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Abstract 

Study Objectives:  Previous studies examining bidirectional relationships between nocturnal sleep and napping have focused on 
sleep duration, leaving a gap in our understanding of how sleep timing contributes. Here, we assessed the duration and timing for 
night sleep and daytime naps, to evaluate how the previous night’s sleep influences the next day's napping, and how napping influ-
ences same-night nocturnal sleep.

Methods:  We analyzed sleep diary and actigraphy data from 153 teens (males = 43.8%, mean age = 16.6 years). Participants who never 
napped were excluded. Nocturnal sleep-nap relationships were investigated using logistic and linear regression models separately 
for weekdays and weekends.

Results:  Participants napped an average of 2.3 times a week. 167 school day naps and 107 weekends were recorded. Naps were on 
average 82.12 ± 53.34 minutes and the average nap onset was 14:58 ± 3.78 hours. Their duration, start and end times did not sig-
nificantly differ between weekdays and weekends. Nocturnal sleep duration did not predict next-day nap occurrence or duration. 
However, on school days, earlier wake times significantly increased the likelihood of napping that day, and advanced nap timing. On 
weekends, later bedtimes and wake times delayed nap timing. On school days, napping longer than one’s average shortened noctur-
nal sleep whereas on weekends, waking from a nap later than one’s average delayed bedtimes.

Conclusions:  Early wake times increase the likelihood of napping and advance the time of a nap that day. Naps may be detrimental 
to the same night’s sleep only if they are long and occur late, as these can delay bedtimes and shorten nocturnal sleep duration, 
especially on school days.

Clinical trials:  The Cognitive and Metabolic Effects of Sleep Restriction in Adolescents (NFS4), https://clinicaltrials.gov/study/
NCT03333512, ID: NCT03333512. Investigating Preferred Nap Schedules for Adolescents (NFS5), https://clinicaltrials.gov/study/
NCT04044885, ID: NCT04044885.
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Graphical Abstract 

Statement of Significance

When nocturnal sleep is chronically insufficient, the opportunity to nap rather than nocturnal sleep duration may determine 
whether, how long, and when naps are taken the next day. However, there is an interplay between nocturnal sleep and naps, 
whereby early wake times bring forward the time one naps that day, and where naps that are too long and too late may be detri-
mental to that night’s sleep, especially for school days where wake times cannot be delayed to extend sleep duration. Appropriate 
scheduling of the duration and timing of napping should be emphasized when providing sleep hygiene recommendations.

Naps are short periods of sleep that occur outside the main noc-
turnal sleep period, which can alleviate sleepiness, as well as 
boost mood and cognition [1, 2]. A meta-analysis of actigraphi-
cally measured sleep across 17 countries found that teens aged 
13–19 years obtained less than 7 hours of sleep on weekdays and 
less than 8 hours on weekends [3] – significantly less than what 
is recommended [4]. In a population-based sample of Brazilian 
teens, 70% of teens reported “never” or only “sometimes” getting 
satisfactory sleep at night [5]. With chronic inadequate sleep, the 
most common reason for napping in teens may be to fulfill sleep 
requirements and counter symptoms of insufficient nocturnal 
sleep that impact daily functioning, such as deterioration in per-
formance and fatigue [6].

Surveys suggest that 40% to 58% [5, 7–9] of adolescents ranging 
from 13 to 19 years report napping at least once a week, with aver-
age nap durations reported as 43 minutes in one study [9] and 60 
minutes in another [5]. When naps are objectively measured with 
actigraphy, one study found that up to 89% of adolescents napped 
at least once a week, with an average duration of 65 minutes [10]. 
Long naps may indicate a greater need for compensatory sleep, as 
an Icelandic epidemiological study found that adolescents who 
were “often sleepy” took longer naps compared to those who were 
“seldom or never sleepy.” In addition, nappers in their study had 
42–53 minutes less sleep at night compared to non-nappers [7]. A 

closer investigation of the temporal relationships between noc-
turnal and nap sleep supports this. Measuring sleep with actigra-
phy across a school week, a study found that in students sleeping 
an average of 6.5 hours at night, shorter nocturnal sleep predicted 
a higher likelihood of napping as well as longer naps the next day 
[10], suggesting that napping in teens may be largely driven by 
compensatory reasons [11].

