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ARTICLE INFO ABSTRACT
Article History: Introduction and Objectives: Liver cancer is a major cause of morbidity and mortality in Japan and worldwide.
Received 4 August 2022 Daytime napping is a common behavior, especially among older adults, that was related in previous research
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- ; to unfavorable health conditions. Herein, we investigated the association between daytime napping and liver
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cancer risk.
Materials and Methods: In this prospective cohort study, data from 51,185 participants aged 40—79 years and

Keywords: registered in the Japan Collaborative Cohort Study (JACC Study) were analyzed. Incident cases of liver cancer
E)lsgglogy were diagnosed using cancer registries, hospital records, and death certificates. Daytime napping was
Epidemiology assessed using the JACC baseline self-administered questionnaire. We used the Cox regression to calculate
Elderly hazard ratios (HRs) and 95% confidence intervals (Cls) of incident liver cancer among participants in the age
Japan categories of the 40s, 50s, 60s, and 70s who reported daytime napping compared with their counterparts

who did not.
Results: Within 669,734 person-years of follow-up, 341 participants developed liver cancer. Daytime napping
was associated with a higher risk of liver cancer among participants who were in their 60s and 70s of age
after adjusting for sex: HRs (95% Cls) 1.88 (1.35-2.61) and 1.96 (1.18-3.26), lifestyle and medical history:
1.76 (1.27-2.47) and 1.82 (1.07-3.09), and history of liver diseases: 1.66 (1.18—2.34) and 1.72 (1.01-2.94),
respectively. No associations were detected among participants from the 40s and 50s age groups.
Conclusions: Daytime napping was associated with a higher risk of liver cancer among older adults.

© 2022 Fundacién Clinica Médica Sur, A.C. Published by Elsevier Espafia, S.L.U. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction On the other hand, a growing body of evidence has shown that some

sleep behaviors could contribute to the increased risk of cancers, includ-

With 905,677 new cases and 830,180 deaths in 2020, liver cancer
contributed to 4.7% of all-cause cancers and 8.3% of all cancer deaths
worldwide. In the same year in Japan, liver cancer was the seventh
most diagnosed cancer, with 45,663 new cases and the fifth leading
cause of cancer death, with 28,155 deaths [1]. Most major risk factors
for liver cancer, including chronic viral hepatitis, excessive alcohol
drinking, obesity, and smoking, are modifiable, suggesting that liver
cancer is potentially preventable [2].

Abbreviations: Cl, Confidence interval; HR, Hazard ratio; JACC Study, Japan Collabora-
tive Cohort Study
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ing liver cancer [3]. Of these behaviors, daytime napping, a common
practice among community-dwelling older adults [4], was shown to be
associated with all-cause, cardiovascular, and cancer mortality [5—11].
However, epidemiological evidence of the relationship between day-
time napping and liver cancer risk is scarce and inconsistent; two stud-
ies showed a positive association in the minimally adjusted regression
models only [12,13], while one study showed no association at all [9]. In
addition, the previous studies were limited by the lack of adjustment
for important confounders such as chronic hepatitis [9,13] and alcohol
consumption [13], confining analysis to women [9,12] who have a lower
risk of liver cancer than men [2], and not studying the impact of age
[9,12,13] despite previous literature suggested varying effects of day-
time napping on health outcomes by participants’ age [14,15].
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Herein, we used data from the Japan Collaborative Cohort Study
(JACC Study) to study the prospective association between daytime
napping and the risk of liver cancer among Japanese middle-aged
and older adults. We avoided the limitations of the previous studies
by adjusting the results for most potential confounders and measur-
ing the impact of sex and age on the association.

2. Materials and Methods
2.1. Study population and baseline questionnaire

The JACC Study is a prospective cohort study that aims to investi-
gate the risk factors for cancer and cardiovascular diseases among
middle-aged and older adults in Japan. The JACC baseline self-admin-
istered questionnaire was collected from 110,585 people aged 40
—79 years between 1988 and 1990 from 45 areas. Of them, 65,042
participants in 24 areas were followed up for cancer incidence to the
end of 1994 in one area, 1997 in four areas, 1999 in one area, 2000 in
one area, 2002 in eight areas, 2003 in one area, 2006 in two areas,
2008 in two areas, and 2009 in four areas [16,17].

In the current study, we excluded 1,604 participants for having a
positive history of cancer before the baseline, 6,806 participants for
working night or rotational shifts, and 5,447 participants for having
no data about daytime napping to leave a total of 51,185 participants
for analysis.

