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Abstract

Background The circadian clock and endoplasmic reticulum stress signaling play important roles in oncogenesis
and development of cancer. Sleep disorders have been linked to an elevated risk of mortality in general populations.
Nonetheless, the evidence for the sleep disorders-mortality association among cancer patients is limited. We aimed
to prospectively investigate the association of sleep disorders with all-cause, cancer, and cardiovascular disease (CVD)
mortality among cancer individuals.

Methods We assessed 3187 participants with cancer from the National Health and Nutrition Examination Survey
2005-2016 cohorts with a median follow-up time of 83.0 months. Multivariable Cox proportional hazards models
estimated the adjusted hazard ratio (HR) and 95% confidence interval (Cl).

Results Multivariable Cox proportional hazards models showed that sleep disorders were associated with a higher
risk of all-cause mortality (HR 1.23, 95%Cl: 1.06,1.42), cancer mortality (HR 1.30, 95%Cl: 1.02, 1.66), and cardiovascu-

lar disease mortality (HR 1.35,95%Cl: 1.02, 1.80). After the total group was stratified by gender, the high HRs were
observed in men (P<0.05), not in women. The correlation between sleep disorders and higher long-term mortal-

ity was also significant after individuals who died within 2 years of follow-up were excluded, with HR 1.24 (95%Cl:
1.07,1.45) in model I, HR 1.20 (95%Cl: 1.02, 1.42) in model Il for long-term all-cause mortality, HR (95%Cl: 1.00, 1.74)

in model | for long-term cancer mortality, and HR 1.5 (95%Cl:1.12, 2.02) in model |, HR 1.45 (95%Cl: 1.06, 1.99) in model
Il for long-term CVD mortality.

Conclusions Sleep disorders were associated with a higher risk of all-cause mortality, cancer mortality, and CVD mor-
tality, as well as long-term mortality in cancer patients. Our finding underlies the importance of screening for sleep
disorders for all cancer survivors and the urge to integrate sleep health as an important part of cancer care more
effectively. Male individuals may be particularly vulnerable and could benefit from more frequent screening.
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Sleep disorders [1] are frequent in the general popu-
lation and currently have been recognized as a public
health disease by the Centers for Disease Control [2].

Sleep disorders include insomnia, sleep-related
breathing disorders, central disorders of hypersomno-
lence, circadian rhythm sleep-wake disorders, paras-
omnias, sleep-related movement disorders, and other
sleep disorders [1]. In general populations, sleep disor-
ders have been significantly linked to reduced quality
of life and elevated risks of metabolic disease, arterial
stiffness [3], endothelial dysfunction [4], cardiovas-
cular events [5-7], and increased risk of mortality [6,
8-10].

Cancer is a major public health problem worldwide
and one of the leading causes of death in the United
States, with 599,274 in 2018 according to the National
Center for Health Statistics, Centers for Disease Con-
trol and Prevention [11]. Over the last decade, with
considerable progression in the diagnosis and treat-
ment of cancer, the number of cancer survivors has
been estimated to grow as the population ages, many
of them could either expect long-term survival or live
with malignancies as chronic diseases controlled by
continuing therapy. Despite the achievements in can-
cer early detection and therapy, long-term behavioral
comorbidities are prominent. Among these, Sleep dis-
orders are prevalent among cancer survivors, with a
significantly higher incidence than in the general pop-
ulation [12].

The circadian clock and endoplasmic reticulum
stress signaling play important roles in oncogenesis
and development of cancer [13]. Although the asso-
ciation of sleep disorders with cancer risk has been
reported in a few studies [14], evidence indicating the
relationship between sleep disorders and mortality
among cancer individuals is limited [15, 16], and lack
of information on the actual cause of death. In addi-
tion, since a bidirectional connection between sleep
and cancer exists, few studies considered the influence
of the timing on questionnaires of sleep disorders to
the follow-up time, there is a greater gap in knowledge
about the effect of sleep disorders on long-term cancer
outcomes.

