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Efficacy of Light Therapy in Improving Sleep Quality, Fatigue, and Emotional
Symptoms in Patients with Gynecologic Cancer
Abstract

Objective: This study aims to examine the efficacy of light therapy in improving sleep
quality, reducing fatigue, and alleviating emotional symptoms among patients
diagnosed with gynecologic cancer.

Methods: A randomized controlled trial was conducted at a medical center in northern
Taiwan. Participants were eligible if they were aged 18 years or older, had a physician-
confirmed diagnosis of gynecologic cancer, and reported an Insomnia Severity Index —
Chinese version (ISI-C) score of > 9. Eligible participants were randomly assigned to
either an experimental group or a control group (n = 47 per group). At baseline (TO0),
participants completed a demographic questionnaire, ISI-C, the Brief Fatigue Inventory
— Taiwanese version (BFI-T), and the Distress Thermometer (DT). The experimental
group received daily morning light therapy for 30—40 minutes over four weeks using a
circadian-regulating light device. The control group continued their usual routines
during the same period. Follow-up assessments were scheduled at day 7 (T1), day 14
(T2), day 21 (T3), and day 28 (T4). Data will be analyzed using generalized estimating
equations (GEE) to evaluate the effects of the intervention on sleep quality, fatigue, and
emotional symptoms.
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Research Motivation and Significance
Gynecologic malignancies, including cervical, endometrial, and ovarian cancers,
account for approximately 14.4% of all female cancers in Taiwan. Chemotherapy
remains a mainstay treatment but is often accompanied by adverse symptoms such as
fatigue, emotional distress, and sleep disturbances—each significantly impairing
quality of life and possibly prognosis. Approximately 9% to 45% of cancer patients
experience moderate-to-severe fatigue, and over half of women with gynecologic
cancer report persistent sleep disturbances, often worsened by psychological symptoms.
While pharmacological treatments exist, they frequently cause undesirable side effects.
Consequently, interest has grown in non-pharmacological interventions like light
therapy, which modulates circadian rhythms through suppression of melatonin and
enhancement of serotonin.Re-Timer® light therapy glasses (500 nm wavelength, 500
lux) offer a safe, user-friendly, FDA-cleared home-based solution. By stimulating
intrinsically photosensitive retinal ganglion cells (ipRGCs) and acting on the
suprachiasmatic nucleus (SCN), Re-Timer® stabilizes circadian rhythms, thereby
potentially improving sleep, fatigue, and mood regulation.Despite growing evidence,
limited studies have evaluated the efficacy of light therapy in gynecologic cancer
survivors. This study aims to assess the therapeutic effects of bright light therapy using
Re-Timer® in alleviating chemotherapy-related sleep disturbances, fatigue, and
emotional distress, and to provide evidence for clinical implementation of non-
pharmacological symptom management strategies in this population.Methods
Research Design
This study utilized a randomized controlled trial (RCT) design and was
implemented at the gynecologic outpatient department of a tertiary medical center in
northern Taiwan.

Research Setting and Participants



This study was conducted at a tertiary medical center in northern Taiwan between May
13 and December 12, 2024.Eligible participants were individuals aged 18 years or older
with a physician-confirmed diagnosis of gynecologic cancer and an Insomnia Severity
Index-Chinese version (ISI-C) score of 9 or above. All participants provided written
informed consent prior to enrollment.Exclusion criteria included the presence of visual
impairment or photosensitivity that could interfere with the use of light therapy devices,
a current diagnosis of psychiatric disorders or cognitive impairment, and any physical
limitations that would hinder adherence to the intervention protocol or data collection
due to disease severity.Sample Size Calculation and Randomization
Sample size was calculated using G*Power 3.1, assuming a medium effect size (f =
0.25), a significance level of a = 0.05, and a statistical power of 0.80 for a two-group
comparison. The estimated minimum sample size was 78 participants. Allowing for an
anticipated attrition rate of 20%, the target enrollment was increased to 94 participants.
Participants were randomly assigned to either the experimental or control group in a
1:1 ratio using the random number generator function in Microsoft Excel (Microsoft
Corporation, Redmond, WA, USA). Each group ultimately included 47 participants.
Data Collection and Ethical Considerations

Ethical Approval and Informed Consent : The study protocol was approved by the
Institutional Review Board (IRB) of the participating medical center (CGH-IRB No.
202400345A3C601). Participant recruitment was conducted in the gynecologic
outpatient department. Before enrollment, all participants received a thorough
explanation of the study's objectives, procedures, potential risks, and anticipated
benefits. They were assured that their personal data would be anonymized, securely
stored, and used solely for academic research purposes. Participants were informed of
their right to withdraw from the study at any time without affecting their ongoing

clinical care. Written informed consent was obtained from all participants.



