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ABSTRACT

Background: Insomnia is the most common sleep disturbance among cancer patients undergoing active treatment. If un-
treated, it is associated with significant physical and psychological health consequences. Prior efforts to determine insomnia
prevalence and correlates have primarily assessed patients in clinical trials, in limited disease groups, and excluding important
patient subgroups. These findings are likely to be influenced by research participation effects, which could bias outcomes. We
sought to address these limitations in a large, real-world sample.

Methods: Between 2018 and 2021, all patients seen at our institution were offered an electronic patient-reported outcomes
(PRO) questionnaire where they could self-report on a range of symptoms based on the National Cancer Institute's PRO-
CTCAE. Medical records were abstracted for demographics and cancer diagnosis/treatment. We evaluated N = 9350 patients
for whom there was complete data.

Results: During cancer treatment, 21% of patients reported insomnia symptoms. Demographically, prevalence was higher in
patients who were female (22% vs. 19%), younger than 60 years of age (22% vs. 20%), non-White (24% vs. 20%), and on public
insurance (22% vs. 20%). Medically, patients undergoing palliative treatment were more likely to report insomnia symptoms,
irrespective of cancer site (23% vs. 19%). The prevalence of insomnia symptoms ranged from 18% (genitourinary) to 23%
(gastrointestinal).

Conclusion: More than 1 in 5 cancer patients suffer from symptoms of insomnia. It is important that oncologists and cancer
centers routinely assess insomnia severity in their patients. Leveraging the use of existing patient-reported outcomes at an
institution may be important to help with the identification of insomnia symptoms.

1 | Introduction patients struggling during cancer treatment [1-4]. Insomnia is

the most common cause of their poor sleep [4-6], and is char-
One of the most prevalent and problematic issues for cancer acterized by difficulty initiating and/or staying asleep, resulting
patients during treatment is poor sleep, with up to 93% of  in daytime impairments [7]. Data suggests that between 30%
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and 50% of cancer patients experience insomnia symptoms [1, 2,
6, 8-10], with about 20% meeting diagnostic criteria for
insomnia disorder [8, 9, 11]. Insomnia is persistent from diag-
nosis through the end of treatment [12, 13], often extending well
into survivorship [14, 15].

Our understanding of its prevalence among cancer patients is
hampered by limitations of prior research. The largest studies
have reported on participant samples less than 1,000 [6, 16],
typically studying the most common cancer diagnoses [8, 10, 17,
18]. Importantly, these studies all share one common charac-
teristic: all required participation in a research study, many
focused on sleep, with strict inclusion/exclusion criteria that left
out patients with major psychiatric disorders or other sleep
disorders, and sicker patients (e.g., those with metastatic cancer)
[12]. Though insomnia is highly correlated with both poor
mental and physical health, more than 45% of potential partic-
ipants in some studies were excluded [12].

In an effort to improve upon our understanding of insomnia’s
true prevalence and correlates, we conducted a prospective,
population-based cohort study focused on patients receiving
care from a comprehensive cancer center and affiliated
community-based network sites. Our efforts capitalize on our
institution's effort to integrate patient-reported outcomes
(PROs) into routine clinical care. The use of digitally collected
PROs helps to reduce observation bias that may occur by having
someone manually collect the data [19-21] and is suitable for
the assessment of insomnia symptoms, which is diagnosed
based on subjective patient report [7]. Specifically, we analyzed
data from a large sample of patients across varying cancer di-
agnoses, none of whom were incentivized to respond to the
survey or were required to consent to participate in a research
trial. This potentially more representative assessment of the
prevalence of insomnia symptoms will inform oncologists in
their delivery of patient care and aid cancer center administra-
tors in considering how to deploy resources to manage this
important comorbidity.

2 | Methods

2.1 | Participants and Procedures

Between 2018 and 2021, all patients seen at our institution were
informed about the electronic patient-reported outcomes
(ePRO) questionnaire, in English or Spanish. The ePRO was
assigned to all patient visits in medical oncology and hematol-
ogy with a medical doctor, nurse practitioner, or physician as-
sistant. Patients were assigned, via email link to their patient
portal, the ePRO no more than one day prior to a scheduled
appointment. There were no exclusionary criteria for who was
sent the invitation. If it was not completed prior to the
appointment date, they were offered a tablet in the clinic
waiting room on the day of their visit. On the ePRO, patients
were asked to self-report symptoms in multiple domains. Re-
sponders for the ePRO questionnaire did not differ from non-
responders across age and sex. Responders were more likely
than non-responders to be White, report higher levels of edu-
cation, and be married or in a life partnership, or have private

insurance. Informed consent and HIPAA authorization were
waived as this study was considered minimal risk, involving
only retrospective medical record for secondary data analysis,
with no patient contact whatsoever. This study was approved by
the Institutional Review Board at the Dana-Farber Cancer
Institute. The procedures used in this study are in accordance
with the Declaration of Helsinki.