Although napping effectively increases the total amount of 
sleep across 24 hours, the duration and timing of when naps are 
taken are important considerations, as they influence whether 
naps have a negative impact on nocturnal sleep. In teens napping 
an average of 65.5 min (SD = 42.2 minutes), longer naps were asso-
ciated with later bedtimes and shorter same-night nocturnal sleep 
duration [10]. However, it is not known what time the naps were 
taken. Further, how timing may impact nocturnal sleep remains 
relatively unstudied. When 90-minute naps were scheduled at 
15:00 in the afternoon for teens who slept <6.5 hours at night, there 
was no consistent impact on nocturnal sleep latency. Over five 
experimental days, only one night showed prolonged sleep latency 
(approximately 10 min difference) in the nap group compared to 
the no-nap group [12]. However, an observational study of Japanese 
teens reported that students who napped later than 17:00, which 
was common in 35% of their sample, had bedtimes 30 minutes 
later compared to those who napped between 13:00 and 15:00 [8].
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Temporal relationships between the timing of daytime and 
nighttime sleep have not been examined objectively. In the pres-
ent investigation, we addressed these gaps by using actigraphy 
data collected over 1.5 to 2 weeks in teens during the school 
term to answer the following questions: (1) whether the previ-
ous night’s sleep would influence the next day's nap occurrence, 
nap duration, and timing, (2) whether nap duration and timing 
would affect that night’s sleep timing and duration. Furthermore, 
as weekday–weekend differences in schedules during the school 
term would drive large differences in sleep behavior (as seen in 
the present data), we did not wish to collapse sleep across the 
week but rather, wanted to examine weekdays and weekends as 
separate periods.

Methods
The present investigation used data from 153 teens collected dur-
ing the screening periods of each of the Need for Sleep studies 
[12–16] held between 2015 and 2019 that examined the relation-
ships between schedules of sleep restriction and napping, health, 
and cognitive outcomes in adolescents. Each of these studies 
were independently conducted. Participants were recruited from 
high schools in Singapore and ranged from 15 to 19 years old 
(mean ± SD age: 16.63 ± 1.12 years, males = 43.8%). As part of the 
screening procedures, participants’ habitual sleep patterns were 
recorded for 1.5–2 weeks during which they wore an Actiwatch 
(Actiwatch-2, Phillips Respironics, Bend, OR) as well as filled in a 
sleep diary (Table 1). In our Need for Sleep cohorts, approximately 
50%–55% of adolescents report napping at least once a week [17]. 
For the present analyses, only participants who reported taking at 

least one nap during the entire 1.5–2-week screening period were 
included in the present investigation. 83.8% of participants from 
the initial pool met this criterion for inclusion into the present 
analysis sample.

In the sleep diary, for each day, participants recorded their bed-
time, wake time, and sleep latency for nocturnal sleep periods, 
as well as the start and end time of any nap taken. Notably, naps 
were distinguished from nocturnal sleep in the sleep diary with 
separate columns provided for the recording of the two types of 
sleep entries. For each day, they also indicated whether the next 
day was a school day or not. Using this, we were able to confirm 
if weekdays were indeed school days, and weekends were indeed 
non-school days. If there were unusual patterns (e.g. participant 
reported a non-school day despite it being a weekday, yet no indi-
cation of a national or school holiday), these days were removed as 
we were not able to re-contact participants to confirm the details 
of these days. We also excluded public school holidays based on 
the national academic calendar for each of the specific years we 
recruited participants. In the present study, school nights refer to 
nights before a school day, (i.e. Sunday night to Thursday night), 
and weekend nights refer to nights before a non-school day (i.e. 
Friday night and Saturday night).

