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Abstract

Sleep problems are common during childhood and have been associated with adverse emotional, behavioural, and psychosocial outcomes. Although
previous research has linked poor sleep with loneliness, little is known about how patterns of sleep problems relate to loneliness during middle childhood.
This study aimed to identify sleep problem profiles across two assessment waves and examine whether these profiles were associated with loneliness at the
later assessment, after accounting for earlier loneliness and demographic characteristics. Data were drawn from the Development of Emotional Resilience
cohort of primary school children in East London (N = 879 at baseline; aged 7-11 years; 47.7% male; 57.5% British Asian). Latent profile analysis included
778 children and identified low (53.6%), moderate (36.2%), and high (10.2%) sleep problem profiles. After adjustment for T2 loneliness, sex, age, ethnicity, and
Index of Multiple Deprivation, sleep profile was significantly associated with T3 loneliness, F(2, 445) = 11.30, p < .001. Bonferroni-adjusted comparisons
showed higher loneliness in the moderate than low (mean difference = 0.44, p =.010) and high than low profiles (mean difference = 1.06, p <.001). Future
research is needed to clarify the direction of this association and the mechanisms linking sleep and loneliness over development.

Introduction

Loneliness, a subjective and distressing experience that occurs when individuals perceive their social relationships as inadequate or unsatisfactory [1] has
become an urgent global health issue with governmental and non-governmental organisations worldwide highlighting the urgent need for interventions that
promote social connection [2]. Loneliness has significant impacts on health, wellbeing, and society [3, 4, 5] with recent data suggesting that these feelings
can be common during certain life transitions. This includes adolescence and young adulthood, where, as with adults, loneliness can be associated with
poorer mental health, greater health complaints, and lower educational attainment [5, 6, 7]. Within research on loneliness, middle childhood, a period
characterised by substantial social and emotional development, with increasing participation in peer relationships and the acquisition of more advanced
social and emotional skills [8] remains under-studied. Although children were once thought to lack the cognitive maturity to experience loneliness, research
suggests that they are able to recognise and report feelings of loneliness as a subjective emotional experience that is distinct from simply being alone [1].
Understanding loneliness during this developmental period is therefore also important especially as we recently demonstrated negative health correlates of
loneliness in pre-adolescent children [9] and others have highlighted the paucity of evidence-based interventions for this age group [10. 11]. In the present
study, we explore the role of sleep as a precursory factor contributing to loneliness outcomes in pre-adolescents. We focus on sleep because of a) evidence
in adults of cross-sectional and longitudinal associations between sleep and loneliness [12]; b) there are plausible biological and psychosocial mechanisms
by which sleep can impact loneliness in youth [13, 14, 15]; and c) sleep is a modifiable factor targeted by several preventative interventions [16].

Sleep is a fundamental biological process that plays a critical role in children's development and their physical, emotional, social, and cognitive functioning
[17-23]. Sleep disturbances encompass a range of difficulties, including problems with bedtime routines and behaviours, sleep onset, sleep quality and
duration, sleep-related anxiety, abnormal sleep events, disruptive nocturnal behaviours (e.g., nightmares, parasomnias, night terrors, restless sleep, and night
awakenings), and daytime impairments [24, 25]. Sleep problems are highly prevalent among typically developing children, affecting approximately 25-50%
worldwide [26, 25], and are commonly associated with several mental health conditions, including depression, anxiety, and bipolar disorder [27]. More
recently, growing evidence suggests that sleep and loneliness are closely interconnected too, with poor sleep quality and insomnia consistently associated
with increased feelings of loneliness alongside poorer mental health outcomes [28, 29]. However, this literature is mostly dominated by cross-sectional
research in adults. A meta-analysis of 84 articles comprising 110 samples, including over 227,000 participants, found that 108 samples contributed to cross-
sectional analyses, whereas only six examined sleep problems in relation to subsequent loneliness and six examined loneliness in relation to subsequent
sleep problems. The meta-analysis found a moderate cross-sectional association between overall sleep problems and loneliness, alongside significant
longitudinal associations, indicating that sleep problems and loneliness may influence one another over time.