Baseline Assessment and Intervention : Following consent, participants
completed baseline assessments (T0), including a demographic and treatment
questionnaire, the Insomnia Severity Index — Chinese version (ISI-C), the Taiwanese
version of the Brief Fatigue Inventory (BFI-T), and the Distress Thermometer
(DT).Participants randomized to the experimental group were instructed to wear the
Re-Timer® circadian regulator glasses for 30—40 minutes each morning within 30
minutes of waking, for four consecutive weeks. Participants recorded daily light therapy
duration and sleep hours. If any discomfort occurred during the intervention, therapy
was discontinued immediately, and support was provided by the research team.The
control group was instructed to continue their regular daily routines without any light
therapy intervention.

Follow-up Assessments : Outcome measures (ISI-C, BFI-T, and DT) were
reassessed via an online questionnaire delivered through the LINE messaging app on
Days 7 (T1), 14 (T2), 21 (T3), and 28 (T4) after the start of the intervention

Measurement Instruments
Demographic and Treatment-Related Variables -

Data collected included participants’ age, body mass index (BMI), education level,
marital status, religious affiliation, employment status, cancer type, cancer stage, use of
sleep medications, and history of emotional distress. Treatment-related variables
encompassed the current treatment modality, time since treatment completion, and
general health status.

Sleep Quality -

Sleep quality was assessed using the Chinese version of the Insomnia Severity

Index (ISI-C), which evaluates the severity and impact of insomnia symptoms over the

past two weeks. The seven items cover:



Difficulty initiating sleep

Difficulty maintaining sleep

Early morning awakening

Satisfaction with current sleep pattern

Interference with daily functioning

Noticeable impairment in quality of life due to sleep problems
Degree of worry or distress about sleep difficulties

Each item is rated on a 5-point Likert scale (0—4), with total scores ranging from
0 to 28; higher scores indicate more severe insomnia. The original ISI was developed
by Morin et al. (1993), and the Chinese version was validated by Yang et al. (2009).
The ISI-C demonstrates excellent internal consistency (Cronbach’s o =0.91) and high
concurrent validity with the Chinese version of the Pittsburgh Sleep Quality Index (r =
0.88). A cutoff score of >9 yields a sensitivity of 91.8% and specificity of 91.2%.
Fatigue :

Fatigue severity was measured using the Taiwanese version of the Brief Fatigue
Inventory (BFI-T), which was originally developed at the University of Texas MD
Anderson Cancer Center (Mendoza et al., 1999). The BFI-T assesses fatigue
experienced in the past 24 hours across nine items, each rated from 0 (no fatigue) to 10
(worst imaginable fatigue). The total score ranges from 0 to 90, with higher scores
indicating greater fatigue severity. The BFI-T has demonstrated excellent reliability,
with a Cronbach’s a of 0.97 and test-retest reliability of 0.91 (Lin et al., 2006).
Emotional Symptoms :

Emotional distress was assessed using the Distress Thermometer (DT), a
validated visual analog scale developed by Roth et al. (1988) to screen for distress
caused by illness-related emotional issues such as anxiety, sadness, fear, and depression.

Participants rate their level of distress on a scale from 0 (no distress) to 10 (extreme



distress), with a score of 5 representing moderate distress. In clinical practice, a cutoff
score of 4 is commonly used to indicate significant distress. The Chinese version of the
DT was adapted from the version provided by the National Comprehensive Cancer
Network (NCCN). Wang et al. (2011) reported a sensitivity of 98% and a specificity of
73% for the DT.
Statistical Analysis

All statistical analyses were performed using IBM SPSS Statistics version 26.0.
To evaluate baseline homogeneity between the experimental and control groups,
independent samples t-tests were used for continuous variables, while chi-square (y?)
tests or Fisher’s exact tests were applied for categorical variables, as appropriate. The
effectiveness of the light therapy intervention on sleep quality, fatigue, and emotional
distress across time points was assessed using generalized estimating equations (GEE),
which account for correlated repeated measures and accommodate missing data.
Statistical significance was set at a two-tailed p value of < 0.05.