Although naps have different definitions depending on the 
focus of the investigation [18], in our study naps are defined as a 
period of sleep distinct from a main nocturnal period. We focus 
on “daytime” naps occurring during the period between 05:00 and 
23:59. Although there has been no consensus on the minimum 
or maximum duration required for a nap to be considered a nap, 
we wished to avoid situations of polyphasic sleep where one may 
intentionally divide a desired sleep period into two more or less 

Table 1. Nocturnal Sleep and Nap Parameters by Weekdays and Weekends

Mean SD Median

School nights = 864

Bedtime (hh:mm)a 00:03 1.30 00:01

Wake time (hh:mm)a 07:04 1.47 06:40

Time in bed (min)a 420.94 86.74 414.00

Total sleep time (min)a 342.07 76.18 330.00

Sleep onset latency (min) 10.83 14.81 6.00

School day naps = 167

Time in bed (min) 79.93 53.82 65.00

Start time (hh:mm) 15:06 3.93 16:00

End time (hh:mm) 16:26 4.22 17:38

Weekend nights = 332

Bedtime (hh:mm)a 00:43 1.43 00:36

Wake time (hh:mm)a 08:47 1.60 08:44

Time in bed (min)a 483.54 94.97 480.00

Total sleep time (min)a 398.36 89.48 392.00

Sleep onset latency (min) 10.53 13.43 6.00

Weekend naps = 107

Time in bed (min) 82.00 51.39 68.00

Start time (hh:mm) 15:07 3.00 15:26

End time (hh:mm) 16:29 3.07 16:50

School nights (next day is a school day): Sunday, Monday, Tuesday, Wednesday, and Thursday.
SD, standard deviation.
aDenotes significant main effect of school day/weekend.
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equal bouts. As we sought to investigate nap-night sleep relation-
ships in the context of regular school-term schedules, we also 
looked to exclude anomalous days which may have occurred due 
to exceptional reasons. Hence, we excluded nap periods exceed-
ing 240 minutes as these were deemed to be unusually long in the 
context of the school term and may have occurred due to abnor-
mal programming that day (e.g. sickness, or a school absence for 
other reasons).

These studies were approved by the Institutional Review Board 
of the National University of Singapore and informed consent 
was obtained from both participants and their legal guardians.

Actigraphy
Data were collected in 2-minute epochs and scored using the 
Actiware 6.2 software. Sleep parameters such as time in bed 
(TIB), total sleep time (TST), sleep onset latency (SOL), bedtime, 
and waketime, were calculated using the software algorithm set 
to medium sensitivity (wake events defined as having an activity 
count of ≥40). While TIB is calculated as the interval from bed-
time to waketime, TST is computed by summing all sleep epochs 
within this interval.

Sleep and wake times were determined based on the partici-
pant’s self-reported timings recorded in a sleep diary, as well as 
event markers on the actogram. We manually inspected the actig-
raphy data with reference to the sleep diary data and event mark-
ers on the actogram, and hand-scored the rest intervals from a 
combination of the event marker and diary, with preference given 
to the event marker. Where needed, the actogram was adjusted 
before generating sleep statistics. If a nap was reported but there 
was no evidence of a nap by actigraphy, the data was not included. 
Only naps with a discrepancy of 30 minutes and below between 
sleep diary and actigraphy-recorded start and end times were 
included in the analyses. For entries with discrepancy >30 minutes, 
we excluded the entry from analyses. If necessary, changes in light 
and activity levels were referred to for defining the sleep period.

Questionnaires
Participants also completed questionnaires assessing their 
non-verbal reasoning abilities, sleep quality, habitual sleep pat-
terns, daytime sleepiness, mood, and caffeine consumption 
(Table 2). The scores on these questionnaires are reported for 
characterization of the sample, and are not directly involved 
in the present analyses. The Raven’s Progressive Matrices [19] 
were used to measure non-verbal reasoning. Sleep quality was 
assessed by the Pittsburgh Sleep Quality Index [20] and symp-
toms of sleep restriction were assessed with the Chronic Sleep 
Reduction Questionnaire [21]. Morningness–eveningess prefer-
ence was measured with the Morningness-eveningness question-
naire [22]. Levels of daytime sleepiness were assessed with the 
Epworth Sleepiness Scale [23]. Symptoms of anxiety and depres-
sion were measured with the Beck Anxiety Inventory [24] and 
Beck Depression Inventory [25] respectively. Participants were 
also asked how many cups of caffeinated drinks they consumed 
in a day.

