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A B S T R A C T

Purpose: Poor sleep is increasing worldwide but sleep studies, using objective measures, are limited in Africa. 
Thus, we described the actigraphy-measured sleep characteristics of Nigerian in-school adolescents and the 
differences in these sleep characteristics in rural versus urban-dwelling adolescents using actigraphy plus a sleep 
diary.
Methods: This comparative, quantitative study involved 170 adolescents aged 13–19 attending six rural and six 
urban schools in southwestern Nigeria. Participants wore actiwatches and filled sleep diaries concurrently for 
one week. We ran a mixed model analysis with each sleep characteristic as a dependent variable in each model 
and the fixed effects of age, weekday versus weekend, rural versus urban residence, sex, and religion.
Results: The adolescents were 54.1 % females with a mean age of 15.6 ± 1.3 years. Overall, adolescents’ mean 
bedtime was 22.50 ± 0.85, mean waketime was 5.73 ± 0.68 and mean total sleep time (TST) was 06.07 ± 0.95 
h. On both weekdays and weekends, urban adolescents had significantly later bedtimes, earlier waketimes, 
shorter time-in-bed (TIB) and TST (all p < 0.05) while rural adolescents had lower sleep efficiency, more frequent 
awakenings and WASO (all p < 0.05). In mixed-model analyses, older adolescents had later bedtimes (p = 0.035) 
and shorter TST (p = 0.047), urban adolescents had later bedtimes, earlier wake times, shorter TIB and TST than 
rural adolescents (all p < 0.05), and on weekdays, all adolescents had earlier bedtimes, waketimes, shorter TIB 
and TST than on weekends (all p < 0.05).
Conclusion: Adolescents, especially the urban ones, had insufficient sleep with a catch-up-sleep on weekends. 
Multipronged interventions, including controlling causes of late bedtimes and delaying school start-times are 
needed to improve sleep, especially among older and urban adolescents.

1. Background

Poor sleep is widely recognized as an important cause of morbidity. 
Short sleep duration has been associated with such morbidities as 
adverse physical health and behavioural problems among adolescents in 
high-income countries. [1–3]. Other sleep characteristics such as sleep 
quality, daytime sleepiness, sleep apnoea and regularity have also been 
well-studied in high-income settings using objective sleep measures. 
Though some reports on adolescent sleep exist in the African setting, 
most of these studies utilized retrospective sleep questionnaires. [4,5]. 

Furthermore, these studies utilized different forms of sleep question
naires which may not always have the same validity/cultural sensitivity 
for the African populations.

While sleep questionnaires are quite useful for the collection of large 
population data, studies in the field of adolescent sleep health have 
utilized a wide variety of methodologies. These diverse sleep measures 
have different strengths and weaknesses based on the ease of utilization, 
cost, availability, duration of use required, level of expertise needed for 
their administration, and the reliability of the data obtained. The use of 
questionnaires in sleep research helps to capture a large population of 
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respondents for cross-sectional studies [6–8] but entails a retrospective 
recollection of sleep-wake rhythms with a likely recall bias. The data 
derived from studies in high-income countries, suggests that information 
from sleep questionnaires is not as reliable as data obtained when 
objective measures are utilized. [6]. These more reliable measures 
include the use of actigraphy and/or polysomnography. [6,9]. Though 
the PSG provides accurate and reliable measures of sleep architecture, it 
has the disadvantage of not being feasible for large population studies 
and its conduct outside the natural sleep environment may make the 
measured sleep-wake rhythms of a once-off night atypical.

Actigraphy involves the use of actiwatch, a wristwatch-like device to 
measure sleep-wake rhythm, together with sleep diaries. [10,11]. It 
provides a prospective and objective measurement of sleep character
istics in the home setting, usually over a three to fourteen-day period. 
Hence, the use of sleep questionnaires is useful and feasible for large 
population studies. Nevertheless, objective sleep measures using actig
raphy or polysomnography provide stronger evidence for both research 
and clinical decisions. In Nigeria, there are a few questionnaire-based 
reports of sleep insufficiency and poor sleep quality in adolescents, 
especially in the last decade. [12–16]. None of the sleep studies con
ducted in Nigerian adolescents utilized sleep diaries, actigraphy or 
polysomnography. Hence there is a need for an objective measurement 
of the sleep characteristics of Nigerian adolescents.

The sociodemographic factors associated with adolescent sleep 
health need to be more explored. Studies done among African adoles
cents have shown conflicting findings on the effect of individual and 
societal factors on adolescents’ sleep health. While some studies have 
reported a lack of sex difference in sleep health [13,17], some have 
found poorer sleep among boys [12,18], and a few others reported a 
shorter sleep duration [19] and higher nighttime awakenings among 
girls than boys. [20]. The sleep duration and quality of adolescents have 
been reported to worsen as their age increases. [21]. Adolescents tend to 
have later bedtimes with increasing age with resultant shorter sleep 
duration as they have to wake up early to meet school demands. [22]. 
Among African adolescents, many studies have found similar worsening 
of sleep health as adolescents’ age increases [12,13,23,24], though a few 
studies have reported a lack of association between age and sleep 
characteristics [25,26] as well as short sleep duration among younger 
adolescents compared to older ones. [27]. Hence, there is a need for 
further studies to improve the understanding of the individual factors 
affecting adolescent sleep health.

There are very few studies on the association between religion and 
sleep health. [28]. Types of religious affiliations and the belief system 
associated with religion have been shown to have an association with 
sleep but the direction of the association is yet to be well understood. 
[28,29]. Studies have found that religious beliefs could act as stress 
moderators which may either enhance [30,31] or impede [29] good 
sleep health. However, most of the available studies have been in adult 
populations. A qualitative study among Muslim and Jewish participants 
in Israel reported early wake times and short sleep duration due to the 
need to rise for morning prayers. [31]. Similar findings were reported 
among Muslim adolescents compared to Christian adolescents in a 
quantitative study in Côte d’Ivoire. [23]. In the United States, Catholics 
and Baptists were reported to have a shorter sleep duration than atheists. 
[29].

Another important societal aspect is the rural-urban disparities in 
sleep health which have been shown among African adolescents in 
general. [23,24]. We also reported this rural-urban disparity among 
Nigerian adolescents in our previous study using sleep questionnaires. 
[26]. These rural-urban disparities in adolescent sleep health have been 
reported in other climes. [32–34]. Pereira et al., [35] in a study among 
in-school rural adolescents in southern Brazil, found that among rural 
populations, adolescents without access to electricity had longer sleep 
duration. Their findings support the evidence that the transition from 
ancestral (pre-industrial) lifestyle to industrialised communities with 
artificial light exposure may contribute to short sleep duration in 

urbanised societies. [36]. In Nigeria, we have reported earlier bedtimes 
among rural adolescents compared to urban adolescents using sleep 
questionnaires and posited that this may be due to the poor electricity 
access in rural communities compared to urban communities. [26]. 
Furthermore, rural adolescents may have to perform chores or do early 
farm work that may contribute to late bedtimes, and/or early wake 
times and short sleep duration. [35]. Hence, we hypothesize that a dif
ference may exist in the sleep health of rural adolescents when 
compared with the urban communities.