However, only 14 (12.7%) of the 110 samples were classified as child/adolescent samples, highlighting an important gap in the evidence for younger
populations [12]. Within this research, findings among adolescents and young adults have shown that poorer sleep patterns are cross-sectionally associated
with greater loneliness and depressive symptoms, with associations also observed between sleep patterns and academic engagement reported for a
subsequent period [23]. However, in late childhood, these findings are even less consistent. Harris et al. [30] found that children aged 8-11 with relatively
high but decreasing loneliness reported greater subsequent sleep disturbance than those with low, stable loneliness. In contrast, Eccles et al. [10] found no
significant differences in parent-reported sleep outcomes across loneliness trajectories among young adolescents aged 10—-13 years. Considerably less is
known about whether sleep problems are associated with subsequent loneliness in children despite there being plausible mechanisms that exist through
which sleep problems may contribute to loneliness. Poor sleep may affect emotional and behavioural functioning in children and adolescents, including
emotion regulation, which could in turn interfere with social interactions and relationships [31, 14, 15]. Sleep loss has also been associated with altered
emotional reactivity and social functioning, including changes in amygdala activity and its prefrontal regulation, providing a possible neurobiological pathway
through which poor sleep could affect children's social experiences [13].

These findings highlight the need for further research examining the relationship between loneliness and sleep, particularly during middle childhood, where
evidence remains limited and inconsistent. This developmental period is characterised by increasing participation in peer relationships and the acquisition of
more advanced social and emotional skills, making it a particularly important stage for understanding how sleep and loneliness may relate to eachother [8,
10, 28]. Such research is especially important given the emerging sex differences in both sleep problems and psychosocial functioning during this
developmental stage, with girls often reporting poorer sleep, greater loneliness, and worse mental health outcomes than boys [32]. Furthermore, both
loneliness and sleep difficulties disproportionately affect children and adolescents from socioeconomically disadvantaged backgrounds, reinforcing the need
to understand these relationships within the context of health inequalities, where adequate sleep has increasingly been recognised as a social privilege
rather than solely an individual behaviour [33, 34].
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Although previous research has identified distinct sleep profiles in children and adolescents and demonstrated that these profiles are associated with
differences in emotional, behavioural, and academic functioning [35, 23], no study, to our knowledge, has examined whether children with different patterns
of sleep problems differ in levels of loneliness during middle childhood. Identifying such profiles could help identify children who may be at greater risk of
loneliness and inform the development of more targeted prevention and intervention strategies. Therefore, the present study focused on primary school
children aged 8-12 years growing up in East London, a geographically and socioeconomically diverse area that includes neighbourhoods with high levels of
child poverty, where children and families are exposed to multiple stressors that may adversely affect both sleep and psychosocial functioning. It was
hypothesised that distinct profiles characterised by low, moderate, and high levels of sleep problems would emerge and that children belonging to profiles
with greater sleep problems would report higher levels of loneliness at T3, after accounting for T2 loneliness and demographic characteristics.

Method
Sample

Our participants were drawn from the Development of Emotional Resilience (DEER) observational cohort study (van Loggerenberg et al., 2025), a longitudinal
study investigating emotional risk and resilience in primary school children attending schools in East London. The study received ethical approval by Queen
Mary Research Ethics Committee (ref: QMERC22.251) and comprised three waves of data collection. Time 1 (T1) took place between November 2022 and
November 2023, Time 2 (T2) between February and October 2024, and Time 3 (T3) between November 2024 and July 2025. Children were recruited from 10
primary schools across East London. Schools that expressed an interest in taking part were visited by members of the research team, who introduced the
study to pupils during a school assembly. Parents were then provided with an information sheet and invited to consent to their child's participation using
either an opt-in or opt-out procedure, depending on the school's preference. All participating children provided written assent before completing any study
activities. At each wave, children completed questionnaires and experimental tasks using Android tablets during school hours. Assessments were
administered through Qualtrics [58] and REDCap [56, 57], with trained research assistants available throughout to explain instructions and answer questions.
Teachers also completed questionnaires about each participating child's behavioural and emotional functioning.

At T1, the sample comprised 879 children aged 7-11 years (M = 8.76, SD = 0.95), of whom 47.7% were male and 46.5% were female. Over half of the
participants identified as Asian or Asian British (57.5%). Of the original cohort, 757 children (86.1%) participated at T2 and 491 (55.9%) at T3. The present
study draws on data collected at T2 and T3, when the key measures of sleep problems, loneliness, and demographic characteristics were available. As many
children had moved from primary to secondary school by T3, selective attrition analyses were conducted to examine whether those who remained in the
study differed from those who no longer participated especially on key variables of sleep and loneliness. Children who completed the T3 assessment
reported slightly higher sleep problem scores at T2 (M = 37.15) than those who did not complete T3 (M = 35.56), 1(483.92) = 3.14, p = .002. This effect was
small and likely reflects the accelerated cohort design, whereby many children transitioned to secondary school before T3. There was no significant
difference in T2 loneliness between children who completed the T3 assessment and those who did not (M = 4.64 vs. M = 4.44), 1(603.84) = -1.66, p = .097.

