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Objective: Appropriate total sleep time is reported to be associated with several important health out-
comes. However, the relationship between total sleep time and all cancer mortality is not well defined
because of inconsistent results from published studies, and no dose-response meta-analysis was per-
formed to evaluate the exact dose-response relationship.
Methods: We conducted a literature search of PubMed and Web of Science to identify all relevant
epidemiological studies published before August 9, 2018. We performed categorical and non-linear dose-
response meta-analyses to quantify the association between total sleep time and all cancer mortality.
Results: Finally, we included 14 cohort studies in the present meta-analyses enrolling 866,877 partici-
pants with 43,021 cancer deaths. We found that total sleep time less than seven hours was not signif-
icantly associated with increased risk of all cancer mortality [relative risk (RR) = 1.02; 95% confidence
interval (CI) = 0.99—1.05]. However, four to five hours total sleep time was related to an 8% increased risk
of all cancer mortality (RR = 1.08; 95% CI = 1.02—1.13) in dose-response meta-analysis. Furthermore, long
total sleep time (>8 hours) was weakly associated with all cancer mortality (RR = 1.05; 95% CI = 1.02
—1.08). However, the increment in total sleep time longer than nine hours was notably associated with an
increased risk of cancer mortality.
Conclusion: The current meta-analysis provides evidence of a positive association between total sleep
time of four to five hours and total sleep time longer than eight hours with the risk of all cancer mortality
among the general population. Additional studies are needed to establish causality.

© 2019 Elsevier B.V. All rights reserved.
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1. Introduction

Cancer has been the leading cause of death in both developed
and developing countries, and the burden is growing faster than
before because of the growth and aging of the population [1].
The International Agency for Research on Cancer (IARC) esti-
mated that 9.6 million cancer-related deaths occurred in 2018,
compared with 8.2 million in 2012 [2]. Appropriate total sleep
time, usually reported to be seven to eight hours [3], has gained
interest for its beneficial effect for several non-communicable
diseases, including cancer [4], diabetes [5], stroke [6], and car-
diovascular disease [7].
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Recently, fair amounts of dose-response meta-analyses have
been conducted to investigate the non-linear relationship between
sleep duration with health outcomes [8—11]. It has been reported
that long total sleep time was significantly associated with a 39%
increased risk of all-cause mortality, 26% increased risk of incident
diabetes mellitus, 25% increased risk of cardiovascular disease, 46%
increased risk of stroke, 24% increased risk of coronary heart dis-
ease, and 8% increased risk of obesity [12]. Meanwhile, short total
sleep time was shown to be significantly linked with an increased
risk of obesity (38%), incident diabetes mellitus (37%), coronary
heart diseases (26%), hypertension (17%), cardiovascular diseases
(16%), and all-cause mortality (12%) [13]. Moreover, a 2016 meta-
analysis showed that compared with reasonable total sleep time
(seven to eight hours), more than nine hours total sleep time was
associated with 11% increased risk of all cancer mortality, while no
statistically significant association was found between less than six
hours total sleep time with all cancer mortality [14]. However, they
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only conducted categorical meta-analysis without a dose-response
meta-analysis, thus precluding them from detecting the exact dose-
response relationship between total sleep time and all cancer
mortality. Several other large sample cohort studies also have been
published since the 2016 meta-analysis [15—17].

To quantify precisely the association between total sleep time
and all cancer mortality in the general population, we conducted an
updated systematic review and dose-response meta-analysis of
prospective cohort studies published up to August 9, 2018.

2. Material and methods
2.1. Literature search and study inclusion

A systematic search was performed in PubMed and Web of
Science to identify relevant published studies up to August 9, 2018.
The search strategy was as follows: (sleep OR sleep duration OR
sleep disorders OR sleep deviation OR night sleep OR nap OR sleep
pattern) AND (neoplasia OR cancer OR carcinoma OR adenomas OR
adenocarcinoma) AND mortality AND (prospective OR cohort OR
case-control OR case-cohort). Two of the authors (Y] and SF)
reviewed all titles and abstracts. If either author included the study,
the full-text paper was obtained for further reviewing. Three of the
authors (Y], SF, and FY) checked the reference lists of all full-text
papers as well as previous relevant reviews and meta-analyses
identified through the above search strategy to identify additional
publications of interest manually.