Results

A total of 94 participants diagnosed with gynecologic cancer were enrolled and
randomly allocated into the experimental and control groups with a 1:1 ratio (47 per
group). During the study period, four participants withdrew due to health-related
reasons, resulting in a final sample size of 90 (44 in the experimental group and 46 in
the control group). The mean age was approximately 52 years. Baseline demographic
and clinical characteristics were analyzed to ensure group equivalence. All variables
were comparable between groups, except for body mass index (BMI), which showed a
statistically significant difference and was adjusted for in subsequent analyses.
Primary and Secondary Outcomes

Participants completed outcome assessments at baseline and weekly intervals for

four weeks following the intervention (T1-T4).Sleep quality was assessed using the



Insomnia Severity Index — Chinese version (ISI-C).Fatigue was evaluated using the
Brief Fatigue Inventory — Taiwan version (BFI-T).Emotional distress was measured
using the Distress Thermometer (DT).All instruments were administered at baseline
(TO), and at days 7 (T1), 14 (T2), 21 (T3), and 28 (T4).

Changes in these outcomes across timepoints and between groups were analyzed
using generalized estimating equations (GEE), with BMI included as a covariate to
adjust for baseline differences. This model allowed for evaluation of group, time, and
interaction effects on outcome measures.

References
Celik, A., & Usta Yesilbalkan, O. (2023). The Effect of the Bright White Light
Application to Cancer Patients Receiving Palliative Care on Their Fatigue Level
and Sleep Quality: A Randomized Control Trial. Omega, 88(1), 303-317.
https://doi-org.libermg.cgmh.org.tw:8443/10.1177/00302228221093462
Chayadi, E., Baes, N., & Kiropoulos, L. (2022). The effects of mindfulness-based
interventions on symptoms of depression, anxiety, and cancer-related fatigue in

oncology patients: A systematic review and meta-analysis. PloS one, 17(7),

€0269519. https://doi-org.lib3.cgmh.org.tw:30443/10.1371/journal.pone.0269519
Cheng Bang International Marketing Co., Ltd. (2014). Features and specifications of

Re-Timer.
https://www.re-timer.com.tw/re-timer-function/re-timer-function-2.html
Chen, Q., Kan, M., Jiang, X., Bi, H., & Zhang, L. (2024). Efficacy and safety of non-
pharmacological interventions for cancer-related insomnia: a study protocol for a
systematic review and network meta-analysis. BMJ open, 14(11), e086035.
https://doi-org.libermg.cgmh.org.tw:8443/10.1136/bmjopen-2024-086035
Fishbein, A. B., Knutson, K. L., & Zee, P. C. (2021). Circadian disruption and human

health. The Journal of clinical investigation, 131(19), e148286.



https://doi-org.libermg.cgmh.org.tw:8443/10.1172/JCI1148286
Fox, R. S., Baik, S. H., McGinty, H., Garcia, S. F., Reid, K. J., Bovbjerg, K., Fajardo,
P, Wu, L. M., Shahabi, S., Ong, J. C., Zee, P. C., & Penedo, F. J. (2021).
Feasibility and Preliminary Efficacy of a Bright Light Intervention in Ovarian and
Endometrial Cancer Survivors. International journal of behavioral medicine,
28(1), 83-95.
https://doi-org.lib3.cgmh.org.tw:30443/10.1007/s12529-020-09861-0
Hastings, M.H.; Maywood, E.S.; Brancaccio, M. Generation of circadian rhythms in
the suprachiasmatic nucleus. Nat. Rev. Neurosci. 2018, 19, 453469
Health Promotion Administration, Ministry of Health and Welfare. (2024, December
19). Cancer incidence statistics released by the Ministry of Health and Welfare.
https://www.hpa.gov.tw/Pages/List.aspx?nodeid=269
Johnson, J. A., Garland, S. N., Carlson, L. E., Savard, J., Simpson, J. S. A., Ancoli-
Israel, S., & Campbell, T. S. (2018). Bright light therapy improves cancer-related
fatigue Effect of bright light therapy on cancer-related fatigue and related
symptoms: A systematic review and meta-analysis of randomized controlled
trialsin cancer survivors: a randomized controlled trial. Journal of cancer
survivorship : research and practice, 12(2), 206-215.
https://doi-org.lib3.cgmh.org.tw:30443/10.1007/s11764-017-0659-3
Li, M., Wang, T., Liu, X. L., Deng, R. L., Kwok, W. H., Yao, L. Q., & Tan, J. B. (2025).
Somatic acupressure for the management of the fatigue-sleep disturbance-
depression symptom cluster in breast cancer survivors: a study protocol for a phase
IIT randomised controlled trial. BMJ open, 15(3), 089515
https://doi-org.libermg.cgmh.org.tw:8443/10.1136/bmjopen-2024-089515
Lin, C. C., Chang, A. P., Chen, M. L., Cleeland, C. S., Mendoza, T. R., & Wang, X. S.

