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Chronic sleep restriction triggers inadequate napping habits in adolescents: a 

population-based study 

 

Abstract 

 

Background: The prevalence of chronic sleep restriction during adolescence is a 

major public health issue. Napping has been adopted to alleviate sleep pressure 

complaints. However, it also has the potential to amplify sleep restriction due to 

a vicious cycle triggered by delayed sleep times. The aim of this study was to 

investigate sleep and napping habits in a sample of Brazilian adolescents.  

Methods: This study enrolled 1554 high school students and included the 

evaluation of sleep times, daytime sleepiness, sleep quality, and circadian 

preference. The students were asked about their napping routine, i.e., its 

frequency and duration per week.  

Results: The adolescent sleep recommendation was achieved by only 27.6% of 

the sample. Napping habit was reported by 58.1%, with 36.2% of nappers 

informing naps in 1-2 times per week. Prolonged naps were reported by 44.9% 

of nappers. Nappers had later median bedtime (23:30) and reduced time in bed 

(TIB) (median = 07:00 h) compared to non-nappers. The frequency of nappers 

who did not achieve satisfactory TIB was higher than non-nappers. In addition, 

nappers reported increased daytime sleepiness and poor sleep quality. Later 

bedtimes and reduced TIB were associated with longer nap duration. Increased 

sleepiness and poor sleep quality were linked to a higher nap frequency.  

Conclusions: This exploratory survey demonstrated a severe sleep restriction 

faced by Brazilian adolescents. Napping can be an efficient strategy to counteract 

sleep restriction, but it needs to be adopted with caution due to the detrimental 

effects of frequent and prolonged naps on nocturnal sleep.  
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1. Introduction 

 

Adolescence is a critical stage of life in which many maturation processes 

take place, including changes in sleep regulation. It is well known that sleep is 

essential to mental function and academic achievement in this age bracket [1,2]. 

Homeostatic and circadian changes have been considered as pivotal factors 

determining adolescent’s sleep: the process S (homeostatic) tends to be slower 

during adolescence, delaying sleep onset into the night; and the process C 

(circadian) is modified by the lengthening of the intrinsic circadian period [3–8]. 

These bioregulatory changes combined with psychosocial pressures (e.g. 

bedtime autonomy and excessive screen time use) contribute to the 

manifestation of the delayed sleep phase [9,10]. Thus, several studies have 

stressed that the combination of later sleep times with early school start times 

have contributed to both the prevalence of chronic sleep restriction among 

adolescents [11–16] and the enhancement of mood and behavior problems [4]. 

The chronic sleep restriction commonly seen in adolescence has become 

a major public health issue [14,17–19]. The National Sleep Foundation has 

recommended 8-10 hours of sleep per day as appropriate when considering 

cognitive, emotional, and physical health during adolescence [20]. When the 

recommended sleep is not achieved, the accumulated sleep pressure contributes 

to mounting complaints of daytime sleepiness, and consequently, to the adoption 

of napping by adolescents [21–23]. 

One of the more evident consequences of sleep restriction in adolescence 

is excessive daytime sleepiness, which, in some of the teens, has been 

associated with the occurrence of napping [24]. Besides reducing daytime 

sleepiness, napping has been used in anticipation of future sleep deprivation or 

routinely as a sociocultural habit [25,26]. Benefits to attention, concentration, 

reaction time [27], declarative and procedural memory consolidation [21,28,29], 

and to executive functions [30,31] and working memory [32,33] improvements 

have been reported through naps. 

Although there is no consensus about the recommendation of naps among 

adolescents [34], there are studies in adults endorsing the positive role of short 
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naps (up to 30 minutes) that occur near the circadian dip [26,35], in order to avoid 

subsequent nocturnal sleep disruption [35]. The sleep restriction experienced by 

adolescents prompts frequent and prolonged napping behaviors in their routine, 

which could increase alertness into the night, and thus promoting later sleep 

times [23,36,37]. 

The relationship between napping and nocturnal sleep has been 

investigated in studies involving both adults and adolescents. Taking naps seems 

to be an alternative to compensate poor sleep quality and short sleep duration in 

middle-aged adults [38]. Since then, only one study demonstrated this cause-

effect relationship in adolescents [24]. The authors found that shorter sleep 

duration predicted prolonged naps but also napping habits predicted both 

reduced sleep duration and sleep efficiency in the next nocturnal sleep episode. 

