
Sleep irregularity is associated 
with night-time technology, 
dysfunctional sleep beliefs and 
subjective sleep parameters 
amongst female university 
students
Teresa Arora1, Fernando Vaquerizo-Villar2,3,5, Roberto Hornero2,5 & David Gozal4

Sleep irregularity has been linked to multiple deleterious consequences in clinical populations or 
community adults and adolescents, but little is known about young adults. In this study, we explored 
the relationships between two measures of sleep regularity and a wide range of factors (lifestyle 
behaviors, subjective sleep, clinical outcomes, and academic performance) in a sample of female, 
university students in the United Arab Emirates. A total of 176 participants were recruited. Objective 
estimates of sleep–wake patterns were obtained using seven-day wrist actigraphy and data were used 
to calculate daily sleep regularity with the Sleep Regularity Index (SRI) and weekly sleep regularity 
with the social jetlag (SJL). Subjective sleep measures were also acquired using the Pittsburgh Sleep 
Quality Index (PSQI), Dysfunctional Beliefs and Attitudes about Sleep (DBAS), and daytime napping 
frequency. Self-reported night-time technology use frequency was ascertained using the Technology 
Use Questionnaire (TUQ). Psychological health was assessed using the Hospital Anxiety and 
Depression Scale. Objective physical health measurements for body mass index, fasting blood glucose 
and blood pressure were obtained. No significant associations emerged between sleep regularity 
and psychological physical health, or academic performance. However, significant relationships were 
detected between SRI and daytime napping frequency (p-value = 0.0017), PSQI (p-value = 0.0337), 
and DBAS (p-value = 0.0176), suggesting that daily irregular sleep patterns are associated with more 
frequent daytime napping, greater dysfunctional sleep beliefs, and poorer subjective sleep quality. 
Conversely, SJL was significantly associated with the DBAS (p-value = 0.0253), and the TUQ (p-
value = 0.0208), indicating that weekly irregular sleep patterns are linked to greater dysfunctional 
sleep beliefs and increased nighttime technology use. In conclusion, efforts to educate and cultivate 
sustainable and consistent sleep–wake patterns amongst university students are needed, which can be 
achieved by raising awareness, promoting good sleep health habits, and minimizing excessive bedtime 
technology.
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Preserved sleep–wake homeostasis is a central precept for optimal health, performance, and wellbeing. Whilst 
much effort has been made to understand the adverse consequences of sleep deprivation and poor sleep quality, 
sleep extends far beyond these two measures. Sleep is a multi-dimensional construct as well as a fluctuating 
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behavior. Recent studies have explored links between intra-individual sleep irregularity and a range of 
outcomes including inflammation1, psychological health2–4, cognition4,5, performance6,7, obesity8,9, metabolic 
health10–13, brain function14, fatigue15, cardiac autonomic modulation16 as well as mortality17. This preliminary, 
yet extensive evidence-based suggests that irregular sleep–wake behaviors may result in multiple deleterious 
consequences, although most of these findings focused on clinical populations, adults, or adolescents. Despite 
the Sleep Regularity Index (SRI) being first applied to a small sample of undergraduate students6 very little 
is known about young, emerging adults, particularly in Middle Eastern populations. Moreover, whilst recent 
evidence has revealed gender differences in nocturnal sleep patterns and sleep variability across the lifespan18, 
little effort has been made to investigate daily/weekly sleep regularity in young, adult females and non-Western 
populations. Given its collectivist culture, this population is important to target, as sociocultural differences will 
likely influence sleep habits.

Evidence surrounding sleep irregularity and attendant outcomes has been investigated across different age 
groups and populations. Nevertheless young, emerging adults are likely to be at a higher risk of engaging in 
more variable sleep–wake patterns. For example, ample evidence suggests poor sleep habits are common among 
university students19,20. In addition, poor sleep hygiene practices may be particularly propelled by dysfunctional 
sleep beliefs and foster markedly irregular sleep patterns20. This implies that university students may not prioritize 
sleep health, thereby resulting in more sleep–wake variability with possible downstream consequences, as shown 
by Phillips et al.6. Furthermore, social jetlag (SJL), a biological-social clock discrepancy21,22, is another common 
sleep irregularity phenomenon that has been previously linked to several undesirable consequences21–27.

Gender and ethnic differences have also been detected in sleep amongst a large US national sample28. 
Similarly, another recent study revealed age and gender differences using objective estimates of sleep in Japanese 
adults29. The authors concluded that their observations, which included women having poorer and shorter 
sleep duration than men, were likely driven by socio-cultural and socio-familial factors29. This warrants further 
investigation in other non-Western populations, focusing on women’s sleep.

The determinants of sleep irregularity, such as fluctuations to sleep–wake timings, are currently unknown, 
although recent efforts have been made to identify the possible underlying physiological mechanisms30. A 
combination of internal (beliefs, cognition) and external factors (screen time exposure, lifestyle behaviors, 
social activities) are, however, likely to play a role in irregular sleep–wake behaviors. We hypothesized that 
sleep irregularity would be associated with negative or impairment in clinical, lifestyle, and performance-
related outcomes. Accordingly, we aimed to comprehensively examine the potential relationships between sleep 
regularity and a range of different factors (lifestyle behaviors, clinical outcomes, sleep beliefs, and academic 
performance) in a sample of female, university students in the United Arab Emirates (UAE), a country 
where little is known about sleep habits. To achieve this goal, we obtained sleep–wake patterns using seven-
day wrist actigraphy and subsequently calculated the SRI and SJL for each participant. The SRI quantifies the 
daily consistency in sleep/wake patterns, thus accounting for variations in daily sleep regularity arising from 
fragmented sleep, daytime napping, and variable sleep onset and offset sleep timing6,17,31,32. Conversely, SJL 
quantifies the difference in average sleep timing between workdays and free days, thus accounting for weekly 
rather than daily sleep regularity21–23,31.