We included studies that met the following criteria: (i) the
exposure of interest was total sleep time in night-time or 24-hours
which was assessed before cancer diagnosis; (ii) the endpoint of
interest was all cancer mortalities among the general population
who had no cancer diagnosis; (iii) the type of study was a cohort;
(iv) and the relative risk (RR) and corresponding 95% confidence
intervals (ClIs), or sufficient data to calculate them, were reported.
When several reports were from the same study, only the most
updated one was included.

2.2. Data extraction and quality assessment

For each eligible study, detailed information was extracted by
two of the authors (SF and FY), including publication year, country,
study name, International Classification of Diseases code of cancers
surveyed, number of deaths caused by cancers, number at risk,
duration of follow-up, gender, age, variables adjusted or matched,
total sleep time categories, and corresponding risk estimates with
95% Cls.

Two reviewers (SF and FY) independently evaluated the quality
using the Newcastle-Ottawa Scale [18]. The scores ranged from zero
(the lowest) to 16 (the highest), and a higher score indicated better
quality. The discrepancies were resolved by consensus and
discussion.

2.3. Statistical analyses

The multivariate-adjusted risk estimates were selected if they
were reported in the original publication; otherwise, the unad-
justed risk estimates were calculated using the original data. The
forest plots for the association between short total sleep time and
long total sleep time with all cancer mortalities were generated for
less than seven hours versus seven to eight hours and more than
eight hours versus seven to eight hours.

The heterogeneity among studies was assessed using Cochran Q
test [19] and I-squared statistic [20], defining a statistically signif-
icant heterogeneity as P<0.10 or P>50%. A fixed-effects model was
applied when no statistically significant heterogeneity was

presented; otherwise, the random-effects model was performed to
provide more conservative estimates [21]. Meanwhile, subgroup
analysis and meta-regression were used to analyze the sources of
heterogeneity. Subgroup analyses were carried out stratified by
gender, the source of cohort, ethnicity, sleep pattern, publication
year, and quality score.

Publication bias was assessed by using Egger's linear regression
[22] and Begg's rank correlation [23]. The Begg's funnel plots were
drawn, and asymmetry of the funnel plot was equated with the
existence of potential publication bias. To investigate the robust-
ness of our primary analysis, we performed a sensitivity analysis to
assess whether a particular study may have influenced the sum-
mary risk estimate.

For each study, the median or mean level of total sleep time was
assigned to the corresponding RR estimate. We assigned the mid-
point of the upper and lower boundaries in each category if me-
dian or mean were not reported. For open-ended categories, the
range was assumed to be the same as the adjacent interval [24]. For
the study reported risk estimates relative to a reference category
other than seven to eight hours, but with available data for seven to
eight hours, the risk estimates were recalculated using the seven to
eight hours as a reference by using the Orsini's method [25]. We set
the coefficient of the second, third, and fourth splines to be equal to
zero to test the probability of a non-linearity relationship [26].

All statistical analyses were carried out using STATA version 15.0
(STATA Corp, College Station, Texas).

3. Results
3.1. Literature search and study characteristics

The flowchart of the literature search and study inclusion is
presented in Fig. 1. 657 articles were identified in the initial search,
and 626 studies were excluded after screening their titles and ab-
stracts because of the duplication or the apparent irrelevance to the
interest of our study. We next excluded 17 studies out of 31 after
reviewing full-text papers, as five of them only focused on daytime
napping without information for night-time sleep or 24-hour sleep,

Literature searches (N=657)

Databases (N=650)

A manual search for references (N=7)

Excluded on basis of title and abstract

(N=626)

Articles obtained for detailed assessment

(N=31)

Excluded (N=17)
Studied on daytime napping (N=53)
Provided insufficient data (N=10)

Not studied on cancer mortality (N=2)

Paperincluded in the final analysis
(N=14)

Fig. 1. Flowchart of study selection.



Table 1

Characteristics of cohort studies included in the meta-analysis of total sleep time and all cancer mortality.