Statistical methods
Data were analyzed in RStudio using the lme4, lmer, and glmnet 
packages.

To minimize discrepancies in the data, nights where TIB was 
<4 hours were not included in the analyses [26]. Such nights were 
treated as idiosyncratic days of severe sleep deprivation. As we 
wished to examine habitual sleep patterns, we wanted to exclude 
these exceptional nights. Days that were indicated as school 

days, but had wake times recorded later than 08:00, were also 
not included as the majority of schools in Singapore start before 
08:00. Daytime sleep periods that exceeded 240 minutes, or bouts 
of nap sleep that occurred between 00:00 and 04:59, were also 
excluded from all analyses as we wanted to limit our investiga-
tion to daytime naps [27]. We excluded 12 naps that exceeded 240 
minutes and 4 naps that occurred between 00:00 and 04:59.

Wilcoxon signed-rank tests were used to test for significant dif-
ferences between school day and weekend nocturnal sleep and 
nap duration and timing. Relationships between nocturnal sleep 
parameters (duration [TIB and TST], bedtime, wake time, SOL) and 
nap sleep parameters (nap duration [TIB], nap start time, nap end 
time) were investigated using multilevel logistic (where nap occur-
rence was the dependent variable) and linear regression models 
controlling for age and gender. The sleep predictors were entered 
into separate models to reduce the potential for collinearity. We 
also checked for collinearity by examining the variance inflation 
factor. We found no significant collinearity (variance inflation fac-
tor below 4, and tolerance below 0.25). Random intercepts and 
random slopes (where convergence was possible) were included 
in all models to account for possible interindividual differences in 
associations between sleep and outcome variables at the day-to-
day level. Nocturnal sleep and nap sleep parameters were treated 
as continuous variables. Multilevel logistic regression models 
were used to examine whether the previous night’s sleep param-
eters would predict whether or not a nap occurred the next day 
(nap = 1, no nap = 0). For days where a nap occurred, multilevel lin-
ear regression models were used to examine whether the previous 
night’s sleep parameters influenced the nap sleep parameters, as 
well as whether nap sleep parameters influenced sleep the same 
night. For time points where naps did not occur, nap duration was 
input as 0, and nap timing was input as missing.

Given the different schedules of time use during the school 
week versus weekends, we elected not to collapse the sleep data 
but instead, examined nocturnal-nap sleep relationships sepa-
rately for weekdays and weekends. However, models testing for 

Table 2. Sample Characteristics

Mean/frequency SD

n 153 —

Age (y) 16.63 1.12

Gender (no. of males) 67 —

Days of data recorded 8.68 3.68

Average naps per week 2.30 2.17

Ravens Progressive Matrices Score 8.98 1.87

PSQI global score 5.38 2.22

CSRQ subscale: shortness of Sleep 13.22 2.21

CSRQ subscale: irritation 6.80 1.94

CSRQ subscale: energy Loss 8.33 2.06

CSRQ subscale: sleepiness 8.11 1.86

Epworth Sleepiness Score 7.97 3.42

Berlin questionnaire 0.03 0.16

Beck’s anxiety inventory 0.94 0.86

Beck’s depression inventory 0.91 1.20

Caffeine (cups/day) 0.60 0.79

SD, standard deviation; PSQI, Pittsburgh Sleep Quality Index; CSRQ, Chronic 
Sleep Reduction Questionnaire.
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moderation within which a day factor and an interaction term 
(day × sleep/nap variable) were included, were also analyzed. 
These results may be found in Supplementary Material.

Results
Habitual nocturnal sleep and napping
Only participants who reported taking at least one nap during the 
screening period were included in the present analysis (see meth-
ods). A total of 153 participants (67 males) aged on average 16.6 
years were included in the analyses and each individual provided 
an average of 9.6 days of data (Table 2). Participants had an average 
PSQI global score of 5.38 (SD = 2.22) and scored an average of 7.97 
on the ESS. CSRQ scores suggest that participants did not exceed 
the clinical threshold of chronic sleep reduction. BAI and BDI 
scores suggest minimal clinical symptoms of anxiety and depres-
sion. Participants reported consuming 0.6 cups of caffeine a day.