2.2. Outcome, exposure, and covariates

Data about cancer incidence were collected using a systematic
review of population-based cancer registries, hospital records, and
death certificates. Incident cases of liver cancer were given a code of
(C22) that included malignant neoplasm of the liver and intrahepatic
bile ducts according to the ICD-10 [16,17]. Daytime napping was
assessed during the preceding year using a question in the baseline
questionnaire, “Do you take daytime napping?” with “yes” and “no” as
possible responses [8]. Regarding covariates, data about participants’
age, sex, weight and height, education, employment, sleep duration,
perceived stress, smoking habits, alcohol consumption, walking and
leisure physical activities, medical histories of diabetes, liver diseases
including hepatitis, and gallbladder diseases including stones or
inflammation, blood transfusion, and family history of cancer were
retrieved from the baseline questionnaire.

2.3. Statistical analysis

The differences in the age-and sex-adjusted mean values and pro-
portions of sociodemographic characteristics between participants
with and without daytime napping were calculated using the linear
and logistic regression analyses, respectively. The Cox proportional
hazards models were used to calculate the age-stratified hazard
ratios (HRs) with their 95% confidence intervals (CIs) of liver cancer
incidence for daytime napping among all participants and partici-
pants in their 40s, 50s, 60s, and 70s of age compared to their counter-
parts who did not report daytime napping. In a further analysis, we
stratified participants by their age group and daytime napping behav-
ior into the following groups: 40s—50s/no daytime napping, 40s
—50s/daytime napping, 60s—70s/no daytime napping, and 60s—70s/
daytime napping before computing the HRs (95% Cls) of liver cancer
for the last three groups compared to the first group.

Person-years of follow-up were calculated from the date of base-
line to the date of liver cancer diagnosis, death, moving out, or end of
the study. The HRs were adjusted for the following variables: sex, age
(years), body mass index (<18.5, 18.5—-24.9, or >25 kg/m?), education
(<16, 16—17, or >18 years), employment (employed, part—time, self
—employed, housemaker, unemployed, or others), sleep duration
(<six, six to eight, or >eight hours/day), perceived stress (no, mild,
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moderate, or high), smoking (never, ex <20 cigarettes/day, ex >20 cig-
arettes/day, current <20 cigarettes/day, or current >20 cigarettes/
day), alcohol intake (never, ex, current <180 ml/day, or current >180
ml/day), leisure physical activity (never, one to two, three to four, or
>five hours/week), walking (never, <30, 30—60, or >60 minutes/
day), history of diabetes (yes or no), history of gallbladder diseases
(yes or no), previous blood transfusion (yes or no), history of liver dis-
eases (yes or no), and family history of cancer (yes or no). Dummy
categories were made for missing data. We conducted four sensitivity
analyses that included removing participants with a follow-up period
<three years (n= 2,164), with a positive history of liver diseases (n=
3,525), who reported short (<six hours/day) or long (>eight hours/
day) sleep duration (n= 8,588), and who reported being unemployed
or housemaker (n= 17,361). SAS version 9.4 software (SAS Institute
Inc, Cary, NC) was used for statistical analyses.

2.4. Ethical statement

The research ethics committees of Nagoya University School of
Medicine and Osaka University approved the protocol of the JACC
study (number/ID 14285-6). Informed consent was obtained not only
from participants but, in some areas, from community leaders.

3. Results

Among the 51,185 participants, 16,863 (32.9%) reported daytime
napping. Compared with non-daytime nappers, the group of daytime
nappers included higher proportions of older adults and men but
lower proportions of highly educated and employed individuals (p-
value< 0.001). The proportion of participants with a positive history
of liver diseases did not differ significantly between both groups:
7.7% in daytime nappers versus 6.5% in non-daytime nappers (p-
value= 0.250) (Table 1).

Within 669,734 person-years (median= 13.7 years) of follow-up,
341 participants developed liver cancer. In the overall sample, day-
time napping was associated with the increased risk of liver cancer in
the models adjusted for sex and age: 1.58 (1.27—1.97), lifestyle and
medical history: 1.40 (1.12—1.75), and history of liver diseases: 1.31
(1.04—1.64). The results were consistent across the sexes. In the age-
stratified analyses, daytime napping was associated with an
increased risk of liver cancer among participants in their 60s and 70s

Table 1
Age-and sex-adjusted sociodemographic characteristics of participants distributed
by their daytime napping