This study aimed to prospectively investigate the
relationship between sleep disorders and all-cause,
cancer, and cardiovascular disease (CVD) mortality
among participants with cancer, and whether the asso-
ciations were influenced by follow-up time in a nation-
ally representative US sample utilizing data from 6
cycles of the National Health and Nutrition Examina-
tion Survey (NHANES) (2005-2016) linked with the
most updated 2019 National Death Index (NDI).
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Methods

Study population

This study was performed using the NHANES dataset
with a complex, multi-stage, stratified, clustered prob-
ability design [17], which has been described online
(https://www.cdc.gov/nchs/index.htm). The NHANES
study protocol was approved by the National Center
for Health Statistics Institutional Review Board and
informed written consent was provided by all par-
ticipants at enrollment. The data were from 6cycles
of the NHANES (2005-2006, 2007-2008, 2009-2010,
2011-2012, 2013-2014, 2015-2016). A total of 60,936
individuals participated in six consecutive NHANES
2-year cycles (2005-2016). The individuals were fol-
lowed up for mortality status until December 31, 2019.
Participants eligible for mortality status assessment
were first enrolled, individuals age <20, not available
for public release, or ineligible for mortality follow-
up were excluded. After excluding individuals without
information on the sleep questionnaire or the cancer or
malignancy questionnaire, a total of 34,055 participants
left. Then, we excluded those denied cancer or malig-
nancy according to the cancer questionnaire. In total,
3187 participants with cancer were eligible in the final
analysis (Fig. 1).

Cancer status

In the NHANES, the medical conditions section pro-
vides self-reported health condition information. Can-
cer diagnoses were based on the following question:
“Have you ever been told by a doctor or other health
professional that you had cancer or a malignancy (ma-
lig-nan-see) of any kind?” Questions were asked in the
home by trained interviewers using the Computer-
Assisted Personal Interview (CAPI) system [18]. The
CAPI system is programmed with built-in consistency
checks to reduce data entry errors.

Sleep disorders

Sleep disorders were assessed with the Sleep Disorder
Questionnaire and participants were asked SLQO050
“Have you ever told a doctor or other health profes-
sional that you have trouble sleeping” [19, 20]. And
then participants were categorized according to the
answers (yes or no), participants with the answers “Do
not know” and “Refused” were excluded.

Mortality

The public-use LMF provides mortality follow-up data
from the NHANES Mobile Examination Center (MEC)
date through December 31, 2019. The method can be
found in the National Center for Health Statistics. The
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NHANES 2005-2016
N=60936
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Fig. 1 The flow chart of the study. NHANES, National Health and Nutrition Examination Survey

files include mortality status and underlying causes of
death. Causes of death were coded according to the
10th International Classification of Diseases (ICD-10).
In this study, persons who did not have sufficient iden-
tifying data or were not available for public release were
excluded.

Covariates

The household interview collected demographic infor-
mation and lifestyle factors, including age, gender, race/
ethnicity, education level, and smoking history. Race/
ethnicity was divided into Mexican American, other
Hispanic, non-Hispanic White, non-Hispanic Black,
and other races. Those who have never smoked or who
have only smoked in their lives less than 100 cigarettes
were classified as non-smokers. At the Mobile Examina-
tion Center, alcohol intake and body mass index (BMI)
were recorded. The consumption of alcohol was defined
as having at least 12 alcoholic drinks per year. BMI was

calculated by dividing weight (kg) by height in square
meters. The following question from the medical condi-
tions section was used to diagnose coronary heart disease
among participants: “Has a doctor or other health profes-
sional ever told you that you had coronary heart disease?”
Smoking history, Alcohol drinking history, and coronary
heart disease were recorded by “Yes/No”.

