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a b s t r a c t

Introduction: Previous studies have focused on sleep inequities among disadvantaged populations in high- 
income countries. However, little is known about the differences in sleep health among adolescents in 
Africa. We aimed to compare the multidimensions of sleep health in adolescents living in rural vs. urban 
communities in Nigeria.
Methods: This cross-sectional study enrolled adolescents aged 13-19 in six rural and six urban schools in Osun 
State, Nigeria. We measured the prevalence of poor sleep quality (Pittsburgh Sleep Quality Index score > 5), 
daytime sleepiness (Epworth Sleepiness Scale for Children and Adolescents score > 10), and risk of sleep apnea 
(Teen STOPBANG). We compared the sleep health variables between the rural and urban populations using 
multivariable logistic regression.
Results: Of the 900 participants (51% rural; 59% female; average age (SD) = 15.1(1.4) years), 79% had short 
sleep duration (< 8.5 hours), 14.9% poor sleep quality, 9.6% excessive daytime sleepiness and 9.8% risk of 
sleep apnea. Urban adolescents had a higher prevalence of poor sleep quality (p = .004), short sleep duration 
(p  <  .001), daytime sleepiness (p = .044), and risk of sleep apnea (p = .006) compared to rural adolescents. 
The adjusted odds of having poor sleep quality (p = .008) and daytime sleepiness (p = .007) were about 2- 
fold higher among urban compared to rural adolescents. Later school end time, having single/separated 
parent(s), absence of parental setting of bedtime were independently associated with poorer sleep health.
Conclusion: Adolescents in rural communities had better sleep health than adolescents in urban commu
nities. There is a need to develop interventions to improve the sleep quality and overall sleep health of 
urban-dwelling adolescents.

© 2023 The Author(s). Published by Elsevier Inc. on behalf of National Sleep Foundation. This is an open 
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Poor sleep constitutes a public health issue as it affects about half 
of the global population,1 and is of particular concern among ado
lescents.2-7 The period of adolescence is characterized by changes in 
physical, physiological, and psychological functions,8 a physiological 
delay in adolescents’ circadian and sleep phases with shorter sleep 
duration during weekdays.4,9 Poor sleep in adolescents has been 
associated with risky behavior, poor academic performance, adverse 
mental health, and adverse cardiometabolic health.10-12 Therefore, 
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adolescent sleep issues can be linked to other aspects of their health 
and well-being.

In 2014, Buysse13 defined sleep health as “a multidimensional 
pattern of sleep-wakefulness, adapted to individual, social, and en
vironmental demands, that promotes physical and mental well- 
being.” This definition has improved the understanding of poor sleep 
health as a “cause of adverse health outcomes, rather than just a 
consequence or symptom of ill health.”14-16 Sleep health, as defined 
by Buysse, comprises the following sleep characteristics: duration, 
quality, timing, variability or regularity, efficiency, and con
tinuity.13,14 Sleep apnea is also a notable contributor to poor sleep 
and adverse health outcomes,17,18 including cardiovascular health, 
especially among obese adolescents.19,20 Sleep health disparities 
reflect socioeconomic inequities at the family, school, community 
levels. Addressing sleep health disparities, by intervening on those 
socioeconomic inequities could in turn improve overall health.14,21

In high-income countries, the problems associated with poor sleep 
among adolescents have been studied across racial, social and ethnic 
groups. Reports indicate that poor sleep exists among both rural and 
urban-dwelling adolescents,22,23 but the determinants of poor sleep are 
not the same in these populations. In urban populations, adolescent 
sleep-related problems include sleep deprivation and excessive daytime 
sleepiness,22,24 with shorter sleep duration and later bedtimes among 
urban-dwelling adolescents compared to rural-dwelling adolescents.25- 

27 In urban settings, technology use at bedtime, artificial light exposure 
at night (ALAN), environmental noise, school-related demands, and fa
mily dynamics were the major determinants of sleep health.22,24,28 In 
rural communities, poor sleep has been linked to poverty, low access to 
public - including health - amenities, and adverse mental health.25,27,29

However, lack of access to electricity - more prevalent in rural com
munities - has been associated with earlier bedtimes.30,31 Thus, there 
seems to be a disparity in the determinants of sleep health problems 
among rural and urban-dwelling adolescents.

In Africa, the few available studies on adolescent sleep have focused 
on urban communities. In South Africa, Reid et al reported insufficient 
sleep among urban-dwelling adolescents on weekdays with 40% re
porting excessive daytime sleepiness.32 In Nigeria, rural-urban migration 
has led to the rural population decreasing from 70% to 46% of Nigeria’s 
total population between 2000 and 2022.33,34 Urban communities in 
Nigeria have better access to social amenities,34 the internet,35 tech
nology and electricity as well as alternative energy sources which are 
lacking in the rural communities.34-36 In 2020, the World Bank reported 
a 55.4% electricity access rate in Nigeria with a wide disparity in urban 
(83.9%) compared to rural areas (24.6%).37 Technology use, electricity and 
ALAN disrupt the natural light-dark cycle and are associated with short 
sleep duration and later bedtimes.38 These factors may contribute to a 
difference in sleep health characteristics between rural and urban 
dwellers in Nigeria.

The existing Nigerian studies also have additional limitations, in
cluding a concentration on only sleep quality or sleep duration com
ponents of adolescent sleep health.5-7 The other components of 
adolescent sleep health such as daytime sleepiness and the risk for sleep 
apnea have not been studied individually or in combination. Therefore, 
this research aimed to compare the different components of sleep 
health, encompassing both sleep quantity and quality, between rural and 
urban in-school adolescents in Osun State, Nigeria. We hypothesized 
that adolescents living in rural communities have earlier bedtimes, 
earlier wake times, longer sleep duration, better sleep quality, and lower 
daytime sleepiness than those living in urban communities.

Participants and methods

Study design

This comparative cross-sectional study was conducted in six 
rural and six urban schools in Osun State, southwestern Nigeria. All 

data were collected between May and June 2022, among a re
presentative sample of 900 adolescents who were selected using a 
stratified, multistage sampling technique.

Study setting

The site for the study is the Osun East Senatorial District, one of 
the three senatorial zones (regions) in Osun State, Nigeria. Osun 
State is one of the most populated southern Nigerian states with an 
estimated population of 5,521,901 and an estimated adolescent po
pulation of 810,558. Three local government areas (LGAs), namely 
Atakumosa West (representing rural), Ife North (representing rural) 
and Ife Central (representing urban), were selected from the 10 LGAs 
within the zone. We selected 3 LGAs out of the 10 LGAs in the district 
based on their geographical proximity and ethno-religious simila
rities. Thus, the communities are only different based on their rural 
vs. urban features. The rural and urban classification is based on the 
Osun State government categorization of the communities. One 
school was selected from each rural community since most of these 
communities had only one or two secondary schools. Six schools 
were selected for the study in Ile-Ife, the urban community, using 
the proportion-to-population approach.