Methods
Participants and settings
Zayed University has one campus in Abu Dhabi with two sections, segregated according to gender. Most 
registered students are female, and therefore all participants were recruited from the female campus at Zayed 
University between September 2017 and March 2020. The percentages of data collected during the hot season 
(summer, April–October) and the warm season (winter, November–March) in the UAE are 61.6% and 38.4%, 
respectively. Inclusion criteria for study participation was: (1) registered student at Zayed University; (2) female; 
(3) aged 18–50 years; (4) able to provide written informed consent; (5) fluent in English language. Individuals 
were excluded from participation if they: (1) were taking prescribed sleep medication at the time of study 
participation; (2) had a physician-diagnosed psychiatric condition(s); (3) had a physician-diagnosed sleep 
disorder(s); and/or (4) were pregnant.

Measurements
Wrist actigraphy
Participants were asked to wear wrist actigraphy (GT3X + BT; The ActiGraph, Pensacola, FL, USA) on their non-
dominant wrist for seven consecutive days and nights. Participants were also asked to complete a seven-day sleep 
diary concurrent with the days/nights during which they wore the actigraph. When the sleep diary and actigraph 
were returned, the device data were downloaded and auto-scored using ActiLife software, based on Cole-Kripke 
algorithms33. Discrepancies between the actigraphy data and sleep diaries were resolved with each participant, 
and data from all sleep–wake timings and daytime naps were adjusted during the participant’s second study 
visit. For each sleep period of each participant, the following variables were derived from the adjusted actigraphy 
data: in bed date and time, out of bed date and time, onset date and time, sleep onset latency (SOL), total sleep 
time (TST), number of awakenings (Nawakening), and wake after sleep onset (WASO). A small number of 
devices malfunctioned or had battery loss and therefore collected data for less than seven days. In this regard, 
participants with ≥ 30 h of actigraphy data missing, as well as subjects with less than five days of actigraphy data 
were excluded from subsequent analyses.

Subjective sleep quality
Sleep quality was assessed using the 19-item self-reported scale, Pittsburgh Sleep Quality Index (PSQI)34. The 
scale asks participants to estimate various sleep behaviors in the previous one-month period. It contains seven 
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sub-components and items pertaining to each component are added to derive a global PSQI score ranging 0–21 
where higher scores represent poorer overall sleep quality. The PSQI has previously demonstrated good internal 
consistency and sensitivity34.

Sleep beliefs
The Dysfunctional Beliefs and Attitudes about Sleep (DBAS) scale was employed to assess sleep beliefs. 
Participants were asked to rate each of the 16 statements using a Likert scale where 0 = strongly disagree and 
10 = strongly agree. The total score was derived by summing responses then dividing by 16 to calculate the mean 
total score. Higher scores represent greater dysfunctional sleep beliefs. The DBAS has good internal consistency35 
and good test–retest reliability.

Lifestyle behaviors and academic performance
All lifestyle factors were subjectively estimated. Daytime napping was assessed by asking the question “Do 
you usually nap during the day?” with response options of “yes” or “no”. Those who answered ‘yes’ were then 
further asked to estimate nap frequency with the following options: “ < 1 per week”, “1–3 per week”, “4–6 per 
week” or “daily”. These questions and response options were based on the Guangzhou Biobank Cohort Study36. 
Participants were also asked if they engaged in regular exercise (yes/no) and those who answered ‘yes’ were 
asked to self-report their weekly frequency using the same response options as daytime napping frequency 
(“ < 1 per week”, “1–3 per week”, “4–6 per week” or “daily”). Self-rated health status and dietary habits were 
assessed with response options of ‘very good’, ‘good’, ‘poor’, or ‘very poor’. The self-rated health question and 
response options were also based on the Guangzhou Biobank Cohort Study36. Participants cumulative grade 
point average (CGPA) was obtained at the time of study participation from the Zayed University database to 
determine objective academic performance.

The Technology Use Questionnaire (TUQ), previously developed for a cohort study37, was used to determine 
frequency of night-time electronic device use. Participants were asked about their use of different technologies 
(mobile telephone, video gaming, laptop/computer for studying, social media, tablets for reading, television) 
in the two hours before they went to bed at night and/or whilst in bed. Response options were “never = 0”; 
“sometimes = 1”; “usually = 2”; “always = 3”. Responses were summed to derive a total score (0–21) where higher 
scores represented greater night-time technology use. The TUQ has been previously validated against seven-day 
technology use diary information in a large sample of adolescents38.

Mental health & clinical measurements
Mental health was assessed using the Hospital Anxiety Depression Scale (HADS) which is a 14-item instrument 
used to determine symptoms and severity of anxiety and depression. The tool contains seven items pertaining to 
anxiety and the remaining seven to depression. Responses to each item are totaled for each of the two conditions 
and higher scores indicate greater symptom severity. The HADS has been extensively assessed for validity and 
reliability and has demonstrated good psychometric properties39.