Statistical analysis

For continuous variables, mean and standard deviation
(SD) were presented, while counts and proportions were
presented for categorical variables [21]. The comparison
in the sleep disorder status subgroups was performed
using logistic regression for continuous variables (mean
and SD) and the Chi-square test for categorical variables.
Multivariable Cox proportional hazards models were
conducted to investigate the relationship between sleep
disorders and all-cause mortality, cancer mortality, and
CVD mortality from the MEC date to either the date of
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death or censoring (December 31, 2019), whichever came
first. Model I was a minimally adjusted model adjusted
for age and gender (only in the total group). Model II
was adjusted for age, gender (only in total group), race/
ethnicity, education level, BMI, smoking history, alcohol
drinking history, and coronary heart disease. Gender-
stratified subgroup analysis was performed to clarify the
impact of sleep disorders. Further stratified Cox regres-
sion analysis was conducted to identify variables that
modify the association between sleep disorder status and
mortalities in the total group and male participants. The
likelihood ratio test was used to calculate the P value for
interactions. The associations with sleep disorders and
Cancer and CVD mortality were further estimated after
multiple adjustments by competing risks models using
the R package "mstate”, where non-cancer or non-CVD
deaths were modeled as different events [22]. All analyses
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were performed utilizing R software version 4.1 (http://
www.R-project.org; The R Foundation) and Empow-
erStats  (http://www.empowerstats.com, X&Y Solu-
tions, Inc.). P<0.05 (two-sided) was set for a significant
difference.

Results

Study participants and baseline characteristics

A total of 60,936 individuals participated in six con-
secutive NHANES 2-yearcycles (2005-2016). The par-
ticipants were followed up for mortality status until
December 31, 2019. After removing participants with-
out cancer, a total of 3187 participants with cancer were
included for mortality analysis. Table 1 shows the base-
line characteristics of the subjects stratified by sleeping
disorder status. The mean (SD) age of participants was
65.62 (14.28) years, 1499 (47.0%) were male, and 2175

Table 1 Baseline characteristics of participants stratified by sleep disorders status

Characteristics Total Sleep disorders P-value
No (n=3187) No (n=2065) Yes (n=1122)
Age, meantsd,y 65.62+14.28 66.78+14.10 63.48+14.38 <0.001
Gender <0.001
Male 1499 (47.03) 1034 (50.07) 465 (41.44)
Female 1688 (52.97) 1031 (49.93) 657 (58.56)
Race/ethnicity 0.166
Mexican American 210 (6.59) 146 (7.07) 64 (5.70)
Other Hispanic 195 (6.12) 135 (6.54) 60 (5.35)
Non-Hispanic white 2175 (68.25) 1380 (66.83) 795 (70.86)
Non-Hispanic black 458 (14.37) 307 (14.87) 151 (13.46)
Other race - including multi-racial 149 (4.68) 97 (4.70) 52 (4.63)
Education 0.001
Less than 9th grade 329(10.33) 219(10.62) 0(9.80)
9-11th grade 4(13.00) 271 (13.14) 143 (12.75)
High school graduate 694 (21.80) 446 (21.63) 248 (22.10)
Some college or aa degree 919 (28. 86) 551(26.72) 368 (32. 80)
College graduate or above 828 (26.01) 575 (27.89) 253 (22.55)
Smoking history <0.001
Smoker 1756 (55.15) 1054 (51.12) 702 (62.57)
Non-smoker 1428 (44.85) 1008 (48.88) 420 (37.43)
Alcoholic drinking 0.004
Yes 1976 (69.58) 1235 (67.75) 741 (72.86)
No 864 (3042) 588 (32.25) 276 (27.14)
BMI (kg/mz) 2896+6.49 28.51+6.00 29.76+7.24 <0.001
Coronary heart disease 0.081
Yes 297 (9.38) 179 (8.71) 118 (10.60)
No 2871 (90.62) 1876 (91.29) 995 (89.40)
Decease within 2 years follow-up 0.215
Yes 204(6.40) 124(6.00) 80(7.13)
No 2983(93.60) 1941(93.40) 1042(92.87)

BMI body mass index
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(68.3%) were non-Hispanic white individuals. Younger
participants, women, individuals with higher education
levels, smokers, alcohol drinkers, and higher BMI were
more likely to suffer from sleep disorders.