Daytime No daytime P-value

napping napping
Study population 16,863 34,322 —
Age (years)” 60.6 (10.2) 56.5(9.9) <0.001
Men % 439 354 <0.001
BMI (kg/m?)* 229(3.1) 22.7(29) <0.001
Education >18 years % 30.5 41.7 <0.001
Sleeping hours/day* 7.5(1.2) 7.1(1.0) <0.001
Sleep <6 hours/day % 8.4 9.0 <0.001
Sleep 6—8 hours/day % 78.8 85.4
Sleep >8 hours/day % 12.8 5.6
Employed % 114 271 <0.001
High perceived stress % 19.6 153 <0.001
Current smoking % 232 21.2 <0.001
Current alcohol intake % 414 40.9 0.027
No leisure sport % 67.3 69.8 0.650
No walking % 8.9 9.7 <0.001
History of diabetes % 6.3 4.5 0.242
History of gallbladder disease % 5.0 49 0.018
History of liver disease % 7.7 6.5 0.250
History of blood transfusion % 10.2 84 0.329
Family history of cancer % 33 39 0.001

* Mean (standard deviation) for all such variables.
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of age in the models adjusted for sex: 1.88 (1.35-2.61) and 1.96 (1.18
—3.26), lifestyle and medical history: 1.76 (1.26—2.47) and 1.82 (1.07
—3.09), and history of liver diseases: 1.66 (1.18—2.34) and 1.72 (1.01
—2.94), respectively. Daytime napping was not related to liver cancer
risk among participants from the age groups 40s and 50s in all regres-
sion models (Table 2).

Compared to participants in their 40s or 50s of age who reported
no daytime napping, their peers of the same age but who reported
daytime napping showed no excess risk of liver cancer in the most
adjusted model: 1.02 (0.70—1.49). Older non-daytime nappers
showed increased liver cancer risk: 1.62 (1.16—2.27), and the risk
was much higher among older daytime nappers: 2.57 (1.86—3.55).
The results did not materially change across the sexes (Table 3).

The association among participants in their 60s and 70s of age
remained significant after excluding participants with a follow-up
period < three years: 1.77 (1.20-2.62) and 1.95 (1.00—3.85), respec-
tively (Supplementary Table 1). Excluding participants with a positive

Table 2
Association between daytime napping and risk of liver cancer
Daytime No daytime
napping napping
Overall (n=51,185)
Person-years 218,658 451,076

Incident cases 173 168

Model I 158(1.27-197) 1
Model II 140(1.12-1.75) 1
Model I1I 1.31(1.04-1.64) 1

Men (n= 19,566)
Person-years 94,727 161,894
Incident cases 107 94

Model I 155(1.17-2.06) 1
Model II 135(1.01-1.81) 1
Model III 1.25(0.93-168) 1

Women (n=31,619)
Person-years 123,931 289,182
Incident cases 66 74

Model I 1.63(1.16-228) 1
Model II 145(1.03-2.04) 1
Model III 137(097-1.94) 1

40s (n=12,417)
Person-years 42,296 145,478
Incident cases 7 18

Model I 131(055-3.14) 1
Model II 1.03(041-257) 1
Model Il 0.95(038-239) 1

50s (n=15,751)
Person-years 67,353 155,045
Incident cases 37 64

Model I 122(0.81-1.83) 1
Model II 0.98(0.64-1.49) 1
Model 1l 0.93(0.61-143) 1

60s (n=15,467)
Person-years 72,642 114,450
Incident cases 83 64

Model I 1.88(135-261) 1
Model II 176 (126-247) 1
Model Il 1.66(1.18-234) 1

70s (n=7,550)
Person-years 36,367
Incident cases 46 22

Model I 1.96(1.18-326) 1
Model II 1.82(1.07-3.09) 1
Model III 1.72(1.01-294) 1

Model I: Adjusted for sex and age in the overall analysis, age only in the
sex-specified analysis, and sex only in the age—specified analysis.

Model II: Adjusted further for body mass index, education, sleep duration,
employment, stress, smoking, alcohol, physical activity, walking, histories
of diabetes, gallbladder diseases, and blood transfusion, and family his-
tory of cancer.

Model III: Adjusted further for liver disease history.

P-values for sex interaction= 0.775 and for age-group interaction= 0.116
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history of liver diseases did not affect the association between day-
time napping and liver cancer risk in the 60s age group 1.73 (1.07
—2.81) and even strengthened the association in the 70s age group
2.53 (1.25-5.14) (Supplementary Table 2). Alike, excluding partici-
pants with a short or long sleep duration did not affect the associa-
tion between daytime napping and liver cancer risk in the 60s age
group 1.65 (1.13—2.40) and the 70s age group 2.05 (1.06—3.98)
(Supplementary Table 3). On the other hand, excluding the unem-
ployed and housemakers attenuated the association among partici-
pants in the 60s and 70s age groups to become statistically
insignificant (Supplementary Table 4).

4. Discussion

Our study indicated that within a median follow-up period of
13.7 years, daytime napping was associated with an increased risk of
liver cancer in older Japanese participants in their 60s and 70s of age
by 66% and 72%, respectively. On the other hand, daytime napping
was not related to liver cancer risk among younger age categories.