Participants were asked to remove their shoes and height (cm) was measured using a portable Seca 213 
stadiometer which was regularly calibrated. Body weight (kg) was assessed in light indoor clothing using a 
calibrated body weighing scale. Height and weight records were subsequently used to calculate body mass index 
(BMI) using the standard equation (kg/m2). Blood pressure (BP) was measured using a portable Omron M2 
monitor. BP was taken after the participant had been seated and at rest for approximately 15 min after completing 
the questionnaires. Participants were instructed to be silent during the reading and to have both feet placed flat 
on the floor. Diastolic and systolic BP were recorded for each participant. Fasting blood glucose (FBG) was taken 
after an overnight fast using a portable monitoring system with compatible testing strips (Accu-Chek Instant).

Procedure
This work has been carried out according to the Declaration of Helsinki. Ethical approval for the study was 
granted by the Research Ethics Committee at Zayed University (ZU17_037_F). Summary details of the study 
were placed around the campus in poster format to recruit participants, as well as communicated through word-
of-mouth approaches. Interested students contacted the Principal Investigator (TA) and were sent detailed 
information about the study and participation requirements. Those who expressed an interest in taking part 
in the study were asked to attend the first study visit at a mutually convenient time and date. During the first 
visit, participants arrived fasted from the night before. Participants provided written informed consent and then 
completed a series of researcher-led questionnaires in English as well as several, objective clinical measurements. 
English versions of all questionnaires were used as all courses at Zayed University are taught in English and 
students must obtain a relatively high standard of English proficiency for entrance to all majors. Moreover, our 
inclusion criteria also required participants to be fluent in English. Participants were then administered with 
wrist actigraphy and requested to wear it for seven consecutive days and nights. The researcher explained how 
to complete the seven-day sleep diary which they were instructed to complete alongside wearing the actigraph. 
An appointment was made for study visit two which was completed seven days after study visit one. At visit two, 
participants returned the wrist actigraphy and sleep diary and discrepancies between these two sleep measures 
were resolved with the researcher. Participants were debriefed at the end of visit two, and a copy of their 
actigraphy report was provided to them. Participants did not receive any financial incentive for participation, 
but they did receive one-hour of volunteer services to log in their student profile.

Sleep regularity index (SRI)
For each participant and based on all the reported periods of actigraphy-scored sleep, a binary sleep–wake 
signal was first obtained (see section 1 of the Supplementary Material). Based on the sleep/wake signal, the 
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SRI measures the similarity of an individual’s sleep–wake patterns across consecutive days. Specifically, SRI 
calculates the percentage probability of an individual remaining in the same state (i.e., either sleep or wake) at 
any two time points (in our case, 1-min epochs) separated by 24 h. This percentage is then averaged over the 
given period. In this study, the SRI was computed using the following equation6:

	
SRI = −100 + 200

L − M

L−M∑
i=1

δ (si, si+M ) ,� (1)

where L is the total number of 1-min epochs, M is the number of 1-min epochs per day, and δ(si, si+M ) is equal 
to one, when the sleep–wake signal is the same 24 h apart (si = si+M ), otherwise zero. The metric is defined 
in a manner that allows for a fair comparison between individuals who exhibit the same standard deviation in 
midsleep time but differ in their overall sleep durations (e.g., 4 h vs. 8 h). Consequently, these individuals will 
yield approximately equivalent SRI scores. An SRI value of 100 signifies that the sleep–wake patterns remain 
identical across consecutive days, while an SRI score of 0 indicates a complete absence of overlap between 
consecutive sleep–wake periods. Accordingly, participants were classified as regular (n = 53), normal (n = 52), or 
irregular (n = 53) sleepers if they were in the upper (SRI ≥ 72.1), middle (61.0 ≤ SRI < 72.1), or lower (SRI < 61.0) 
tertile based on their SRI score, respectively. This stratification allows us to discern distinct patterns of daily sleep 
regularity among the study participants, facilitating a comprehensive analysis of the data.

Social jetlag (SJL)
As actigraphy records contain both nighttime and daytime (i.e., naps) sleep periods, and considering that SJL 
measures the mismatch in average nighttime midsleep timing between workdays and free days, we have first 
obtained a nighttime sleep period for each day of recording of each participant (see section 2 of the Supplementary 
Material). For each participant and based on these nighttime sleep periods, SJL is extracted as the difference 
between midsleep time on free days (MSF) and midsleep time on workdays (MSW)21,31:

	 SJL = MSF − MSW,� (2)

where MSF and MSW represent the midpoint between the onset time and offset time of each nighttime sleep 
period on free days and workdays, respectively. At the time of data collection, class days in the Zayed University 
of the UAE were on Sunday, Monday, Wednesday, and Thursday, so we considered evenings of Saturday, Sunday, 
Tuesday, and Wednesday as workdays and evenings of Monday, Thursday, and Friday as free days. An SJL value 
closer to zero indicates a more regular weekly sleep pattern. As with SRI, participants were also classified as 
regular (n = 53), normal (n = 52), or irregular (n = 53) sleepers if they were in the lower (SJL < 1.00), middle 
(1.00 ≤ SJL < 2.09), or upper (SJL ≥ 2.09) tertile based on their SJL score, respectively.