Finally, adolescents have been reported to have catch-up sleep over 
the weekends compared to weekdays [12,22], with their weekday sleep 
duration often shortened by various school-related demands. [12,37]. 
With the use of objective sleep measures in the current study, we hope to 
better understand those societal factors affecting adolescent sleep 
health. Therefore, our study aimed to answer the research questions: 
what are the actigraphy-measured sleep characteristics of Nigerian 
in-school adolescents in Nigeria and the differences in these sleep 
characteristics in rural versus urban communities?

2. Methods

This study utilized a quantitative approach with a cross-sectional 
design. It was conducted on a subset of the adolescents involved in an 
earlier study on the multi-dimensions of sleep health among rural versus 
urban adolescents. [26]. This study was conducted between September 
2022 and June 2023.

2.1. Study setting

The study was conducted in the Osun East Senatorial District, Osun 
State Nigeria. The state is situated between latitude 7◦ 30′ 0″ N and 
longitude 4◦ 30′ 0″ E. [38]. Ile-Ife, the urban community is located from 
275 m to 300 m above sea level. [39]. Hence, it is located very close to 
the equator and is not subject to significant seasonal changes in photo
period that can affect the circadian rhythms of the inhabitants. The 
study is in seven communities within the Senatorial District. These 
communities have similar ethnic and religious characteristics. The rural 
communities comprised more people in the low and middle social 
classes while there were more people in the middle and high social 
classes residing in the urban community as described in our previous 
publication. [26]. Also, the rural communities have fewer social ame
nities and electricity access than the urban community, similar to other 
rural and urban areas in Nigeria where the electricity access rate in 
urban communities is 83.9 % compared to 24.6 % in rural communities. 
[40]. We selected these communities from the three local governments 
that are close geographically so that the main difference in the pop
ulations will be solely based on the rural versus urban features of the 
communities.

2.2. Study population

A sample was recruited from the 900 adolescents who participated in 
the initial phase of the study. [26]. These participants were required to 
wear actigraphy-recording devices for a 7-day duration to give an 
objective measure of their sleep characteristics. At the same time, these 
adolescents were required to keep a diary of their sleep habits. The 
research assistants gave daily reminders to the adolescents through 
home visits or phone calls to ascertain that the actigraphs were consis
tently worn.

2.3. Ethical considerations

The ethical approval for the study was obtained from the Health and 
Research Ethics Committee of the University of Witwatersrand 
(M210745) and the Obafemi Awolowo University, Ile-Ife, Osun State, 
Nigeria (IPHOAU/12/1850. Written informed consent was obtained 
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from each parent of the adolescent while assent was obtained from the 
respective adolescents. The purpose of the study, its benefits, and any 
likely risks were explained to the participants. Also, it was clearly stated 
that their participation was voluntary and that they could stop their 
participation at any time during the study with no consequences for 
them. They were informed about the ways confidentiality was ensured 
and the likely uses of the data generated.

2.4. Data collection

The sociodemographic characteristics of the adolescents were ob
tained via a previously pilot-tested questionnaire which contained 
questions on the age, sex, place of residence, religion and nature of the 
school of the adolescents.

2.4.1. Actigraphy
We used the Condor ActTrust 2, which measures and monitors ac

tivity and light exposure. The participants were given an actiwatch in 
the school at the beginning of the study. After adolescents had worn the 
actiwatch for 7 days, we downloaded the data and analysed them using 
the ActStudio Version 1.0.6.0 Model AT0503. We also extracted the 
sleep data using the Cole Kripke algorithm. Participants simultaneously 
received a printed sleep diary to record their daily sleep-wake schedule 
over the 7 days. A standard operating procedure (SOP) was used for the 
data collection with actiwatches and the sleep scoring with the Act
Studio software and sleep diaries. The definition of rest interval was 
based on the procedure described by Chow et al. [41] The analysis of the 
actigraphy recordings focused on the main sleep episodes. As we scru
tinized the actigraphy files, we noticed a few episodes of possible naps 
(secondary sleep episodes) but we could not distinguish them from pe
riods of low activity as the adolescents very rarely reported those po
tential secondary sleep episodes in their sleep diaries. Thus, we did not 
attempt to analyze naps in this study. The actigraphy device recorded 
the days that participants used the device and we included at least one 
weekend night in those minimum of 3 days of actigraphy data useable. 
Most of our data had five –to -six days of data used. Friday nights and 
Saturday nights were coded as weekend nights. Thus, we excluded all 
those who had weekday recordings only.

2.4.2. Sleep variables
From the actigraphs, after cleaning the sleep onset and sleep offset 

times using the sleep diaries, we used the Cole-Kripke algorithm 
embedded within the ActStudio version 1.0.6.0 software to extract the 
following sleep characteristics: bedtime (BT), wake time (WT), time in 
bed (TIB), total sleep time (TST), sleep onset latency (SOL), sleep effi
ciency (SE), wake after sleep onset (WASO) and number of awakenings.

2.5. Data management and analysis

Data analysis was conducted with the Stata SE 15.1 software. We 
presented the description of sociodemographic characteristics using 
frequencies and percentages and compared the rural-urban differences 
in these characteristics using the Chi-square test for categorical variables 
and the independent t-test for the continuous variables. The paired t-test 
was used to compare the sleep characteristics obtained over the week
days from weekends.

We ran mixed model analyses where we included each sleep variable 
(as described above) as a dependent variable in each model and we 
added the fixed effects of age, time of week (weekday vs weekend; with 
weekend including the nights from Friday to Saturday and from Satur
day to Sunday while all other nights were considered weekdays), rural 
versus urban residence, sex, and religion.

3. Results

We recruited 244 adolescents (among the initial larger study 

involving 900 participants) [26] for the study to wear actiwatches for a 
7-day period. We excluded from the analysis 13 adolescents who did not 
use the actiwatches correctly and 61 adolescents who used the acti
watches for ≤3 days. In the end, we included in the analysis of this 
sub-study the 170 participants with useable data.

Among the 170 adolescents analysed, there was no statistically sig
nificant difference in sex distribution, though there was a female pre
ponderance (54.12 %) in the total cohort. The mean age of the 
respondents was 15.55 ± 1.34 years. The rural-dwelling adolescents had 
a significantly older mean age (15.75 ± 1.33 years) than their urban- 
dwelling (15.33 ± 1.33 years) counterparts (p < 0.001). Furthermore, 
two-thirds of the adolescents (68.24 %) were in the middle adolescent 
age group for the overall population. There was no statistically signifi
cant difference in the age category between urban and rural adolescents. 
There was a higher number of adolescents attending public schools 
among rural adolescents (p < 0.001). The majority of the adolescents 
were Christians, and there was no statistically significant difference in 
the distribution of religion among the adolescents in both rural and 
urban schools. The other details on the sociodemographic characteristics 
of the adolescents were provided in Table 1.