Study ID

Country and name of the study

No. of death No. at risk

Duration
of follow-up
(Years)

Gender

Age

Pattern

Definition Definition of
normal sleep
sleep time time (h/day)

of short

(h/day)

Definition
of long
sleep time
(h/day)

Variables adjusted or matched in
the regression models

Soh et al. (2018)

Akerstedt et al.
(2017)

Bai et al. (2016)

Cai et al. (2014)

Qian et al. (2014)

Rod et al. (2014)

Yeo et al. (2012)

Kim et al. (2013)

Kakizaki et al.
(2012)

Singapore,Singapore Chinese
Health Study

Swedish,Swedish Cancer Society
(“the Swedish National March”)

China,Dongfeng-Tongji Cohort
Study (DFT]J)
China,

Shanghai Women's and Men's
Health Studies

America,NIH-AARP Diet and Health
Study

UK,Whitehall II study

Korea,Korean Multi-center Cancer
Cohort (KMCC) Study

America,Multiethnic Cohort Study
(MEC)

Japan,Ohsaki Cohort Study

1,989

627

379

4,277

16,644

374

526

6,772

2,764

39,523 (PR)

337,328 (PY)

114,162 (PY)

113,138 (PR)

3,363,604 (PY)

9,098 (PR)

124,267 (PY)

135,685 (PR)

49,256 (PR)

12.7

4.5

M:6.07; F:7.12

14

22

129

MF

MF

M, F, MF

M, F, MF

MF

M, F

M, F, MF

MF

45-74

<65

62.6 (mean)

M:40-75;
F:44-79

50-72

35-55

>20

45-75

40-79

24-hours

24-hours

Night-time

24-hours

24-hours

Night-time

24-hours

24-hours

24-hours

<6

<7

>8

>8

>9

Age; year of recruitment; gender;
dialect group; physical activity;
level of education; smoking status;
alcohol intake; BMI; and history of
hypertension, ischaemic heart
disease, stroke, diabetes, and
cancer.

Age; sex; BMI; smoking status;
alcohol consumption; educational
level; and physical activity and
major diseases.

Age; BMI; family history of cancer;
alcohol drinking and smoking
status; and gender.

Age; education; income; smoking;
alcohol Consumption; tea
consumption; comorbidity score;
history of night-shift work;
participation in regular exercise;
BMI; waist-to-hip ratio;
cardiovascular disease; and upper
gastrointestinal tract.

Age; sex; race/ethnicity; marital
status; education; self-reported
health; smoking status; smoking
dose; years since quitting smoking;
and alcohol drinking.

Age; employment grade; ethnicity;
and marital status.

Age; educational attainment; BMI;
cigarette smoking; alcohol
consumption; and past history of
hypertension, type 2 diabetes,
cardiovascular disease; metabolic
syndrome.

Age; cohort entry; ethnicity;
education; marital status; history of
hypertension or diabetes at
enrollment, alcohol consumption,
energy intake, body mass index,
physical activity, hours spent daily
watching television; and smoking
history.

Age; sex; total caloric intake;
marital status; level of education;
job status; history of myocardial
infarction, cancer, stroke,
hypertension, diabetes mellitus;
smoking status; alcohol drinking;
time spent walking; perceived
mental stress; and self-rated health,
physical function.

(continued on next page)
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Table 1 (continued )

Study ID

Country and name of the study

No. of death

No. at risk

Duration
of follow-up
(Years)

Gender

Age

Pattern

Definition Definition of
normal sleep
sleep time time (h/day)

of short

(h/day)

Definition
of long
sleep time
(h/day)

Variables adjusted or matched in
the regression models

Ikehara et al. (2009) Japan,Japan Collaborative Cohort

Lan et al. (2007)

study (JACC)

China,Survey of Health and Living
Status of the Elderly

Amagai et al. (2004) JapanJichi Medical School Cohort

Patel et al. (2003)

Study

America,
Nurses' Health Study (NHS)

Mallon et al. (2002) SwedenCounty of Dalarna Study

5,465

278

201

2,642

83

1,270,585(PY)

3,079 (PR)

93,424 (PY)

82,969 (PR)

1,870 (PR)

14.3

10

12

40-70

>64

19-93

30-55

45—-65

24-hours

Night-time

24-hours

24-hours

Night-time

<6

<7

<7

<6

>8

>8

Age; BMI; history of hypertension,
diabetes; alcohol consumption;
smoking; education level; hours of
exercise; hours of walking; regular
employment; perceived mental
stress; depressive symptoms; and
frequency of fresh fish intake.