Study size
To calculate the minimum sample size needed to assess the association between sleep regularity measures 
and continuous outcome variables (i.e., lifestyle behaviors, clinical outcomes, sleep beliefs, and academic 
performance), as well as to assess the differences between sleep regularity measures and categorical outcome 
variables (i.e., self-rated health, self-reported diet, self-reported nap and nap frequency, and self-reported exercise 
and exercise frequency), independent statistical analyses were performed. We considered: (i) the probability of 
Type I error (i.e., α) should be 0.05; (ii) the power of the test (i.e., 1-β) should be 0.95; and (iii) the effect size 
should be of 0.3 (i.e., medium effects). With this information, it has been estimated that the total sample size 
should be 128 or large. Thus, the available data in this study (n = 158) provides enough statistical power. For 
replicability, these analyses were performed using the G*Power 3.1.9.7 software.

Statistical analysis
Continuous demographic and actigraphy data were presented as mean ± standard deviation (SD) and compared 
among sleep irregularity groups using analysis of variance (ANOVA). To assess the differences between sleep 
regularity measures and categorical outcome variables (self-rated health, self-reported diet, self-reported nap 
and nap frequency, and self-reported exercise and exercise frequency), we used the analysis of covariance 
(ANCOVA) controlling for the following covariates: age, BMI, season of the year in which the actigraphy 
recording was collected, number of recording days (Nrec), number of free and workdays in the recording, per-
subject TST, per-subject Nawakening, per-subject SOL, and per-subject WASO. These covariates were used to 
ensure that the statistically significant differences are due to the SJL and/or SRI rather than to demographics 
or other actigraphy measures. Based on all the reported sleep periods, the total per-subject values for TST, 
WASO, SOL, and Nawakening were calculated by summing the respective values across all sleep periods. These 
total values were then normalized by dividing each per-subject TST, WASO, SOL, and Nawakening by the total 
duration in days (Nrec) of the actigraphy data.

In addition to analyses among groups, we utilized Pearson’s linear and partial correlations (adjusted for the 
same covariates) to assess the relationship between continuous outcome variables (PSQI, DBAS, TUQ, CGPA, 
HADS scores, diastolic and systolic BP, and FBG) and sleep regularity measures (SJL and SRI). The same 
covariates used in the ANCOVA were included in the partial correlation analysis to ensure that the statistically 
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significant associations are due to the SJL and/or SRI rather than to demographics or other actigraphy measures. 
Based on observed non-normality in variable distributions, BMI, TST, WASO, Nawakening, and SRI were 
transformed using Box-Cox method to perform associations40. The data were analyzed using our own codes 
and base functions in Python 3.8.8 (the Python Software Foundation, Wilmington, DE, USA). In all analyses, 
p-value < 0.05 was considered significant.

Results
Participants and actigraphy measures
A total of 176 female undergraduate university students were recruited to the study. Of these participants, 18 
were excluded due to one of the following reasons: (i) two participants had missing actigraphy data; (ii) ten 
participants had ≥ 30 h elapsed between consecutive sleep periods; (iii) six participants had less than five days 
of actigraphy data17. Table 1 shows the patient demographics and actigraphy-derived parameters of the 158 
participants. Although our inclusion age range was 18–50 years, the vast majority of our sample were aged 18–
25 years (n = 152 (96.2%)). This table also shows a comparison of subject characteristics among regular, normal, 
and irregular SJL- and SRI-derived groups. No statistically significant differences were found in either age, BMI, 
TST, WASO, SOL, or Nawakening across the SJL- and SRI-derived sub-groups.

Daily sleep regularity: sleep regularity index
Table 2 presents the results of the partial correlation analysis, showing the association between SRI and 
continuous outcome variables (lifestyle behaviors, clinical outcomes, sleep beliefs, and academic performance), 
controlling for demographic and actigraphy covariates. Of note, SRI was significantly associated with the 
global PSQI score (ρ =  − 0.1747, p-value = 0.0337) and the DBAS total score (ρ =  − 0.1989, p-value = 0.0176). 
The scatterplots displayed in Fig.  1 also demonstrate lower SRI values observed with increased global PSQI 
and total DBAS scores. Conversely, there were no statistically significant correlations between SRI and other 
variables assessed (all p-values > 0.05). For the sake of completeness of the analysis, supplementary material 
also includes a replication of the proposed methodology using an additional sleep regularity measure, known 
as interdaily stability (IS, section 3), an assessment of the influence of WASO and the Nawakening in the SRI 
(SRIWASO-Nawak, section 4). Interestingly, IS (see Supplemental Table 2) and SRIWASO-Nawak (see Supplemental 
Table 5) were also only significantly associated with PSQI and DBAS scores and were not significantly correlated 
with other continuous variables.