3.1. Sleep characteristics of the adolescents in rural versus urban 
communities as measured by actigraphy

According to Table 2, the mean bedtime of the urban adolescents 

Table 1 
Socio-demographic characteristics of the respondents.

Sociodemographic 
characteristics

Rural (N 
= 91) 
N (%)

Urban (N 
= 79) 
N (%)

Overall (N 
= 170) 
N (%)

Statistics

Sex
Female 44 

(48.35)
48 
(60.76)

92(54.12) χ2 = 2.622 p =
0.105*

Male 47 
(51.65.)

31 
(39.24)

78(45.88)

Age in years
Mean age (mean ± SD) 15.75 ±

1.33
15.33 ±
1.33

15.55 ±
1.33

t = 6.06 
p¼<0.042

Age categories
13–14 (early 

adolescence)
16 
(17.58)

24 
(30.38)

40(23.53) χ2 = 3.851 p =
0.146*

15–17 (middle 
adolescence)

67 
(73.63)

49 
(62.03)

116 
(68.24)

18–19 (late 
adolescence)

8(8.79) 6(7.59) 14(8.24)

Religion (n¼165#)
Christianity 79 

(91.86)
75 
(94.94)

154 
(93.33)

χ2 = 11.822 p 
= 0.429

Islam 7(8.14) 4(5.06) 11(6.67)

Social class
Upper 3(3.30) 17 

(21.52)
20(11.76) χ2 = 9.2291 p 

< 0.001*
Middle 28 

(30.77)
40 
(50.63)

68(40.00)

Lower 60 
(65.93)

22 
(27.85)

82(48.24)

Nature of School
Public 76 

(83.52)
21 
(26.58)

97(57.06) χ2 = 55.946 
p=<0.001*

Private 15 
(16.48)

58 
(73.42)

73(42.94)

Class in school
JSS1-JSS3 6(6.59) 1(1.27) 7(4.12) χ2 = 3.040 p =

0.081SSS1-SSS2 85 
(93.41)

78 
(98.73)

163 
(95.88)
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(22.73 ± 0.82) was later than the rural adolescents (22.41 ± 0.85) (p =
0.012). Also, the urban adolescents had an earlier mean waketime (5.54 
± 0.74) than their rural counterparts (5.89 ± 0.58) (p = 0.001). 
Furthermore, this study showed a shorter actigraphy-measured mean 
TST (5.85 ± 0.84 h) among urban adolescents compared to rural ado
lescents (6.26 ± 1.01 h) (p < 0.001). Similarly, the urban adolescents 
had a lower actigraphy-measured mean TIB (6.81 ± 1.02 h) than their 
rural counterparts (7.49 ± 0.99 h) (p = 0.004). Conversely, the mean 
sleep efficiency of the urban adolescents (86 ± 6 %) was significantly 
higher than that of the rural adolescents (84 ± 8 %) (p = 0.016). The 
rural adolescents had higher mean wake-after-sleep-onset (WASO) and 
frequency of awakening than their urban counterparts (p = 0.005 and 
0.012).

3.2. Weekday-weekend difference in the sleep characteristics of the 
overall participants as measured by actigraphy (See Table 3)

Our study showed an overall significantly shorter actigraphy- 
measured mean TST (5.97 ± 0.94 h) on weekdays compared to week
ends (6.26 ± 1.39 h) (p = 0.028). The mean bedtime was earlier on 
weekdays (22.50 ± 2.89) than on weekends (22.73 ± 1.18) (p = 0.048). 
Similarly, the adolescents had earlier mean wake times on weekdays 

(5.58 ± 0.65) than at weekends (6.09 ± 1.04) (p < 0.001). The mean 
TIB of 7.08 ± 1.08 h obtained on weekdays was shorter than the mean of 
7.36 ± 1.52 h on weekends (p < 0.045). In summary, the adolescents 
had significantly later mean bedtimes, earlier mean wake times, 
significantly shorter mean TIB and shorter TST on weekdays. The other 
sleep characteristics were not significantly different among the adoles
cents on weekdays versus weekends. Using actigraphy, the mean 
bedtime of all the adolescents for the entire days of the study was 22.62 
± 1.05, while their mean wake time was 5.84 ± 0.90 and the mean TST 
was 6.11 ± 1.20 h.

3.3. Weekday-weekend difference in the sleep characteristics of the 
adolescents in rural versus urban communities as measured by actigraphy 
(See Table 4)

On weekdays, the urban adolescents had significantly later mean 
bedtimes, than the rural adolescents (p = 0.019) (see Table 4). Also, they 
presented earlier mean wake times, shorter mean TIB and shorter TST 
(all p < 0.001). On the other hand, rural adolescents had more frequent 
awakenings than their urban counterparts on weekdays (p = 0.006).

On weekends, the mean TIB of the urban adolescents was signifi
cantly shorter than that of the rural adolescents (p = 005), while the 
rural adolescents had significantly lower sleep efficiency (p = 0.005), 
higher wake-after-sleep onset (WASO) (p = 0.004), and a higher mean 
frequency of awakening (p = 0.004) than the urban adolescents. Mean 
bedtimes, mean wake times, mean TST, and sleep onset latency, were 
not different in urban vs. rural adolescents.

3.4. Multivariable analysis of the factors associated with sleep 
characteristics of rural vs urban adolescents (see Table 5)

Using the mixed-model analysis to determine the factors associated 
with sleep characteristics of rural versus urban adolescents, we found 

Table 2 
Rural-urban difference in the mean sleep characteristics for the entire study 
period.

Sleep variables Rural 
Mean ± SD

Urban 
Mean ± SD

ta/p

Bedtime 22.41 ± 0.85 22.73 ± 0.82 t = − 2.536 
p¼0.012

Wake time 5.89 ± 0.58 5.54 ± 0.74 t¼3.460 
p¼0.001

Time-in-bed 7.49 ±0 .99 6.81 ± 1.02 t = 4.383 
p¼<0.001

Total sleep Time 6.26 ± 1.01 5.85 ± 0.84 t = 2.919 
p¼0.004

Sleep efficiency (%) 84 ± 8 86 ± 6 t = − 2.426 
p¼0.016

SOL 0.10 ± 0.07 0.08 ± 0.10 t = 1.247 
p = 0.214

WASO 1.08 ± 0.57 0.85 ± 0.74 t = 2.815 
p¼0.005

Awakenings (n/night) 12 ± 5 10 ± 5 t = 2.554 
p¼0.012

All time variables are in decimal hours.
a unpaired t-test.

Table 3 
Difference in mean sleep characteristics of the whole sample between weekdays 
and weekends as measured with actigraphy.