Study participants

The study participants were apparently healthy adolescents aged 
13-19 years attending secondary schools in the selected rural and 
urban communities. Adolescents using sedative medications, anti
epileptics or narcotic preparations for any acute or chronic medical 
condition were excluded from the study using a screening ques
tionnaire at the first school visit.

Adolescents in the final class (senior secondary school 3 [SSS 3]) 
were not available for the data collection process due to their final 
examinations and were excluded. We also excluded boarding stu
dents due to the controlled day and night schedules in the school 
boarding facilities. As per ethics regulations, adolescents whose 
parent did not sign the consent form were not enrolled (see flow 
chart in Fig. 1).

Sampling procedures

The multistage sampling method was used for the selection of 
study participants. In the first stage, the list of secondary schools in 
each community was obtained from the Education Office of the Osun 
State Ministry of Education. A stratified sampling technique was 
used to select six schools in the urban community and six schools in 
rural communities. For the second stage, we obtained the list of 
classes in each selected school and a class was selected from each 
stratum of the classes from Junior Secondary School (JSS) 1 (age 
range is 10-13 years old in urban areas, 10-16 years old in rural areas) 
to Senior Secondary School (SSS) 2 (age range urban areas 14-16 
years old; age range rural areas 14-19 years old) using the stratified 
sampling technique. In the third stage, the simple random sampling 
technique was used to select a predetermined number of students 
per class. This was done using a proportionate-to-population ap
proach to ensure that the number of students selected per class was 
proportional to the class population.

Ethical considerations

We obtained approval for the study from the Health and Research 
Ethics Committee of the University of Witwatersrand, Johannesburg, 
South Africa (Reference number M210745) and the Obafemi 
Awolowo University, Ile-Ife, Osun State, Nigeria (Reference number 
HREC NO: IPHOAU/12/1850). We also obtained permission to con
duct the study from the State Education Authority, the School 
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Principals and the Proprietors. We conducted the study in ac
cordance with the Declaration of Helsinki. Written informed consent 
was obtained from each parent of the adolescents aged less than 
18 years, and the adolescents also gave signed assent. Adolescents 
aged 18-19 years gave written informed consent. During the first 
contact with the students, the lead researcher (OEO) provided gen
eral information about the study on the assembly ground in each 
school. Thereafter, the adolescents were given an information sheet 
about the study for delivery to their parents. The completed parental 
consent forms were collected from the adolescents the following 
day. Once parental consent and the adolescent’s assent were ob
tained, we arranged for fully trained research assistants to be pre
sent at the school in the afternoons for 1-2 weeks for the data 
collection.

Data collection tools and measures

We used a pilot-tested questionnaire to obtain a self-report of in
formation about the sociodemographic features, covariates and sleep 
characteristics of the rural and urban-dwelling adolescents. The ques
tions on the sociodemographic information and other covariates were 
compiled by the research team based on earlier reported factors con
tributing to sleep characteristics,5-7 while the sleep health variables were 
obtained using standardized sleep questionnaires. Each adolescent was 

interviewed in the school setting to gather self-reported socio
demographic and sleep characteristics and school schedule variables. 
The sociodemographic information obtained included the adolescent’s 
age, sex, ethnicity, family type, nature of school (public or private) and 
class (grade) they were in (the variable was dichotomized into the junior 
secondary school classes JSS 1-3 and senior secondary school classes SSS 
1-2). For analyses, we split age into 3 categories: Early adolescence: 
13-14, Middle adolescence: 15-17, and Late adolescence: 18-19. We 
asked questions about the type of family, parental setting of bedtimes, 
bed sharing, ethnicity, nature of school, school start times, home-to- 
school commuting time, and the class in school.

Social class
We determined the social class of the respondents using the 

method described by Ibadin.39 The occupation and the highest 
educational attainment of each parent were given a score from 1 to 6 
based on the rating scale. The aggregate score for the respondents’ 
social class was computed by dividing by four the score obtained 
from the occupation and the highest educational attainment of each 
parent (two, where only one parent or caregiver was available) and 
the derived value was approximated to the nearest integer. The re
sultant score range of 1-6 was further used to classify the social 
classes into Upper class (scores 1-2), Middle class (scores 3-4) and 
Lower class (scores 5-6).

Fig. 1. Flow chart of participant recruitment process from the rural and urban communities in Osun State, Nigeria. R, rural; U, urban 
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Sleep quality
The Pittsburgh Sleep Quality Index (PSQI) was used to assess 

sleep over a 1-month time interval. It has been validated among a 
Nigerian population of late adolescents and older young people in a 
university setting.40 It comprises 19 items, which are used to gen
erate component scores across the seven domains: subjective sleep 
quality, sleep latency, sleep duration, habitual sleep efficiency, sleep 
disturbances, use of sleeping medication, and daytime dysfunction. 
A total score of 21 is obtainable from the composite scores from each 
domain. A cumulative score with Global PSQI > 5 (out of 21) is 
considered poor sleep quality.

Sleep pattern
We used the components of the PSQI which contained questions 

about the adolescents’ usual bedtime, wake time, total time in bed, 
self-reported sleep duration and sleep efficiency. For the logistic 
regression analysis, we dichotomized sleep duration in adolescents 
who slept < 8.5 hours/night (insufficient sleep duration) and those 
who slept ≥8.5 hours per night (sufficient sleep duration). Only eight 
(8) adolescents were in the long sleep duration category (sleep 
duration > 10 hours). Therefore, we decided to merge the adoles
cents who had a sleep duration of ≥8.5 hours in the sufficient sleep 
duration category.

Daytime sleepiness
It was assessed using the Epworth Sleepiness Scale for Children 

and Adolescents (ESS-CHAD, a modified form of the Epworth 
Sleepiness Scale [ESS] for children and adolescents). ESS-CHAD 
comprises 8 items and has been validated in children and adoles
cents aged 12-18 years of age.41 It assesses the presence and degree 
of daytime sleepiness in more or less active situations, on a Likert 
scale of 0-3 per item (with 0 representing the least chance of dozing 
and 3 representing the worst). The participant is asked to recall their 
situations over the past month in answering the questions, and a 
composite score is obtained from the sum of the score for each 
domain. A score of > 10 for the ESS-CHAD is considered excessive 
daytime sleepiness.

Risk of sleep apnea
A modified STOP-Bang (teen STOP-Bang) questionnaire was used 

for assessing the risk of sleep apnea in adolescents.42 A score of “1” 
was given for a “Yes” answer to each of the parameters which in
clude snoring, tiredness, observed apnea, blood pressure ≥95th 
percentile for height and age, body mass index (BMI) > 95th per
centile, academic problems and male gender. To calculate BMI 
(weight (kg)/(height (m))2), we measured the adolescents’ standing 
height (cm) to the nearest 0.01 cm with a standard calibrated sta
diometer, and the body weight (kg) using a standard weighing scale 
to the nearest 0.1 kg with the adolescent dressed in minimal 
clothing. BMI was then subclassified into > 95th percentile or not, 
using the growth chart of the World Health Organization (WHO).43

We measured each adolescent’s blood pressure on the right arm in 
the sitting position using an appropriate-sized cuff. Blood pressure 
was then classified as ≥95th percentile for the sex and age in this 
population, or < 95th percentile. The total score obtained with the 
Teen STOPBANG was classified as “no risk” if < 3, while a total score 
of ≥3 being classified as risk of sleep apnea.