Table 3 shows the comparisons of SRI measurements among groups of categorical variables derived from 
questionnaires, controlling for clinical covariates. Patients with self-reported naps had a significantly lower SRI 
(p-value < 0.001). From those patients, significantly lower values were obtained in SRI as the number of self-
reported naps increased (p-value = 0.0017). These tendencies can be also observed in the boxplots displayed 
in Fig. 2. Conversely, there were no differences in SRI among groups of the remaining categorical variables. 
Supplemental Table 3 and Supplemental Table 6 show the ANCOVA analysis for IS and SRIWASO-Nawak, 
respectively. As in the case of SRI, significantly lower values were obtained in IS and SRIWASO-Nawak in patients 
with self-reported nap as well as when the number of self-reported naps increased. IS was also significantly 
associated with exercise (p-value = 0.0393), whereas SRI association with exercise showed a p-value in the 

All

SRI tertile groupsa

p-value

SJL tertile groupsb

p-valueUpper Middle Lower Upper Middle Lower

Participants (n) 158 53 52 53 – 53 52 53 –

Age (years) 21 (3) 21 (3) 20 (3) 20(2) 0.2467 20 (2) 21 (3) 21(3) 0.5894

BMI (kg/m2) 24 (6) 23 (4) 24 (7) 25 (6) 0.1490 24 (5) 23 (6) 25 (7) 0.3019

SRI 64 (18) 80 (5) 67 (4) 44 (13) < 0.001 52 (16) 69 (11) 70 (6) < 0.001

SJL 1.6 
(1.2) 1.1 (0.7) 1.5 (1.0) 2.4 (1.5) < 0.001 3.0 (0.8) 1.5 (0.3) 0.4 (0.6) < 0.001

Nrec (days) 6.8 (0.4) 6.9 (0.3) 6.9 (0.3) 6.9 (1.6) 0.9927 6.8 (0.5) 6.8 (0.4) 6.9 (0.3) 0.3094

TST (min/day) 460 (50) 435 (43) 458 (46) 468 (60) 0.2614 456 (56) 464 (49) 457 (45) 0.4921

WASO (min/day) 72 (34) 69 (30) 72 (34) 75 (38) 0.6239 75 (39) 69 (28) 72 (36) 0.7373

Nawak (n/day) 20 (7) 22 (7) 22 (7) 23 (8) 0.8189 22 (9) 23 (7) 21 (6) 0.3734

SOL (min/day) 9.6 (6.3) 9.1 (6.5) 9.8 (6.2) 9.8 (6.2) 0.8122 10.0 (6.3) 8.5 (5.2) 10.3 (7.2) 0.3034

BP (diastolic) 109 (10) 109 (9) 108 (12) 111 (9) 0.5166 109 (10) 110 (11) 108 (9) 0.4765

BP (systolic) 74 (8) 73 (7) 74 (8) 76 (8) 0.1143 74 (7) 73 (8) 74 (7) 0.6497

FBG 5.2 (0.8) 5.3 (1.2) 5.2 (0.6) 5.2 (0.5) 0.9309 5.2 (0.5) 5.3 (1.2) 5.2 (0.5) 0.9140

Table 1.  Participant demographic and actigraphy characteristics among SRI and SJL tertile groups. Data 
presented as mean (SD) or n. aUpper, middle, and lower SRI-based tertile groups correspond to regular, 
normal, and irregular sleepers. bUpper, middle, and lower SJL-based tertile groups correspond to irregular, 
normal, and regular sleepers. BMI, body mass index; SRI, Sleep Regularity Index; SJL, Social Jetlag; TST, total 
sleep time; WASO, Wake After Sleep Onset; Nawakening, Number of Awakenings; Nrec, Number of days of 
actigraphy recording; SOL, sleep onset latency; BP, blood pressure; FBG, fasting blood glucose. Statistically 
significant values (p-value < 0.05) are in bold.
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0.05–0.10 range. Conversely, there were no differences in IS and SRIWASO-Nawak among groups of the remaining 
categorical variables.

Weekly sleep regularity: social jetlag
Table 4 presents the results of the partial correlation analysis, showing the association between SJL and continuous 
outcome variables (lifestyle behaviors, clinical outcomes, sleep beliefs, and academic performance), controlling 
for demographic and actigraphy covariates. Similarly, Table 5 shows the comparisons of SJL measurements 
among groups of categorical variables derived from questionnaires, controlling for clinical covariates. Of 
note, SJL was significantly associated with the global DBAS (ρ =  − 0.1877, p-value = 0.0253) and the TUQ total 
(ρ =  − 0.1898, p-value = 0.0208) scores, whose scatter plots are displayed in Fig.  3. Conversely, there were no 
statistically significant correlations between SJL and other variables assessed (all p-values > 0.05). For the sake of 

Fig. 1.  Scatter plots comparing Sleep Regularity Index (SRI) with Dysfunctional Beliefs and Attitudes about 
Sleep (DBAS) and Pittsburgh Sleep Quality Index global score (PSQI). Each scatter plot includes a linear 
regression estimate, together with 95% confidence interval.

 