Measures

Sleep problems

Sleep problems were assessed at T2 and T3 using the Sleep Self-Report (SSR) [24], a self-report questionnaire designed to assess sleep and circadian
difficulties in school-aged children. The SSR comprises 26 items assessing bedtime routines, sleep behaviours, sleep quality, and daytime sleepiness, with
responses rated on a 3-point Likert scale ranging from rarely (0-1 times per week or never) to usually (5-7 times per week). Example items include "Is it hard
for you to go to bed?", "Do you sometimes go to someone else's bed during the night?", and "Do you have trouble waking up in the morning?" Positively
worded items were reverse scored so that higher total scores reflected greater sleep problems. The SSR demonstrated good internal consistency in the
present sample (Cronbach's a=.79 at T2 and a =.82 at T3). Previous research has demonstrated good convergent validity with established parent-report
sleep measures, including the Children's Sleep Habits Questionnaire [48, 47], and good discriminant validity in distinguishing typically developing children
from those with clinical sleep disorders and other forms of psychopathology [48, 49]. The SSR was administered only at T2 and T3 because it was omitted
from the baseline (T1) assessment to minimise participant burden during the initial phase of the DEER study.

Loneliness

Loneliness was assessed at T1, T2 and T3 using a modified version of the three-item University of California, Los Angeles Loneliness Scale (UCLA-3A),
adapted by The Children's Society (2019) for use with children and adolescents. The measure assesses three aspects of loneliness: how often they felt that
they had no one to talk to, how often they felt left out, and how often they felt alone [50]. Responses were rated on a three-point Likert scale (“Hardly ever or
never”, “Some of the time”, and “Often”). In the present study, we used loneliness data collected at T2 and T3. The scale demonstrated acceptable internal
consistency at both assessment waves (Cronbach’s a=.72 at T2 and Cronbach's a =.73 at T3). Item scores were summed to produce a total loneliness
score, with higher scores indicating greater perceived loneliness.

Data Analysis

To identify distinct patterns of sleep problems over time, latent profile analysis LPA [51] was conducted using children's sleep problem scores at Time 2 (T2)
and Time 3 (T3). LPA is a person-centred approach that identifies unobserved subgroups based on similarities in individuals' scores across multiple
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continuous indicators [52]. Given that sleep was assessed at two time points, LPA was selected to identify groups of children with similar longitudinal
patterns of sleep problems rather than to model developmental trajectories.

Latent profile models were estimated using a custom implementation in OpenMx [53] with full-information maximum likelihood FIML, [54]. OpenMx is an
open-source structural equation modelling package that provides the flexibility to specify and estimate latent profile models using maximum likelihood
estimation. All available sleep data contributed to parameter estimation under the assumption that data were missing at random. Of the 879 children in the
dataset from baseline, 765 had sleep data at T2 and 485 had sleep data at T3. Overall, 472 children had sleep data at both waves, 293 had T2 sleep data only,
13 had T3 sleep data only, and 101 had no sleep data at either wave. Consequently, 778 children with at least one observed sleep score contributed to the
FIML analyses.

Models specifying between one and four profiles were estimated to evaluate solutions of increasing complexity while maintaining parsimony given the
sample size and number of sleep indicators. Multiple random starts were used to reduce the risk of converging on suboptimal maximum likelihood solutions.
Consistent with recommendations for latent profile analysis, model selection was based on the Akaike Information Criterion (AIC), Bayesian Information
Criterion (BIC), sample-size adjusted Bayesian Information Criterion (SABIC), together with the substantive interpretability and parsimony of the resulting
profile solutions [52]. Classification quality was additionally evaluated using entropy and average posterior probabilities, with higher values indicating clearer
separation between profiles. Following model selection, children were assigned to their most likely latent profile based on posterior probabilities, and average
posterior probabilities were examined to evaluate classification quality.

Demographic predictors of profile membership were examined using multinomial logistic regression, implemented in the nnet package [55]. Sleep profile
membership served as the dependent variable, while sex, age, ethnicity, and Index of Multiple Deprivation (IMD) score were entered simultaneously as
predictors. The low sleep problems profile was specified as the reference category, and odds ratios (ORs), 95% confidence intervals, and p values are
reported.