Sleep variables Weekend 
Mean ± SD

Weekday 
Mean ± SD

Overall 
Mean ± SD

ta/p

Bedtime 22.73 ± 1.18 22.50 ± 0.89 22.62 ± 1.05 t = 1.988 
p¼0.048

Wake time 6.09 ± 1.04 5.58 ± 0.65 5.84 ± 0.90 t¼5.170 
p¼<0.001

Time in bed 7.36 ± 1.52 7.08 ± 1.08 7.22 ± 1.33 t = 2.015 
p¼0.045

Total sleep Time 6.26 ± 1.39 5.97 ± 0.94 6.11 ± 1.20 t = 2.201 
p¼0.028

Sleep efficiency 
(%)

85 ± 9 85 ± 7 85 ± 8 t = 0.328 
p = 0.743

SOL 0.08 ± 0.10 0.09 ± 0.11 0.09 ± 0.10 t = − 1.322 
p = 0.187

WASO 0.98 ± 0.64 0.97 ± 0.54 0.97 ± 0.59 t = 0.142 
p = 0.661

Awakenings (n/ 
night)

11 ± 7 11 ± 5 11 ± 6 t = 0.309 
p = 0.757

All time variables are in decimal hours.
a Paired t-test.

Table 4 
Rural-urban difference in mean sleep characteristics on weekdays and 
weekends.

Sleep variables Rural (n =
91) 
Mean ± SD

Urban (n =
79) 
Mean ± SD

Overall (n =
170) 
Mean ± SD

P value

Weekdays
Bedtime 22.36 ± 0.84 22.67 ± 0.10 22.50 ± 0.89 p¼ 0.019
Wake time 5.75 ± 0.56 5.38 ± 0.70 5.58 ± 0.65 p<0.001*
Time in bed 7.39 ± 0.96 6.71 ± 1.11 7.07 ± 1.08 p<0.001*
Total sleep 

Time
6.21 ± 0.93 5.71 ± 0.89 5.97 ± 0.94 p<0.001*

Sleep 
efficiency 
(%)

84.18 ± 7.46 85.73 ± 6.83 84.90 ± 7.19 p = 0.163

Sleep onset 
latency

0.10 ± 0.08 0.09 ± 0.06 0.09 ± 0.08 p = 0.687

WASO 1.04 ± 0.56 0.88 ± 0.51 0.97 ± 0.54 p = 0.051
Awakenings 

(n/night)
12.19 ± 5.34 10.01 ± 4.63 11.18 ± 5.13 p¼0.006*

Weekend days
Bedtime 22.56 ± 1.19 22.92 ± 1.15 22.73 ± 1.18 p = 0.053
Wake time 6.23 ± 0.92 5.93 ± 1.14 6.09 ± 1.04 p = 0.063
Time in bed 7.67 ± 1.52 7.02 ± 1.46 7.36 ± 1.52 p¼0.005
Total sleep 

time
6.41 ± 1.51 6.08 ± 1.22 6.26 ± 1.39 p = 0.129

Sleep 
efficiency 
(%)

83.45 ± 9.48 87.18 ± 7.22 85.19 ± 15.56 p¼0.005

Sleep onset 
latency

0.09 ± 0.11 0.07 ± 0.08 0.98 ± 0.10 p = 0.174

WASO 1.11 ± 0.68 0.82 ± 0.56 0.98 ± 0.64 p¼0.004
Awakenings 

(n/night)
12.34 ± 6.77 10.27 ± 6.07 11.38 ± 6.52 p¼0.004

WASO: wake after sleep onset; unpaired t-tests were run to compare the rural 
and the urban adolescents; all time variables are in decimal hours.
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that the adolescents’ sleep characteristics differed significantly based on 
their age, weekday versus weekend period and place of residence, but 
not their sex or religion Table 5. The older adolescents had later bed
times (p = 0.035) and shorter TST (p = 0.047) than the younger ado
lescents. In those adjusted analyses, on weekdays, adolescents had 
earlier bedtimes (p = 0.003), earlier wake times (p=<0.001), shorter 
TIB (p = 0.001), and shorter TST (p = 0.001) compared to weekends. 
Furthermore, the urban adolescents had later bedtimes (p = 0.010), 
earlier wake times (p = 0.002), shorter TIB (p < 0.001) and TST (p =
0.007) compared to rural adolescents. On the other hand, the rural ad
olescents had significantly lower sleep efficiency (p = 0.014), higher 
WASO (p = 0.005) and more frequent awakenings (p = 0.006) than 
urban adolescents. There were no significant differences in the adoles
cent sleep characteristics by sex or religion.

4. Discussion

This study provides data on the sleep characteristics of 170 rural and 
urban in-school Nigerian adolescents using actigraphy recordings. 
Overall, the adolescents had a short TST (sleep duration) of about 6 h 
(Table 3) which is significantly lower than the recommended duration. 
[42]. Also, their age, place of residence and weekday versus weekend 
measurements showed statistically significant associations with the 
sleep characteristics measured. The older adolescents had later bed
times, similar wake times and shorter TIB and TST than the younger 
adolescents. On weekdays compared to weekends, adolescents had 
earlier bedtimes, earlier wake times shorter TIB and TST. Furthermore, 
urban adolescents had later bedtimes, earlier wake times, and shorter 
TIB and TST compared to rural adolescents. On the other hand, rural 
adolescents had significantly lower sleep efficiency and higher wake 
after sleep onset than urban adolescents.

The adolescents studied had short sleep duration irrespective of their 
place of residence. As shown in Table 3, the overall mean sleep duration 
obtained by these adolescents was about 6 h which is significantly below 
the recommended 8.5–9.3 h. [42]. This short sleep duration is due to 
their late bedtimes and early wake times. While the late bedtime is in 
keeping with the tendency to sleep late due to physiological phase delay 
during adolescence, their wake time is early rather than late. The early 
wake time may be due to school and societal pressures, as reported in 
other settings. [42–44]. It is therefore important to understand the 
factors associated with the adolescent’s sleep deprivation to develop 
appropriate interventions.

4.1. Adolescent sleep characteristics and age

We found that older adolescents had significantly later bedtimes and 
shorter sleep duration than their younger counterparts. The mean TST of 
6.1 ± 1.2 h obtained for the overall population worsens as the age of the 
adolescent increases with a mean of 6.2 ± 1.4 h for early adolescents, 
6.1 ± 1.5 h for middle adolescents and 6.0 ± 1.6 h for late adolescence. 
On weekdays, the mean TST was 6.0 ± 0.8 h for early adolescents, 6.0 ±
1.0 h for middle adolescents and 5.8 ± 1.0 h for late adolescence. The 
shorter sleep duration observed in these older adolescents concurs with 
previous findings of shorter sleep duration among older adolescents in 
our setting using sleep questionnaires. [12]. Being in the early adoles
cent age group was reported to be an independent predictor of sufficient 
sleep on weekends. [12]. Similar findings have been reported in other 
societies. [42,45]. The biological changes which begin at the onset of 
puberty and progress as the age of the adolescent increases are associ
ated with progressively larger delayed sleep phase. [45,46]. In our 
study, bedtime was more delayed as the age of the adolescent increased, 
which aligns with previous findings. [46]. In addition to the biological 
explanations for delayed bedtimes in older adolescents, individual and 
social factors may also be contributory. Electronic device use at night 
has been associated with delayed bedtimes and short sleep duration. 
[12,44]. It is possible that older adolescents are more likely to use Ta

bl
e 

5 
Fa

ct
or

s 
as

so
ci

at
ed

 w
ith

 s
le

ep
 c

ha
ra

ct
er

is
tic

s 
of

 r
ur

al
 v

er
su

s 
ur

ba
n 

ad
ol

es
ce

nt
s 

us
in

g 
m

ix
ed

-m
od

el
s 

an
al

ys
is

.

