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Interestingly, when short sleep duration was defined by a 
second, stricter definition (< 330 min), the harmful effect of 
weekend CUS remained significant after adjustments among 
individuals with short (1-h) and not long (2-h +) weekend 
CUS. Additionally, a sensitivity analysis showed a harm-
ful effect of no weekend CUS, as well as short weekend 
CUS, with short sleep duration (< 330 min). These findings 
appear to align with experimental evidence of the harmful 
effects of sleep debt due to short weekday sleep (e.g., sleep 
restriction to 4 or 5 h per night for weekdays) on metabolic 
and endocrine function, which require more than two days 
to recover [6, 7, 32]. On the other hand, long (2-h +) week-
end CUS with an objectively short sleep duration was not 

associated with an increased mortality risk, as compared to 
no CUS with objectively normal sleep duration. This find-
ing suggests that a high amount of CUS could help stave off 
the harmful effects of accumulated sleep debt related to the 
impaired ability to obtain sufficient sleep. A large-scale lon-
gitudinal epidemiological study also suggested that weekend 
medium or long sleep mitigates the harmful effects related to 
weekday short sleep on mortality [4]. However, this previous 
sudy did not differentiate the effects of varying degrees of 
weekend CUS on mortality among individuals with weekday 
short sleep. Overcoming this limitation, our present study 
implies that long, but not short, weekend CUS could miti-
gate the harmful effects of potential sleep debt among those 

Fig. 2  Multivariable-adjusted Cox regression plots by total sleep time 
(TST) and weenend catch-up sleep (CUS). Differential cumulative 
incidences (A) and hazard ratios (HRs) (B) from the fully adjusted 

Cox proportional hazard model (Model 2) are shown. CI confidence 
interval, CUS catch-up sleep, Ref reference, TST total sleep time
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