To examine whether loneliness differed across latent sleep profiles, we conducted a multiple linear regression with T3 loneliness as the dependent variable.
Sleep profile membership was entered as the main predictor while adjusting for T2 loneliness, sex, age, ethnicity, and IMD score. By adjusting for T2
loneliness, the analysis examined whether longitudinal sleep profile membership was associated with differences in T3 loneliness over and above earlier
levels of loneliness. This analysis was conducted using participants with complete data on the dependent variable and all covariates. As a sensitivity
analysis, the latent profile analysis and regression were repeated using a complete case (children with complete data on all variables) sample to evaluate the
robustness of the findings.

All analyses were pre-registered https://osf.io/gpsw8 and are considered confirmatory.

Results

Descriptive analyses

Descriptive statistics for the study variables are presented in Table 1. Mean loneliness scores were similar across T2 and T3 (T2: M =4.56, SD = 1.55; T3: M =
4.39, SD =1.52). Younger children reported higher loneliness at T2 (r = - .17, p <.001), although this association was no longer statistically significant at T3 (r
=-.08, p =.074). Loneliness was not significantly associated with IMD at either assessment point (both ps >.33). Girls reported higher loneliness than boys

at both T2 (p =.002) and T3 (p = .024). Loneliness did not differ significantly across ethnic groups at either assessment wave (both ps > .05).

Table 1
Descriptive statistics (N = 879)
Variable N Range Mean (SD) Correlation  Correlation Ethnicity Mean (SD)
with age (p  with
value, IMD (p
95%Cl) value,
95%Cl)
total male female Asian/Asian  Black/African/Caribbean/ Mixed/Multiple Ot
British ethnic gr
Child-reported
Loneliness 837 3-9 496 493 500 -0.175 (p 0.013(p=  4.93(1.49)  5.11(1.54) 4.75(1.63) 5.
(T1) (1.48) (1.55) (1.43) <.001) 0.7)
Loneliness 769  3-9 456 440 474 -0.17 -0.03(p=  4.50(1.54)  4.79(1.66) 4.22 (1.39) 4
(T2) (1.55) (1.47) (1.60)  (p<.001) 0.3)
Loneliness 490 3-9 439 422 453 -0.08(p=  0.04(p= 435(1.57)  4.61(1.50) 4.14(1.53) 4:
(T3) (1.52) (1.49) (1.53)  0.07) 0.3)
Sleep 765 23— 36.54  35.81 37.22 -.21 0.05 36.20(6.80) 37.30(7.30) 36.50 (7.16) 35
Problems 57 (6.92) (6.74) (7.12)  (p<.001) (p=.19)
(T2)
Sleep 485  23- 35.04 3443 35.59 -.13 -.02 34.50(7.00)  35.60 (5.85) 34.20 (6.83) 33
I(Dro)blems 57 (6.99) (6.89) (7.07) (p<.004) (p=.67)
T3
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Mean sleep problem scores decreased slightly from 36.54 (SD = 6.92) at T2 to 35.04 (SD = 6.99) at T3. Younger children reported significantly more sleep
problems at both T2 (r=-.21,p <.001) and T3 (r = - .13, p = .004), whereas IMD was not significantly associated with sleep problems at either assessment
(T2:r=.05p=.192; T3:r=-.02, p =.674). Girls reported significantly higher sleep problem scores than boys at T2 (M = 37.22 vs. 35.81),1(742.88) =-2.77, p
=.006, although the sex difference at T3 was not statistically significant (p =.071). Sleep problems did not differ significantly across ethnic groups at T2, F(4,
756) =0.91, p = .456. At T3, there was a significant overall effect of ethnicity, F(4, 480) = 3.17, p = .014, with post hoc comparisons indicating that White
children reported significantly higher sleep problem scores than Asian/Asian British children (p = .014), while no other pairwise comparisons were
statistically significant.

Latent profile analysis of sleep problems

Model selection

Latent profile models comprising between one and four profiles representing distinct patterns of children's sleep problem scores across T2 and T3 were
estimated and compared. Model fit generally improved as the number of profiles increased. The one profile model had a log likelihood of -4196.12, AIC of
8400.24, BIC of 8418.87, and SABIC of 8406.17. The two profile model had a log likelihood of -4081.66, AIC of 8177.32, BIC of 8209.91, and SABIC of
8187.69. The three profile model had a log likelihood of -4052.43, AIC of 8124.86, BIC of 8171.43, and SABIC of 8139.67. The four profile model had a log
likelihood of -4038.73, AIC of 8103.45, BIC of 8163.99, and SABIC of 8122.71. Although the four profile model showed the lowest AIC, BIC, and SABIC values,
inspection of the additional profile indicated that it represented a small subdivision of an existing profile rather than a qualitatively distinct pattern of sleep
problems. Given the limited improvement in fit and the greater interpretability of the three profile solution, the three profile model was retained for
subsequent analyses.