2.2 | Measures

Demographics. Patient demographic data (date of birth, sex,
race, highest education level, and insurance), clinical data (ICD-
10 diagnosis code), and treatment goal assigned by the ordering
clinician at initiation of therapy (curative or palliative [treat-
ment is given to alleviate symptom burden, improve quality of
life, and/or prolong survival for a patient with a non-curable
cancer diagnosis]) were abstracted from their electronic medi-
cal records. Age was computed by taking the difference between
the patient's date of birth and the date at time of completing the
ePRO questionnaire.

Insomnia Symptoms. The ePRO questionnaire was based on the
National Cancer Institute Patient Reported Outcomes Common
Terminology Criteria for Adverse Events (PRO-CTCAE) across
15 domains: anxiety, concentration, constipation, decreased
appetite, fatigue, fever, general pain, insomnia, nausea, numb-
ness and tingling, rash, sadness, shortness of breath, and vom-
iting [22]. Patients were asked to describe the presence,
frequency, severity, and level of interference of their symptoms.
The feasibility, validity, test-retest reliability, and sensitivity of
the PRO-CTCAE have been described and published [23-25].
For insomnia, patients were asked to recall and rate the severity
and level of interference of their insomnia symptoms over the
past 7 days [26]. Responses are provided on a five-point Likert
Scale ranging from “none” to “very severe” for severity and “not
at all” to “very much” for level of interference. Using the pa-
tients' responses from the insomnia severity domain and the
insomnia interference domain, an overall insomnia composite
score was created using a standardized composite grading al-
gorithm [27]. The insomnia composite scores were: 0 = none,
1 = mild insomnia symptoms, 2 = moderate insomnia symp-
toms, and 3 = severe insomnia symptoms. Supplemental
Figure S1 provides a summary of the distribution of the
insomnia symptom composite score responses in the sample
from patients who were receiving cancer-directed treatment,
with 60% reporting mild to moderate insomnia symptoms.

2.3 | Statistical Analysis

We conducted sensitivity analysis for missing data. Data consid-
ered missing at random or missing completely at random were
imputed with the MICE package in R version 4.2.3. All analyses
were performed with and without imputation (Supplemental
Tables S1 and S2). Given the similar effects of the imputation on
the results (e.g., regression coefficients, standard errors, signifi-
cance levels), no missing data imputation was included in the
final analysis. Patients were grouped by their planned treatment
goal at the time of completing the ePRO (curative vs. palliative).
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Similar to prior research [6, 28], we took a median split of age and
grouped patients into the following age groups (0 = < 60 years,
1 = > 60 years). Race was grouped as White versus non-White
(Black/African American, American Indian or Alaska Native,
Hawaiian or Pacific Islander, Asian, Multirace, or Other). Highest
level of education was grouped into three categories (0 = high
school diploma or below; 1 = college graduate, some college,
vocational training; 2 = graduate school, post graduate degree).
Patient's insurance was grouped into two categories (0 = no
Medicaid; 1 = Medicaid).

Pearson chi-square tests were used to assess the association of
insomnia symptoms with demographic factors. An ordinal lo-
gistic regression using the four levels of the insomnia composite
score (no insomnia symptoms, mild insomnia symptoms,
moderate insomnia symptoms, and severe insomnia symptoms)
as the dependent variable was used to investigate the variance of
insomnia symptoms on treatment goal, age group, sex, race,
education, insurance, and cancer type. The proportional odds
model assumption of common slopes was violated (X* = 73.14;
df = 24; p < 0.0001). Because the effects of the independent
variables on the transition from no insomnia symptoms to mild
insomnia symptoms were different than their effects from
moderate insomnia symptoms to severe insomnia symptoms,
responses were merged, creating a binary response for insomnia
(0 = no insomnia symptoms, 1 = insomnia symptoms).