Age; marital status; monthly
income; cigarettes smoking;
alcohol consumption; BMI;
Exercise; disease history of heart
disease, stroke, cancer; and
depression.

Age; systolic blood pressure; total
cholesterol; BMI; smoking habits;
alcohol drinking habits; education;
and marital status.

Age; smoking status; alcohol
consumption; physical activity;
depression; history of snoring; BMI;
history of cancer, cardiovascular
disease, hypertension, or diabetes;
and shift-working history.

Age.

PR, the person at risk; PY, person-year; M, male; F, female; BMI, body-mass index.
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10 provided insufficient data, and two were not focused on all
cancer mortality. Finally, we included 14 cohort studies
[15—17,27—37] in the present meta-analyses enrolling 866,877
participants with 43,021 cancer deaths.

Table 1 shows the detailed characteristics of the included
studies. Three studies were conducted in Europe, eight in Asia, and
three in North America. Nine studies presented the estimates for M
(male), 10 for F (female), and seven for MF (male and female). The
range of study periods was from 2004 to 2018. The quality scores
ranged from 12 to 15 with a median of 14 for quality assessment.
Ten studies reported the 24-hour sleep while four focused on night-
time sleep.

3.2. Short total sleep time and long total sleep time with all cancer
mortality

Fig. 2(A) presents the forest plots that provide study-specific
and pooled RRs (95% ClIs) of all cancer mortality for short total
sleep time (<7 hours) versus normal total sleep time (seven to eight
hours). Fig. 2(B) demonstrates the forest plots for long total sleep
time (>8 hours) versus normal total sleep time (seven to eight
hours). The pooled RRs of all cancer mortality were 1.02 (95%
Cl = 0.99—-1.05, P for heterogeneity = 0.966) for short versus normal
total sleep time and 105 (95% CI = 1.02-1.08, P for
heterogeneity = 0.673) for long versus normal total sleep time. No
statistically significant asymmetry was found by the Egger's and
Begg's tests (P > 0.05). In the sensitivity analysis, the omission of
each study at a time did not materially alter the results.

Table 2 gives the relationship between short/long total sleep
time and all cancer mortality among different subgroups stratified
by potential modifying factors. For both short and long total sleep
time, no statistically significant heterogeneity was found across
strata of gender, the source of the cohort, ethnicity, sleep pattern,
publication year, and quality score (P for meta-regression > 0.1). When
stratified by publication year, a marginally significant association
between short total sleep time and all cancer mortality was
depicted in studies published after 2010 (RR = 1.03, 95%
Cl = 1.00—1.06). Meanwhile, the positive association between long

total sleep time and all cancer mortality was more pronounced in
an occupation-specific cohort (RR = 1.12, 95% CI = 1.02—1.25), in
Asian population (RR = 1.06, 95% CI = 1.02—1.10), in night-time
sleep (RR = 1.19, 95% CI = 1.02—1.39), in studies published before
2010 (RR = 1.07, 95% CI = 1.02—1.12), and in quality scores less than
14 (RR = 1.13, 95% CI = 1.02—1.25).

3.3. Dose—response meta-analysis

Fig. 3 indicates that compared with seven to eight hours total
sleep time, those with four to five hours, eight to nine hours, nine to
10 hours, and more than 10 hours had 8%, 3%, 4%, and 17% increased
risk of all cancer mortality, respectively. On the other hand, Fig. 4
shows the results of the best-fitting dose-response relationship of
total sleep time with all cancer mortality. The dose-response
analysis indicated a J-shaped curve in the relationship between
total sleep time and all cancer mortality. It showed that the incre-
ment in total sleep time longer than nine hours was significantly
positively associated with risk of cancer mortality, while the dose-
response relationship with total sleep time less than eight hours
was not as obvious.