D
ep

en
de

nt
 

va
ri

ab
le

 →
 

In
de

pe
nd

en
t 

va
ri

ab
le

s↓

Be
dt

im
e 

Be
ta

 
es

tim
at

e 
(a

dj
us

te
d)

 
95

%
CI

P-
 

va
lu

e
W

ak
e 

tim
e 

Be
ta

 
es

tim
at

e 
(a

dj
us

te
d)

 
95

%
CI

P-
va

lu
e

TI
B 

Be
ta

 
es

tim
at

e 
(a

dj
us

te
d)

 
95

%
CI

P-
va

lu
e

TS
T 

Be
ta

 
es

tim
at

e 
(a

dj
us

te
d)

 
95

%
CI

P-
 

va
lu

e
SO

L 
Be

ta
 

es
tim

at
e 

(a
dj

us
te

d)
 

95
%

CI

P-
 

va
lu

e
SE

 
Be

ta
 

es
tim

at
e 

(a
dj

us
te

d)
 

95
%

CI

P-
 

va
lu

e
W

A
SO

 
Be

ta
 

es
tim

at
e 

(a
dj

us
te

d)
 

95
%

CI

P-
 

va
lu

e

a
A

w
ak

. 
Be

ta
 e

st
im

at
e 

(a
dj

us
te

d)
 

95
%

CI

P-
 

va
lu

e

A
ge

 in
 y

ea
rs

0.
10

0.
03

5
−

0.
01

0.
79

8
−

0.
11

0.
05

4
−

0.
11

0.
04

7
−

0.
01

0.
47

8
−

0.
11

0.
78

4
−

0.
01

0.
96

2
−

0.
28

0.
34

9
0.

01
, 0

.1
9

​
−

0.
09

, 0
.0

7
​

−
0.

23
, 0

.0
1

​
−

0.
21

, 
−

0.
01

​
−

0.
01

, 0
.0

1
​

−
0.

93
, 0

.7
0

​
−

0.
06

, 0
.0

6
​

−
0.

86
,0

.3
0

​

W
ee

kd
ay

- 
W

ee
ke

nd
−

0.
23

0.
00

3
−

0.
52

<
0.

00
1

−
0.

29
0.

00
1

−
0.

28
0.

00
1

0.
02

0.
15

3
−

0.
09

0.
85

3
−

0.
02

0.
51

2
−

0.
74

0.
02

3
−

0.
38

, 
−

0.
08

​
−

0.
63

, 
−

0.
41

​
−

0.
47

, 
−

0.
12

 0
.4

1
​

−
0.

43
, 

−
0.

11
​

−
0.

01
, 0

.0
5

​
−

1.
08

, 0
.8

9
​

−
0.

10
, 0

.0
5

​
−

1.
38

,-0
.1

0
​

Re
si

de
nc

e 
(u

rb
an

-r
ur

al
)

0.
34

0.
01

0
−

0.
32

0.
00

2
−

0.
66

<
0.

00
1

−
0.

39
0.

00
7

−
0.

02
0.

17
6

2.
76

0.
01

4
−

0.
24

0.
00

5
−

2.
24

0.
00

6
0.

08
, 0

.6
0

​
−

0.
53

, 
−

0.
12

S
​

−
0.

97
, 

−
0.

35
​

−
0.

67
, 

−
0.

11
​

−
0.

05
, 0

.0
1

​
0.

55
, 4

.9
8

​
−

0.
40

, 
−

0.
07

​
−

3.
80

,-0
.6

5
​

Se
x 

(M
al

e-
 

Fe
m

al
e)

−
0.

02
0.

89
1

0.
17

0.
10

2
0.

18
0.

23
7

0.
24

0.
09

6
−

0.
01

0.
68

7
0.

57
0.

60
0

−
0.

02
0.

83
2

−
0.

05
0.

94
6

−
0.

27
, 0

.2
4

​
−

0.
03

, 0
.3

6
​

−
0.

12
, 0

.4
9

​
−

0.
42

, 0
.5

1
​

−
0.

03
, 0

.0
2

​
−

1.
56

, 2
.6

9
​

−
0.

18
, 0

.1
4

​
−

1.
55

, 1
.4

4
​

Re
lig

io
n 

(C
hr

is
tia

ni
ty

/ 
Is

la
m

)

−
0.

08
0.

75
1

−
0.

03
0.

89
1

−
0.

11
0.

72
1

0.
02

0.
94

3
0.

01
0.

79
8

1.
85

0.
38

2
−

0.
13

0.
37

7
−

1.
38

0.
35

6
−

0.
41

, 
−

0.
01

​
−

0.
40

, 
−

0.
36

​
−

0.
69

, 0
.4

8
​

−
0.

51
, 0

.5
5

​
−

0.
05

, 0
.0

6
​

−
2.

29
, 5

.9
8

​
−

0.
45

. 0
.1

7
​

−
4.

32
, 1

.5
5

​

TI
B:

 T
im

e 
in

 B
ed

; T
ST

: T
ot

al
 s

le
ep

 ti
m

e,
 S

O
L:

 s
le

ep
 o

ns
et

 la
te

nc
y,

 S
E:

 s
le

ep
 e

ffi
ci

en
cy

, W
A

SO
: w

ak
e 

af
te

r 
sl

ee
p 

on
se

t.
Be

ta
 e

st
im

at
es

 fo
r b

ed
tim

e,
 w

ak
et

im
e,

 ti
m

e 
in

 b
ed

, t
ot

al
 sl

ee
p 

tim
e,

 s
le

ep
 o

ns
et

 la
te

nc
y 

an
d 

w
ak

e 
af

te
r s

le
ep

 o
ns

et
 sh

ow
 d

ec
im

al
 ti

m
e,

 w
ith

 −
0.

23
 w

ee
kd

ay
 c

om
pa

re
d 

to
 W

E 
in

 b
ed

tim
e 

m
ea

ni
ng

 th
at

 a
ll 

pa
rt

ic
ip

an
ts

 o
n 

av
er

ag
e 

w
ok

e 
up

 0
.2

3x
60

 =
13

.8
 m

in
 e

ar
lie

r 
on

 w
ee

kd
ay

s 
co

m
pa

re
d 

to
 w

ee
ke

nd
s.

