and stage

V (8.3%). CBT-I and acupuncture participants were similar in all 

haracteristics. 

.2. Insomnia and fatigue severity at baseline 

CBT-I and acupuncture participants showed similar fatigue and 

nsomnia severity at baseline. Mean ISI total insomnia scores were 

9.2 (SD 4.3) in the CBT-I group and 18.7 (SD, 3.6) in the acupunc- 

ure group. As per PROMIS-GHS-fatigue, 30 of 55 CBT-I patients 

55%) had moderate fatigue, 18 (33%) had severe fatigue, and 7 

13%) had very severe fatigue. Similarly, 33 of 54 acupuncture par- 

icipants (61%) had moderate fatigue, 18 (33%) had severe fatigue, 

nd 3 (6%) had very severe fatigue. Mean MFSI-SF total fatigue 
4

cores were 30.9 (SD, 20.0) in the CBT-I group and 26.7 (SD, 21.6) 

n the acupuncture group. 

.3. The effects of acupuncture and CBT-I on fatigue 

Acupuncture and CBT-I were associated with similar, clini- 

ally meaningful reductions in fatigue from baseline, with mean 

hanges in MFSI-SF total scores at week 8 and week 20 indicating 

hort- and long-term fatigue improvements (all p < 0.001) ( Fig. 2 ) 

 Table 2 ). At week 8, reduction in fatigue was 17.1 points in the

BT-I group (95% confidence interval [CI]: −21.1 to −13.1) and 13.2 

oints in the acupuncture group (95% CI: −17.2 to −9.2). At week 

0 follow-up, the improvement of fatigue among patients receiv- 

ng both treatments remained stable at (CBT-I: −14.6 points [95% 

I: −18.6 to −10.6]; acupuncture: −14.2 points [95% CI: −18.1 to 

10.3]). The between group difference was not statistically signifi- 

ant ( p = 0.49). 
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Table 2 

Mean change from baseline in MFSI-SF domains by treatment group. 

CBT-I Acupuncture Between-group difference 

Mean change (95% CI) P Mean change (95% CI) P Mean change (95% CI) P 

Total Fatigue Score 0.49 

Week 8 −17.1 ( −21.1 to −13.1) < 0.001 −13.2 ( −17.2 to −9.2) < 0.001 3.9 ( −1.7 to 9.5) 

Week 20 −14.6 ( −18.6 to −10.6) < 0.001 −14.2 ( −18.1 to −10.3) < 0.001 0.4 ( −5.2 to 6.0) 

General 0.21 

Week 8 −5.4 ( −6.9 to −3.9) < 0.001 −3.8 ( −5.2 to −2.4) < 0.001 1.6 ( −0.4 to 3.6) 

Week 20 −4.6 ( −6.0 to −3.2) < 0.001 −4.8 ( −6.2 to −3.4) < 0.001 −0.2 ( −2.2 to 1.8) 

Emotional 0.84 

Week 8 −2.8 ( −3.8 to −1.8) < 0.001 −2.6 ( −3.6 to −1.6) < 0.001 0.2 ( −1.2 to 1.6) 

Week 20 −1.9 ( −2.9 to −0.9) 0.0002 −2.4 ( −3.4 to −1.4) < 0.001 −0.4 ( −1.8 to 1.0) 

Physical 0.72 

Week 8 −1.9 ( −3.0 to −0.8) 0.0007 −2.4 ( −3.5 to −1.3) < 0.001 −0.5 ( −2.1 to 1.1) 

Week 20 −1.7 ( −2.8 to −0.6) 0.0024 −2.6 ( −3.7 to −1.5) < 0.001 −0.9 ( −2.4 to 0.6) 

Mental 0.019 ∗

Week 8 −3.9 ( −4.8 to −3.0) < 0.001 −2.1 ( −3.0 to −1.2) < 0.001 1.8 (0.5 to 3.1) 

Week 20 −3.8 ( −4.7 to −2.9) < 0.001 −2.0 ( −2.9 to −1.1) < 0.001 1.8 (0.5 to 3.1) 

Vigor 0.83 

Week 8 3.2 (2.0 to 4.4) < 0.001 2.5 (1.3 to 3.7) < 0.001 −0.8 ( −2.5 to 0.9) 

Week 20 2.6 (1.4 to 3.8) < 0.001 2.4 (1.2 to 3.6) < 0.001 −0.2 ( −1.9 to 1.5) 

For total fatigue score and general, emotional, physical, and mental domains, greater reduction indicates more improvement of fatigue 

relief. For vigor domain, greater increase indicates more improvement of fatigue relief. 

Abbreviations: CBT-I, cognitive behavioral therapy for insomnia; MFSI-SF, Multidimensional Fatigue Inventory-Short Form; 95% CI, 95% 

confidence interval. 
∗ p (overall model) < 0.05. 