(2006). Validation of the Taiwanese version of the Brief Fatigue Inventory. Journal



Of pain and symptom management, 32(1), 52-59.
https://lib3.cgmh.org.tw:30056/10.1016/j.jpainsymman.2005.12.019
Lin, L. Y., Tam, K. W., & Huang, T. W. (2023). Effect of bright light therapy on cancer-
related fatigue and related symptoms: A systematic review and meta-analysis of
randomized controlled trials. Journal of psychosomatic research, 174, 111501.
Advance online publication.
https://doi-org.lib3.cgmh.org.tw:30443/10.1016/j.jpsychores.2023.111501
Lovelace, D. L., McDaniel, L. R., & Golden, D. (2019). Long-Term Effects of Breast
Cancer Surgery, Treatment, and Survivor Care. Journal of midwifery & women's
health,64(6),713-724.
https://doi-org.lib3.cgmh.org.tw:30443/10.1111/jmwh.13012
Ma, Y., He, B., Jiang, M., Yang, Y., Wang, C., Huang, C., & Han, L. (2020). Prevalence
and risk factors of cancer-related fatigue: A systematic review and meta-analysis.
International journal of nursing studies, 111, 103707.
https://lib3.cgmh.org.tw:30066/10.1016/j.ijjnurstu.2020.103707
Mendoza, T. R., Wang, X. S., Cleeland, C. S., Morrissey, M., Johnson, B. A., Wendt, J.
K., & Huber, S. L. (1999). The rapid assessment of fatigue severity in cancer
patients: use of the Brief Fatigue Inventory. Cancer, 85(5), 1186—-1196.
https://1ib3.cgmh.org.tw:30056/10.1002/(sic1)1097
0142(19990301)85:5<1186::aid cncr24>3.0.co;2-n
Mogavero, M. P., DelRosso, L. M., Fanfulla, F., Bruni, O., & Ferri, R. (2021). Sleep
disorders and cancer: State of the art and future perspectives. Sleep medicine
reviews,56,1014009.
https://doi-org.lib3.cgmh.org.tw:30443/10.1016/j.smrv.2020.10140
Morin, C. M.(1993). Insomnia. psychological assessment and management. New York:

Guilford Press.



National Comprehensive Cancer Network. (2016). About the NCCN clinical practice
guidelines in oncology(NCCN Guidelines).
https://www.nccn.org/professionals/default.aspx

NCCN(2022). Distress Thermometer Tool Translations.
https://www.nccn.org/professionals/physician_gls/pdf/distress _tool chinese tradi
tional.pdf.

Nibbio, G., La Salvia, A., Portigliatti Pomeri, A., Calzavara-Pinton, 1., Cuniberti, F.,
Verrico, M., Deste, G., Cantelmi, T., Barlati, S., & Vita, A. (2025). Effectiveness
and Safety of Bright Light Therapy in Oncological Patients: A Systematic Review.

Journal of pain and symptom management,70(1),e1—e24.
https://doi.org/10.1016/j.jpainsymman.2025.03.034

Ozerdogan, N., Ozkaraman, A., Tuncer Yilmaz, B., Oge, T., & Yal¢in, O. T. (2023). The
Effect of Bright White Light on Fatigue Levels in Patients with Gynecological
Cancer: A Randomized Control Trial. Journal of palliative care, 38(4), 416—423.
https://doi-org.libermg.cgmh.org.tw:8443/10.1177/08258597221127795

Parry, B. L., Meliska, C. J., Sorenson, D. L., Martinez, L. F., Lopez, A. M., Dawes, S.
E., Elliott, J. A., & Hauger, R. L. (2023). Sleep-light interventions that shift
melatonin rhythms earlier improve perimenopausal and postmenopausal
depression: preliminary findings. Menopause (New York, N.Y.), 30(8), 798—806.
https://doi-org.libermg.cgmh.org.tw:8443/10.1097/GME.0000000000002216

Riemann, D., Benz, F., Dressle, R. J., Espie, C. A., Johann, A. F., Blanken, T. F,,
Leerssen, J., Wassing, R., Henry, A. L., Kyle, S. D., Spiegelhalder, K., & Van
Someren, E. J. W. (2022). Insomnia disorder: State of the science and challenges
for the future.Journal of sleep research,31(4),e13604.
https://doi-org.autorpa.ntunhs.edu.tw/10.1111/jsr.13604