Data analysis

The data obtained were analyzed using Stata-15 software 
(StataCorp. 2017. Stata Statistical Software: Release 15. College 
Station, TX: StataCorp LLC). Descriptive analysis was used for the 
sociodemographic characterization of the study participants and 
other relevant variables, such as age, sex, class, place of residence, 
and ethnicity. We categorized the adolescents based on their place of 

residence since the factors that may affect the adolescent’s sleep go 
beyond the school, to the environment where they live and sleep. At 
the bivariate level, a Chi-square test was used to assess the asso
ciation between the category of residence (urban and rural) and the 
categorical adolescent sleep health variables (sleep quality, excessive 
daytime sleepiness, sleep duration < 8.5 hours, and risk of sleep 
apnea). An independent Student t test was used to assess the re
lationship between the category of residence and the continuous 
adolescent sleep health variables (bedtime, wake time, time in bed, 
sleep duration and sleep efficiency). Multivariable analysis was un
dertaken using the binary logistic regression model to assess the 
relationship between urban-rural location and sleep health, with the 
following sociodemographic variables controlled for: sex, age, social 
class, family type, ethnicity, parental setting of bedtimes, bed- 
sharing, nature of the school, class in school, school start and end 
times, and commuting time. A p-value < .05 was considered sig
nificant for all statistical analyses.

Results

Sociodemographic characteristics

Nine hundred adolescents participated in the study, with a 
mean  ±  SD age of 15.1  ±  1.4. Fifty-one percent were rural-dwelling 
adolescents, 59% were female, and 77.9% were in senior secondary 
school. Most respondents were of Yoruba ethnicity – the dominant 
ethnic group in southwest Nigeria (Table 1). School start time did not 
differ between the rural and urban-dwelling adolescents however 
school end time was later while their commuting time was shorter 
for the rural-dwelling adolescents.

Sleep quality

Overall prevalence of poor sleep quality was 14.9%. The urban- 
dwelling adolescents had statistically significant higher prevalence 
of poor-quality sleep (18.4%) compared to rural-dwelling adolescents 
(11.6%) (p = .004) (Table 2).

Excessive daytime sleepiness

Excessive daytime sleepiness was present in 86 (9.6%) of the in- 
school adolescents. Urban-dwelling adolescents had a significantly 
higher prevalence of excessive daytime sleepiness compared to 
rural-dwelling adolescents (11.6% vs. 7.6%, p = .044).

Sleep patterns

The mean  ±  SD sleep duration of the adolescents was 
7:10  ±  1:40 hours while their mean total time in bed was 
7:40  ±  1:29 hours (Table 2 and Fig. 2). The mean sleep duration and 
total time in bed were shorter among the urban-dwelling adoles
cents (both p ≤ .001) while the sleep efficiency was not different. The 
urban-dwelling adolescents also had later bedtimes compared to 
their rural-dwelling counterparts; while there was no difference in 
their wake times (Table 2 and Fig. 2).

Risk of sleep apnea

Risk of sleep apnea was recorded in 87 (9.8%) adolescents. Urban- 
dwelling adolescents had a significantly higher prevalence of risk of 
sleep apnea compared to rural-dwelling adolescents (12.6% vs. 
7.1%, p = .006).
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Table 1 
Participant’s characteristics in rural vs. urban communities 

Sociodemographic characteristics Overall 
(N = 900) N (%)

Rural 
(N = 459) N (%)

Urban 
(N = 441) N (%)

p

Sex
Female 531 (59.0) 274 (59.7) 257 (58.3) .665*
Male 369 (41.0) 185 (40.3) 184 (41.7)

Age in years
Mean ± SD 15.1 ± 1.4 15.4 ± 1.4 14.8 ± 1.4 < .001#

13-14 (early adolescence) 323 (35.9) 123 (26.8) 200 (45.3) < .001
15-17 (middle adolescence) 535 (59.4) 308 (67.1) 227 (51.5)
18-19 (late adolescence) 42 (4.7) 28 (6.1) 14 (3.2)

Social class < .001
Upper 127 (14.1) 8 (1.7) 119 (26.9)
Middle 323 (35.9) 137 (29.9) 186 (42.2)
Lower 442 (49.1) 310 (67.5) 132 (29.9)
Unclassified (no response) 8 (0.9) 4 (0.9) 4 (0.9)

Ethnicity .002
Yoruba 814 (90.4) 429 (93.5) 385 (87.3)
Others 86 (9.6) 30 (6.5) 56 (12.7)

Family type < .001
Monogamous 672 (74.7) 308 (67.1) 364 (74.7)
Polygamous 193 (21.4) 131 (28.5) 62 (14.1)
Has single parents 22 (2.4) 13 (2.8) 9 (2.0)
Have separated parents 13 (1.4) 7 (1.5) 6 (1.4)

Parental setting of bedtime .892
Yes 296 (32.9) 150 (32.7) 146 (33.1)
No 604 (67.1) 309 (67.3) 295 (66.9)

Bed-sharing < .001
Yes 456 (50.7) 262 (57.1) 194 (44.0)
No 444 (49.3) 197 (42.9) 247 (56.0)

School start time (hh:mm)a 07:45 ± 0:12 07:45 ± 0:12 07:45 ± 0:12 .289
School end time (hh:mm)a 15:30 ± 1:06 15:36 ± 1:18 15:24 ± 0:54 .021#

Home-to-school commuting time (min) 24 ± 15 22 ± 14 26 ± 15 < .001#

Nature of school
Public 553 (61.4) 373 (81.3) 180 (40.8) < .001
Private 347 (38.6) 86 (18.7) 261 (59.2)

Class in school 127 (27.7) < .001
JSS1-JSS3 199 (22.1) 127 (27.7) 72 (16.3)
SSS1-SSS2 701 (77.9) 332 (72.3) 369 (83.7)

*Chi-square test.
#Independent t test.
P values in bold indicate statistically significant differences between the urban and rural adolescent characteristics.

a Mean ± SD.