An early report using data from the JACC Study revealed that the
age-adjusted association between daytime napping (yes versus no)
and mortality from liver cancer was significant in women: HR (95%
CI): 1.62 (1.17—2.24) and tended to be significant in men 1.23 (0.97
—1.55) [13]. Unlike our study, the former JACC Study examined the
risk of cancer mortality as a proxy for incidence, had a relatively short
follow-up period, included nightshift and rotational shift workers
who might show disturbed sleep and high risk of cancer [18,19], did
not adjust their results for most confounders including the history of
liver diseases and alcohol intake, and did not examine the impact of
age on the association.

Later, the Million Women Study showed that daytime napping
was not associated with liver cancer risk among women aged 50—64
years; relative risks (95% Cls) of liver cancer for daytime napping
(sometimes/usually versus rarely/never) were 1.19 (0.84—1.69) dur-
ing the first four years and 1.09 (0.82—1.46) in longer follow-up years
[9]. Though, the Women’s Health Initiative Study that included
women aged 50—79 years, relatively older than the Million Women
Study, showed that daytime nappers were at higher risk of liver can-
cer: HR (95 CI%) of liver cancer for daytime napping (>one to two
times/day versus <one time/day) were 1.40 (1.02—1.90). However,
additional adjustments for sociodemographic and clinical character-
istics attenuated the association 1.12 (0.80—1.57) [12]. Unfortunately,
both studies did not stratify their results by age group.

The mechanisms underlying the association between daytime
napping and liver cancer are unknown; however, some explanations
could be suggested. First, daytime napping may reflect a disturbed
circadian clock [15]. Peripheral clock genes that regulate the absorp-
tion of xenobiotics are predominantly expressed in the liver [20], and
their mutation can lead to liver cancer [21]. Second, daytime napping
might be a consequence of obstructive sleep apnea [22], a common
sleep disorder characterized by episodes of partial or complete upper
airway collapse that result in fragmented sleep and daytime somno-
lence [23]. Human and animal studies showed that intermittent hyp-
oxia attributed to obstructive sleep apnea was independently
associated with non-alcoholic fatty liver disease via inducing hepatic
steatosis, inflammation, and cirrhosis [24,25]. Patients with non-alco-
holic fatty liver are at high risk of developing liver cancer [26,27].
Interestingly, the Multi-Ethnic Study of Atherosclerosis showed that
Asians had significantly more obstructive sleep apnea than Cauca-
sians [28], which could partly explain the positive results in the JACC
Study and the negative results in the Western studies. Unfortunately,
we could not test this assumption because we had no data about
obstructive sleep apnea and we did not know exactly how many par-
ticipants developed liver cancer related to non-alcoholic fatty liver.
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Table 3
The combined effect of age and daytime napping on the risk of liver cancer
40s—50s/ 40s—50s/ 60s—70s/ 60s—70s/
No napping  Napping No napping Napping
Overall (n=51,185)
Person-years 300,524 109,650 150,552 109,008
Incident cases 82 44 86 129
Model | 1 1.39(0.96-2.01)  2.22(1.64-3.01)  4.23(3.20-5.58)
Model II 1 1.14(0.78-1.65)  1.65(1.18-2.31)  2.72(1.97-3.77)
Model I1I 1 1.02(0.70-1.49)  1.62(1.16-2.27)  2.57(1.86-3.55)
Men (n=19,566)
Person-years 111,650 47,903 50,244 46,823
Incident cases 47 31 47 76
Model II 1 1.25(0.78-1.99)  1.58(1.01-2.49)  2.35(1.53-3.62)
Model I1I 1 1.13(0.71-1.81)  1.62(1.03-2.54)  2.25(1.46-3.46)
Women (n=31,619)
Person-years 188,874 61,747 100,308 62,185
Incident cases 35 13 39 53
Model I 1 0.89(0.46-1.70)  1.50(0.91-2.49) 2.86(1.75—4.68)
Model I1I 1 0.76 (0.40-1.46)  1.39(0.83-2.31)  2.66(1.64-4.33)

Model I: Adjusted for sex in the overall analysis.

Model II: Adjusted further for body mass index, education, sleep duration, employment, stress, smoking, alcohol, physical activity, walking, histories of diabetes, gall-

bladder diseases, and blood transfusion, and family history of cancer.
Model IlI: Adjusted further for liver disease history.