A
ll 

m
od

el
s 

w
er

e 
ru

n 
us

in
g 

m
ix

ed
 m

od
el

 a
na

ly
si

s 
sp

ec
ify

in
g 

a 
no

rm
al

 d
is

tr
ib

ut
io

n,
 e

xc
ep

t f
or

 th
e 

nu
m

be
r 

of
 a

w
ak

en
in

gs
 w

he
re

 w
e 

sp
ec

ifi
ed

 a
 P

oi
ss

on
 d

is
tr

ib
ut

io
n.

a
A

w
ak

.: 
nu

m
be

r 
of

 a
w

ak
en

in
gs

 p
er

 n
ig

ht
.

O.E. Olorunmoteni et al.                                                                                                                                                                                                                      Sleep Medicine 127 (2025) 158–165 

162 



electronic devices at bedtime than younger adolescents. Furthermore, 
the older the adolescent is, the lower the parental supervision of their 
bedtime and overall sleep schedule. [45]. In an earlier study, we found 
that parental supervision of bedtimes showed a significant association 
with better sleep health. [26]. In addition, the academic demands, 
after-school classes and homework burden of older adolescents may be 
more than that of younger adolescents and may likely contribute to a 
further delay in their bedtimes. [45]. While bedtimes were more delayed 
with older age, we did not find more delay in the wake times with age, 
which may be due to fixed school start times. Thus the combination of 
delayed bedtimes and inability to delay wake times resulted in shorter 
sleep opportunities and duration with older age. This suggests that a 
simple intervention such as delaying school start times may help in
crease sleep duration during adolescence, as elsewhere in the world. 
[47,48].

4.2. Weekday versus weekend differences in adolescent sleep 
characteristics

The actigraphy measure of the adolescents’ sleep characteristics 
provided an objective differentiation of weekend versus weekday 
values. The significantly later wake times of the adolescents on week
ends support the previous reports of a tendency for adolescents to have 
catch-up sleep on weekends. [49]. This is attributed to insufficient sleep 
on school days such that the adolescents utilize the sleep opportunity 
provided by a free weekend to pay back the previous sleep debt. As 
shown in Table 3, the adolescents had a shorter sleep duration on 
weekdays compared to weekends, supporting the reasons for a tendency 
to catch up on lost sleep hours on weekdays. Also, the adolescents’ later 
bedtime on weekends suggests that the adolescents tended to sleep ac
cording to their physiologic sleep drive and phase delay when the 
pressure of school demands is removed. The study population were 
drawn from both private and public secondary schools in the rural and 
urban communities, though the rural communities had mainly public 
schools (5 out of 6 schools). Generally, the schools had similar start 
times but varying school closing times. [26]. The school period in the 
secondary schools runs from 7:45 a.m. for public schools and 7:30–7:45 
a.m. for private schools. The public schools typically close at 2:00 p.m. 
while the private schools close from 4:00 p.m. to 6:00 p.m. for most 
private schools. [12]. It is also possible that they tended to sleep late on 
weekends because of their increased use of electronic devices. However, 
there was no statistically significant difference in the weekday versus 
weekend SE, SOL, WASO and number of awakenings. Despite evidence 
for catch-up sleep on weekends by delaying wake times, the sleep 
duration on weekends remained under the recommended 8.5 h for 
adolescents.

4.3. Rural versus urban differences in actigraphy-measured adolescent 
sleep characteristics

This study showed later bedtimes among urban adolescents 
compared to their rural counterparts when investigated in multivariable 
analyses. Also, urban adolescents had earlier wake times and shorter 
sleep duration than their rural counterparts. Thus, urban adolescents 
had poorer sleep characteristics than their rural counterparts. The likely 
factors contributing to the poor sleep characteristics among urban ad
olescents include exposure to artificial light at night (ALAN) due to 
electricity supply which may not be available in rural settings. [50]. 
Furthermore, urban adolescents are likely to use electronic devices at 
bedtime which further causes a shift in bedtime. [51]. In a previous 
paper [26], we found no significant difference in the school start time of 
rural versus urban adolescents but we found a difference in the school 
end times, with the urban adolescents closing later (p = 0.021). Also, 
every later hour in the school end (closing) time showed a 1-fold in
crease in the odds of having poor sleep quality and excessive daytime 
sleepiness. [26]. Interventions targeting urban adolescents will need to 

explore further the factors contributing to their sleep health at home and 
in school.

Conversely, the rural adolescents in the present study had a lower 
sleep efficiency and a higher WASO. The urban adolescents likely had 
lower WASO and lower number of awakenings than rural adolescents 
due to the higher homeostatic sleep pressure built across time. Ac
cording to the two-process model (Borbely et al., 1982), higher sleep 
pressure due to larger time spent awake in the 24-h day would lead to a 
higher amount of slow wave sleep during the sleep episode, which in 
turn would make waking during sleep less likely. Conversely the rela
tively lower sleep pressure in rural adolescents, in particular on week
ends, may translate into a lower amount of slow wave sleep, which in 
turn may make awakenings from external signals more likely. From a 
previous study, we found that a bit more than two-thirds of the ado
lescents living in rural settings in this region of Nigeria were from a low 
social class [26], so their sleeping environment may be poorer than that 
of urban adolescents. Sleeping in poor sleeping environments may lead 
to a higher number of awakenings and WASO, and thus impair their 
sleep efficiency. Poor sleeping conditions as well as living in a disad
vantaged neighbourhood have been reported to contribute to poor sleep 
health. [52,53]. Thus, the external signals which can interrupt sleep may 
be more frequently encountered in rural adolescents’ environments than 
in urban adolescents’ environments. In rural Nigeria, poor heat control 
in rural dwellings, the presence of mosquitoes, and overcrowding may 
all contribute to sleep disruption. It is also possible that urban adoles
cents may have more access to air conditioning which would both help 
with heat control and lower amount of mosquitoes that can disrupt 
sleep. Interventions focused on improving adolescent sleep must reduce 
factors contributing to later bedtimes and earlier wake times among 
urban adolescents while targeting improving sleep efficiency among 
rural adolescents.

4.4. Strengths and Limitations

This study is the first, to the best of the investigators’ knowledge, to 
compare actigraphy-measured sleep characteristics among urban and 
rural African adolescents. The scoring of the actigraphy data with a 
concurrent sleep diary recording further strengthens the quality of the 
data. However, 74 of the 244 adolescents did not use the actigraphs 
correctly or for enough number of days within the 7-day period. As a 
result, only the 170 adolescents who used the actigraphs correctly for at 
least 4 days were included in the final analysis. We explored the reasons 
for poor use of the actigraphs among adolescents who did not use the 
actigraphs correctly. We found that some forgot to wear the actigraphs 
after bathing or washing, some were sceptical of the safety of the watch 
especially because the “black colour” of the actiwatch was associated 
with “evil”, while one adolescent stopped using the actiwatch because 
she had allergic dermatitis after wearing it for a few days. Future studies 
involving the use of actiwatches in our setting will need to counsel ad
olescents and their parents on their safety and possibly exclude those 
with allergic skin conditions. In addition, we did not analyze naps due to 
the challenges reported in the methods section, but we recommend the 
use of phone recalls to document daily nap periods to aid analysis of 
secondary sleep episodes.