Table 2 
Comparison of sleep characteristics of Nigerian in-school adolescents in rural vs. urban communities 

Sleep variables Overall N (%) Rural N (%) Urban N (%) p

Sleep quality (n = 899) .004*
Good 765 (85.1) 406 (88.4) 359 (81.6)
Poor 134 (14.9) 53 (11.6) 81 (18.4)

Excessive daytime sleepiness (n = 900) .044*
Absent 814 (90.4) 424 (92.4) 390 (88.4)
Present 86 (9.6) 35 (7.6) 51 (11.6)

Risk of sleep apnea .006*
No risk 805 (90.2) 422 (92.9) 383 (87.4)
Risk of apnea 87 (9.8) 32 (7.1) 55 (12.6)

Self-reported: Mean ± SD Mean ± SD Mean ± SD
Sleep duration (h:mm) 7:10 ± 1:40 7:23 ± 1:34 6:55 ± 1:44 < .001#

Bedtime (hh:mm) 21:49 ± 1:11 21:34 ± 1:08 22:05 ± 1:11 < .001#

Wake time (hh:mm) 05:27 ± 0:47 05:29 ± 0:46 05:25 ± 0:50 .190#

Time in bed (h:mm) 7:40 ± 1:29 7:55 ± 1:23 7:24 ± 1:31 < .001#

Sleep efficiency (%) 92.1 ± 13.2 92.3 ± 12.5 91.9 ± 14.0 .570#

*Chi-square test.
#Independent t test.
P values in bold indicate statistically significant differences between the urban and rural adolescent sleep characteristics.
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Multivariable analysis

Table 3 shows the crude and adjusted relationship between the 
type of residence (rural-urban) and poor sleep quality, excessive 
daytime sleepiness, low sleep duration and the risk of sleep apnea in 
adolescents. The adjusted odds of having poor sleep quality and 
excessive daytime sleepiness were higher by almost 2-fold among 
the urban-dwelling adolescents compared to those living in the rural 
communities. Adjusted odds of reporting insufficient sleep duration 

(< 8.5 hours/ night) or risk of sleep apnea between the rural and 
urban communities were not significant (Table 3).

The full multivariable model of the rural-urban difference is 
shown in Table 4 and shows other factors associated with sleep 
health.

Female adolescents had higher odds of having poor sleep quality, 
but lower odds of having risk of sleep apnea than did male adoles
cents. Adolescents from lower and middle social classes had lower 
odds of having poor sleep quality and short sleep duration but 
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Fig. 2. Mean ± SD self-reported time in bed, sleep duration, bedtime, wake time and sleep efficiency extracted from the Pittsburgh Sleep Quality Index in rural vs. urban 
adolescents living in Osun State, Nigeria. ****p  <  .001, ns: nonsignificant, using an independent t test

Table 3 
Binary logistic regression analysis of the sleep health characteristics in Nigerian in-school adolescents in rural vs. urban communities in crude (cOR) and adjusted analyses (aOR)a

Variable name Poor sleep quality Excessive daytime sleepiness Sleep duration  < 8.5 h Risk of sleep apnea

Residence urban Crude Adjusted Crude Adjusted Crude Adjusted Crude Adjusted

OR95%CI 1.73 1.95 1.58 2.25 1.26 1.07 1.89 1.57
1.19-2.51 1.19-3.18 1.01-2.49 1.25-4.05 0.91-1.73 0.72-1.60 1.20-2.99 0.87-2.85
0.004 0.008 0.046 0.007 0.162 0.741 0.006 0.136

We modeled the odds of having poor sleep quality (PSQI > 5) over good sleep quality (PSQI ≤5), the odds of having excessive daytime sleepiness (ESS-CHAD > 10) over having 
normal daytime sleepiness (ESS-CHAD ≤10), the odds of having low sleep duration (< 8.5 hours) over the odds of having normal sleep duration (≥8.5 hours) and the odds of 
having risk of sleep apnea over the odds of having low risk of sleep apnea. Results (odds ratios and p values) in bold indicate a significant association between the independent 
variable (residence urban, compared to rural) and the sleep outcome variable tested.

a Binary logistic regression controlling for the confounders: sex, age, social class, family type, nature of the school, class in school, ethnicity, parental setting of bedtimes, bed- 
sharing, school start time, school closing time, and home-to-school commuting time.
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higher odds of daytime sleepiness relative to those in the upper 
class. The odds of reporting poor sleep quality increased almost 3- 
fold in adolescents from single-parent families compared to ado
lescents from monogamous family settings. Adolescents from fa
milies where the parents were separated or from single-parent 
families had higher odds of having risk of sleep apnea than adoles
cents from monogamous family settings. Furthermore, parental 
setting of bedtimes for adolescents was associated with lower odds 
of reporting poor sleep quality and excessive daytime sleepiness. 
Finally, every later hour in the school end (closing) time, was asso
ciated with about 1-fold increase in the odds of having poor sleep 
quality and excessive daytime sleepiness while school start times 
and commuting time were not associated with any sleep outcome.

Discussion

This study aimed to compare the sleep health of in-school ado
lescents in rural and urban communities within the Osun East 
Senatorial District, southwestern Nigeria using validated sleep 
questionnaires. About 15% of respondents reported poor sleep 
quality. The overall mean sleep duration was short (7 hours) for the 
general population of the participants. The odds of having poor sleep 
quality and excessive daytime sleepiness increased almost 2-fold 
among urban-dwelling adolescents compared to rural-dwelling 
students. Also, we found a shorter mean sleep duration, time in bed 
and later bedtimes among urban adolescents compared to rural 
adolescents.

The shorter sleep duration among urban-dwelling adolescents 
found in this study may be due to their later bedtime as they had 
similar wake times as the rural adolescents. Earlier studies have 
reported similar findings of a short sleep duration6,7 and poor sleep 
quality5 among urban-dwelling Nigerian adolescents. This may be 
due to some sleep stealers that reduce the sleep opportunities of 
urban-dwelling adolescents. Technology use at bedtime, artificial 
light exposure, environmental noise, school-related demands, and 

family dynamics were the major determinants of sleep health pro
blems reported earlier in urban settings.22,24,28 The active late-night 
life in urban communities is often enhanced by the availability of 
electricity and the increased access to artificial light at night. Arti
ficial light in turn may chronically cause circadian phase delays in 
urban-dwelling adolescents, contributing to their later bedtimes. 
Also, adolescents in urban communities are more likely to stay up 
late at night watching TV or chatting at night on social media due to 
access to electricity.7 The higher odds of poor sleep quality and ex
cessive daytime sleepiness among the adolescents whose schools 
close late supports the contribution of school end time to adoles
cents’ sleep health found in urban-dwelling adolescents in Ile-Ife.44

However, the later school end time we found among the rural ado
lescents (who overall showed better sleep quality) shows that school 
end time alone does not explain the higher prevalence of poor sleep 
quality among urban vs. rural adolescents.

We found no association between school start times and sleep 
health outcomes. School start times did not differ in the urban vs. 
rural settings, nor did they vary substantially from one school to 
another (standard deviation = 0:12 hour). Conversely, school end 
times were more varied (standard deviation = 1:06 hours). The lack 
of variability in school start times in our sample may have precluded 
us from finding an effect of school start times on overall sleep health 
outcomes. Nevertheless, our findings suggest that at identical early 
school start times, later school end times may also be associated 
with poorer sleep health.