Robertson-Dixon, L., Murphy, M. J., Crewther, S. G., & Riddell, N. (2023). The



Influence of Light Wavelength on Human HPA Axis Rhythms: A Systematic
Review. Life(Basel,Switzerland), 13(10),1968.
https://doi-org.lib3.cgmh.org.tw:30443/10.3390/1ife13101968
Roth, A. J., Kornblith, A. B., Batel-Copel, L., Peabody, E., Scher, H. 1., & Holland, J.
C. (1998). Rapid screening for psychologic distress in men with prostate carcinoma:
a pilotstudy.Cancer,82(10),1904—-1908.
https://doi-org.lib3.cgmh.org.tw:30443/10.1002/(sici)1097-
0142(19980515)82:10<1904::aid-cncr13>3.0.co;2-x
Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M., Soerjomataram, 1., Jemal, A., & Bray,
F. (2021). Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence
and Mortality Worldwide for 36 Cancers in 185 Countries. CA: a cancer journal
for clinicians, 71(3), 209-249
https://doi-org.lib3.cgmh.org.tw:30443/10.3322/caac.21660
Vasey, C., McBride, J., & Penta, K. (2021). Circadian Rhythm Dysregulation and
Restoration: The Roleof Melatonin. Nutrients, 13(10), 3480.
https://doi-org.lib3.cgmh.org.tw:30443/10.3390/nu13103480
Yeo, S., Lee, J., Kim, K., Kim, H. J., & Chung, S. (2021). Depression, Rather Than
Cancer-Related Fatigue or Insomnia, Decreased the Quality of Life of Cancer
Patients. Cancer research and treatment, 53(3), 641-649.
https://lib3.cgmh.org.tw:30065/10.4143/crt.2020.1212
Wall, J. A., Lipking, K., Smith, H. J., Huh, W. K., Salter, T., & Liang, M. L. (2022).
Moderate to severe distress in half of ovarian cancer patients undergoing
treatmenthighlights a need for more proactive symptom and psychosocial
management. Gynecologic oncology, 166(3), 503-507.
https://doi-org.lib3.cgmh.org.tw:30443/10.1016/j.ygyno.2022.06.016

Wang, G. L., Hsu, S. H,, Feng, A. C., Chiu, C. Y., Shen, J. F.,, Lin, Y. J., & Cheng, C. C.



(2011). The HADS and the DT for screening psychosocial distress of cancer
patients in Taiwan.Psycho-oncology,20(6),639—646.
https://doi-org.lib3.cgmh.org.tw:30443/10.1002/pon.1952
Wong, W. M., Chan, D. N. S., He, X., & So, W. K. W. (2023). Effectiveness of
Pharmacological and Nonpharmacological Interventions for Managing the
Fatigue-Sleep Disturbance-Depression Symptom Cluster in Breast Cancer
Patients Undergoing Chemotherapy: A Systematic Review. Cancer nursing, 46(2),
E70-E0.
https://doi-org.lib3.cgmh.org.tw:30443/10.1097/NCC.0000000000001048
Wu, H. S., Davis, J. E., & Chen, L. (2021). Bright light shows promise in improving
sleep, depression, and quality of life in women with breast cancer during
chemotherapy: findings of a pilot study. Chronobiology international, 38(5),
694-704.
https://doi-org.libermg.cgmh.org.tw:8443/10.1080/07420528.2021.1871914
Xiao, P, Ding, S., Duan, Y., Li, L., Zhou, Y., Luo, X., Xie, J., & Cheng, A. S. (2022).
Effect of Light Therapy on Cancer-Related Fatigue: A Systematic Review and
Meta-Analysis. Journal of pain and symptom management, 63(2), e188—e202.
https://doi-org.autorpa.ntunhs.edu.tw/10.1016/j.jpainsymman.2021.09.010
Yang, C.-M., Hsu, S.-C., Lin, S.-C., Chou, Y.-Y., & Chen, Y.-M. (2009). Reliability and
validity of the Chinese version of the Insomnia Severity Index. Formosan Journal
of Clinical Psychology, 4(2), 95-104.
Zhang, Y., Huang, X., Feng, S., Chen, C., Guo, D., & Fang, L. (2021). Platinum
Accumulation and Cancer-Related Fatigue, Correlation With IL-8, TNF-a and

Hemocytes. Frontiers in pharmacology, 12, 658792.