Compared to school days, on weekends, adolescents went to 
bed 40 minutes later (p < .001) but also woke 100 minutes later 
(p < .001), thus obtaining an average of 60 minutes more sleep on 
the weekend (ps < .001). Average sleep duration (TST) on school 
days was 5.70 hours (SD = 1.27) compared to 6.64 hours (SD = 1.49) 
on weekends.

Participants took an average of 2.3 naps a week, and the likeli-
hood of napping on a school day was 19.3%, and 32.2% on a non-
school day. Regardless of the day of the week, actigraphy-defined 
naps were 82.12 ± 53.34 minutes long and the average nap onset 
was 14:58 ± 3.78 hours in the afternoon. There were no significant 
differences in nap duration (p = .41), or nap start times (onset) and 
end times (offset) between weekdays and weekends (ps > .38). To 
illustrate the distribution of nap start times in the sample, histo-
grams were plotted according to the following categories: early 
morning (05:00–11:59), early afternoon (12:00–14:59), late afternoon 
(15:00–17:59), and evening (18:00–23:59; Figure 1A). On both week-
days and weekends, naps were most commonly taken between 
15:00 and 18:00. Nap durations were categorized into 30-minute bins 

(Figure 1B). Naps ranged from less than 30 to 120 minutes or longer, 
with the most common duration of naps being between 30 and 60 
minutes, followed by those longer than 120 minutes.

Effects of the previous night’s sleep on next-day 
nap occurrence, duration, and timing
On school days, earlier wake times significantly increased the like-
lihood of napping that day (B = −0.42, SE = 0.16, p = .008), and were 
also associated with earlier nap start times (B = 1.33, SE = 0.53, 
p = .014) and nap wake times that day (B = 1.51, SE = 0.56, p = .008; 
Table 3). Specifically, waking 1 hour earlier than the sample aver-
age brought nap start and end timings forward by 78 and 91 min-
utes, respectively. However, nocturnal duration or bedtime did not 
significantly predict whether a nap would be taken, or what dura-
tion or timing of the nap the next day would be (ps > .053). There 
were no significant within-participant effects (ps > .060).

On weekends, at the between-participant level, later bedtimes 
and later wake times were significantly associated with later nap 
times. Specifically, going to bed 1 h later than the sample average 
delayed nap times by 48 minutes the next day (B = 0.80, SE = 0.38, 
p = .040), and waking 1 hour later delayed naps by 65 minutes 
(B = 1.08, SE = 0.33, p = .002). At the within-participant level, wak-
ing 1 hour later than one’s average wake time was associated 
with napping 1 hour later than one’s usual nap time (B = 0.97, 
SE = 0.24, p < .001). Sleeping longer than one’s average duration 
(TIB and TST) was also significantly associated with napping later 
than one’s usual nap time, but these delays were in the range of 
under a minute (Bs = 0.01, SEs < 0.01, ps = .004–.019).

Effects of daytime nap duration and timing on 
the same night's sleep
Next, we asked whether naps would affect nocturnal sleep that 
same night. On school days, at the between-participant level, nap-
ping for 1 hour longer shortened nocturnal sleep (TIB) by 22 min-
utes (B = −0.37, SE = 0.13, p = .004, Table 4); the delay in bedtimes 
were significant but effects were comparatively small (B = 0.01, 

Figure 1. Histogram depicting (A) nap start times and (B) nap durations on weekdays and weekends.
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SE < 0.01, p < .001). At the within-participant level, napping 1 hour 
longer than one’s own average nap duration was also associated 
with 29 minutes of shorter sleep (TST) than one’s own average 
nocturnal duration (B = −0.48, SE = 0.17, p = .004). Similarly, this 
also significantly delayed one’s bedtimes but to a smaller extent 
(B = 0.01, SE < 0.01, p = .005). SOL was not significantly affected 
(p > .08). There were no significant effects of nap timing on noc-
turnal sleep parameters.