Sleep health of rural-dwelling adolescents has been reported to 
be adversely affected by poverty, poor amenities, poor access to 
health and adverse mental health.25,27,29 However, the effect of these 
factors on the sleep of rural adolescents may not be as severe as the 
factors that limit the sleep of urban-dwelling adolescents. The 
higher odds of excessive daytime sleepiness among urban adoles
cents is probably a direct result of their poor sleep quality and lower 
sleep duration. Previously we showed that the pressure of school
work and extracurricular activities, was associated with a lower 

Table 4 
Multivariable analysis of the sleep health characteristics among the Nigerian in-school adolescents in rural vs. urban communities 

Variable name Poor sleep quality Excessive daytime sleepiness Sleep duration  < 8.5 h Risk of sleep apnea

aOR (95% CI) p aOR (95% CI) p aOR (95% CI) p aOR (95% CI) p

Residencea .136
Urban 1.95 (1.19-3.18) .008 2.25 (1.25-4.05) .007 1.07 (0.72-1.60) .741 1.57 (0.87-2.85)

Sexb < .001
Female 1.60 (1.06-1.41) .024 1.11 (0.68-1.79) .681 0.98 (0.70-1.39) .928 0.27 (0.16-0.44)

Agec .846
Middle adolescence 0.99 (0.62-1.60) .981 1.10 (0.61-1.96) .758 1.40 (0.93-2.11) .103 0.95 (0.54-1.66)
Late adolescence 0.98 (0.36-2.67) .965 1.57 (0.54-4.59) .410 2.12 (0.80-5.63) .133 2.78 (0.99-7.84) .053

Social classd .658
Middle 0.46 (0.26-0.82) .007 2.51 (1.08-5.83) .028 0.29 (0.14-0.61) .001 1.17 (0.58-2.36)
Lower 0.46 (0.25-0.87) .017 2.70 (1.09-6.69) .032 0.28 (0.13-0.61) .001 0.85 (0.38-1.88) .683

Ethnicitye

Not Yoruba 1.16 (0.62-2.20) .650 1.79 (0.91-3.53) .091 1.58 (0.85-2.94) .145 0.59 (0.24-1.46) .256
Family typef .428

Polygamous 1.59 (0.99-2.54) .054 1.13 (0.68-1.99) .681 1.47 (0.96-2.27) .079 1.28 (0.69-2.37)
Single 2.80 (1.06-7.42) .038 1.61 (0.43-5.92) .504 2.03 (0.56-7.40) .284 4.95 (1.59-15.40) .006
Separated 1.15 (0.23-5.88) .863 —— 2.83 (0.48-16.78) .250 5.97 (1.43-24.87) .014

Parent setg bedtime 0.58 (0.37-0.91) .018 0.36 (0.20-0.67) .001 0.79 (0.56-1.13) .205 1.13 (0.68-1.85) .643
Bed sharingh 0.82 (0.54-1.22) .327 0.81 (0.50-1.31) .383 0.78 (0.55-1.10) .156 1.00 (0.61-1.65) .989
Type of schooli .095

Private 0.55 (0.31-0.97) .040 1.10 (0.57-2.12) .782 0.94 (0.57-1.57) .825 1.85 (0.90-3.82)
Class in schoolj .463

Senior 1.07 (0.62-1.87) .805 0.70 (0.37-1.30) .254 1.24 (0.81-1.90) .322 0.78 (0.41-1.50)
School start time (decimal time in hours)k 1.30 (0.55-3.08) .556 0.57 (0.23-1.43) .230 0.88 (0.43-1.83) .748 0.54 (0.19-1.53) .246
School end time (decimal time in hours)l 1.29 (1.02-1.62) .031 1.37 (1.03-1.83) .032 1.17 (0.97-1.41) .097 0.99 (0.74-1.31) .924
Commuting time (min)m 1.01 (0.99-1.02) .170 1.00 (0.98-1.01) .669 1.01 (0.99-1.02) .174 1.01 (0.99-1.02) .255

Reference categories: a: rural; b: males; c: early adolescence; d: social class: upper – missing social class for n = 8; e: Yoruba; f: monogamous; g: no parental setting of bedtime; 
h: no bed sharing; i: public; j: junior; k and l: the odds ratios show the odds of having the outcome for each later hour in the school start/school end times; m: the odds ratio 
shows the odds of having the outcome each incremental minute in commuting time. Results (odds ratios and p values) in bold indicate a significant association between the 
independent variable and the sleep outcome variable tested.
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sleep opportunity of adolescents and lead to a worsened delay in 
bedtime.7 The urban adolescents had shorter sleep duration com
pared to their rural counterparts. Therefore, the higher daytime 
sleepiness in urban adolescents is probably secondary to both poor 
sleep quality and short sleep duration. Parental setting of bedtimes 
was associated with lower odds of both poor sleep quality and ex
cessive daytime sleepiness, possibly by mitigating the phase delay in 
bedtimes and allowing for longer time in bed.

The higher prevalence of risk of sleep apnea in the urban- 
dwelling adolescents in our study supports the multiple dimensions 
of sleep health disparities in adolescents. In addition, adolescents 
living in single-parent family settings had higher odds of poor sleep 
quality and risk of sleep apnea. These findings may be driven by 
lifestyle differences.45,46 Hence, there is a need to further study the 
contributory factors to the overall sleep health of adolescents in 
urban and rural communities. There may be lessons to learn from 
rural-dwelling adolescents that can improve the sleep of their 
urban-dwelling counterparts.

The few comparative studies of urban vs. rural-dwelling adoles
cents have been focused on sleep duration. Boraita et al47 found a 
higher sleep duration and better quality of life among adolescents in 
rural populations when compared to their urban-dwelling counter
parts in Spain.

In another study, among adolescents aged 12-15 years, daytime 
somnolence and disorders of initiating and maintaining sleep were 
more prevalent in the urban compared to the suburban popula
tion.48 Pereira et al49 in a study of the sleep duration of rural ado
lescents in southern Brazil (Paraná) and its determinants concluded 
that “not all adolescents are sleep-deprived” because the rural 
adolescents had sufficient mean sleep duration of 9.6 hours on 
weekdays and 10.1 hours on weekends; however, they did not 
compare them with urban adolescents. In two Brazilian studies, 
urban dwellers had significantly later bedtimes and waketimes than 
rural-dwelling adolescents.30,50 Within the rural population, ado
lescents with access to electricity and television had shorter sleep 
duration than their peers without such facilities.28 Our findings 
suggest that rural adolescents in Nigeria may be experiencing some 
sleep enablers that are worth studying.

The higher odds of poor sleep quality among the female ado
lescents in our study are in accordance with other studies showing 
lower sleep quality in female vs. male adolescents.43 Adolescents 
from the lower and middle classes had lower odds of poor sleep 
quality, short sleep duration but higher odds of excessive daytime 
sleepiness than those from the upper class. The higher number of 
rural-dwelling adolescents in the low and middle social class cate
gory may be contributory to this observation. However, the higher 
odds of daytime sleepiness in the same category require further 
studies. In one of our earlier studies among urban adolescents in Ile- 
Ife, we found low social class to be associated with short sleep 
duration.7 The protective effect of low and middle social class in the 
present study may be more among the rural-dwelling adolescents 
who have other factors that enhance their sleep, possibly offsetting 
the adverse effects of low social class. These findings suggest the 
need to further study the factors predictive of the sleep health of 
adolescents.