Logistic regression models were used to evaluate the individual
factors associated with the odds of reporting insomnia symp-
toms. Covariates included in the models were treatment goal,
age group, sex, race, education, insurance, and cancer type.
Factors in each comparison were expressed as odds ratios (ORs)
and 95% ClIs. Likelihood ratio tests were used to assess the
significance of the model and to guide model specification and
selection; a p < 0.05 was considered significant. Interaction
models between treatment goal and all independent variables
that were statistically significant were included in the model to
assess if the association differed. The overall significance of
treatment goal was assessed by comparing the full model to a
reduced model with both its main effect and the interaction
removed. Additionally, we examined the predicted probability
of the final model and examined the model's sensitivity and
specificity with receiver operating characteristic (ROC) curve
statistics. All data processing steps, statistical analyses, and
visualization of the data were conducted using R version 4.2.3.
Our report follows the Strengthening the Reporting of Obser-
vational Studies on Epidemiology (STROBE) checklist (Supple-
mentary Table S3).

3 | Results

3.1 | Sample Characteristics

Study analyses were conducted on a sample of 9350 cancer pa-
tients. They were an average age of 61.2 years (median =
61.4 years, range = 18-107 years), primarily female (58.7%), and
majority White (89.4%). The majority had a college degree/some
college/vocational training (64.4%), and were not on Medicaid
(70.7%). The most common cancer diagnoses were breast (25.4%),

blood (17.0%), and gastrointestinal (15.4%). Patients were equally
split between receiving either curative (50.0%) versus palliative
(50.0%) treatment.

3.2 | Insomnia Prevalence

In our study, 20.7% of patients reported symptoms consistent
with insomnia disorder (see Table 1). The prevalence of
insomnia notably varied across patient factors. Patients
receiving palliative treatment had significantly higher rates of
insomnia compared to those receiving curative treatment
(X* = 15.83; df = 1; p < 0.001). Compared to patients older than
60 years, patients younger than 60 years of age had significantly
higher rates of insomnia (X* = 9.18; df = 1; p < 0.001). Females
had significantly higher rates of insomnia compared to males
(X* = 7.16; df = 1; p < 0.001). Patients who identified as non-
White had significantly higher rates of insomnia compared to
those who identified as White (X*> = 6.66; df = 1; p < 0.001).
Patients with lower levels of education (X* = 26.68; df = 2;
p < 0.001) had significantly higher rates of insomnia than those
with a college degree or postgraduate degree. Patients with
Medicaid had significantly higher rates of insomnia compared
to those without Medicaid (X* = 6.26; df = 1; p = 0.01). There
was no significant difference in the insomnia rate across cancer
sites (X* = 14.28; df = 8; p = 0.07).

3.3 | Prevalence of Insomnia Across Treatment
and Cancer Type

Across all cancer sites, except for sarcoma, patients receiving
palliative treatment had higher rates of insomnia than those
receiving curative treatment (Figure 1). This difference was
significant for patients with breast (X* = 8.54; df = 1; p = 0.003),
blood (X* = 5.11; df = 1; p = 0.023), and gastrointestinal
(X*> = 7.10; df = 1; p = 0.007) cancer. For patients undergoing
palliative treatment, the highest rates of insomnia symptoms
were reported for gastrointestinal cancer (26%), followed by
breast (25%) and head and neck cancer (25%). For patients
undergoing curative treatment, the highest rates of insomnia
symptoms were reported for sarcoma (22%), closely followed by
thoracic and head and neck cancer (21% each).

3.4 | Association Between Insomnia, Treatment
Goal, and Patient Characteristics

We next assessed the association between insomnia and treat-
ment goal using logistic regression, including age, sex, race,
education, insurance type, and cancer diagnosis, as well as
testing for all possible interactions with treatment goal among
any significant predictors. The model reference was younger
than 60 years of age, female, White, high school or less educa-
tion, private insurance, and breast cancer. Figure 2 illustrates
the forest plot of odds ratios and 95% CIs for the main effects
model. Treatment goal was significantly associated with
insomnia (OR = 1.31; 95% CI = 1.17, 1.46; p < 0.001), with
patients receiving treatment with a palliative goal having higher
odds of insomnia. There was a significant negative association of
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TABLE 1 | Comparing insomnia symptoms versus no insomnia symptoms by patient demographics and medical characteristics.