Sleep disorders and mortality outcomes in cancer
participants

We calculated the follow-up time using person months
between the NHANES MEC date and the date of death
or the end of the mortality period. The follow-up with
a median time of 83.0 (interquartile range: 51.0-122.0)
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months documented 1028 deaths, including 347 cancer
deaths and 269 CVD deaths (Table 2).

In the whole group, after adjusting for other poten-
tial determinants, Cox regression analysis demonstrated
that sleep disorders significantly increased the risks of
all-cause mortality, cancer mortality, and CVD mortal-
ity (Table 2). In Model I, the multivariable-adjusted haz-
ard ratio (HR) (95% confidence intervals (ClIs) was 1.27
(1.11, 1.45) for all-cause mortality, 1.33 (1.06, 1.67) for
cancer mortality, and 1.47 (1.13, 1.92) for CVD mortal-
ity. In Model II, the multivariable-adjusted HRs (95% Cls)
were 1.23 (1.06, 1.42) for all-cause mortality, 1.30 (1.02,

Table 2 The relationship between sleep disorders and mortality among cancer participants, NHANES(2005-2016)

Outcomes Non-adjusted Model Model | Model Il
HR (95% Cl) P-value HR (95% Cl) P-value HR (95% ClI) P-value

Sleep disorders
All-cause mortality No. of deaths/participants (1028/3187)
Total

No 1(reference) 1(reference) 1(reference)

Yes 0.97(0.85,1.11) 0.66 1.27(1.11,145) <0.001 1.23(1.06,142) <0.01
Male

No 1(reference) 1(reference) 1(reference)

Yes 1.28(1.07,1.52) <0.01 1.52(1.27,1.81) <0.001 147 (1.22,1.77) <0.001
Female

No 1(reference) 1(reference) 1(reference)

Yes 0.80(0.65, 0.99) 0.04 1.01 (0.82, 1.24) 0.96 1.00(0.80, 1.25) 1.00
Cancer mortality No. of deaths/ participants (347/3187)
Total

No 1(reference) 1(reference) 1(reference)

Yes 1.09 (0.87,1.37) 045 1.33(1.06, 1.67) <0.05 1.30(1.02, 1.66) <0.05
Male

No 1(reference) 1(reference) 1(reference)

Yes 1.72(1.30,2.28) <0.001 1.88(1.42,249) <0.001 1.82(1.34,2.46) <0.001
Female

No 1(reference) 1(reference) 1(reference)

Yes 0.64 (0.43,0.94) 0.02 0.73(0.49, 1.09) 0.12 0.74 (0.48,1.14) 017
CVD mortality No. of deaths/ participants (269/3187)
Total

No 1(reference) 1(reference) 1(reference)

Yes 1.02(0.78,1.33) 0.88 147(1.13,1.92) <0.01 1.35(1.02, 1.80) <0.05
Male

No 1(reference) 1(reference) 1(reference)

Yes 1.11(0.78,1.58) 0.56 149 (1.05,2.13) <0.05 149 (1.03,2.16) <0.05
Female

No 1(reference) 1(reference) 1(reference)

Yes 1.10(0.74,1.65) 0.63 1.45(0.97,2.18) 0.07 1.22(0.79, 1.89) 037

Model I: adjusted for age, gender (only for overall)

Model II: adjusted for age, gender (only for overall), education levels, race, smoking history, alcoholic drinking, BMI, coronary heart disease

NHANES, National Health and Nutrition Examination Survey; BMI, body mass index; CVD, cardiovascular disease; HR, hazard ratio; Cl, confidence interval



Nong et al. BMC Psychiatry ~ (2024) 24:118

1.66) for cancer mortality, and 1.35 (1.02, 1.80) for CVD
mortality, The P values for all multivariable-adjusted
models are below 0.05. Fig. 2 demonstrates the multiple
adjusted Kaplan-Meier curves for mortality outcomes
by sleep disorder status. In individuals with and without
sleep disorders, the adjusted median survival time was
130 months and 140 months, the 10-year survival rate was
53.3 and 57.1% for all-cause mortality. For cancer deaths,
the adjusted median survival time was 131 months and

All-cause mortality
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151 months, the 10-year survival rate was 71.1 and 76.7%.
For CVD deaths, the 10-year survival rate was 96.9 and
97.4% respectively.