Although there are many studies describing sleep and nap habits, few 

investigations have been dedicated to unveiling the relationship between 

nocturnal sleep and daytime naps in adolescents. Therefore, this work aimed to 

characterize sleep and napping occurrence in a representative sample of 

Brazilian adolescents (aged 14-19 years) and to evaluate the potential 

association between nocturnal sleep and daytime naps. 

2. Methods 

2.1. Sample and data collection 

This cross-sectional investigation of epidemiological approach enrolled a 

total of 1554 adolescents from public high schools of the city of Curitiba, state of 

Paraná (PR), Brazil (25°25′S, 49°16′W). Initially, 1627 students fulfilled the 

questionnaires but 73 were excluded due to the poor completion of the survey. 

The schools were randomly selected based on the sectors arranged by the State 

Department of Education (SEED-PR), consisting of 9 sectors spread across the 

city (each sector was represented for one school).  

The sample size was estimated considering a finite population from the 

equation: n = [N. σ². (Zα/2)²]/[(N-1).E² + σ². (Zα/2)²], where n = number of 

individuals; Zα/2 = critical value corresponding 95% of confidence interval; E = 

the maximum error of the estimate; N = population size; σ = population standard 

deviation. Since the population size (number of high school enrollments 
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registered by SEED-PR) was 55390 in 2019, the recommended sample size of 

1569 was considered representative. 

The sample was composed only of early morning shift students (classes 

started at 07:30). The data collection occurred between March and June 2019 

and all students informed assent prior to participation. Informed consent was also 

provided by parents or legally responsible. Thereafter, the data collection was 

done inside the classroom during normal class hours. The questionnaires 

included demographic information, the Pediatric Daytime Sleepiness Scale 

(PDSS), the Morningness-Eveningness Scale (M/E) and the Pittsburgh Sleep 

Quality Index (PSQI). In addition, the students were asked about nap habits, 

including the frequency and duration of their naps per week. All the 

questionnaires were available through electronic means (tablet devices) and 

students were oriented by one member of the research team. 

2.2. Measures 

2.2.1. Pediatric Daytime Sleepiness Scale (PDSS) 

PDSS was translated and validated to the adolescent Brazilian population 

[39]. This scale evaluates excessive daytime sleepiness in children and 

adolescents through 8 questions with 5-point Likert-type from never (0) to always 

(5). Through the sum of points, scores ranged from 0 (low sleepiness) to 32 (high 

sleepiness) with higher scores meaning greater daytime sleepiness. 

2.2.2. Morningness/Eveningness Scale (M/E) 

Circadian preference was measured by the M/E scale which has been 

validated and adapted to adolescent Brazilian populations [40] with questions 

about time-of-day to perform activities (e.g. sleep/wake times, physical exercise, 

leisure, scholar activities). 10 multiple-choice questions compose this scale 

providing a final score by means of answers’ sum. The maximum score is 43 with 

higher values indicating a morningness tendency whereas lower values would 

indicate eveningness tendency. 

2.2.3. Pittsburgh Sleep Quality Index (PSQI) 

The Brazilian version of PSQI was validated and adapted to the adolescent 

population [41]. PSQI is a well-established survey for quality and quantity of sleep 
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in the previous month composed of 19 questions grouped into seven 

components, ranked by 0 to 3 ranges scores. These components are divided into 

(C1) subjective sleep quality, (C2) sleep latency, (C3) sleep duration, (C4) 

habitual sleep efficiency, (C5) sleep disturbances, (C6) use of sleep medication 

and (C7) daytime dysfunction. In addition, PSQI provides self-report bedtime and 

wakeup time behaviors. A global score is generated by the sum of these 

components that produce ranges from 0 to 21, indicating worse sleep quality in 

higher scores. The original questionnaire [42] recommended a discriminatory 

score between “good sleepers” and “poor sleepers” using a cutoff score of 5 

points. Poor sleepers are classified with scores greater than 5 points in PSQI [43]. 

2.2.4. Occurrence of naps 

The nap habit was reported by a single question (“Do you usually take 

naps during the day?”). Adolescents who informed “yes” in this question were 

grouped as nappers. Two additional questions related to frequency and duration 

of naps were asked to nappers. The frequency and duration of naps was rated in 

five categories: frequency of naps per week (<1x, 1-2x, 3-4x, 5-6x, and >6x) and 

duration of naps per episode (<15min, 15-30min, 30-45min, 45-60min, and 

>60min).  