Patient characteristics

Insomnia symptoms n (%) No insomnia symptoms n (%) p-value

Overall sample (N = 9350)
Age group
Younger than 60
Older than 60
Sex
Female
Male
Race
White
Non-white
Education
High school diploma and below
College graduate, some college, vocational training
Graduate school, post-graduate
Insurance type
No Medicaid
Medicaid
Cancer site
Breast
Blood
Gastrointestinal
Genitourinary
Gynecologic
Head and neck
Neurooncology
Sarcoma
Thoracic
Treatment goal
Curative

Palliative

1940 (20.7) 7410 (79.3) < 0.001
< 0.001
971 (21.9) 3423 (78.1)
969 (19.7) 3987 (80.3)
< 0.001
1192 (21.7) 4304 (78.3)
748 (19.4) 3106 (80.6)
0.001
1703 (20.4) 6655 (79.6)
237 (24.0) 755 (76.0)
< 0.001
441 (25.0) 1310 (75.0)
1174 (20.0) 4846 (80.0)
325 (21.0) 1254 (79.0)
0.01
1326 (20.0) 5280 (80.0)
614 (22.0) 2130 (78.0)
0.07
501 (21.0) 1873 (79.0)
309 (19.0) 1282 (81.0)
332 (23.0) 1109 (77.0)
213 (18.0) 968 (82.0)
121 (20.0) 493 (80.0)
161 (22.0) 562 (78.0)
78 (20.0) 307 (80.0)
77 (20.0) 301 (80.0)
148 (22.0) 515 (78.0)
< 0.001
892 (19.0) 3783 (81.0)
1048 (22.0) 3627 (78.0)

older age with insomnia (OR = 0.79; 95% CI = 0.70, 0.88;
p < 0.001), with participants younger than 60 years of age
having higher odds of insomnia than patients older than
60 years. Female sex, lesser education status, non-White, and
Medicaid health insurance were all significantly associated with
greater insomnia symptoms (Figure 2). Cancer site was not
associated with insomnia. We next assessed for all possible in-
teractions between treatment goal and age group, sex, race,
education, insurance, and cancer site. After adjusting for age
group, sex, race, education, insurance, and cancer site, none of
the interaction effects were statistically significant.

Given our interest in treatment goal, we next examined the
overall predicted probability of insomnia based on treatment
goal and all model indicators. Figure 3 shows the predicted
probability of insomnia separated by treatment goal and indi-
vidual sex. We show that patients receiving curative treatment

have a predicted probability up to 37% of having insomnia,
compared to palliative treatment with a predicted probability of
up to 43%. According to the ROC curve, the area under the
curve for our model was 0.57 (Supplemental Figure S2).

4 | Discussion

Though insomnia is one of the most common and consequential
disorders that develops during treatment for cancer patients,
defining its prevalence is difficult due to methodologic chal-
lenges. In this study, we utilized patient-reported data collected
during routine medical care for all patients treated at our
institution, without requiring respondents to participate in a
research study. We believe this provides a more representative
picture of prevalence at the population level than previously
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presented. Our findings showed that more than 60% of patients
who were receiving cancer-directed treatment reported at least
mild insomnia symptoms, with 1 in 5 suffering from clinically
significant symptoms of insomnia.

4.1 | Implications

Our findings demonstrate that the prevalence of insomnia
symptoms at a cancer center is comparable to what has been
previously reported. For example, Savard et al.’s seminal work
suggested a similar rate of 25% of cancer patients having
insomnia syndrome during the initial stages of their treatment
[12]. Notably, this is approximately two to three times the rates
of insomnia reported in the general population (6%-10%) [29].
Cancer treatments and their side effects are a key precipitant
that may induce patients without insomnia before the start of
their cancer-directed therapies to develop symptoms or to
further aggravate insomnia symptoms [30] in patients with pre-
existing sleep disturbances. However, it is surprising just how
impactful cancer treatments are for a patient's sleep. Across all
cancer diagnoses in our study, rates of clinically significant
insomnia during treatment ranged from 16% to 26%. Notably,
when compared to prior work that evaluated the prevalence of
sleep disturbances following diagnosis but prior to the initiation
of cancer-directed therapy [31], only 4.3%-13.8% of patients
reported elevated sleep disturbances at this baseline stage.
Additionally, the relative consistency of insomnia prevalence
across cancer diagnoses is informative. Prior studies have not
included key disease groups (e.g., lung, brain) [9, 16]. These
findings emphasize that every disease center should be cogni-
zant of the likelihood that a significant proportion of their pa-
tients will experience insomnia during treatment.