4. Discussion

To the best of our knowledge, this is the first dose-response
meta-analysis to investigate the relationship between total sleep
time and risk of all cancer mortality. We found a weak but statis-
tically significant association between long total sleep time (>8
hours) and all cancer mortality. Moreover, the increment in total
sleep time longer than nine hours was notably associated with an
increased risk of cancer mortality. Short total sleep time (<7 hours)
was not significantly associated with increased risk of all cancer
mortality. However, four to five hours total sleep time was related
to an 8% increased risk of all cancer mortality in dose-response
meta-analysis.

Short and long sleep duration has been associated with a
range of adverse health outcomes including cancer mortality
through complex biological processes. Previous studies have

A Short sleep duration B Long sleep duration
% %
Author Year Sex RR(95%Cl)  Weight Author Year Sex RR(95%CI)  Weight
Soh 2018 M+F +0— 1.12(0.96, 1.31) 349 Soh 2018 M+F - 1.09(0.99, 1.20) 7.42
Akerstedt 2017 M+F —— 0.96(0.74,1.25) 122 Akerstedt 2017 M+F 1.16(0.94, 1.43) 1.72
Bai 2016 M+F + 1.11(0.75, 1.65) 0.55 Bai 2016 M+F I: 1.18(0.96, 1.46) 1.69
Cai 2014 M+F -~ 1.04(0.94, 1.15) 847 Cai 2014 M+F . 1.15(1.01,1.31) 4.39
Qian 2014 M+F * 1.02(0.96, 1.08) 23.37 Qian 2014 M+F - 1.02 (0.94, 1.11) 10.58
Rod 2014 M 1.12(0.86, 1.46) 1.20 Rod 2014 M - 1.49(0.37,6.05) 0.04
Rod 2014 F q: 1.09(0.78, 1.52) 0.76 Rod 2014 F —bo; 1.70 (0.53, 5.42) 0.05
Yeo 2013 M+F — 0.94(0.78,1.13) 240 Yeo 2013 M+F 1.12(0.93,1.34) 218
Kim 2013 M > 1.03(0.95, 1.10) 15.93 Kim 2013 M * 1.04 (0.98, 1.11) 16.76
Kim 2013 F - 1.05(0.98, 1.14) 1443 Kim 2013 F -* 0.98 (0.90, 1.06) 11.63
Kakizaki 2012 M+F - 097 (0.85,1.11) 4.77 Kakizaki 2012 M+F - 1.00(0.93,1.09) 11.23
lkehara 2009 M - 1.01(0.90,1.13) 668 Ikehara 2009 M * 1.05(0.98, 1.11) 18.69
Ikehara 2009 F - 0.98(0.85,1.12) 450 Ikehara 2009 F - 1.02(0.90, 1.16) 4.71
Patel 2003 F == 0.96 (0.88, 1.05) 11.25 Patel 2003 F - 1.12(1.01,1.24) 6.74
Lan 2007 M e — 1.11(0.69, 1.78) 0.38 Lan 2007 M - 1.14(0.87, 1.48) 1.06
Lan 2007 F —— 1.19(0.56, 2.54) 0.15 Lan 2007 F - 1.37(0.74, 2.55) 0.19
Mallon 2002 M —m™m——— 0.70(0.22,2.27) 0.06 Mallon 2002 M 0— 1.10(0.32, 3.76) 0.05
Mallon 2002 F ——— 1.00(0.39, 2.55) 0.10 Mallon 2002 F —_— 1.50 (0.52, 4.35) 0.06
Amagai 204 M ————————F— 0.60(0.21,1.70) 0.08 Amagai 2004 M — 1.35(0.90, 2.03) 0.45
Amagai 2004 F —_—r—— 1.40(0.74, 267) 0.21 Amagai 2004 F —— 1.16(0.75, 1.82) 0.37
Overall (I-squared = 0.0%, p = 0.966) ) 1.02 (0.99, 1.05) 100.00 Overall (I-squared = 0.0%, p = 0.673) ’ 1.05(1.02, 1.08) 100.00
T T T T T T T T
2 5 1 2 3 2 5 1 2 5

Fig. 2. Forest plots for pooled relative risks (RRs) and the corresponding 95% confidence intervals (CIs) of all cancer mortality for short total sleep time (<7 hours) (A) and long total

sleep time (>8 hours) (B).
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Pooled and subgroup analysis stratified by potential modifying factors.