The positive association between daytime napping and liver can-
cer risk among older but not younger participants came in line with
previous reports that showed a higher risk of all-cause, cardiovascu-
lar, and cancer mortality among older daytime nappers than younger
ones [10, 29—-31]. One explanation is that younger adults take short
daytime naps because they have to go back to work, while older
adults, who are typically retired, have more free time to take longer
daytime naps. Unlike long daytime napping, short daytime napping
was shown to have no pathogenic impacts [31,32]. People who take
short daytime naps do not enter deep slow-wave sleep, while those
who take long daytime naps enter deep slow-wave sleep before dis-
rupting the sleep cycle by awakening [33,34]. Such disruption is
strictly associated with a disturbed circadian clock [35]. This explana-
tion is supported by our sensitivity analysis that showed attenuation
in the association between daytime napping and liver cancer risk
after excluding participants who reported being unemployed or
housemakers from the analysis. Besides, the increased prevalence of
daytime napping among older adults could be related to chronic dis-
eases such as cardiovascular disease that share common risk factors
with liver cancer [36,37]. Still, this finding might reflect the increased
risk of liver cancer among older adults or the limited number of liver
cancer cases in the age groups 40s and 50s.

This study included several strengths, such as investigating a large
cohort with no history of cancer, having a prospective cohort design
with a long follow-up period, using standardized methods to diag-
nose liver cancer, measuring the impact of age on the association
between daytime napping and the risk of liver cancer, and adjusting
the results for most potential confounders.

However, some limitations should be addressed. First, daytime
napping was evaluated using a simple yes/no question making mis-
classification possible. Second, the daytime napping question did not
assess the duration and frequency of daytime napping; thus, a dose-
response relationship could not be attained. Two meta-analyses of
prospective cohort studies showed that the risk of all-cause mortality
was more evident among participants with daytime napping
>60 min than participants with daytime napping <60 min [11,31].
Third, daytime napping was assessed at a one-time point; we do not
know whether participants changed their daytime napping behavior
during follow-up. Fourth, it could be speculated that the lifestyle and
health conditions of daytime nappers were the reason behind the
increased risk of liver cancer rather than daytime napping itself. This
possibility cannot be entirely excluded, yet excluding participants

with liver diseases, including hepatitis, which is considered the chief
risk factor for liver cancer among Japanese [38], did not affect the
results. It could also be speculated that daytime napping could refer
to a short or long sleep duration, which is considered a risk factor for
liver diseases [39] and cancer [12]. However, excluding participants
with short or long sleep duration from the analysis did not affect the
results. Besides, the positive association between daytime napping
and liver cancer risk remained significant after excluding participants
with a follow-up period of <three years, suggesting that preclinical
conditions cannot explain this association. Finally, because of the
observational nature of this study, the presence of undetected con-
founders was likely.

5. Conclusions

In conclusion, daytime napping could be associated with a higher
risk of liver cancer among older adults. More studies to elucidate bio-
logical explanations are warranted. Future studies should assess the
frequency and duration of daytime napping and stratify their results
by participants’ age.

Author contributions

AA (conceptualization, review literature, draft writing, and data
analysis), EE and HI (supervision), EE, KS, IM, AT, and HI (visualiza-
tion, critical revision, and editing), and AT and HI (resources and
funding acquisition). All authors approve the final version of the
manuscript, including the authorship list, and agree to be accountable
for all aspects of the work in ensuring that questions related to the
accuracy or integrity of any part of the work are appropriately inves-
tigated and resolved.

Data availability statement

Data cannot be shared for privacy and ethical reasons.
Funding

This work was supported by Grants-in-Aid for Scientific Research
from the Ministry of Education, Culture, Sports, Science and Technol-

ogy of Japan (MEXT) (Monbusho); Grants-in-Aid for Scientific
Research on Priority Areas of Cancer; and Grants-in-Aid for Scientific



A. Arafa, E.S. Eshak, K. Shirai et al.

Research on Priority Areas of Cancer Epidemiology from MEXT (Mon-
buKagaku-sho) (Nos. 61010076, 62010074, 63010074, 1010068,
2151065, 3151064, 4151063, 5151069, 6279102, 11181101,
17015022, 18014011, 20014026, 20390156, and 26293138),
Comprehensive Research on Cardiovascular and Lifestyle Related Dis-
eases (H26-Junkankitou [Seisaku]-Ippan-001and H29-Junkankitou
[Seishuu]-Ippan-003), JSPS KAKENHI Grant Number P 16H06277,
and Grants-in-Aid for China Scholarship Council (CSC file No.
201608050-113).

Declaration of interest
None.
Supplementary materials

Supplementary material associated with this article can be found
in the online version at doi:10.1016/j.achep.2022.100877.

References

[1] Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
Cancer Statistics 2020: GLOBOCAN estimates of incidence and mortality world-
wide for 36 cancers in 185 countries. CA Cancer ] Clin 2021;71:209-49. https://
doi.org/10.3322/caac.21660.