N ρ 95% CI p-value

PSQI 158 − 0.1747 [− 0.33, − 0.01] 0.0337

DBAS 152 − 0.1989 [− 0.35, − 0.04] 0.0176

TUQ 158 − 0.1327 [− 0.29, 0.03] 0.1079

CGPA 158 0.0885 [− 0.07, 0.25] 0.2850

HADSD 157 − 0.0139 [− 0.18, 0.15] 0.8677

HADSA 157 0.0449 [− 0.12, 0.21] 0.5890

BP (diastolic) 158 0.0491 [− 0.11, 0.21] 0.5534

BP (systolic) 158 − 0.0735 [− 0.23, 0.09] 0.3748

FBG 151 0.0695 [− 0.10, 0.23] 0.4129

Table 2.  Pearson partial correlations between SRI and continuous variables. N = number of subjects with 
information of the questionnaire-derived variable outcome (i.e., not missing value). Adjusting for the following 
covariates: age, body mass index, season of the year in which the actigraphy recording was collected, number 
of recording days, number of free and workdays in the recording, per-subject total sleep time, per-subject 
sleep onset latency, per-subject wake after sleep onset, and per-subject number of awakenings. ρ, correlation 
coefficient; PSQI, Global Pittsburgh Sleep Quality Index Score; DBAS, Dysfunctional Beliefs and Attitudes 
Scale total score; TUQ, Technology Use Questionnaire total score; CGPA, cumulative grade point average; 
HADSD, Hospital Depression and Anxiety Scale Depression Score; HADSA, Hospital Depression and Anxiety 
Scale Anxiety Score; BP, blood pressure; FBG, fasting blood glucose. Statistically significant values (p-value < 
0.05) are in bold.
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completeness of the analysis, supplementary material also includes an assessment of the influence of earlier sleep 
midpoint on weekends in the SJL (SJLADMW, section 5). As in the case of SJL, SJLADMW (see Supplemental Table 
8 and Supplemental Table 9) were also significantly associated with DBAS. Conversely, it was not significantly 
associated with TUQ and the remaining outcomes variables, which supports the use of SJL.

Discussion
The present study is the first to comprehensively examine a range of factors in relation to two sleep regularity 
measures in young female university students in a country where very little is known about sleep behaviors. Our 
findings revealed significant negative linear relationships between the SRI and subjective sleep quality (PSQI) 
and sleep beliefs (DBAS), as well as significant positive correlations between the SJL and night-time technology 
(TUQ). Moreover, we observed that those who reported daytime napping had more daily irregular sleep (i.e., 

Fig. 2.  Boxplots of Sleep Regularity Index (SRI) extracted among the groups of self-reported nap and self-
reported nap frequency scores.

 

N Group p-value

srh4 158
Very good Good Poor Very poor

0.8245
64.6 (15.9) 64.2 (17.5) 60.3 (18.0) 52.9 (3.6)

diet 158
Very good Good Poor Very poor

0.1441
64.1 (22.3) 66.9 (15.4) 59.6 (18.3) 60.5 (12.9)

nap 158
No Yes

 < 0.001
70.8 (12.4) 59.0 (18.2)

napf 97
1 per week 2–3 per week 4–6 per week Daily

0.0017
70.3 (11.4) 60.2 (16.3) 54.6 (15.8) 42.6 (22.5)

exercise 158
No Yes

0.0854
62.4 (15.7) 65.1 (18.7)

exercise_freq 73
1 per week 2–3 per week 4–6 per week Daily

0.7714
67.0 (12.6) 65.2 (16.7) 60.5 (26.6) 68.7 (12.7)

Table 3.  ANCOVA analysis to compare SRI values among groups of categorical questionnaire-derived 
variables. N = number of subjects with information of the questionnaire-derived variable outcome (i.e., not 
missing value). Adjusting for the following covariates: age, body mass index, season of the year in which the 
actigraphy recording was collected, number of recording days, number of free and workdays in the recording, 
per-subject total sleep time, per-subject wake after sleep onset, per-subject sleep onset latency, and per-
subject number of awakenings. srh4, self-rated health; diet, self-reported diet; nap, self-reported nap; napf, 
self-reported nap frequency; exercise, self-reported exercise; exercise_freq, self-reported exercise frequency. 
Statistically significant values (p-value < 0.05) are in bold.
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lower SRI), and more frequent daytime napping was associated with greater daily sleep irregularity. We did 
not detect any significant relationships with other variables assessed such as clinical outcomes (fasting blood 
glucose, blood pressure), mental health, other lifestyle behaviors (diet, self-rated health, exercise), or academic 
performance.

Contemporary society offers demands and distractions that compete for attention during wakefulness. 
These may, unintentionally, result in extended wakefulness and sleep hinderance, thus creating a sleep–wake 
imbalance and greater irregularity. Availability and accessibility of technology is abundant and recent evidence 
has suggested a possible causal relationship between evening social media use and delayed sleep onset (time 
taken to initiate sleep)41. Similarly, a high frequency of binge TV viewers exhibit poorer sleep quality, as well as 
other adverse consequences42. Moreover, frequent use of electronic devices at night-time has been associated 
with poor sleep quality, increased sleep onset latency and excessive daytime sleepiness43. Whilst sleep quality, 
and several indicators of this sleep feature, are clearly affected by night-time technology use, nothing is currently 
known about the potential relationship between sleep irregularity and electronic device use at night-time 
amongst university students.

N Group p-value

srh4 158
Very good Good Poor Very poor

0.1818
1.5 (1.2) 1.6 (1.3) 1.9 (0.7) 2.1 (1.8)

diet 158
Very good Good Poor Very poor

0.1531
1.3 (1.1) 1.6 (1.1) 1.7 (1.5) 1.9 (0.9)

nap 158
No Yes

0.5911
1.6 (1.1) 1.7 (1.3)

napf 97
1 per week 2–3 per week 4–6 per week Daily

0.0760
1.8 (0.8) 1.4 (1.3) 2.0 (1.4) 2.3 (1.7)

exercise 158
No Yes

0.2361
1.8 (1.3) 1.5 (1.2)

exercise_freq 73
1 per week 2–3 per week 4–6 per week Daily

0.4858
1.7 (0.6) 1.6 (1.1) 1.5 (1.5) 1.3 (1.2)

Table 5.  ANCOVA analysis to compare SJL values among groups of categorical questionnaire-derived 
variables. N = number of subjects with information of the questionnaire-derived variable outcome (i.e., not 
missing value). Adjusting for the following covariates: age, body mass index,season of the year in which the 
actigraphy recording was collected, number of recording days, number of free and workdays in the recording,  
per-subject total sleep time, per-subject sleep onset, latencyper-subject wake after sleep onset, and per-subject 
number of awakenings. srh4, self-rated health; diet, self-reported diet; nap, self-reported nap; napf, self-
reported nap frequency; exercise, self-reported exercise; exercise_freq, self-reported exercise frequency.