After the total group was stratified by gender, we
observed that sleep disorders significantly increased the
risks of all-cause mortality, cancer mortality, and CVD
mortality among males, but not among female individu-
als (Table 2). In male participants, the multivariable-
adjusted HRs (95% ClIs) in Model I were 1.52 (1.27, 1.81)

Cancer mortality
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Fig. 2 Multiple adjusted Kaplan-Meier survival curves for mortality outcomes in the total population. Kaplan-Meier survival curves for A all-cause
mortality, B cancer mortality, and € CVD mortality in the total population by sleep disorder status. The analysis were adjusted for gender, age, race,
education levels, BMI, smoking history, alcoholic drinking, and coronary heart disease. BMI, body mass index; CVD, cardiovascular disease
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for all-cause mortality, 1.88 (1.42, 2.49) for cancer mor-
tality and 1.49 (1.05, 2.12) for CVD mortality. In Model
II, the multivariable-adjusted HRs (95% ClIs) were 1.47
(1.22, 1.77) for all-cause mortality, 1.82 (1.34, 2.46) for
cancer mortality, and 1.49 (1.03, 2.16) for CVD mortal-
ity. The P values for all multivariable-adjusted models are
below 0.05.

Stratified analysis for sleep disorders and mortalities

In the total group, stratified analyses were conducted to
determine if sleep disorder status and mortalities differed
by gender, age, race ethnicity, education level, smoking
history, alcoholic drinking, BMI, and coronary heart dis-
ease. The results were reliable, without statistically sig-
nificant interaction for mortalities, except for gender and
age for all-cause mortality (Fig. 3A, B, and C).

Among male participants, stratified analysis suggested
no potential modifiers in the relationship between sleep
disorder status and all-cause mortality, cancer mortality,
and CVD mortality (Supplementary Fig. 1A, B, and C).
Of note, no significant interactions were found between
sleep disorder status and the stratum variable (P interac-
tion >0.05).

Sleep disorders with long-term mortalities

We further excluded cancer individuals who died within
2years of follow-up to investigate whether sleep disor-
ders are associated with long-term outcomes among the
total population and male subgroup. In the whole group,
sleep disorders still correlated to higher long-term all-
cause mortality, with a multivariable-adjusted HRs (95%
ClIs) 1.24 (1.07, 1.45) in model I, 1.20 (1.02, 1.42) in model
II. But For the long-term cancer mortality, the sleep dis-
order-mortality association was only significant in model
I with a 1.32-fold (1.00, 1.74) risk. For the long-term
CVD mortality, participants with sleep disorders were
associated with a 1.5-fold (1.12-2.02) risk in model I, and
1.45-fold (1.06—1.99) risk in model II than those without
(Supplementary Table 1).

In male individuals, having a sleep disorder remained
a significant predictor of increased long-term all-cause
mortality with HRs (95% Cls) 1.43 (1.17, 1.75) in model
I and 1.41 (1.13, 1.75) in model II. For long-term cancer
mortality, sleep disorders were associated with 1.88-fold
(1.34, 2.65) risk in model I and 1.92-fold (1.32, 2.79) risk
in model II compared to individuals without sleep disor-
ders (Supplementary Table 1).