Fig. 3. Proportion of Responder Rate by MFSI-SF at Week 8 and Week 20. 

Abbreviations: CBT-I, cognitive behavioral therapy for insomnia; MFSI-SF, Multidimensional Fatigue Inventory-Short Form. 
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To further explore patients’ response to CBT-I and acupunc- 

ure, we conducted additional analysis comparing fatigue respon- 

ers and non-responders ( Fig. 3 ). Although not statistically signif- 

cant, patients receiving CBT-I had an 18% greater treatment re- 

ponse rate than those receiving acupuncture at week 8 (69% vs. 

1%, p = 0.06); however, by week 20, the treatment response rate by 

BT-I was 6% less than that by acupuncture (56% vs. 62%, p = 0.57). 

In both interventions, a reduction in fatigue was observed 

cross all MFSI-SF domains, with participants reporting greater 

igor as well as improved general, emotional, physical, and mental 

atigue at weeks 8 and 20 (all p < 0.05). CBT-I demonstrated slightly 

reater mental fatigue improvement (1.8 points, 95% CI: 0.5 to 3.1) 

han acupuncture at both timepoints ( p = 0.019). No significant dif- 

erences between CBT-I and acupuncture were observed for other 

atigue domains. 
5

.4. Relationship between insomnia treatment response and 

eductions in fatigue 

MFSI-SF total scores at week 8 were statistically significantly as- 

ociated with ISI change scores from baseline to week 8 in both 

BT-I and acupuncture groups. A 1-point reduction in ISI change 

cores was associated with an increase in MFSI-SF total scores (in- 

reased fatigue) at week 8 by 1.4 points in the CBT-I group (95% 

I = 0.7 – 2.0, p < 0.001) and by 1.0 point in the acupuncture group

95% CI = 0.2 – 1.8, p = 0.011). 

Among the 100 participants who completed the MFSI-SF and 

SI assessments at baseline and week 8, mean MFSI-SF total scores 

ndicate that insomnia responders (71 participants with ISI reduc- 

ions of ≥8 + points) reported greater, clinically meaningful re- 

uctions in fatigue compared to non-responders (29 participants) 
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 −18.2 [SD = 17.1] vs −7.1 [SD = 9.4]; p = 0.001). However, closer anal-

sis showed that the relationship between insomnia response and 

atigue response varied by treatment. In the CBT-I group, in- 

omnia responders (38 participants) experienced greater, clinically 

eaningful reductions in mean MFSI-SF total scores compared 

ith non-responders (11 participants) ( −19.8 [SD = 15.5] vs −7.5 

SD = 9.7], p = 0.016). In the acupuncture group, there was a non-

tatistically significant difference in mean MFSI-SF total scores be- 

ween insomnia responders (33 participants) and non-responders 

18 participants) ( −16.4 [SD = 18.9] vs −6.9 [SD = 9.5]; p = 0.052). 

. Discussion 

This is the first study to compare CBT-I and acupuncture for 

atigue in cancer survivors with insomnia. We found that both 

reatments delivered short- and long-term improvements in all do- 

ains of fatigue, primarily through improvements in sleep. This 

nding suggests that CBT-I and acupuncture are potentially effec- 

ive treatment options for diverse cancer patients with fatigue and 

omorbid insomnia. 

Our study contributes to a growing body of research reporting 

he beneficial effects of CBT-I on fatigue in cancer survivors. 51-53 

owever, to our knowledge, only two studies have evaluated the 

ole of CBT-I on fatigue among cancer patients with insomnia. 27 , 54 

ur study is consistent with both in showing that CBT-I produces 

ignificant and durable fatigue reduction with moderate to large 

ffects. However, our study also explored the relationship between 

atigue reduction and sleep improvement with CBT-I and found 

hat insomnia responders achieved significantly greater fatigue re- 

uction than non-responders. These results indicate that the ob- 

erved fatigue relief may primarily derive from improved sleep af- 

er CBT-I. While current evidence consistently supports the role of 

BT-I in fatigue reduction among cancer patients, there is still a 

eed to evaluate the effect of CBT-I on fatigue unrelated to insom- 

ia. As such, the results of this study should be interpreted with 

aution, especially for those without sleep difficulties. 

To our knowledge, our study is the largest yet to assess the ef- 

ect of acupuncture on fatigue in cancer survivors with insomnia. 

he only other study to address this topic had a sample size of 

2 participants and compared auricular acupuncture to psychoe- 

ucation on fatigue severity, measured by Functional Assessment 

f Chronic Illness Therapy-Fatigue among breast cancer survivors 

ith insomnia. 55 Consistent with our study, auricular acupuncture 

lso significantly improved fatigue post-treatment, but the treat- 

ent effect was not as durable as in our study. It is worth noting

hat auricular acupuncture is a method in which needles are only 

nserted at specific points on the outer ear, whereas acupuncture 

n our trial used both body and auricular acupoints. 56 A study in a 

on-cancer population found that the combination of body and au- 

icular acupuncture produced better fatigue reduction than a sin- 

le modality. 57 There is also evidence that stimulating different 

cupoints may produce different therapeutic effects around fatigue 

n breast cancer survivors. 58 With accumulating evidence show- 

ng the effectiveness of acupuncture for cancer related fatigue, 58-60 

ore studies are needed to evaluate and compare the benefits of 

ifferent acupuncture approaches. 