Stratified analyses of pooled RR for short total sleep time

Stratified analyses of pooled RR for long total sleep time

N* Relative risk (95% CI) I? (%) P value of Meta -regression” N? Relative risk (95% CI) % (%) P value for Meta -regression”
heterogeneity heterogeneity
Overall 14 1.02 (0.99—1.05) 0.0 0.966 - 14 1.05(1.02—1.08) 0.0 0.673 -
Gender ©
Male 1.02 (0.96—1.07) 0.0 0.787 0.927 1.06 (1.01—-1.10) 0.0 0.910 0.765
Female 10 1.02(0.97—-1.07) 0.0 0.791 10 1.06 (1.00—-1.11) 28.6 0.181
Source of cohort
Population-based 12 1.02(0.99—1.06) 0.0 0.976 0.334 12 1.04(1.02-1.07) 0.0 0.653 0.191
Occupation-specific 0.98 (0.90—1.06) 00 0454 1.12 (1.02—1.25) 00 0723
Ethnicity
Asian 8 1.01 (0.96—-1.07) 0.0 0.852 0.801 8 1.06 (1.02—1.10) 0.0 0.627 0.218
Caucasian 3 1.04 (0.89—1.22) 0.0 0.887 3 1.19 (0.98—1.44) 0.0 0.949
Mixed 3 1.02 (0.98—-1.06) 0.0 0.452 3 1.03 (0.99—-1.07) 315 0224
Pattern
24-hour 10 1.02(0.99—1.05) 0.0 0.796 0.364 10 1.05(1.02—1.08) 0.0 0.447 0.111
Night-time 1.10 (0.93—1.29) 0.0 0.995 4 1.19 (1.02—-1.39) 0.0 0.986
Publication year
>2010 9 1.03 (1.00—1.06) 0.0 0.938 0.199 9 1.04 (1.01-1.08) 5.8 0.388 0.414
<2010 5 0.98 (0.92—1.04) 0.0 0.905 5 1.07 (1.02—1.12) 0.0 0.818
Quality score
> Median (14) 11 1.02(0.99—1.06) 0.0 0.954 0313 11 1.04(1.02-1.07) 0.0 0.541 0.172
< Median (14) 0.98 (0.90—1.06) 00 0755 1.13 (1.02—1.25) 00 0921

¢ The number of studies included.
b Represents the test for significance of the study modification across strata.

¢ Studies which reported or could calculate the gender-specific estimates were selected.

proved that sleep restriction might generate an insulin-resistant
state in human adipocytes [38], increase ghrelin and decrease
leptin [39,40], which could lead to subsequent outcomes related
to obesity and diabetes mellitus [41], thus having a higher risk of
cancer-related mortality [42]. On the other hand, long sleep
duration was found to be positively associated with melatonin
levels [43], which was related to tumor cells apoptosis, anti-
angiogenesis, anti-proliferation, and anti-oxidative effect
[44,45]. Prather et al. believed that excessive sleep might in-
crease some inflammatory biomarkers, such as C-reactive pro-
tein and interleukin-6 [46], which had a strong relationship with
cancer-related mortality [47].

Sleep duration RR (95% CI)

<4 hours 1.19 (0.90, 1.58)
4-5 hours - 1.08 (1.02, 1.13)
5-6 hours - 1.00 (0.97, 1.03)
6-7 hours - 1.00 (0.96, 1.04)
8-9 hours - 1.03 (1.00, 1.07)
9-10 hours -0- 1.04 (1.00, 1.09)
>=10 hours —_— 1.17 (1.08, 1.27)

T I T
8 1 1.6

All cancer mortality

Fig. 3. Non-linearity relationship between total sleep time of fewer than four hours,
four to five hours, five to six hours, six to seven hours, eight to nine hours, nine to 10
hours, and more than 10 hours with all cancer mortality.