Limitations

Our study has a few limitations: first, the sleep health char
acteristics of the adolescents were assessed with the use of self-re
port questionnaires, which can be subject to recall bias and social 
desirability bias. This limitation may have been mitigated by our use 
of multiple instruments, which have been previously validated. 
Secondly, we could not use an objective measure of the adolescents’ 
sleep such as polysomnography due to its capital-intensive nature. 
However, the use of actigraphs and sleep diaries can be explored in 

our population where polysomnography is presently unavailable. 
Furthermore, the cross-sectional design of our study does not allow 
for cause-and-effect evaluations.

Strengths of the study

This present study has the following strengths: first, to the best 
of our knowledge this is the first study comparing the multi
dimensions of sleep health variables among rural and urban- 
dwelling adolescents in Africa. Secondly, we had a large sample size 
of adolescents in rural vs. urban communities. Thirdly, it employed 
the use of multiple instruments to measure the dimensions of sleep 
health, rather than the use of single measures such as sleep dura
tion only.

Conclusions

This study showed that rural-dwelling adolescents living in 
Southwestern Nigeria have better sleep health than urban-dwelling 
adolescents. Further investigation of the risk and protective factors 
that affect the sleep health of adolescents in rural and urban com
munities can help guide the development of effective sleep health 
interventions. Therefore, we recommend further studies to better 
understand the sleep health of rural and urban–dwelling adoles
cents and the sleep health of out-of-school adolescents, including 
those living in slums. Qualitative surveys will be of help in exploring 
the perception of adolescents about their sleep and the con
sequences of their sleep health.

Dr. Czeisler’s contributions to this work

Dr. Czeisler’s research on the effects of circadian misalignment on 
sleep quality51 and in turn on cognitive performance and health52

has inspired us to investigate circadian and sleep health in African 
adolescents. Specifically, Dr. Czeisler showed that human circadian 
rhythms were entrained to the 24-hour Earth light-dark cycle by 
light.53 With the rapid growth of urbanization54 and concomitant 
higher access to artificial lighting and smartphones in Africa, the 
effects of light at night on adolescent circadian rhythms and sleep 
quality are of particular concern. As predicted from Dr. Czeisler’s 
circadian and sleep research, our study shows that adolescents living 
in an urban area in Nigeria have lower sleep duration, worse sleep 
quality and later bedtimes than adolescents living in rural areas, 
where access to artificial lighting/smartphone technology is more 
limited. In addition, Dr. Scheuermaier is also grateful to Dr. Czeisler 
for his support through the T32 HL07901 training grant, allowing her 
to complete her postdoctoral fellowship in sleep and circadian 
rhythms and start investigating sleep and health in Africa.

Public health relevance

We are documenting here for the first time the lower sleep 
duration and poorer sleep quality in urban compared to rural- 
dwelling adolescents in Nigeria. Those findings may help devise 
public policies to improve adolescent sleep, not only in Africa but 
also in the rest of the world, as we draw lessons from the sleep- 
enabling culture in the rural areas of Africa.

Author contributions

OEO, KS, AOF, and FXGO designed the study. OEO received 
funding from CARTA to help run the study. OEO supervised data 
collection and performed statistical analyses. All authors contributed 
to the write-up of the manuscript and have approved the final ver
sion of this manuscript.

O.E. Olorunmoteni et al. Sleep Health: Journal of the National Sleep Foundation 10 (2024) S170–S179

177



Funding

This research was supported by the Consortium for Advanced 
Research Training in Africa (CARTA). CARTA is jointly led by the 
African Population and Health Research Center and the University of 
the Witwatersrand and funded by the Carnegie Corporation of New 
York (Grant No. G-19-57145), Sida (Grant No: 54100113), Uppsala 
Monitoring Center, Norwegian Agency for Development Cooperation 
(Norad), and by the Wellcome Trust [reference no. 107768/Z/15/Z] 
and the UK Foreign, Commonwealth & Development Office, with 
support from the Developing Excellence in Leadership, Training and 
Science in Africa (DELTAS Africa) program. The statements made and 
views expressed are solely the responsibility of the Fellow. For the 
purpose of open access, the author has applied a CC BY public 
copyright license to any Author Accepted Manuscript version arising 
from this submission.

Declaration of conflicts of interest

There is no conflict of interest to report in this project.

References

1. Chattu VK, Manzar D, Kumary S, Burman D, Spence DW, Pandi-perumal SR. The 
global problem of insufficient sleep and its serious public health implications. 
Healthcare. 2019;7(1):1.

2. NSF, National Foundation S. Carskadon M, Roth T, Benca RM, Dahl RE, Dement WC, 
Mahowald M, eds. Adolescent Sleep Needs and Patterns: Research Report and 
Resource Guide. The National Sleep Foundation Sleep and Teens Task Force; 
2000:1–22.

3. Wolfson AR, Carskadon MA. Understanding adolescents’ sleep patterns and school 
performance: a critical appraisal. Sleep Med Rev. 2003;7:491–506.

4. Carskadon MA. Sleep in adolescents: the perfect storm. Pediatr Clin N Am. 
2012;58(3):637–647.

5. Balogun FM, Alohan AO, Orimadegun AE. Self-reported sleep pattern, quality, and 
problems among schooling adolescents in southwestern Nigeria. Sleep Med. 
2017;30:245–250. https://doi.org/10.1016/j.sleep.2016.11.013

6. Sanya EO, Kolo PM, Desalu OO, Bolarinwa OA, Ajiboye PO, Tunde-ayinmode MF. 
Self-reported sleep parameters among secondary school teenagers in middle-belt 
Nigeria. Niger J Clin Pract. 2015;18(3):337–341. https://doi.org/10.4103/1119-3077. 
151737

7. Olorunmoteni OE, Fatusi AO, Komolafe MA, Omisore A. Sleep pattern, socio
environmental factors, and use of electronic devices among Nigerian school-at
tending adolescents. Sleep Health. 2018;4(6):551–557. https://doi.org/10.1016/j. 
sleh.2018.09.0028

8. Peltz JS, Rogge RD, Connolly H, Connor TGO. A process-oriented model linking 
adolescents’ sleep hygiene and psychological functioning: the moderating role of 
school start times. Sleep Health. 2017;3(6):465–471. https://doi.org/10.1016/j.sleh. 
2017.08.003

9. Carskadon MA. Pattern of sleep and sleepiness in adolescents. Pediatrician. 
1990;17:5–12.

10. Roberts R, Roberts C, Duong H. Sleepless in adolescence: prospective data on 
sleep deprivation, health and functioning. J Adolesc. 2009;32(5):1045–1057.