[2] McGlynn KA, Petrick JL, El-Serag HB. Epidemiology of hepatocellular carcinoma.
Hepatology 2021;73(Suppl 1):4-13. https://doi.org/10.1002/hep.31288.

[3] Melatonin Blask DE. sleep disturbance and cancer risk. Sleep Med Rev
2009;13:257-64. https://doi.org/10.1016/j.smrv.2008.07.007.

[4] Picarsic JL, Glynn NW, Taylor CA, Katula JA, Goldman SE, Studenski SA, et al. Self-
reported napping and duration and quality of sleep in the lifestyle interventions
and independence for elders pilot study. ] Am Geriatr Soc 2008;56:1674-80.
https://doi.org/10.1111/j.1532-5415.2008.01838.x.

[5] Hays JC, Blazer DG, Foley DJ. Risk of napping: excessive daytime sleepiness and
mortality in an older community population. ] Am Geriatr Soc 1996;44:693-8.
https://doi.org/10.1111/j.1532-5415.1996.tb01834.x.

[6] Bursztyn M, Stessman ]. The siesta and mortality: twelve years of prospective
observations in 70-year-olds. Sleep 2005;28:345-7 PMID: 16173656.

[7] Stone KL, Ewing SK, Ancoli-Israel S, Ensrud KE, Redline S, Bauer DC, et al. Self-
reported sleep and nap habits and risk of mortality in a large cohort of older
women. ] Am Geriatr Soc 2009;57:604-11. https://doi.org/10.1111/j.1532-
5415.2008.02171.x.

[8] Tanabe N, Iso H, Seki N, Suzuki H, Yatsuya H, Toyoshima H, et al. Daytime napping

and mortality, with a special reference to cardiovascular disease: the JACC study.

Int ] Epidemiol 2010;39:233-43. https://doi.org/10.1093/ije/dyp327.

Cairns BJ, Travis RC, Wang XS, Reeves GK, Green ], Beral V, et al. A short-term

increase in cancer risk associated with daytime napping is likely to reflect pre-

clinical disease: prospective cohort study. Br ] Cancer 2012;107:527-30. https://
doi.org/10.1038/bjc.2012.291.

[10] Leng Y, Wainwright NW, Cappuccio FP, Surtees PG, Hayat S, Luben R, et al. Day-
time napping and the risk of all-cause and cause-specific mortality: a 13-year fol-
low-up of a British population. Am ] Epidemiol 2014;179:1115-24. https://doi.
org/10.1093/aje/kwu036.

[11] Liu X, Zhang Q, Shang X. Meta-analysis of self-reported daytime napping and risk
of cardiovascular or all-cause mortality. Med Sci Monit 2015;21:1269-75. https://
doi.org/10.12659/MSM.893186.

[12] Royse KE, El-Serag HB, Chen L, White DL, Hale L, Sangi-Haghpeykar H, et al. Sleep
duration and risk of liver cancer in postmenopausal women: the Women’s Health
Initiative Study. ] Womens Health (Larchmt) 2017;26:1270-7. https://doi.org/
10.1089/jwh.2017.6412.

[13] Suzuki K, Collaborative Japan. Cohort study for evaluation of cancer. Health condi-
tions and mortality in the japan collaborative cohort study for evaluation of can-
cer (JACC). Asian Pac J Cancer Prev 2007;8:25-34 PMID: 18260704.

[14] Dhand R, Sohal H. Good sleep, bad sleep! The role of daytime naps in healthy
adults. Curr Opin Pulm Med 2006;12:379-82. https://doi.org/10.1097/01.
mcp.0000245703.92311.d0.

9

Annals of Hepatology 28 (2023) 100877

[15] Mantua J, Spencer RMC. Exploring the nap paradox: are mid-day sleep bouts a friend
or foe? Sleep Med 2017;37:88-97. https://doi.org/10.1016/j.sleep.2017.01.019.

[16] Mori M, Sakauchi F, Washio M, Ozasa K, Watanabe Y, Yoshimura T, et al. Survey
for incidence of cancer as a measure of outcome in the JACC study. ] Epidemiol
2005;15:80-5. https://doi.org/10.2188/jea.15.s80.

[17] Tamakoshi A, Ozasa K, Fujino Y, Suzuki K, Sakata K, Mori M, et al. Cohort profile of
the Japan collaborative cohort study at final follow-up. ] Epidemiol 2013;23:227-
32. https://doi.org/10.2188/jea.je20120161.

[18] Cheng P, Tallent G, Burgess HJ, Tran KM, Roth T, Drake CL. Daytime sleep distur-
bance in night shift work and the role of PERIOD3. ] Clin Sleep Med 2018;14:393-
400. https://doi.org/10.5664/jcsm.6984.