Sensitive analysis

For further validation of the outcomes, we used the data
(NHANES 2005-2006, 2007-2008, 2009-2010, 2011-
2012, 2013-2014) to explore the association between
mortalities and sleep disorders (defined by another
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specific question SLQO060: “Have you ever been told by a
doctor or other health professional that you have a sleep
disorder?” and those participants responding “Yes” were
considered to have sleep disorders) by the multivariable
Cox proportional hazards models after excluding the
individuals who died within 2years of follow-up. The
results were consistent with the results of the main analy-
sis. Supplementary Table 2 and Supplementary Table 3
Show the data Baseline characteristics and the results of
multivariable Cox proportional hazards models respec-
tively. In addition, considering the possibility that the
estimates for the cause-specific mortality risks could be
biased by participants dying from non-cancer or non-
CVD events that are incorrectly considered censoring
events, we also estimated cancer and CVD mortality by
competing risks models. After multiple adjustments for
covariates including age, gender (only for overall), race/
ethnicity, education level, BMI, smoking history, alcohol
drinking history, and coronary heart disease, compet-
ing risk models showed that sleep disorders significantly
increased the risks of cancer mortality (HR, 1.35; 95%
CI, 1.06-1.73), CVD mortality (HR, 1.36; 95% CI, 1.02—
1.82), and long-term CVD mortality (HR, 1.44; 95% CI,
1.05-1.98) in total population. In male participants, sleep
disorders also significantly increased the risks of cancer
mortality (HR, 1.95; 95% CI, 1.44-2.66), and long-term
cancer mortality (HR, 1.96; 95% CI, 1.35-2.86) (Supple-
mentary Table 4).

Discussion

In this study of 3187 participants with cancer from the
NHANES 2005-2016 cohorts, after a median follow-up
time of 83.0 (interquartile range: 51.0-122.0) months
and adjusting for covariates, multivariable Cox propor-
tional hazards models showed that sleep disorders were
associated with a higher risk of all-cause mortality, can-
cer mortality, and CVD mortality. Intriguingly, after the
total group was stratified by gender, The high HRs were
observed in men, not in women. The results were consist-
ent after individuals who died within 2years of follow-up
were excluded, indicating that sleep disorders also cor-
relate to higher long-term mortality in cancer patients.
Sensitive analysis did not observe any profound changes,
which suggested that our results were robust.

Our result demonstrated that sleep disorders were
associated with a higher risk of all-cause and CVD mor-
tality. Despite some inconsistencies [5, 23], increasing
evidence has demonstrated the association between sleep
disorders and elevated risks of all-cause and disease-
specific mortality in general populations or non-can-
cer patients [8, 10, 24—26]. For example, a prospective
cohort analysis included a general population more than
18years old from the NHANES 2005-2018 reported
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Subgroup Total
Overall (adjusted) 3187
Gener

Male 1499
Female 1688
Age

<65 1329
>65 1858

Race Ethnicity
Mexican American 210
Other Hispanic 195
Non-Hispanic White 2175
Non-Hispanic Black ﬁs

Other Race 9
Education level
<High school 1437
>High school 1747
Smoking history
smoker 1756
Non-smoker 1428
Alcoholic drinking
yes 1976
No 864
BMI
<20 134
>20,<25 718
>25,<30 1054
>30 1093
CHD
Yes 297
No 2871
Subgroup Total
Overall (adjusted) 3187
Gener
Male 1499
Female 1688
Age
<65 1329
>65 1858

Race Ethnicity

Mexican American 210
Other Hispanic 195
Non-Hispanic White 2175
Non-Hispanic Black f]lig

Other Race
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<High school 1437
>High school 1747
Smoking history

smoker 1756
Non-smoker 1428
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>20,<25 718
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> 30 1093
CHD

Yes 297
No 2871
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Overall (adjusted) 3187
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Female 1688

Age

<65 1329
>65 1858
Race Ethnicity

Mexican American 210

Other Hispanic 195

Non-Hispanic White 2175
Non-Hispanic Black ;158

Other Race 49
Education level

<High school 1437
>High school 1747
Smoking history

smoker 1756
Non-smoker 1428
Alcoholic drinking

yes 1976
No 864
BMI

<20 134
>20,<25 718
>25,<30 1054
>30 1093
CHD

Yes 297
No 2871

Events
1028

599
429

174
854

40
27
772
157
32

578
450

636
392

567
298

57
245
338
283

159
860

Events
347

216
131

94
253

19
1
232
70
15

188
159

228
19

205
83

18

120
102

39
304

Events
269

158
11

22
247

144
80

6
57
88
v

144
80

HR (95%Cl)
1.23(1.06, 1.42

)