2.3. Statistical analyses 

Continuous variables were expressed as mean and standard deviation 

whereas categorical variable was described as frequency distribution. The 

Kolmogorov-Smirnov test was used to test data normality. Since all data 

presented non-parametric distribution, the Mann-Whitney test was performed. 

Linear regression analysis was performed to explore relationships between the 

frequency and duration of naps with sleep variables adjusted by gender, age, and 

year of high school. 

Chi-square tests were performed to investigate differences among 

categorical variables (gender, year of high school, sleepiness in classroom, 

recommended sleep duration and satisfactory TIB duration) in nappers and non-

nappers. The significant differences were explored by calculating the 

standardized residual for each cell in each contingency table. According to 

Sharpe [44], the highest residual values tend to contribute to the magnitude of 
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the Chi-square test. In addition, a Bonferroni adjustment was done to avoid the 

probability of a Type I error [45]. The analysis was executed using both SPSS 

version 25 (IBM Corp., Armonk, NY, USA) and Python version 3.7 (Spyder IDE). 

The significance level was defined by p<0.05 and the effect sizes were reported 

for all analyses. 

2.4. Ethical aspects 

This study was approved by the Local Research Ethics Committee (CEP 

– Universidade Federal do Paraná, Brazil) 72937617.1.0000.0102 number of 

process authorized in October 2017, in compliance with the Declaration of 

Helsinki.  

3. Results 

3.1. Demographic characterization 

The demographic characteristics of the sample are shown in Table 1 and 

the sample characterization based on sleep variables is listed in Table 2. The 

population that the sample was extracted from is composed of the following ethnic 

groups [data from the Statistical Synopsis of Basic Education/Brazilian Ministry 

of Education (2019) (www.gov.br/inep)]: White (59.55%), Black (1.02%), Mixed 

(9.08%), Yellow/Asian (0.43%), Indigenous (0.24%), Undeclared (29.68%). Data 

about socioeconomic status (SES) were also extracted by a scholar census 

developed by the Brazilian Ministry of Education (www.gov.br/inep). As the SES 

data were not updated during the year of data collection for this study (2019), 

data from the last SES scholar census available (2015) will be reported instead. 

According to this census, the sample that took part in this study was from schools 

with students reporting monthly family income between 2.5 to 7 minimum salary 

and parents with high school or college/university education.    

The sample was composed by 54.7% of girls and the mean age was 15.8 

(aged 14-19 years) (Table 1). A small portion of the participants worked during 

the out-of-school shift (19.8%). Health problems and use of medication was 

reported by 25.1% and 23.1% of the participants, respectively; only 6.8% reported 

use of medications to sleep.  Alcohol intake was reported by 15.1% and smoking 

by 2.7% of the participants. Regarding stimulant drink intake, almost half of the 
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participants reported caffeine ingestion (48.4%) at least once per day. This 

proportion was reduced when adolescents were asked specifically about energy 

drink ingestion (10.6%) (Table 1).  

The average bedtime and wake time was 23:10 and 06:15 hours, 

respectively (Table 2). The mean time in bed (TIB) was of 07:05 hours with only 

27.6% (n = 429) of adolescents getting the recommended amount of sleep (more 

than 8 h) [20]. Most of adolescents reported insufficient TIB (70.9% informed 

“Never” or “Sometimes” satisfactory TIB duration). Furthermore, 39.5% of the 

sample reported that they “Frequently” or “Always” felt sleepiness in the 

classroom (Table 2). The mean score of daytime sleepiness assessed by PDSS 

was 17.75 points. Morningness/Eveningness Scale varied from 11 to 43 (mean 

25.20 points) and the PSQI global score was 6.33 points (Table 2). 

3.2. Napping habits 

Most of the adolescents reported taking naps during the week (58.1%). 

Among nappers, more than one-third (36.2%) reported infrequent naps (1-2 

x/week), and 28.6 % reported naps three to four times per week. Prolonged naps 

were prevalent among nappers with 44.9% reporting more than 60 minutes of 

nap duration (Figure 1). 

The group of nappers included more girls (59.6%) than boys (40.4%, Chi-

squared χ²(1) = 20.73, p<0.001, Table 3). A higher proportion of adolescent 

workers did not take naps during the week (28.6% vs 13.4%, Chi-squared χ²(1) 

= 54.93, p<0.001. Alcohol ingestion was higher in nappers than non-nappers 

(16.8% vs 12.7%, Chi-squared χ²(1) = 4.91, p=0.02). In relation to stimulant drink 

intake, only soda and energy drink differed between groups. Both types of 

stimulants were more used, at least once per day, for nappers [47.8% (soda); 

11.1% (energetics)] than non-nappers [40.5% (soda); 9.8% (energetics); soda: 

χ²(4) = 10.74, p=0.03, energetics: χ²(4) = 10.15, p=0.04]. The other demographic 

variables did not differ between groups.  