5. Conclusions

Objective measurement of adolescent sleep characteristics showed 
significant insufficient sleep duration and poor sleep efficiency. Among 
urban adolescents, insufficient sleep was mainly from delayed bedtimes 
and early wake times with a catch-up sleep on weekends, similar to 
reports in other climes. Adolescents in rural settings had lower sleep 
efficiency which also needs to be explored to understand the contribu
tors and provide the appropriate interventions. Multipronged in
terventions are needed to improve sleep health, especially among older 
adolescents in urban communities.
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[10] Tétreault É, Bélanger M, Bernier A, Carrier J. Actigraphy data in pediatric research: 
the role of sleep diaries. Sleep Med 2018;47:86–92.

[11] Matthews KA, Patel SR, Pantesco EJ, Buysse DJ, Kamarck TW, Lee L, et al. 
Similarities and differences in estimates of sleep duration by polysomnography, 
actigraphy, diary, and self-reported habitual sleep in a community sample. Sleep 
Heal 2018;4(1):96–103. https://doi.org/10.1016/j.sleh.2017.10.011 [Internet].

[12] Olorunmoteni OE, Fatusi AO, Komolafe MA, Omisore A. Sleep pattern , 
socioenvironmental factors , and use of electronic devices among Nigerian school- 
attending adolescents. Sleep Heal 2018;4(6):551–7. https://doi.org/10.1016/j. 
sleh.2018.09.002 [Internet].

[13] 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;18:337–41.

[14] Maduabuchi JC, Obu HA, Chukwu BF, Aronu AE, Manyike PC, Chinawa AT. Sleep 
pattern and practice among adolescents school children in Nigerian secondary 
schools. Pan Afr Med J. 2014;19:2–6.

[15] Balogun FM, Alohan AO, Orimadegun AE. Self-reported sleep pattern, quality, and 
problems among schooling adolescents in southwestern Nigeria. Sleep Med 2017; 
30:245–50. https://doi.org/10.1016/j.sleep.2016.11.013 [Internet].

[16] Peter ID, Adamu H, Asani MO, Aliyu I, Sabo UA, Umar UI. Sleep pattern and sleep 
hygiene practices among Nigerian schooling adolescents. Indian J Psychol Med 
2017;39(4):407–12 [Internet], https://pubmed.ncbi.nlm.nih.gov/28852230.

[17] Balogun FM, Alohan AO, Orimadegun AE. Self-reported sleep pattern, quality, and 
problems among schooling adolescents in southwestern Nigeria. Sleep Med 2017; 
30.
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[26] Olorunmoteni OE, Gómez-Olivé FX, Fatusi AO, Scheuermaier K. Multidimensions 
of sleep health among in-school adolescents in rural and urban areas in 
southwestern Nigeria. Sleep Heal 2024;10(1S):S170–9. https://doi.org/10.1016/j. 
sleh.2023.11.006 [Internet].

[27] Elfaki FA, Mukhayer AIG, Moukhyer ME, Chandika RM, Kremers SPJ. Sleep 
duration and metabolic syndrome among early adolescents-A cross-sectional study 
in khartoum state, Sudan. Int J Environ Res Publ Health 2023;20:5969.

[28] Hill TD, Deangelis R, Ellison CG. Religious involvement as a social determinant of 
sleep: an initial review and conceptual model. Sleep Heal 2018;4(4):325–30. 
https://doi.org/10.1016/j.sleh.2018.04.001 [Internet].

[29] Fergason K, Rowatt W, Scullin MK. Sleep health across religions: a consideration of 
bidirectional processes. Sleep 2020;43(733461):A76.

[30] Ellison CG, Deangelis RT, Hill TD, Froese P. Sleep quality and the stress-buffering 
role of religious involvement: a mediated moderation analysis. J Sci Study Relig 
2019;58(1):251–68.

[31] Zarhin D. How religion affects sleep health: exploring the perspectives of religious 
Muslims and Jews in Israel. J Sleep Res 2023;32(4):1–8.

[32] Louzada F, Menna-Barreto L. Sleep-wake cycle expression in adolescence: 
influences of social context. Biol Rhythm Res 2003;34(2):129–36.

[33] Louzada F, Menna-Barreto L. Sleep-wake cycle in rural populations. Biol Rhythm 
Res 2004;35(1–2):153–7.

[34] Jones VN, Bucchio J. The sleep gap: advancing healthy sleep among youth in rural 
communities. Contemp Rural Soc Work J 2018;10(1):3 [Internet], https://digitalco 
mmons.murraystate.edu/crsw/vol10/iss1/3.

[35] Fox L, Wiggins S, Ludi E. The lives of rural women and girls what does an inclusive 
agricultural transformation that empowers women look like. 2018.

[36] De La Iglesia HO, Moreno C, Lowden A, Louzada F, Marqueze E, Levandovski R, 
et al. Ancestral sleep. Curr Biol 2016;26(7):R271–2. https://doi.org/10.1016/j. 
cub.2016.01.071 [Internet].

[37] Olorunmoteni OE, Fehintola FO, Seun-Fadipe C, Komolafe MA, Mosaku KS. Sleep 
quality and its relationship with school schedules and mental health of Nigerian 

O.E. Olorunmoteni et al.                                                                                                                                                                                                                      Sleep Medicine 127 (2025) 158–165 