However, on weekends, at the between-participant level, 
waking from a nap 1 hour later increased the time taken to fall 
asleep by 2 minutes (B = 1.93, SE = 0.81, p = .020), and delayed bed-
times by 16 minutes (B = 0.27, SE = 0.10, p = .011). At the within- 
participant level, waking from a nap 1 hour later than one’s own 
average time delayed bedtimes 16 minutes beyond one’s own 
average bedtime (B = 0.26, SE = 0.06, p = .001). However, this did 
not affect sleep duration (ps > .340). There were no significant 
effects of nap duration on nocturnal sleep parameters.

Discussion
Our findings examined napping in the context of inadequate noc-
turnal sleep. This is reflected in both the objectively measured 

short sleep at night (school days: 5.70 hours; weekends: 6.64 
hours) as well as the generally long length of naps taken (median 
nap duration: 65–68 minutes). Notably, our sample was made 
up of nappers, as only those who reported napping at least once 
during the entire screening period were included in the analyses. 
In our sample, nocturnal duration did not predict whether a nap 
was taken, whereas a previous study on teens had shown that 
shorter nocturnal sleep predicted nap occurrence the next day 
[10]. Sleeping comparatively less at an average of <6 hours nightly, 
likely raises nap propensity. However, the opportunity to nap may 
have been limited by scheduling constraints. Nonetheless, early 
wake times did predict higher nap occurrence for that day and 
advanced nap timing.

With local school start times already early (07:30 am in 
Singapore), students must wake before their natural biological 
rise time. Waking earlier than average may lead to significant 
sleepiness by midday and a higher drive to nap that day. With a 
longer period of wakefulness, the buildup of sleep pressure would 
have accumulated sooner, giving rise to an earlier-than-usual nap 
time. This shift in nap times in accordance with wake times was 
also seen on weekends. On weekends, waking on average later 
(between-participant) and waking later than one’s own average 

Table 3. Unstandardized Beta (Standard Error) Values for the Effects of the Previous Night’s Sleep Parameters on the Next Day’s Nap 
Parameters

Nap TIB (min) Nap start time (h) Nap end time (h) Nap occurrence

Weekday (no. of observations = 436)

Between-person effects

Night TIB (min) 0.036 (0.09) 0.009 (0.01) 0.009 (0.01) −0.003 (<0.01)

Night TST (min) 0.096 (0.11) 0.016 (0.01) 0.016 (0.01) <−0.001 (<0.01)

Night SOL (min) −0.321 (0.47) −0.014 (0.04) −0.020 (0.04) 0.006 (0.01)

Bedtime (h) 8.913 (4.68) 0.296 (0.37) 0.443 (0.40) 0.038 (0.09)

Wake time (h) 13.325 (6.84) 1.328 (0.53) * 1.509 (0.56) ** −0.420 (0.16) **

Within-person effects

Night TIB (min) −0.133 (0.07) 0.003 (<0.01) 0.001 (0.01) —

Night TST (min) −0.101 (0.07) 0.004 (<0.01) 0.004 (<0.01) —

Night SOL (min) −0.016 (0.28) −0.001 (0.02) − 0.001 (0.02) —

Bedtime (h) 2.436 (4.96) −0.304 (0.33) −0.266 (0.34) —

Wake time (h) 0.193 (6.17) 0.641 (0.46) 0.584 (0.47) —

Weekend (no. of observations = 152)

Between-person effects

Night TIB (min) 0.009 (0.13) 0.010 (0.01) 0.009 (0.01) −0.002 (<0.01)

Night TST (min) −0.031 (0.14) 0.002 (0.01) 0.001 (0.01) 0.001 (<0.01)

Night SOL (min) −0.056 (0.59) 0.066 (0.04) 0.064 (0.04) −0.014 (0.01)

Bedtime (h) 3.479 (5.79) 0.803 (0.38) * 0.896 (0.39) * −0.035 (0.12)