11. Montie K, Quaedackers L, Perlitius V, et al. The impact of delayed sleep phase 
disorder on adolescents and their family. Sleep Med. 2019;64:15–22. https://doi. 
org/10.1016/j.sleep.2019.05.022

12. Gohil A, Hannon TS. Poor sleep and obesity: concurrent epidemics in adolescent 
youth. Front Endocrinol. 2018;9:1–8.

13. Buysse DJ. Sleep health: can we define it ? Does it matter ? Sleep. 2014;37(1):9–17.
14. Hale L, Troxel W, Buysse DJ. Sleep health: an opportunity for public health to 

address health equity. Annu Rev Public Health. 2020;41(11):1–19 〈http://www. 
ncbi.nlm.nih.gov/pubmed/31900098〉.

15. Master L, Nye RT, Lee S, et al. Bidirectional, daily temporal associations between 
sleep and physical activity in adolescents. Sci Rep. 2019;14(1) https://doi.org/10. 
1038/s41598-019-44059-9

16. Hale L, Emanuele E, James S. Recent updates in the social and environmental 
determinants of sleep health. Curr Sleep Med Rep. 2015;1:212–217.

17. Srivastava G, Browne N. Sleep disturbance as a contributor to pediatric obesity: 
implications and screening. J Sleep Disord Manag. 2018;4(1):1–8.

18. Jackson CL, Redline S, Emmons KM. Sleep as a potential fundamental con
tributor to disparities in cardiovascular health. Annu Rev Public Health. 
2015;36:417–440.

19. Zaffanello M, Piacentini G, La Grutta S. The cardiovascular risk in paediatrics: the 
paradigm of the obstructive sleep apnoea syndrome. Blood Transfus. 2020;18(3): 
217–225.

20. Roche J, Corgosinho FC, Dâmaso AR, et al. Sleep-disordered breathing in adoles
cents with obesity: when does it start to affect cardiometabolic health? Nutr 
Metab Cardiovasc Dis. 2020;30(4):683–693. https://doi.org/10.1016/j.numecd. 
2019.12.003

21. Hale L, James S, Xiao Q, Billings ME, Johnson DA. Chapter 7 - Neighborhood factors 
associated with sleep health. In: Michael A, ed. Sleep and Health. Amsterdam, The 
Netherlands: Academic Press, Elsevier Inc.; 2019:77–84. https://doi.org/10.1016/ 
B978-0-12-815373-4.00007-1

22. Gupta R, Bhatia MS, Chhabra V, et al. Sleep patterns of urban school-going ado
lescents. Indian Pediatr. 2008;45(3):183–189.

23. Buxton OM, Chang AM, Spilsbury JC, Bos T, Emsellem H, Knutson KL. Sleep in the 
modern family: protective family routines for child and adolescent sleep. Sleep 
Health. 2015;1(1):15–27.

24. Rudolph KE, Shev A, Paksarian D, et al. Environmental noise and sleep and mental 
health outcomes in a nationally representative sample of urban US adolescents. 
Environ Epidemiol. 2019;3(e056):1–9.

25. Jones VN, Bucchio J. The sleep gap: advancing healthy sleep among youth in rural 
communities. Contemp Rural Soc Work J. 2018;10(1) https://doi.org/10.61611/ 
2165-4611.1156 Article 3.

26. Beale AD, Pedrazzoli M, Gonçalves BDSB, et al. Comparison between an African 
town and a neighbouring village shows delayed, but not decreased, sleep during 
the early stages of urbanisation. Sci Rep. 2017;7(1):5697https://doi.org/10.1038/ 
s41598-017-05712-3

27. Singh EI, Vitzthum VJ. Community, household, and individual correlates of sleep 
behaviors in Guyanese female youth. Am J Hum Biol. 2019;31(5):e23291https:// 
doi.org/10.1002/ajhb.23291

28. Pilz LK, Levandovski R, Oliveira MAB, Hidalgo MP, Roenneberg T. Sleep and light 
exposure across different levels of urbanisation in Brazilian communities. Sci Rep. 
2018;8(1):11389. https://doi.org/10.1038/s41598-018-29494-4

29. Gómez-Olivé FX, Thorogood M, Kandala N bakwin, et al. Sleep problems and 
mortality in rural South Africa: novel evidence from a low-resource setting. Sleep 
Med. 2014;15(1):56–63. https://doi.org/10.1016/j.sleep.2013.10.003

30. Louzada F, Menna-Barreto L. Sleep-wake cycle expression in adolescence: influ
ences of social context. Biol Rhythm Res. 2003;34(2):129–136.

31. Peixoto CAT, da Silva AGT, Carskadon MA, Louzada FM. Adolescents living in 
homes without electric lighting have earlier sleep times. Behav Sleep Med. 
2009;7(2):73–80.

32. Reid A, Maldonado C, Baker F. Sleep behavior of South African adolescents. Sleep. 
2002;25(4):423–427.

33. Worldbank data. Available at: 〈https://data.worldbank.org/indicator/SP.RUR.TOTL. 
ZS?end=2022&locations=NG&start=1961&view=chart〉. Accessed October 15, 2023.

34. Nwauzor AA. Analysing urbanization, cultural values and dressing styles: a 
comparative study of rural and urban life in Nigeria. Int J Soc Sci Manag Res. 
2017;3(2):8–14.

35. Federal Ministry of Communications and Digital Economy National Digital 
Economy Policy and Strategy (2020–2030); 2019. 1-41 p.

36. Nigerian T, Broadband N. Federal Ministry of Communications and Digital 
Economy. Nigerian National Broadband Plan 2020–2025; 2020. 1-100 p.

37. Pelz S, Chinichian N, Neyrand C, Blechinger P. Electricity supply quality and use 
among rural and peri-urban households and small firms in Nigeria. Sci Data. 
2023;10(1):1–8.

38. De La Iglesia HO, Moreno C, Lowden A, et al. Ancestral sleep. Curr Biol. 
2016;26(7):R271–R272. https://doi.org/10.1016/j.cub.2016.01.071

39. Ibadin MO, Akpede GO. A revised scoring scheme for the classification of socio- 
economic status in Nigeria. Niger J Paediatr. 2021;48(1):26–33. https://doi.org/10. 
4314/njp.v48i1.5

40. Aloba OO, Adewuya AO, Ola BA, Mapayi BM. Validity of the Pittsburgh Sleep 
Quality Index (PSQI) among Nigerian university students. Sleep Med. 2007;8: 
266–270.