Several cohort studies focused on mortality have revealed a
similar U-shaped association between sleep duration with all-cause
mortality [28,33] and cardiovascular disease mortality [33,48].
However, when it comes to cancer mortality, the U-shaped asso-
ciation was less clear [33,49]. In the present study, we found a J-
shaped curve in the relationship between total sleep time and all
cancer mortality, which was in accordance with the association
between total sleep time and cancer risk [8]. Careful attention
should be paid to the interpretation of the different relationship
between short total sleep time and cause-specific mortality. Ma
et al. [14], reported no association between total sleep time less
than six hours with an increased risk of all cancer mortality in his
meta-analysis. However, our results demonstrated that total sleep
time of four to five hours was statistically significantly related to an
8% increased risk of all cancer mortality when compared with seven

N--
—

Relative risk (RR)
11
L 1

]

T T T T T T T T T

3 4 5 6 7 8 9 10 1
Sleep duration (hour/day)

Fig. 4. Relative risks (RRs) (solid line) and the corresponding 95% confidence intervals
(CIs) (dash lines) for the dose-response relationship between total sleep time (hours
per day) with all cancer mortality among the general population. The P values for the
nonlinearity test were all <0.001. Data fitting was based on fixed-effects restricted
cubic spline models using the fixed percentiles 5%, 35%, 65%, and 95% as knot locations.
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to eight hours. Meanwhile, total sleep time less than four hours was
related to a 19% increased risk of all cancer mortality, while the
association was not statistically significant. The discrepancy may be
caused by insufficient data at this short duration of sleep.

Long total sleep time has been reported to be associated with
risk of all-cause mortality [24] and several non-communicable
diseases [12]. In the 2016 meta-analysis [14], they only revealed
that total sleep time more than nine hours was at 11% greater risk of
all cancer mortality without detecting eight to nine hours total
sleep time. We found long total sleep time (>8 hours) was associ-
ated with a 5% greater risk of all cancer mortality, though the as-
sociation was weak. We further found that compared with seven to
eight hours, eight to nine hours, nine to 10 hours, and more than 10
hours had 3%, 4%, and 17% increased risk of all cancer mortality,
respectively. Otherwise, the National Sleep Foundation recom-
mended seven to nine hours as the proper total sleep time for
adults [50]. Our dose-response analysis showed that when total
sleep time exceeded nine hours, the increment in duration was
remarkably associated with increased risk of cancer mortality,
which is in accordance with the recommendation.

The strengths of this meta-analysis should be mentioned. First,
all included studies were prospective cohort studies that were
less likely to have information bias. Besides, no statistically sig-
nificant heterogeneity was found in both short and long total
sleep time. Moreover, subgroup analysis and meta-regression
analyses were applied to detect the potential sources of hetero-
geneity by using six predefined factors, and no statistically sig-
nificant effect modification was found. Otherwise, the previous
meta-analysis on this topic was only based on a two-category
model, which lost much information in different exposure cate-
gories and had lower statistical power.

This study also has some limitations. First, the total sleep time
assessment of included studies was all self-reported. The esti-
mated total sleep time by participants might not reflect actual
duration, as they might consider awake time in bed as a part of
sleep time [51]. Second, although several theoretical pathways
may explain the association between short/long total sleep time
and increased risk of cancer mortality, the present meta-analysis
based on observational studies could not establish causality nor
avoid the possibility of residual confounding [52]. Third, the data
available for our research limited our ability to determine
whether attributes other than total sleep time, for instance, sleep
quality, is also similarly related to all cancer mortality [53]. Finally,
we were unable to analyze the association between total sleep
time and the risk of cancer mortality in shift workers or the effect
of obstructive sleep apnea on cancer mortality due to limited data
in included studies.

5. Conclusion

In conclusion, the current meta-analysis provides evidence of a
positive association between total sleep time of four to five hours
and total sleep time longer than eight hours with the risk of all
cancer mortality among the general population. Thus, public health
recommendation for cancer prevention should consider encour-
aging the appropriate duration of sleep. However, additional
studies, especially studies aimed at extremely short total sleep time
(<4 hours) are warranted to clarify the aetiologic pathways un-
derlying the association between total sleep time and cancer death.
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