Wake time (h) 3.360 (5.58) 1.075 (0.33) ** 1.149 (0.34) ** −0.159 (0.11)

Within-person effects

Night TIB (min) −0.054 (0.06) 0.009 (<0.01) * 0.010 (<0.01) * —

Night TST (min) −0.051 (0.07) 0.012 (<0.01) ** 0.013 (<0.01) ** —

Night SOL (min) −0.117 (0.59) 0.012 (0.04) 0.010 (0.04) —

Bedtime (h) −2.931 (4.72) 0.417 (0.29) 0.322 (0.29) —

Wake time (h) −5.957 (4.13) 0.966 (0.24) *** 0.875 (0.24) *** —

Models included age and gender as covariates.
TIB, time in bed; TST, total sleep time; SOL, sleep onset latency.
*p < .05, **p < .01, ***p < .001.
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(within-participant) shifted nap timings later, as the buildup of 
sleep pressure accumulated later than average that day.

The second question we asked was whether napping would 
influence nocturnal sleep that same night. In our sample, we 
observed long and late naps, with many having naps that were 2 
hours or longer, and many waking from these long naps at almost 
evening time. We found that on school days, these long naps 
delayed bedtimes and shortened nocturnal sleep that night, while 
on weekends, the late naps delayed bedtimes but did not curtail 
sleep duration. On school days, wake times are constrained by early 
school start times, and teens have limited opportunities to extend 
sleep duration by waking later after staying up late. On weekends, 
although bedtimes are later, teens have the flexibility to wake later 
and extend sleep duration to compensate for late bedtimes.

Compared to adults, teens appear to nap for a longer duration. 
While Brazilian [5], American [10], and Singaporean teens [17] nap 
for an average of 60–84 minutes, adults (age range: 25 to 55 years) 
in the United States, Canada, Mexico, United Kingdom, Germany, 
and Japan report taking naps in the range of 33 to 45 mins [28]. 
Notably, naps in university students are also long, ranging from 
75 [29] to 81 minutes [30] in US samples, and 62 minutes in a 
Singaporean sample [31]. This may point to the greater need in 
adolescents and younger adults to fulfill higher sleep require-
ments across the 24-hour period compared to older adults.

Many guidelines recommend naps of around 30–45 minutes, 
in line with recent evidence that a nap containing 30 minutes 
of actual sleep, provisioning 10 minutes to fall asleep, has bene-
fits to alertness, performance, and mood, and may have the best 
tradeoff between practicability and benefit [1]. Although sleep 
and memory experimental studies often use naps of 90 to 120 
minutes to test mechanistic contributions of NREM and REM 

sleep, several studies suggest that a 30-minute nap already pro-
vides functional benefits to memory consolidation and encoding 
[1, 2, 32]. While excessively long naps have always been discour-
aged, the reasons for this have been related to the association 
with greater sleep inertia upon waking [18]. However, this con-
cern may apply more to naps taken after major sleep depriva-
tion rather than after a normal night of sleep [33]. Moreover, the 
dip in alertness along with performance decrements due to sleep 
inertia tends to be most prominent at 5 minutes post-nap and 
often fully dissipates within 20–30 minutes or less [1, 34–36]. Our 
findings suggest that the more compelling reason to discourage 
long naps may be because of their potential to delay bedtimes 
and curtail sleep duration that night, especially for school-going 
teens who have fixed early wake times the next day and cannot 
compensate for delayed bedtimes. In college students, longer 
nap durations were associated with a delay in bedtimes but not 
shorter nocturnal sleep duration [29, 30], perhaps due to having 
greater flexibility than school-going teens to wake later thereby 
extending sleep duration.