164 

http://refhub.elsevier.com/S1389-9457(25)00020-6/sref1
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref1
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref1
http://www.ncbi.nlm.nih.gov/pubmed/31900098
http://www.ncbi.nlm.nih.gov/pubmed/31900098
https://doi.org/10.1016/j.sleep.2018.10.041
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref4
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref4
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref4
https://doi.org/10.1016/j.sleep.2013.10.003
https://doi.org/10.1016/j.sleep.2013.10.003
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref6
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref6
https://doi.org/10.1016/j.sleh.2019.12.010
https://doi.org/10.1016/j.sleh.2019.12.010
https://doi.org/10.1016/j.sleh.2016.05.006
https://doi.org/10.1016/j.sleh.2016.05.006
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref9
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref9
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref10
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref10
https://doi.org/10.1016/j.sleh.2017.10.011
https://doi.org/10.1016/j.sleh.2018.09.002
https://doi.org/10.1016/j.sleh.2018.09.002
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref13
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref13
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref13
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref14
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref14
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref14
https://doi.org/10.1016/j.sleep.2016.11.013
https://pubmed.ncbi.nlm.nih.gov/28852230
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref17
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref17
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref17
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref18
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref18
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref18
https://doi.org/10.1186/s12887-020-02451-9
https://www.scopus.com/inward/record.uri?eid=2-s2.0-79952815456&amp;doi=10.1016%2Fj.msom.2011.01.001&amp;partnerID=40&amp;md5=38e30f3c25457d58b111f2f68b2eff90
https://www.scopus.com/inward/record.uri?eid=2-s2.0-79952815456&amp;doi=10.1016%2Fj.msom.2011.01.001&amp;partnerID=40&amp;md5=38e30f3c25457d58b111f2f68b2eff90
https://www.scopus.com/inward/record.uri?eid=2-s2.0-79952815456&amp;doi=10.1016%2Fj.msom.2011.01.001&amp;partnerID=40&amp;md5=38e30f3c25457d58b111f2f68b2eff90
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref21
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref21
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref22
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref22
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref23
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref23
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref24
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref24
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref24
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref25
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref25
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref25
https://doi.org/10.1016/j.sleh.2023.11.006
https://doi.org/10.1016/j.sleh.2023.11.006
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref27
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref27
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref27
https://doi.org/10.1016/j.sleh.2018.04.001
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref29
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref29
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref30
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref30
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref30
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref31
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref31
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref32
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref32
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref33
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref33
https://digitalcommons.murraystate.edu/crsw/vol10/iss1/3
https://digitalcommons.murraystate.edu/crsw/vol10/iss1/3
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref35
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref35
https://doi.org/10.1016/j.cub.2016.01.071
https://doi.org/10.1016/j.cub.2016.01.071


secondary school adolescents. J Clin Sleep Med 2023. https://doi.org/10.5664/ 
jcsm.10708.

[38] Osun state official website [Internet], https://www.osunstate.gov.ng/about/majo 
r-towns/ede/; 2023.

[39] UN-HABITAT UNHSP. Structure plan for ile-ife and environs(2014-2023). 2014.
[40] 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.

[41] Chow CM, Wong SN, Shin M, Maddox RG, Feilds KL, Paxton K, et al. Defining the 
rest interval associated with the main sleep period in actigraph scoring. Nat Sci 
Sleep 2016;8:321–8.

[42] Carskadon M, Roth T, Benca RM, Dahl RE, Dement WC, Mahowald M, et al. 
Adolescent sleep needs and patterns. Natl Sleep Found 2000:1–26.

[43] Nasim M, Saade M, Albuhairan F. Sleep deprivation : prevalence and associated 
factors among adolescents in Saudi Arabia. Sleep Med 2019;53:165–71. https:// 
doi.org/10.1016/j.sleep.2018.08.031 [Internet].

[44] Widome R, Berger AT, Lenk KM, Erickson DJ, Laska MN, Iber C, et al. Correlates of 
short sleep duration among adolescents. J Adolesc 2019;77(October):163–7. 
https://doi.org/10.1016/j.adolescence.2019.10.011 [Internet].

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

[46] Carskadon MA. Sleep in adolescents: the perfect storm. Pediatr Clin North Am 
2012;58(3):637–47.

[47] Boergers J, Gable CJ, Owens JA. Later school start time is associated with 
improved sleep and daytime functioning in adolescents. J Dev Behav Pediatr 2014; 
35(1):11–7.

[48] Sadikova E, Widome R, Robinson E, Aris IM, Tiemeier H. Delaying high school start 
times impacts depressed mood among students: evidence from a natural 
experiment. Soc Psychiatry Psychiatr Epidemiol 2024;59(11):2073–82.

[49] Sun W, Ling J, Zhu X, Lee TMC, Li SX. Associations of weekday-to-weekend sleep 
differences with academic performance and health-related outcomes in school-age 
children and youths. Sleep Med Rev [Internet] 2019;46:27–53. Available from: htt 
ps://doi.org/10.1016/j.smrv.2019.04.003.

[50] 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.

[51] Schweizer A, Berchtold A, Barrense-Dias Y, Akre C, Suris JC. Adolescents with a 
smartphone sleep less than their peers. Eur J Pediatr 2017;176(1):131–6. https:// 
doi.org/10.1007/s00431-016-2823-6 [Internet].

[52] Hale L, James S, Xiao Q, Billings ME, Johnson DA. Neighborhood factors associated 
with sleep health [Internet]. Sleep and Health. Elsevier Inc.; 2019. p. 77–84. 
https://doi.org/10.1016/B978-0-12-815373-4.00007-1.

[53] Hale L, Emanuele E, James S. Recent updates in the social and environmental 
determinants of sleep health. Curr Sleep Med Rep 2015;1:212–7.

O.E. Olorunmoteni et al.                                                                                                                                                                                                                      Sleep Medicine 127 (2025) 158–165 

165 

https://doi.org/10.5664/jcsm.10708
https://doi.org/10.5664/jcsm.10708
https://www.osunstate.gov.ng/about/major-towns/ede/
https://www.osunstate.gov.ng/about/major-towns/ede/
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref39
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref40
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref40
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref40
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref41
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref41
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref41
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref42
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref42
https://doi.org/10.1016/j.sleep.2018.08.031
https://doi.org/10.1016/j.sleep.2018.08.031
https://doi.org/10.1016/j.adolescence.2019.10.011
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref45
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref45
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref46
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref46
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref47
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref47
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref47
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref48
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref48
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref48
https://doi.org/10.1016/j.smrv.2019.04.003
https://doi.org/10.1016/j.smrv.2019.04.003
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref50
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref50
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref50
https://doi.org/10.1007/s00431-016-2823-6
https://doi.org/10.1007/s00431-016-2823-6
https://doi.org/10.1016/B978-0-12-815373-4.00007-1
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref53
http://refhub.elsevier.com/S1389-9457(25)00020-6/sref53

	Objectively-measured sleep characteristics and the associated factors among rural and urban in-school Nigerian adolescents
	1 Background
	2 Methods
	2.1 Study setting
	2.2 Study population
	2.3 Ethical considerations
	2.4 Data collection
	2.4.1 Actigraphy
	2.4.2 Sleep variables

	2.5 Data management and analysis

	3 Results
	3.1 Sleep characteristics of the adolescents in rural versus urban communities as measured by actigraphy
	3.2 Weekday-weekend difference in the sleep characteristics of the overall participants as measured by actigraphy (See Table 3)
	3.3 Weekday-weekend difference in the sleep characteristics of the adolescents in rural versus urban communities as measure ...
	3.4 Multivariable analysis of the factors associated with sleep characteristics of rural vs urban adolescents (see Table 5)

	4 Discussion
	4.1 Adolescent sleep characteristics and age
	4.2 Weekday versus weekend differences in adolescent sleep characteristics
	4.3 Rural versus urban differences in actigraphy-measured adolescent sleep characteristics
	4.4 Strengths and Limitations

	5 Conclusions
	CRediT authorship contribution statement
	Funding
	Declaration of competing interest
	Acknowledgement
	References