Nappers reported later bedtimes (median = 23:30) than non-nappers 

(median = 23:00, p < 0.001, Table 3). Further, median sleep latency was higher 

in nappers (20 min) than non-nappers (15 min, p=0.01). Nappers exhibited 

shortened TIB (median = 07:00) compared to non-nappers (median = 07:30, p < 
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0.001). The frequency of nappers who did not achieve the recommended sleep 

duration (< 8 h) was higher (76.2%) than non-nappers (67.1%, Chi-squared χ² (1) 

= 15.55, p < 0.001). Nappers reported more sleepiness in classroom (21.7%) 

than non-nappers (10.4%, Chi-squared χ²(4) =  83.85, p < 0.001) as well as less 

satisfaction with the TIB duration (23.7%) compared to non-nappers (14.6%, Chi-

squared χ²(4) =  56.50, p < 0.001). Nappers showed higher scores of sleepiness 

on the PDSS (median = 19; non-nappers = 16, p<0.001) and poorer sleep quality 

as assessed by the PSQI (median = 6; non-nappers = 5, p < 0.001). The score 

in M/E scale revealed a greater proportion of evening types in nappers (median 

= 24) compared with non-nappers (median = 27, p < 0.001). 

The relationship between frequency and duration of naps with sleep 

variables among nappers was explored by multiple linear regressions (Table 4). 

Frequency and duration of naps were listed as dependent variables. Sleep 

variables (bedtime, sleep latency, wake time, and TIB) as well as daytime 

sleepiness (PDSS), Morningness/Eveningness Scale (M/E), and sleep quality 

(PSQI) were considered as independent variables. Gender, age, and year of high 

school were used to adjust variables in the analysis. Two models were used for 

this analysis: TIB was excluded in model 1 whereas bedtime was excluded in 

Model 2. These models were required due to the multicollinearity detected 

between bedtime and TIB. Later bedtimes (β = 0.08) and reduced TIB (β = -0.07) 

were associated with prolonged nap duration. Increased daytime sleepiness (β = 

0.20) and poor sleep quality (β = 0.10) were linked to more frequent naps during 

the week. The tendency to eveningness was also related to the higher frequency 

of naps (β = -0.09).  

4. Discussion 

This investigation assessed sleep and napping habits in a representative 

sample of adolescents. Insufficient sleep was associated with increased daytime 

sleepiness (inside or outside the classroom) and poor sleep quality. Napping was 

revealed as a common practice in our study sample showing a pattern of frequent 

and prolonged naps. However, nappers exhibited more sleepiness, insufficient 

nocturnal TIB (self-reported), and poorer sleep quality. In addition, nappers 

reported circadian preference toward eveningness. The multiple regression 

models showed that both later bedtimes and shorter TIB were linked to longer 
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naps. A positive relationship was identified between daytime sleepiness, poor 

sleep quality, and frequent naps. On the other hand, circadian preference was 

negatively associated with frequent naps, revealing that the higher the 

eveningness score, the higher reports of naps during the week. 

Similarly to previous studies [24,38,46,47], in our sample reduced TIB was 

associated with increased naps, reinforcing the idea that poor sleep duration 

plays a pivotal role in triggering daytime naps in adolescents. We suggest that 

the adolescents in this study have used naps to compensate for their elevated 

daytime sleepiness [46,47], which may be supported by the higher scores on the 

PDSS and the increased frequency of self-reported sleepiness in the classroom. 

Prolonged naps have the potential to reduce homeostatic sleep pressure at night, 

resulting in delayed sleep onset times [46]. This proposal is supported by the 

positive relationship between bedtime and nap duration in our regression models, 

even though we cannot infer the direction of causation between these variables. 