 

N ρ 95% CI p-value

PSQI 158 − 0.0511 [− 0.11, 0.21] 0.5370

DBAS 152 0.1877 [0.02, 0.24] 0.0253

TUQ 158 0.1898 [0.03, 0.34] 0.0208

CGPA 158 − 0.0507 [− 0.21, 0.11] 0.5407

HADSD 157 − 0.0688 [− 0.09, 0.23] 0.4077

HADSA 157 0.0192 [− 0.19, 0.14] 0.7506

BP (diastolic) 158 0.0176 [− 0.14, 0.18] 0.8321

BP (systolic) 158 − 0.0071 [− 0.17, 0.15] 0.9320

FBG 151 − 0.0121 [− 0.18, 0.15] 0.8868

Table 4.  Pearson partial correlations between SJL and continuous variables. N = number of subjects with 
information of the questionnaire-derived variable outcome (i.e., not missing value). Adjusting for the following 
covariates: age, body mass index, season of the year in which the actigraphy recording was collected, number 
of recording days, number of free and workdays in the recording, per-subject total sleep time, per-subject 
sleep onset latency, per-subject wake after sleep onset, and per-subject number of awakenings. ρ, correlation 
coefficient; PSQI, Global Pittsburgh Sleep Quality Index Score; DBAS, Dysfunctional Beliefs and Attitudes 
Scale total score; TUQ, Technology Use Questionnaire total score; CGPA, cumulative grade point average; 
HADSD, Hospital Depression and Anxiety Scale Depression Score; HADSA, Hospital Depression and Anxiety 
Scale Anxiety Score; BP, blood pressure; FBG, fasting blood glucose. Statistically significant values (p-value < 
0.05) are in bold.
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Our study findings revealed a linear relationship, suggesting that more frequent night-time technology 
use was significantly associated with SJL but not the SRI. Whilst we cannot draw causal inferences from our 
observation, there are at least three possible explanations. First, irregular sleep–wake behavior is likely to disrupt 
natural sleep cycle rhythms, potentially exacerbating daytime sleepiness. Subsequent daytime napping behavior 
may ensue with later consequential bedtimes particularly on weekends, as shown by our findings and others. 
This, in turn, could leave individuals with more opportunities to use technology given accessibility is 24 h a day 
for most. Notably, we found more daily irregular sleep amongst those who napped versus those who did not. 
Moreover, a dose-dependent relationship was found with napping frequency and daily sleep regularity with 
those reporting more frequent napping having higher levels of daily sleep irregularity, thus providing further 
support for this explanation. Second, frequent night-time technology use may contribute to irregular sleep 
habits. There is some evidence to suggest that individuals encounter distorted time perception and lose track 
of time when engaging with technology44. In turn, this may result in delayed sleep onset and/or alterations to 
sleep–wake timings and, therefore, greater sleep irregularity, particularly at the weekends. Another study found 
that individuals who had a higher frequency of binge TV viewing also had poorer sleep quality, an observation 
which was mediated by cognitive pre-sleep arousal42. This could, however, vary depending on the type of 
technology and activity the user is engaged with. We did not acquire this level of detail in our study and therefore 
suggest that future research sets out to comprehensively investigate this issue, as well as complete longitudinal 
assessments to determine potential cause-effect associations. Third, participants had later bedtimes on weekends 
than weekdays which contributes to social jetlag. A recent study showed that teenagers engage more in bedtime 
technology on free nights versus school nights, which predicts later sleep timings45. Another study revealed that 
bedtime technology users had a later sleep midpoint at weekends than those who did not use technology46. These 
studies are relevant to our findings given that night-time technology use was significantly associated with SJL 
(weekday versus weekend sleep regularity) but not the SRI (daily sleep regularity).

Our previous work has shown that poor subjective sleep quality is high amongst university students in the 
UAE47. This high level of poor subjective sleep quality is similar to that reported amongst university students 
in other Gulf states. Interestingly, one predictor of poor sleep quality in this study was the use of pre-bedtime 
technology48. Poor sleep quality could also be a cause or consequence of irregular sleep patterns as well as 
dysfunctional sleep beliefs. We observed a significant linear relationship between both SRI and SJL and the 
DBAS, suggesting that greater dysfunctional sleep beliefs were related to greater sleep irregularity. Although our 
study does not determine temporal associations, it is possible that dysfunctional sleep beliefs may contribute 
to irregular sleep–wake behaviors. For example, individuals with inflexible sleep beliefs about sleep need may 
result in heightened pre-sleep cognitive arousal states which may subsequently delay sleep initiation49, possibly 
resulting in irregular sleep patterns. Second, irregular sleep may underpin dysfunctional beliefs. For example, 
those with irregular sleep habits may adopt negative beliefs about sleep self-efficacy. To our knowledge, this is 
the first study to assess the relationship between dysfunctional sleep beliefs and sleep irregularity, but others 
have explored associations between sleep beliefs, sleep hygiene, and sleep quality in university students20. The 
results of this study found a high level of poor subjective sleep quality (60.4%) with poor sleep hygiene being 
the only significant predictor, after adjustment. It is worth considering that sleep hygiene practices are likely to 