Profile characteristics

The three-profile model identified groups characterised by low, moderate, and high sleep problem scores across the two timepoints. The model estimated
means for the low sleep problems profile were 31.92 at T2 and 30.34 at T3. The estimated means for the moderate sleep problems profile were 40.55 at T2
and 37.30 at T3. The high sleep problems profile had estimated means of 46.77 at T2 and 47.68 at T3 (Figure 1).

The model estimated profile proportions were 53.6% for the low profile, 36.2% for the moderate profile, and 10.2% for the high profile. Using each
participant's most likely class assignment, 434 children were classified in the low sleep problems profile (55.8% of the FIML sample), 278 in the moderate
profile (35.7%), and 66 in the high profile (8.5%).

The average maximum posterior probability was .876 for the low profile, .785 for the moderate profile, and .846 for the high profile. The minimum maximum
posterior probabilities were .507, .502, and .520, respectively. Classification was therefore clearest for the low and high profiles and somewhat less precise
for the moderate profile.

The common within-profile variance was estimated as 19.93 for T2 sleep and 17.65 for T3 sleep, corresponding to within-profile standard deviations of
approximately 4.46 at T2 and 4.20 at T3.

Demographic predictors of sleep profile membership

A multinomial logistic regression was conducted to examine whether demographic characteristics predicted latent sleep profile membership using the FIML-
derived profile assignments (N = 731), with the low sleep problems profile as the reference category. Older age was associated with lower odds of
membership in both the moderate sleep problems profile (OR = 0.62, 95% CI [0.52, 0.75], p < .001) and the high sleep problems profile (OR = 0.52, 95% CI
[0.38,0.72], p < .001), relative to the low sleep problems profile. Girls had higher odds of membership in both the moderate sleep problems profile (OR = 1.43,
95% CI [1.04,1.98], p =.028) and the high sleep problems profile (OR = 2.60, 95% CI [1.45, 4.66], p = .001). IMD score was associated with greater odds of
membership in the high sleep problems profile (OR = 1.04, 95% CI [1.01, 1.08], p = .025). Ethnicity was not significantly associated with profile membership
(all ps >.05).

Loneliness across sleep profiles

The latent profile analysis was estimated using FIML and included 778 children with at least one observed sleep score. Subsequent analyses examining
loneliness at T3 were restricted to the 456 children with complete data on T2 and T3 loneliness and all demographic covariates.

The overall regression model was statistically significant, F(10, 445) = 12.27, p < .001, explaining 21.6% of the variance in T3 loneliness (R? = .216; adjusted
R? = .199). The residual standard error was 1.36. Sleep profile membership was significantly associated with T3 loneliness after adjustment for loneliness at
T2 and all demographic covariates, F(2, 445) = 11.30, p < .001.

Adjusted profile means and pairwise comparisons

After adjustment for T2 loneliness, sex, age, ethnicity, and IMD score, the estimated marginal mean for loneliness at T3 was 4.14 (SE = 0.12, 95% CI [3.92,
4.37]) in the low sleep problems profile, 4.59 (SE = 0.13, 95% ClI [4.33, 4.84]) in the moderate profile, and 5.21 (SE = 0.22, 95% CI [4.78, 5.63]) in the high profile
(see Figure 2).

Bonferroni-adjusted pairwise comparisons indicated that children in the low sleep problems profile reported significantly lower loneliness than those in the
moderate profile (mean difference =-0.44, SE = 0.15, adjusted p = .010) and the high profile (mean difference = -1.06, SE = 0.23, adjusted p <.001). Children
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in the moderate sleep problems profile also reported significantly lower loneliness than those in the high profile (mean difference =-0.62, SE = 0.23, adjusted
p =.019). These comparisons demonstrated a graded pattern, with loneliness increasing from the low to the moderate and high sleep problems profiles.

Loneliness at T2 was a significant positive predictor of loneliness at T3 (B = 0.30, SE = 0.05, t = 6.45, p < .001). A one unit increase in T2 loneliness was
associated with an approximately 0.30-unit increase in loneliness at T3.