41. Janssen KC, Phillipson S, O’connor J, Johns MW. Validation of the Epworth 
Sleepiness Scale for Children and Adolescents using Rasch analysis. Sleep Med. 
2017;33:30–35. https://doi.org/10.1016/j.sleep.2017.01.014

42. Combs D, Goodwin JL, Quan SF, Morgan WJ, Parthasarathy S. Modified STOP-bang 
tool for stratifying obstructive sleep apnea risk in adolescent children. PLoS One. 
2015;10(11):e0142242https://doi.org/10.1371/journal.pone.0142242

43. WHO. WHO Child Growth Standards. Dev Med Child Neurol. 2009;51(12) 1002–1002.
44. Olorunmoteni OE, Fehintola FO, Seun-Fadipe C, Komolafe MA, Mosaku KS. Sleep 

quality and its relationship with school schedules and mental health of Nigerian 
secondary school adolescents. J Clin Sleep Med. 2023;19(11):1895–1904. https:// 
doi.org/10.5664/jcsm.10708

45. de Souza MR, Andrade ACS, Froelich M, Muraro AP, Rodrigues PRM. Association of 
household composition with dietary patterns among adolescents in Brazil. Br J 
Nutr. 2023;130(7):1213–1219. https://doi.org/10.1017/S000711452300020X

46. Stahlmann K, Hebestreit A, DeHenauw S, et al. A cross-sectional study of obe
sogenic behaviours and family rules according to family structure in European 
children. Int J Behav Nutr Phys Act. 2020;17(1):32https://doi.org/10.1186/s12966- 
020-00939-2

47. Boraita RJ, Alsina DA, Ibort EG, Torres JMD. Quality of life related to health and 
habits: differences between adolescents in rural and urban environments. An 
Pediatr. 2022;96(3):196–202.

48. Nur’aini N, Sofyani S, Supriatmo S, Lubis IZ. Comparing sleep disorders in urban 
and suburban adolescents. Paediatr Indones. 2014;54(5):299.

O.E. Olorunmoteni et al. Sleep Health: Journal of the National Sleep Foundation 10 (2024) S170–S179

178

http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref1
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref1
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref1
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref2
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref2
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref2
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref2
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref3
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref3
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref4
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref4
https://doi.org/10.1016/j.sleep.2016.11.013
https://doi.org/10.4103/1119-3077.151737
https://doi.org/10.4103/1119-3077.151737
https://doi.org/10.1016/j.sleh.2018.09.0028
https://doi.org/10.1016/j.sleh.2018.09.0028
https://doi.org/10.1016/j.sleh.2017.08.003
https://doi.org/10.1016/j.sleh.2017.08.003
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref9
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref9
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref10
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref10
https://doi.org/10.1016/j.sleep.2019.05.022
https://doi.org/10.1016/j.sleep.2019.05.022
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref12
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref12
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref13
http://www.ncbi.nlm.nih.gov/pubmed/31900098
http://www.ncbi.nlm.nih.gov/pubmed/31900098
https://doi.org/10.1038/s41598-019-44059-9
https://doi.org/10.1038/s41598-019-44059-9
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref16
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref16
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref17
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref17
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref18
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref18
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref18
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref19
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref19
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref19
https://doi.org/10.1016/j.numecd.2019.12.003
https://doi.org/10.1016/j.numecd.2019.12.003
https://doi.org/10.1016/B978-0-12-815373-4.00007-1
https://doi.org/10.1016/B978-0-12-815373-4.00007-1
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref22
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref22
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref23
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref23
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref23
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref24
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref24
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref24
https://doi.org/10.61611/2165-4611.1156
https://doi.org/10.61611/2165-4611.1156
https://doi.org/10.1038/s41598-017-05712-3
https://doi.org/10.1038/s41598-017-05712-3
https://doi.org/10.1002/ajhb.23291
https://doi.org/10.1002/ajhb.23291
https://doi.org/10.1038/s41598-018-29494-4
https://doi.org/10.1016/j.sleep.2013.10.003
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref30
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref30
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref31
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref31
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref31
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref32
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref32
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref33
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref33
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref33
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref34
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref34
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref34
https://doi.org/10.1016/j.cub.2016.01.071
https://doi.org/10.4314/njp.v48i1.5
https://doi.org/10.4314/njp.v48i1.5
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref37
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref37
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref37
https://doi.org/10.1016/j.sleep.2017.01.014
https://doi.org/10.1371/journal.pone.0142242
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref40
https://doi.org/10.5664/jcsm.10708
https://doi.org/10.5664/jcsm.10708
https://doi.org/10.1017/S000711452300020X
https://doi.org/10.1186/s12966-020-00939-2
https://doi.org/10.1186/s12966-020-00939-2
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref44
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref44
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref44
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref45
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref45


49. Pereira É.F, Louzada FM, Moreno CRC. Not all adolescents are sleep deprived: a 
study of rural populations. Sleep Biol Rhythms. 2010;8(4):267–273.

50. Teixeira LR, Fischer FM, Morato De Andrade MM, Louzada FM, Nagai R. Sleep 
patterns of day-working, evening high-schooled adolescents of São Paulo, Brazil. 
Chronobiol Int. 2004;21:239–252.

51. Czeisler CA, Weitzman Ed, Moore-Ede MC, Zimmerman JC, Knauer RS. Human 
sleep: its duration and organization depend on its circadian phase. Science. 
1980;210(4475):1264–1267.

52. Czeisler CA. Duration, timing and quality of sleep are each vital for health, per
formance and safety. Sleep Health. 2015;1(1):5–8.

53. Czeisler CA, Allan JS, Strogatz SH, et al. Bright light resets the human circadian 
pacemaker independent of the timing of the sleep-wake cycle. Science. 
1986;233(4764):667–671.

54. OECD/UN ECA/AfDB. Africa’s Urbanisation Dynamics 2022: The Economic Power of 
Africa’s Cities, West African Studies. Paris: OECD Publishing; 2022https://doi.org/ 
10.1787/3834ed5b-en

O.E. Olorunmoteni et al. Sleep Health: Journal of the National Sleep Foundation 10 (2024) S170–S179

179

http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref46
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref46
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref47
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref47
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref47
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref48
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref48
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref48
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref49
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref49
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref50
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref50
http://refhub.elsevier.com/S2352-7218(23)00266-8/sbref50
https://doi.org/10.1787/3834ed5b-en
https://doi.org/10.1787/3834ed5b-en

	Multidimensions of sleep health among in-school adolescents in rural and urban areas in southwestern Nigeria
	Introduction
	Participants and methods
	Study design
	Study setting
	Study participants
	Sampling procedures
	Ethical considerations
	Data collection tools and measures
	Social class
	Sleep quality
	Sleep pattern
	Daytime sleepiness
	Risk of sleep apnea

	Data analysis

	Results
	Sociodemographic characteristics
	Sleep quality
	Excessive daytime sleepiness
	Sleep patterns
	Risk of sleep apnea
	Multivariable analysis

	Discussion
	Limitations
	Strengths of the study

	Conclusions
	Dr. Czeisler’s contributions to this work
	Public health relevance
	Author contributions
	Funding
	Declaration of conflicts of interest
	References