Our study also contributes other novel research findings. It is 

articularly noteworthy that, in contrast to participants receiving 

BT-I in our study, insomnia responders in the acupuncture group 

id not experience significantly greater fatigue reduction than non- 

esponders. These results suggest that acupuncture may improve 

atigue through mechanisms unrelated to sleep quality, such as 

ncreased daytime alertness and reduced sleepiness. 61 Therefore, 

cupuncture may be able to improve fatigue even when insomnia 

ersists. However, the difference in MFSI-SF between insomnia re- 

ponders and non-responders receiving acupuncture was close to 
6 
ignificant with a p value of 0.052. It is possible that the limited 

ample size may have insufficient power to detect significant dif- 

erences. Therefore, additional research is needed to explore these 

linically important questions. 

Similarly, our results suggest opportunities to better tailor fa- 

igue interventions to diverse cancer patients and survivors. Since 

eduction in fatigue was mainly driven by sleep improvement, but 

atients appear to respond differently to these two interventions. 

ore research is needed to explore the optimal way to deliver pre- 

ision and tailored fatigue management according to an individ- 

al’s experience of fatigue (cognitive, mental, physical, etc.), co- 

orbid symptoms and the therapeutic characteristics of different 

nterventions. 

Optimal patient care also means screening for and managing fa- 

igue and insomnia concurrently. Fatigue and insomnia are highly 

elated and frequently co-exist in cancer patients. 10 , 11 According 

o a survey of breast cancer survivors receiving aromatase in- 

ibitors who experienced clinically significant insomnia, the ma- 

ority (93.4%) also reported moderate to severe fatigue. 16 In the 

60 trial participants, 68.1% also had moderate or greater fatigue 

t baseline. As our study showed that both CBT-I and acupunc- 

ure produced promising effects for both symptoms, treatment 

hoices may be based on patients’ preference and the availabil- 

ty of providers. Notably, however, current medical resources for 

he two interventions are unequal: patients often have limited ac- 

ess to CBT-I, 62 while acupuncture has become the most common 

ntegrative medicine approach among National Cancer Institute–

esignated Comprehensive Cancer Centers. 63 , 64 It is vital that 

ealthcare payers and policymakers expand patient access to both 

BT-I and acupuncture. 

Our study has several limitations. First, since this is a secondary 

nalysis, the sample size was not calculated to assess fatigue out- 

omes, which may limit the power to interpret the results. Sec- 

nd, our trial was designed as a pragmatic trial comparing two ac- 

ive interventions, so we do not have usual care or waitlist con- 

rol arms. Some of the observed changes may be due to a nat- 

ral progression of symptoms. However, cancer-related fatigue is 

ersistent and prior trials of acupuncture or CBT-I have already 

emonstrated the effectiveness of these interventions relative to 

sual care or other controls. 27 , 60 Third, our study did not capture 

r control for other interventions (e.g., physical therapy or medi- 

ations) that participants may have been using to manage fatigue. 

owever, it should be noted that current clinical practice guide- 

ines do not include specific recommendations regarding standard 

herapy for fatigue. 9 Fourth, the design and primary goal of the 

arent study was for insomnia management rather than fatigue. 

hus, interventions were designed to address insomnia, while the 

opulation in the secondary analysis was limited to patients with 

oth symptoms. Finally, this study was conducted in a large, urban 

cademic cancer institute, where patients may have high adher- 

nce. Our findings may not be generalizable in other contexts or 

atient populations. 

Nonetheless, this study has important strengths. We used mul- 

iple instruments previously validated in cancer populations to 

roadly evaluate the effects of both interventions on fatigue. Un- 

ike most prior studies, we only included patients with clinically 

eaningful fatigue at baseline to avoid a floor effect. Moreover, we 

omprehensively assessed interventions across multiple domains of 

atigue, and we investigated the extent to which reduction in fa- 

igue was related to improved insomnia. 

In conclusion, CBT-I and acupuncture hold promise for cancer 

urvivors experiencing insomnia and fatigue, with both interven- 

ions yielding clinically meaningful and durable improvements in 

leep and across all domains of fatigue, primarily through improve- 

ents in sleep. But acupuncture may also reduce fatigue through 

dditional, yet unidentified pathways. Further research should ver- 
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fy these results and explore the optimal way to deliver more 

ffective and personalized treatment using the two interventions 

or cancer survivors experiencing these common and burdensome 

ymptoms. 
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