[19] Arafa A, Eshak ES, Iso H, Muraki I, Tamakoshi A. Night work, rotating shift work
and the risk of cancer in Japanese men and women: the JACC Study. ] Epidemiol
2021;31:585-92. https://doi.org/10.2188/jea.JE20200208.

[20] Zhang R, Lahens NF, Ballance HI, Hughes ME, Hogenesch JB. A circadian gene
expression atlas in mammals: implications for biology and medicine. Proc Natl
Acad Sci U S A2014;111:16219-24. https://doi.org/10.1073/pnas.1408886111.

[21] Mteyrek A, Filipski E, Guettier C, Okyar A, Levi F. Clock gene Per2 as a controller of
liver carcinogenesis. Oncotarget 2016;7:85832-47. https://doi.org/10.18632/
oncotarget.11037.

[22] Masa JF, Rubio M, Pérez P, Mota M, de Cos ]S, Montserrat JM. Association between
habitual naps and sleep apnea. Sleep 2006;29:1463-8. https://doi.org/10.1093/
sleep/29.11.1463.

[23] Osman AM, Carter SG, Carberry JC, Eckert DJ. Obstructive sleep apnea: current
perspectives. Nat Sci Sleep 2018;10:21-34. https://doi.org/10.2147/NSS.S124657.

[24] Mesarwi OA, Loomba R, Malhotra A. Obstructive sleep apnea, hypoxia, and non-
alcoholic fatty liver disease. Am ] Respir Crit Care Med 2019;199:830-41. https://
doi.org/10.1164/rccm.201806-1109TR.

[25] Umbro I, Fabiani V, Fabiani M, Angelico F, Del Ben M. Association between non-
alcoholic fatty liver disease and obstructive sleep apnea. World ] Gastroenterol
2020;26:2669-81. https://doi.org/10.3748/wjg.v26.i120.2669.

[26] Pulixi EA, Tobaldini E, Battezzati PM, D’Ingianna P, Borroni V, Fracanzani AL, et al.
Risk of obstructive sleep apnea with daytime sleepiness is associated with liver
damage in non—morbidly obese patients with non-alcoholic fatty liver disease.
PLoS One 2014;9:96349. https://doi.org/10.1371/journal.pone.0096349.

[27] Kanwal F, Kramer JR, Mapakshi S, Natarajan Y, Chayanupatkul M, Richardson PA,
et al. Risk of hepatocellular cancer in patients with non—alcoholic fatty liver disease.
Gastroenterology 2018;155:1828-37. https://doi.org/10.1053/j.gastro.2018.08.024.

[28] Chen X, Wang R, Zee P, Lutsey PL, Javaheri S, Alcdntara C, et al. Racial/ethnic dif-
ferences in sleep disturbances: the multi-ethnic study of atherosclerosis (MESA).
Sleep 2015;38:877-88. https://doi.org/10.5665/sleep.4732.

[29] Burazeri G, Gofin J, Kark JD. Siesta and mortality in a Mediterranean population: a
community study in Jerusalem. Sleep 2003;26:578-84. https://doi.org/10.1093/
sleep/26.5.578.

[30] Bursztyn M. Mortality and the siesta, fact and fiction. Sleep Med 2013;14:3-4.
https://doi.org/10.1016/j.sleep.2012.09.010.

[31] Yamada T, Hara K, Shojima N, Yamauchi T, Kadowaki T. Daytime napping and the
risk of cardiovascular disease and all-cause mortality: a prospective study and
dose-response meta-analysis. Sleep 2015;38:1945-53. https://doi.org/10.5665/
sleep.5246.

[32] Naska A, Oikonomou E, Trichopoulou A, Psaltopoulou T, Trichopoulos D. Siesta in
healthy adults and coronary mortality in the general population. Arch Intern Med
2007;167:296-301. https://doi.org/10.1001/archinte.167.3.296.

[33] Baran B, Mantua J, Spencer RM. Age-related changes in the sleep-dependent reor-
ganization of declarative memories. ] Cogn Neurosci 2016;28:792-802. https://
doi.org/10.1162/jocn_a_00938.

[34] Tassi P, Muzet A. Sleep inertia. Sleep Med Rev 2000;4:341-53. https://doi.org/
10.1053/smrv.2000.0098.

[35] Hilditch CJ, Dorrian ], Banks S. Time to wake up: reactive countermeasures to sleep
inertia. Ind Health 2016;54:528-41. https://doi.org/10.2486/indhealth.2015-0236.

[36] El Hadi H, Di Vincenzo A, Vettor R, Rossato M. Relationship between heart disease
and liver disease: a two-way street. Cells 2020;9:567. https://doi.org/10.3390/
cells9030567.