Attempts to elucidate the cause-effect relationship between nocturnal 

sleep and napping habits have been made in adolescents and middle-aged 

adults.  For example, using multilevel random-effects models, Häusler and 

colleagues were able to determine the direction of causation between these 

variables among adults (mean age 60.7) [38]. Poor sleep quality and shorter 

sleep duration were linked to next-day napping. On the other hand, napping was 

not related to same-day nocturnal sleep. Only subjects who reported afternoon 

naps presented a reduction in the same-day sleep duration. Therefore, napping 

seems to be a manner to cope sleep curtailment and poor sleep quality, but 

depending on the timing of nap, it could be detrimental to same-day nocturnal 

sleep duration [38]. In adolescents, the direction of causation is not yet clear, 

even though mixed model analyses have already been done by Jakubowski and 

collaborators [24]. This investigation found that short sleep duration promoted 

next-day napping, and vice-versa. Future investigations must be devoted to 

elucidating the direction of causation between these variables in adolescents, 

since the benefits of napping have the potential to be reversed due to its 

detrimental role in nocturnal sleep. 

Many investigations have elucidated the benefits of napping on 

adolescent’s mental performance, but few studies have focused on the effects of 
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inadequate napping habits, such as prolonged naps. Prolonged naps, typically 

rich in SWS, have the potential to change subsequent nocturnal sleep 

architecture by modifying the distribution of sleep stages during the night. Since 

the need for SWS has already been partially satiated, homeostatic pressure is 

reduced and the next episode of nocturnal sleep tends to be more superficial and 

less restorative. According to Milner & Cote, healthy young adults should ideally 

nap for approximately 10 to 20 min [26]. Frequent nappers are able to engage in 

healthy daytime naps, that is, with a short duration, greater amounts of non-rapid 

eye movement (NREM) 1 and 2 and less slow wave sleep (SWS) [48]. Even after 

acute sleep restriction brief naps seem to be better than longer ones in 

ameliorating alertness and cognitive performance [48]. Unfortunately, as shown 

in this study, chronically sleep restricted adolescents tend to engage in non-

habitual (1-2 x a week) prolonged napping (60 min or more). Ultimately, 

inadequate napping habits triggered by chronic sleep restriction could generate 

long-term problems related to learning and sleep-dependent memory 

consolidation that are crucial to academic performance in adolescents [4,23,49]. 

School schedules have been linked to chronic sleep restriction and 

napping habits in adolescents [4,18,50]. Early school schedules may be the final 

straw that triggers the vicious cycle between sleep restriction and inadequate 

napping habits. The alternative to delay school schedules seems to be feasible 

to solve this situation, since it is not possible to modify the delayed sleep phase 

during puberty. Whereas later school times are not adopted in most educational 

settings, the increased proportion of nappers reported in the literature reflects the 

inadequate sleep hygiene practices that adolescents are forced into in order to 

attend school classes. 

This study’s main limitation is the use of subjective measure to assess 

sleep and napping patterns, however, it would not have been feasible to collect 

sleep data through actigraphy or polysomnography in such a large sample as the 

one in this study (n = 1554). Furthermore, we endeavoured to offset this issue by 

using widely established and validated tools to assess sleep patterns such as the 

PSQI and the PDSS. Since these questionnaires do not distinguish between 

sleeping patterns on the weekdays versus weekends, we were not able to assess 

whether or not the adolescents in our sample experienced ‘social jetlag’ [51], and 
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if so, its severity. On a related topic, we did not collect information regarding 

diagnosed sleep disorders such as insomnia, or the use of psychotropic 

medications in general (besides hypnotics), which could have helped to 

disentangle the effects of puberty and development alone on sleep and napping 

patterns from those originating from a sleep or mental health disorder. It would 

have been helpful to assess potential changes across development in sleep and 

napping behaviour by comparing early (14 y.o.) and late (19 y.o.) adolescents, 

however, the sample size in each of these age groups was too unbalanced (208 

vs 16). Finally, it would also have been interesting to include questions regarding 

the use of electronic devices before bed, as this has been shown to also affect 

the sleep patterns of adolescents [52,53]. 

5. Conclusions 

Despite several studies demonstrating the benefits of napping in mental 

and well-being, this study showed that adolescents generally use napping to 

alleviate sleep restriction symptoms. Thus, a vicious cycle is triggered, since early 

school times lead to acute sleep restriction, which in turn may promote napping 

behavior, and in this study we have shown that napping contributes to later 

bedtimes and further sleep restriction (Figure 2). Our results highlight the 

importance of discussing later school starting times with educators, parents, and 

policy makers, and of implementing healthy napping habits during adolescence. 

Considering that napping is a culturally-embedded habit in the Brazilian 

population [54], these actions will be useful to improve sleep quantity and quality, 

and to promote advantages to mental performance and well-being. 
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