Our findings suggest that patterns of napping may reflect the 
adequacy of sleep at night and are dependent on the opportunity 
to nap as well as the flexibility to adjust wake times. While naps 
have clear benefits to cognitive performance [2] and can effec-
tively counter the negative consequences of inadequate sleep at 
night [37], the timely scheduling of naps should be emphasized 
when providing sleep hygiene recommendations so as not to 
inadvertently compromise nocturnal sleep. However, it should 
also be noted that factors linked to long naps may delay bedtimes 
in a manner not unrelated to naps, for example, napping in antic-
ipation of an intentional late night of studying, much like prophy-
lactic napping before a night shift [38]. Delaying bedtimes due 

Table 4. Unstandardized Beta (Standard Error) Values for the Effects of Daytime Nap Parameters on the Subsequent Night’s Sleep 
Parameters

Nocturnal sleep parameters

TIB (min) TST (min) SOL (min) Bedtime (h)

Weekday (no. of observations = 138)

Between-person effects

Nap TIB (mins) −0.373 (0.13) ** −0.257 (0.13) 0.057 (0.03) 0.008 (<0.01) ***

Nap start time (h) −0.517 (1.50) 0.139 (1.51) 0.365 (0.42) 0.031 (0.03)

Nap end time (h) −0.986 (1.39) −0.182 (1.41) 0.442 (0.39) 0.039 (0.02)

Within-person effects

Nap TIB (min) −0.415 (0.17)* −0.481 (0.17) ** 0.057 (0.03) 0.008 (<0.01) **

Nap start time (h) −2.862 (3.16) −0.243 (3.11) −0.988 (0.59) 0.066 (0.05)

Nap end time (h) −4.503 (3.05) −2.454 (3.02) −0.663 (0.57) 0.095 (0.05)

Weekend (no. of observations = 57)

Between-person effects

Nap TIB (min) −0.414 (0.25) −0.370 (0.25) 0.041 (0.04) 0.010 (<0.01)

Nap start time (h) 9.010 (6.01) 6.700 (6.06) 1.762 (0.88) 0.214 (0.11)

Nap end time (h) 4.282 (5.70) 2.697 (5.71) 1.931 (0.81) * 0.268 (0.10) *

Within-person effects

Nap TIB (min) −0.029 (0.41) −0.001 (0.42) 0.024 (0.06) −0.003 (0.01)

Nap start time (h) −2.810 (6.24) −3.797 (6.28) 0.747 (0.94) 0.235 (0.05) **

Nap end time (h) −5.560 (6.35) −6.116 (6.36) 0.882 (0.93) 0.260 (0.06) **

Models included age and gender as covariates.
TIB, time in bed; TST, total sleep time; SOL, sleep onset latency.
*p < .05, **p < .01, ***p < .001.
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to the pressure to complete schoolwork is prevalent among stu-
dents in competitive academic settings [39]. Indeed, this cultural 
factor may drive the way that sleep is distributed in this group, 
with comparatively short nocturnal sleep [40] and relatively 
longer naps in the daytime (average nap duration of 82 mins in 
the present sample versus 65 minutes reported in Jakubowski et 
al. [10]). Future studies examining nocturnal-nap sleep relation-
ships should include reasons for naps in the sleep diary log.

Limitations
The present sample of teens were recruited from a tier of 
high-performing schools in Singapore and may experience 
greater academic pressures than their peers in other samples. 
Strict academic schedules and relatively short nocturnal sleep in 
this group may limit the generalizability of findings, and the soci-
ocultural environment should be taken into consideration when 
comparing teen sleep and nap patterns in different settings.

Compared to polysomnography, actigraphy is known to overes-
timate TST in adults [41, 42], but underestimates sleep in adoles-
cents possibly because of greater movement during sleep in the 
younger group [15, 43, 44]. This underestimation of TST compared 
to PSG in our cohort of teens has been documented in a previ-
ous investigation [45]. Nonetheless, actigraphy is still generally 
regarded as a reliable measure of naps [46, 47], particularly in a 
healthy sample and when used alongside sleep diary records [10], 
as in the present study.

Conclusions
When nocturnal sleep is chronically insufficient, the opportunity 
to nap rather than nocturnal sleep duration determines whether, 
how long, and when naps are taken the next day. Early wake 
times increase the likelihood of napping that day and also bring 
forward nap timing. Very long and late naps can delay bedtimes 
and shorten sleep duration at night, so the appropriate schedul-
ing of the duration and timing of napping are required to avoid 
disrupting nocturnal sleep.
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