Fig. 3.  Scatter plots comparing Social Jetlag (SJL) with Dysfunctional Beliefs and Attitudes about Sleep 
(DBAS) and Technology Use Questionnaire (TUQ). Each scatter plot includes a linear regression estimate, 
together with 95% confidence interval.
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be motivated by accurate and healthy sleep beliefs as opposed to dysfunctional ones, thus there is the possibility 
of a mediating effect, although this was not explored or reported in the study. It is, however, also important 
to emphasize that sleep beliefs may not translate into actual sleep behavior. For example, university students 
in particular tend to have more limited daily requirements (apart from class attendance) as well as poor sleep 
hygiene, yet they may be equipped with knowledge pertaining to sleep-enhancing behaviors such as minimizing 
caffeine intake and screen-time, as well as taking regular exercise.

Mental health issues can significantly disrupt women’s sleep–wake cycles, often leading to irregular and 
poorer quality sleep. Unlike findings from other studies2,10,11,13, we did not identify significant relationships 
between sleep regularity and psychological or physical health outcomes. A cultural factor influencing mental 
health in the UAE is the stigma associated with it, along with the belief that mental health issues are caused by 
the “Jinn” and a lack of awareness that these are real psychological conditions50. This could have introduced 
biases in responses to the HADS questionnaire, despite its strong validation and reliability. For the clinical 
health outcomes measured (fasting blood glucose, BMI and blood pressure), one possible explanation for these 
objective measures not being significantly associated with sleep regularity may be due to the young age of the 
participants. There tends to be less variability amongst these measures in younger age groups as compared to 
older adults, thus making it more difficult to detect differences.

Given the well-documented age, racial, and gender differences in sleep28,29, our study focused exclusively on 
young, female, Emirati adults, an extensively under-studied group. This specific population may have irregular 
sleep–wake patterns due to various socio-cultural factors. Given the collectivist and traditional Emirati culture, 
sleep regularity may be impaired in young, university-attending females who could be expected to care for 
younger siblings and aging parents and/or grandparents. Another known disruptor of female sleep is hormone 
fluctuations51. Biological drivers, such as menstrual cycle variability, also contribute to sleep quality51; thus, 
it is possible that the menstrual phase could have impacted sleep timing and regularity in our all-female 
sample. Additionally, academic demands may be met by using technology to fulfill study requirements, with 
weekends providing ample time for study and pleasure, resulting in later bedtimes compared to weekdays. 
Thus, the observation between SJL and TUQ is, perhaps, not surprising and could be further exacerbated by the 
aforementioned cultural family expectations.

Although this is the first study to explore a range of factors in relation to sleep irregularity using objective 
sleep estimates, and although we conducted our study in a relatively neglected population (UAE university 
students), we acknowledge some limitations. First, our sample size was relatively constrained, which hinders the 
feasibility of applying more complex methodological approaches such as latent profile analysis52. Nonetheless, 
considering the seven-day wrist actigraphy requirement, our cohort size is comparable with other studies of 
similar design6,53,54. Furthermore, the validity of our results is reinforced by obtaining similar findings using IS 
and SRIWASO-Nawak measures. A second limitation is that our results may not be generalizable to male university 
students or other university students outside of the UAE. Given our all-female sample, the menstrual phase is a 
potential confounder, which we did not obtain data for. Moreover, social-cultural factors previously discussed 
could have affected sleep, although information on these was not obtained. Other potential confounders with 
unobtained data are employment status and possible shift work. However, it is uncommon for young, Emirati 
females, registered as full-time university students, to also be employed whilst studying. Third, despite using 
validated and reliable tools/questions, we relied on self-reported measures for several outcomes such as mental 
health, sleep beliefs, bedtime technology use, and lifestyle behaviors. This could have resulted in a range of 
common biases such as recall, social desirability or others, which, in turn, could have influenced our overall 
findings. Fourth, we asked about the subjective frequency of night-time technology use and day-time napping 
but did not capture information pertaining to duration. Finally, our cross-sectional design does not determine 
cause-effect relationships, but it does provide key insights into sleep irregularity in an under-investigated 
population and has identified some key avenues for future studies in this area.

In conclusion, our study adds to the growing body of evidence surrounding sleep irregularity. Our findings 
are unique to female university students in a country where sleep habits have not been extensively explored. 
We show, for the first time, that sleep irregularity between weekdays and weekends is linked to greater use of 
night-time technology. Moreover, daily and weekly sleep irregularity were associated with dysfunctional sleep 
beliefs, while daily sleep irregularity was also significantly associated with poor sleep quality and more frequent 
daytime napping. We recommend that future studies unravel the precise contributions of daytime napping 
versus nocturnal sleep in relation to sleep regularity as well as technology use and sleep beliefs. Our study also 
needs to be replicated in other populations to either confirm or refute the findings. We also recommend carefully 
planned and well-designed studies to explore cause-effect associations so that university students, as well as other 
populations, can be educated about the significance of sustaining consistent and regular sleep–wake patterns.

Data availability
Actigraphy data are not publicly available but can be obtained upon reasonable request to the authors.
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