Our results showed that most patients receiving palliative
treatment reported greater symptoms of insomnia than did
those receiving therapy with curative intent. This may be driven
by multiple factors, including psychological stress in the setting

of incurable disease, the effect of sustained treatments that are
ongoing until cancer progression or intolerance, more extensive
disease causing more symptoms, or adverse effects from treat-
ments in patients who may be more medically complex or frail
than those being treated with curative intent. Further, the non-
significant interaction of treatment goal and cancer type sug-
gests that treatment goal is indeed associated with insomnia and
is not dependent on the effects between treatment goal and
cancer type. Interestingly, other work has demonstrated that
insomnia occurrence and severity are not correlated with
treatment-related factors [32], suggesting that future studies
should more closely assess the distinct manner by which
different cancer-directed therapies and treatment goals affect
sleep.

The prevalence of insomnia symptoms also differed across
several key demographic variables. First, our findings suggest
that non-White patients have increased rates of insomnia
compared to White patients (24.0% vs. 20.0%). There has been
limited work assessing racial/ethnic differences in terms of
insomnia prevalence among cancer patients during treatment.
Other work has suggested that non-White patients may have a
slightly higher rate of insomnia than White patients (20.8% vs.
18.2%), but this work was limited by a much smaller sample size
[10]. In work conducted in the general population, an estimated
15.8% of Black cancer survivors had insomnia [33]; this lower
rate is expected as these participants had already completed
cancer treatment. With recent interest in better addressing
racial/ethnic disparities in insomnia treatment [34], this finding
suggests that future intervention research should focus more on
minorities with cancer. Next, there was also a significant dif-
ference of insomnia rates in females and males. Similar to prior
research [14, 35], we found elevated rates of insomnia in fe-
males (22% vs. 19%). Finally, in line with Palesh et al. [6], we
also found a significant difference in terms of age, with patients
younger than 60 years more likely to suffer from insomnia than
patients older than 60 years (22% vs. 20%). This contributes to a
growing body of literature demonstrating that younger cancer
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patients may struggle more with treatment due to having more
demands on their time such as work and childcare re-
sponsibilities [36, 37]. Helping younger patients better cope with
the side effects of cancer treatment is sometimes overlooked, as
they tend to present as less frail and in need of support [38].

4.2 | Limitations

A major strength of our study is the inclusion of a large sample
of patients undergoing cancer treatment across a broad range of
diagnoses. Notably, the data we analyzed was collected as part
of routine clinical care, improving the likelihood that our results
depict the true prevalence of insomnia symptoms for cancer
patients. However, we acknowledge limitations that we hope
will be addressed in future work. Despite our institution's
considerable efforts to electronically collect data from every
patient seen in our center, there were a significant number of
non-responders. Though age and sex between responders/non-
responders were similar, other baseline characteristics (race,
education, and insurance type) suggest that the findings pre-
sented here are not fully representative of the patients we treat,
nor of the broader cancer patient population, especially those
who receive care in rural or more racially diverse settings.
Finally, we focused our efforts on a single problem at a single
timepoint. Other factors that have the potential to influence a
patient's ability to sleep, which should be assessed in future
work, include symptoms such as pain, fatigue, nausea/vomiting,
and anxiety, as well as the type and duration of treatments
patients are undergoing, their cancer history (e.g., recurrence),
and changes in their health over the cancer treatment trajectory.
Thus, there is still more work to be done to understand which
patients are at greatest risk for insomnia, and why they are at
risk.

5 | Conclusion

Insomnia symptoms are frustrating and debilitating, and are
associated with survival among cancer patients [39]. It is critical
to assess insomnia as a key complication of cancer and its
treatment. With increasing institutional interest in implement-
ing biopsychosocial health screening [40] for all patients, these
findings from routinely assessed PROs present an opportunity
for a more proactive approach to the diagnosis of insomnia
among cancer patients. Such real-time feedback from patients
can better inform health professionals on the symptom needs of
their patients and allow for evidence-based symptom manage-
ment, especially for patients who may otherwise have continued
to suffer in silence.
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