1.28 (1.07, 1.52)
0.80 (0.65, 0.99)

1.63 (1.20, 2.21)
1.05 (0.90, 1.22)

0.91 (0.4, 1.89)
1.13 (0.48, 2.63)
0.91(0.78, 1.06)
1.32(0.95, 1.84)

0.76 (0.34, 1.66)

1.04 (0.8, 1.25)
0.90 (0.73, 1.10)

0.97 (0.82, 1.14)
0.85 (0.67, 1.08)

0.91(0.76, 1.08)
1.23 (0.97, 1.56)

0.84 (0.49, 1.44)
0.83 (0.63, 1.09)
1.13 (0.89, 1.42)
0.96 (0.76, 1.22)
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Fig. 3 Forest plots for the stratified analysis in the total population. The forest plots shows the analysis of sleep disorders-mortality associations
stratified by characteristics in the total population for A all-cause mortality, B cancer mortality, and € CVD mortality. The analysis were adjusted

for gender, age, race, BMI, education levels, smoking history, alcoholic drinking, and coronary heart disease. BMI, body mass index; CVD,

cardiovascular disease; HR, hazard ratio; Cl, confidence interval
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the association between self-reported sleep disturbance
and higher risk of all-cause mortality with an HR of
1.17 (95% CI, 1.04—1.32) in a fully-adjusted model [24].
In another prospective cohort study, sleep disorder was
also significantly associated with total mortality with an
HR and 95% CI 1.49 (1.28-1.72) without joint effects
with depression [8]. Similar associations were also sup-
ported by a few meta-analyses [27, 28]. Such a positive
correlation between sleep disorders and high risks for all-
cause and CVD mortality could partly be explained by a
previous study reporting that sleep disorders were asso-
ciated with the elevation of systemic inflammation mark-
ers including C-reactive protein and interleukin-6 [29],
which contribute to the risk of a wide spectrum of medi-
cal conditions and predict cardiovascular events [30, 31].
The data about such a relationship in cancer patients are
limited. A study focusing on a general adult population in
US adults from NHANES 2005-2014 reported that sleep
complaints were associated with all-cause and heart dis-
ease mortality among the subgroup with cancer [32]. This
was consistent with our result and indicated the higher
mortality in all-cause and CVD should be aware in can-
cer patients with sleep disorders.

Our study demonstrated that sleep disorders were
correlated to a higher risk of cancer mortality in can-
cer patients. Evidence for the correlation between sleep
disorders and cancer mortality is rare and controver-
sial. For the general population, a study of 380,055 gen-
eral participants from the UK Biobank demonstrated
that poor sleep was associated with increased risk
for total cancer mortality [9]. However, another large
prospective cohort study free of pre-existing disease
drew an opposite conclusion that sleep was not cor-
related to death due to cancer [23]. Although the rela-
tive risk was substantial in our study, the absolute risk
difference observed was small, therefore, it might be
underpowered for some studies to detect such effects.
Sleep disorders in cancer patients are common and
may have distinct backgrounds compared with those
in general populations, due to the differences in risk
factors, susceptibility, or cancer-specific life events.
There is a close connection between the circadian clock
and endoplasmic reticulum stress signaling, oncogen-
esis, and cancer progress. The sleep-wake rhythm is
subjected to circadian control and recognized to be a
marker rhythm of the circadian system [33]. However,
the clinical evidence for the association between sleep
disorders and cancer mortality in cancer patients is
rare and needs to be further investigated. In patients
with colorectal cancer, sleep deficiency was reported
to be associated with a 54% increase in colorectal can-
cer mortality [34]. Another prospective study of 1175
patients with stage III colon cancer in the CALGB/
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SWOG 80702 randomized trial also demonstrated that
sleep problems were associated with increased mortal-
ity [35]. Collins et al. reported that sleep duration is
linked to mortality in advanced cancer patients [16]. A
retrospective study in breast cancer women indicated
that sleep disorders were significantly associated with
early mortality [15], but the study deals with all-cause
mortality and lacks information on the actual cause of
death. The finding above underlines the need to inte-
grate sleep health more effectively as a necessary com-
ponent of cancer care.