Sex, age, ethnicity, and IMD score were not significantly associated with T3 loneliness. Full regression coefficients for all predictors included in the adjusted
model are presented in Supplementary Table S1.

Sensitivity analyses (complete-case analysis)

Sensitivity analyses using complete cases yielded findings that were largely consistent with the primary FIML analyses (see Supplementary Materials). A
three-profile solution was again retained, and children in the moderate and high sleep problems profiles reported significantly higher T3 loneliness than those
in the low sleep problems profile after adjustment for T2 loneliness and demographic characteristics. However, unlike the primary analysis, loneliness did not
differ significantly between the moderate and high sleep problems profiles.

Discussion

In this study, we examined whether children with distinct profiles of sleep problems differed in loneliness in a sample of primary school children from East
London, a geographically, ethnically, and socioeconomically diverse area characterised by high levels of social disadvantage [36, 37]. We used a person-
centred latent profile analysis of sleep problems across two waves of data collection (T2 and T3) and examined the differences in loneliness at T3 between
the identified sleep profiles while adjusting for loneliness at T2, sex, age, ethnicity, and neighbourhood deprivation. Grounded in previous literature, we
hypothesised that distinct profiles characterised by low, moderate, and high levels of sleep problems would emerge and that children belonging to profiles
with greater sleep problems would also report higher levels of loneliness. The findings supported our hypotheses. Three distinct sleep profiles, characterised
by low, moderate, and high levels of sleep problems, were identified and children in the moderate and high sleep problems profiles reported significantly
higher levels of loneliness at T3 than those in the low sleep problems profile after adjustment for loneliness at T2 and demographic characteristics. Together,
these findings indicate that higher levels of sleep problems were associated with higher levels of loneliness in this sample of primary school children.

We identified three distinct profiles characterised by low, moderate, and high levels of sleep problems. This finding supports the view that sleep problems are
heterogeneous during middle childhood, with children differing in their patterns of sleep problems rather than representing a single homogeneous
population, consistent with previous person-centred research. For example, Mitchell et al. [35] identified three distinct sleep profiles among elementary
school children that differed in levels of sleep disturbance and daytime impairment. Similarly, Williamson et al. [38] identified five longitudinal sleep
trajectories from infancy to middle childhood, including a persistent sleep problems group, and showed that children with persistent sleep problems
experienced poorer psychological wellbeing, academic functioning, and health related quality of life than children with more favourable sleep trajectories.
McVeigh et al. [39] also identified three developmental trajectories of sleep problems across childhood and adolescence and found that persistent sleep
problems were associated with poorer physical and mental health in young adulthood. Taken together, these studies suggest that sleep problems cluster into
distinct developmental patterns that are associated with important differences in children's psychosocial and health outcomes. Consistent with this previous
longitudinal research, our findings indicate that these patterns are also associated with differences in later loneliness during middle childhood. Importantly,
these differences remained after adjustment for loneliness at T2 and demographic characteristics, extending previous research by demonstrating that
longitudinal sleep profiles derived from sleep problems assessed across two time points, are also associated with loneliness during middle childhood.

Children in the moderate and high sleep problems profiles reported higher levels of loneliness than children in the low sleep problems profile, even after
adjustment for loneliness at T2 and demographic characteristics. This finding is consistent with a substantial body of research showing that sleep problems
are associated with poorer emotional, behavioural, and mental health outcomes across childhood and adolescence [40, 41]. However, the present findings
extend this literature by suggesting that loneliness may represent another important psychosocial correlate of persistent sleep problems during middle
childhood. This extends previous evidence linking poor sleep with loneliness, which has primarily been reported in adults [12], although more recent research
has also identified similar associations in a racially and ethnically diverse sample of adolescents [42]. Our findings further extend this literature by
demonstrating a similar association during middle childhood. Longitudinal research has also suggested that negative peer relationships and poor sleep may
influence one another over time [43]. Our findings also align with Sasser et al. [23], who found that poorer sleep patterns were associated with greater
loneliness and poorer psychosocial functioning among university students. Our findings differ somewhat from those of Eccles et al. [10], who found no
significant differences in parent-reported sleep outcomes across loneliness trajectories among adolescents aged 10—13 years. Importantly, the association
between sleep profiles and loneliness remained after adjustment for T2 loneliness and demographic characteristics, indicating that the higher loneliness
observed among children with moderate and high sleep problems was not explained solely by their earlier levels of loneliness. Nevertheless, because sleep
profile membership was based partly on sleep assessed at T3 and loneliness was also assessed at T3, these findings should not be interpreted as evidence
that sleep problems caused later loneliness. Rather, children experiencing greater sleep problems across the two assessment waves reported higher levels
of loneliness at T3, even after accounting for earlier levels of loneliness and demographic characteristics.