[37] Koene R], Prizment AE, Blaes A, Konety SH. Shared risk factors in cardiovascular
disease and cancer. Circulation 2016;133:1104-14. https://doi.org/10.1016/j.
€jca.2016.04.008.

[38] Umemura T, Ichijo T, Yoshizawa K, Tanaka E, Kiyosawa K. Epidemiology of hepa-
tocellular carcinoma in Japan. J Gastroenterol 2009;44:102-7. https://doi.org/
10.1007/s00535-008-2251-0.

[39] Imaizumi H, Takahashi A, Tanji N, Abe K, Sato Y, Anzai Y, et al. The Association
between sleep duration and non-alcoholic fatty liver disease among Japanese
men and women. Obes Facts 2015;8:234-42. https://doi.org/10.1159/000436997.


https://doi.org/10.1016/j.aohep.2022.100877
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.1002/hep.31288
https://doi.org/10.1016/j.smrv.2008.07.007
https://doi.org/10.1111/j.1532-5415.2008.01838.x
https://doi.org/10.1111/j.1532-5415.1996.tb01834.x
http://refhub.elsevier.com/S1665-2681(22)00219-8/sbref0006
http://refhub.elsevier.com/S1665-2681(22)00219-8/sbref0006
https://doi.org/10.1111/j.1532-5415.2008.02171.x
https://doi.org/10.1111/j.1532-5415.2008.02171.x
https://doi.org/10.1093/ije/dyp327
https://doi.org/10.1038/bjc.2012.291
https://doi.org/10.1038/bjc.2012.291
https://doi.org/10.1093/aje/kwu036
https://doi.org/10.1093/aje/kwu036
https://doi.org/10.12659/MSM.893186
https://doi.org/10.12659/MSM.893186
https://doi.org/10.1089/jwh.2017.6412
https://doi.org/10.1089/jwh.2017.6412
http://refhub.elsevier.com/S1665-2681(22)00219-8/sbref0013
http://refhub.elsevier.com/S1665-2681(22)00219-8/sbref0013
http://refhub.elsevier.com/S1665-2681(22)00219-8/sbref0013
https://doi.org/10.1097/01.mcp.0000245703.92311.d0
https://doi.org/10.1097/01.mcp.0000245703.92311.d0
https://doi.org/10.1016/j.sleep.2017.01.019
https://doi.org/10.2188/jea.15.s80
https://doi.org/10.2188/jea.je20120161
https://doi.org/10.5664/jcsm.6984
https://doi.org/10.2188/jea.JE20200208
https://doi.org/10.1073/pnas.1408886111
https://doi.org/10.18632/oncotarget.11037
https://doi.org/10.18632/oncotarget.11037
https://doi.org/10.1093/sleep/29.11.1463
https://doi.org/10.1093/sleep/29.11.1463
https://doi.org/10.2147/NSS.S124657
https://doi.org/10.1164/rccm.201806-1109TR
https://doi.org/10.1164/rccm.201806-1109TR
https://doi.org/10.3748/wjg.v26.i20.2669
https://doi.org/10.1371/journal.pone.0096349
https://doi.org/10.1053/j.gastro.2018.08.024
https://doi.org/10.5665/sleep.4732
https://doi.org/10.1093/sleep/26.5.578
https://doi.org/10.1093/sleep/26.5.578
https://doi.org/10.1016/j.sleep.2012.09.010
https://doi.org/10.5665/sleep.5246
https://doi.org/10.5665/sleep.5246
https://doi.org/10.1001/archinte.167.3.296
https://doi.org/10.1162/jocn_a_00938
https://doi.org/10.1162/jocn_a_00938
https://doi.org/10.1053/smrv.2000.0098
https://doi.org/10.1053/smrv.2000.0098
https://doi.org/10.2486/indhealth.2015-0236
https://doi.org/10.3390/cells9030567
https://doi.org/10.3390/cells9030567
https://doi.org/10.1016/j.cjca.2016.04.008
https://doi.org/10.1016/j.cjca.2016.04.008
https://doi.org/10.1007/s00535-008-2251-0
https://doi.org/10.1007/s00535-008-2251-0
https://doi.org/10.1159/000436997

	Daytime napping and risk of liver cancer: A large population-based prospective cohort study
	1. Introduction
	2. Materials and Methods
	2.1. Study population and baseline questionnaire
	2.2. Outcome, exposure, and covariates
	2.3. Statistical analysis
	2.4. Ethical statement

	3. Results
	4. Discussion
	5. Conclusions
	Author contributions
	Data availability statement
	Funding
	Declaration of interest
	Supplementary materials
	References