Sleep disorders could appear before, during, and after
cancer diseases. Considering that sleep problems could
be merely a concomitant symptom of a health situation
rather than a risk factor, our study further excluded par-
ticipants who died within 2years of follow-up and dem-
onstrated that sleep disorders also correlate to higher
long-term mortality in total cancer patients and the male
subgroup. Though the causal relationships between sleep
disorders and mortality in the cancer population could
not be inferred due to the cross-sectional design, the cor-
relation between sleep disorders and increased long-term
mortality could be relatively more convincing to imply
a causal relationship between sleep disturbance and
elevated mortality risk. Our result was consistent with a
study demonstrating that subjective sleep problems are
associated with poor clinical outcomes in treatment-
naive metastatic colorectal cancer patients [36]. How-
ever, our result needs to be further elucidated in further
studies with repeated recordings of sleep profiles as well
as considering more covariates including detailed cancer
information.

The association between sleep disorders and the ele-
vated mortality risks in our result was significant in men,
not in women. Similar to our finding, Rod et al. reported
that men with sleep disturbances, not women, were cor-
related to an increased overall mortality risk in a gen-
eral population. Men reporting lying awake most of the
night (HR 1.39, 95% CI: 1.00, 1.93) or sleeping badly at
night (HR 1.56, 95% CI: 0.96, 2.51) were at a higher risk
of cancer mortality [37]. Another study showed a nota-
bly higher risk of all-cause mortality in men, but not in
women, with short sleep duration and insomnia inde-
pendent of comorbid conditions frequently associated
with mortality [38]. Our result was also supported by
some recent prospective cohort studies in a general pop-
ulation from NHANES indicating the difference in the
sleep disorders-mortality association in men and women
[8, 24]. Such gender differences may partly be explained
by the role of oxidative stress, which has been involved
in sleep deprivation-related impairments [39]. Women
appear to be less susceptible to oxidative stress [40], the
difference in antioxidant levels between men and women
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may be an important factor. Still both the underly-
ing biological and psychosocial mechanisms need to be
elucidated.

The strength of our study includes the use of a large
nationally non-institutionalized US population with
cancer, reliable mortality records, long period of follow-
up, multivariable Cox regression models in the statisti-
cal analysis, and the competing risk models introduced
in sensitive analysis considering the deaths with other
causes as competing risks, which all enhanced the reli-
ability and precision of our findings. Additionally,
although self-report sleep disorder was considered an
imprecise measure, as a comprehensive notion of sleep
status, it remains a crucial indicator for sleep health, as
it may mirror the presence of sleep detriment hard to
identify and assess. We analyzed the correlation between
sleep disorders and long-term mortalities, which could
be more convincing to infer a causal relationship between
sleep disorders and mortalities.

However, our analysis had certain limitations. First,
self-reported sleep disorders without objective sleep
measures might induce bias. Second, sleep behaviors
assessed in baseline only could not reflect the long-term
status precisely. Third, limited by the questionnaires
of NHANES, we could not explore the relationships
between sleep disorder symptoms, such as insomnia,
restless legs syndrome, and mortality. Additionally, since
the number of deaths was limited, specific cancer analy-
sis was lacking. More large-scale studies, including clini-
cal trials, are needed. Last, due to the cross-sectional
design, the causal relationships between sleep disorders
and mortality in the population of cancer should not be
inferred.

Conclusion

In conclusion, our study indicated that sleep disorders
were associated with a higher risk of all-cause mortal-
ity, cancer mortality, and CVD mortality, as well as long-
term mortality in cancer patients. Our finding underlies
the importance of screening for sleep disorders for all
cancer survivors—which is recommended by the NCCN,
to reduce complications, and improve patient’s qual-
ity of life and survival. Male individuals may be particu-
larly vulnerable and could benefit from more frequent
screening.
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