The association between sleep difficulties and loneliness may be particularly important during middle childhood, as peer relationships become increasingly
important to children's emotional wellbeing. During this developmental stage, children become increasingly able to evaluate their friendships and social
inclusion, and loneliness is closely related to peer acceptance, victimisation, friendship availability, and friendship quality [1]. Good sleep may support
emotion regulation, attention, and social competence, which may facilitate successful engagement with peers and the development of positive peer
relationships [18, 14, 44]. Conversely, persistent sleep difficulties may interfere with children's ability to establish and maintain positive peer relationships.
Sleep difficulties can contribute to daytime tiredness, irritability, impaired emotion regulation, and reduced social engagement, all of which may hinder
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children's ability to initiate and maintain positive peer relationships [18, 14]. Consistent with this, sleep disturbances have also been associated with bullying
victimisation during adolescence [45], and the association between poor sleep and loneliness has been shown to be strongest among individuals who have
experienced victimisation or maltreatment [29]. In addition to these social pathways, there may also be biological mechanisms underlying this association.
Experimental and neurobiological research suggests that sleep loss can alter neural processes involved in emotion regulation and emotional reactivity,
including amygdala activity and its prefrontal regulation, which may in turn influence social functioning [13, 15]. It is also plausible that loneliness and
reduced social connectedness may adversely affect sleep, for example by increasing vigilance and reducing feelings of safety that facilitate healthy sleep
[29]. More longitudinal research is needed to clarify the direction and underlying mechanisms of the association between sleep difficulties and loneliness.

Demographic characteristics were associated with sleep profile membership, with age, sex, and IMD predicting membership in the moderate and/or high
sleep problems profiles. However, sex, age, ethnicity, and IMD were not significantly associated with T3 loneliness after accounting for sleep profile
membership. This suggests that the association between sleep profiles and loneliness was not explained by the demographic and socioeconomic
characteristics included in the present study. Although previous research has reported demographic differences in both sleep and loneliness, as well as
socioeconomic gradients in children's sleep [14, 41, 5, 33], these factors did not account for the observed association in the present study. Future research
could examine whether demographic and socioeconomic characteristics influence loneliness indirectly through sleep problems or moderate the association
between sleep problems and loneliness during middle childhood.

This study has several limitations. Firstly, both sleep problems and loneliness were assessed using child self-report. Although self-report is appropriate for
capturing children's subjective experiences, the use of the same informant for both constructs may have inflated the observed associations because of
shared method variance. Future studies would benefit from combining child self-report with parent reports and objective measures of sleep, such as
actigraphy [46]. Second, sleep was assessed at only two time points (T2 and T3), which limited our ability to characterise longer-term developmental
trajectories and determine when persistent sleep problems first emerged. Additional assessments across childhood would provide a more comprehensive
understanding of the developmental relationship between sleep and loneliness. Classification was also somewhat less distinct for the moderate sleep
problems profile than for the low and high profiles, which should be considered when interpreting differences between the identified profiles. Future research
should examine whether similar sleep profiles are replicated in other samples. Given the community based nature of the sample, it included both typically
developing and neurodivergent children. The association between sleep problems and loneliness may differ between these groups, and future research
should examine whether neurodevelopmental status influences this association. Finally, the sample was drawn from a socioeconomically disadvantaged and
ethnically diverse area of East London.

This is a key strength, as children from underrepresented backgrounds are often excluded from developmental research, increasing the relevance of the
findings for diverse populations. Future research should examine whether contextual factors associated with socioeconomic disadvantage, such as
neighbourhood safety, influence the relationship between sleep difficulties and loneliness. However, the findings may not generalise to children living in more
affluent or less ethnically diverse communities, and replication in other populations is needed. Despite these limitations, our study provides novel insights
into the temporal association between sleep problems and loneliness during middle childhood. By adopting a person-centred approach in a large, ethnically
diverse community sample, this study extends previous research by showing that children with more persistent sleep problems also reported higher levels of
loneliness, independent of loneliness at T2 and demographic characteristics. These findings highlight the importance of considering sleep as a potential
indicator of children's social wellbeing and support further research into linking sleep and loneliness across development.

In conclusion, this study identified distinct prospective sleep problem profiles during middle childhood and suggested that children with persistent moderate
and high sleep problems reported higher levels of loneliness than children with consistently low sleep problems, even after accounting for early loneliness
and demographic characteristics. These findings extend previous research by showing that the association between sleep and loneliness is evident during
middle childhood and highlight the importance of considering persistent sleep difficulties as a marker of children's social and emotional wellbeing. Given the
potential long-term consequences of both poor sleep habits and loneliness for children's development, early identification and intervention targeting sleep
problems may also help promote positive social adjustment and wellbeing. Future longitudinal research is needed to clarify the mechanisms underlying this
association and to determine whether improving children's sleep leads to reductions in loneliness over time.

Declarations

Declaration of conflicting interests

There are no potential conflicts of interest with respect to the research, authorship, and/or publication of this article.

Author Contribution

Alina A. Marinca: Conceptualization, Formal analysis, Investigation, Methodology, Project administration, Resources, Software, Visualization, Writing —
original draft, Writing — review & editing. Julia E. Michalek: Writing — review & editing. Alice M. Gregory: Writing — review & editing. Afia Ali: Supervision,
Writing — review & editing. Jennifer Y. F. Lau: Conceptualization, Supervision, Writing — review & editing.

Acknowledgement

The authors would like to thank all the children and their caregivers who took part in the study, as well all participating schools for their collaboration. This
work was supported by the Economic & Social Research Council (ESRC) Postgraduate Funding, London Interdisciplinary Social Science Doctoral Training

Page 7/11



Partnership (LISS DTP, Grant Ref: ES/P000703/1; A.A.M.). J. L. also received support from Barts Charity, UK (Charity Number: 212563, Project Code:
MRC&U0042) and research funding from UK Research and Innovation (UKRI), the National Institute of Health Research (NIHR), the British Academy, and the
Rosetrees Trust. Alice Gregory is an advisor for a project initially sponsored by Johnson’s Baby. She was a consultant for Perrigo (2021+). She receives
royalties for two books Nodding Off (Bloomsbury Sigma, 2018) and The Sleepy Pebble (Flying Eye, 2019) and a sleep gift (The Gift of Sleep, Lawrence King
Publishers, 2023). She was previously a CEO of Sleep Universal LTD (2022). She is a regular contributor to BBC Focus Magazine and has contributed to other
outlets (such as The Conversation, The Guardian, Balance Magazine, Psyche Aeon). She occasionally receives sample products related to sleep (e.g. blue
light blocking glasses) and has given a paid talk to a business (Investec). She has contributed a paid article to Neurodiem. Jennifer Lau has received
research funding from UK Research and Innovation and the National Institute of Health Research as well as from the British Academy and the Rosetrees
Trust.

Data Availability

Fully anonymized data arising from the study and any other study materials will be available on reasonable request from the study principal investigators
(j.lau@gmul.ac.uk and d.ougrin@gmul.ac.uk) governed by a signed data sharing agreement after the publication of the findings of the study by the research
team.

References

1. Asher SR, Paquette JA (2003) Loneliness and Peer Relations in Childhood. Curr Dir Psychol Science: J Am Psychol Soc 12(3):75-78.
https://doi.org/10.1111/1467-8721.01233
2. World Health Organization (2025), September 1 Adolescent mental health. https://www.who.int/news-room/fact-sheets/detail/adolescent-mental-health
3. Qualter P, Vanhalst J, Harris R, Van Roekel E, Lodder G, Bangee M, Maes M, Verhagen M (2015) Loneliness Across the Life Span. Perspect Psychol Sci
10(2):250-264. https://doi.org/10.1177/1745691615568999
4. Holt-Lunstad J, Smith TB, Baker M, Harris T, Stephenson D (2015) Loneliness and Social Isolation as Risk Factors for Mortality: A Meta-Analytic Review.
Perspect Psychol Sci 10(2):227-237. https://doi.org/10.1177/1745691614568352
5. Loades ME, Chatburn E, Higson-Sweeney N, Reynolds S, Shafran R, Brigden A, Linney C, McManus MN, Borwick C, Crawley E (2020) Rapid Systematic
Review: The Impact of Social Isolation and Loneliness on the Mental Health of Children and Adolescents in the Context of COVID-19. J Am Acad Child
Adolesc Psychiatry 59(11):1218-1239e3. https://doi.org/10.1016/j.jaac.2020.05.009
6. Matthews T, Qualter P, Bryan BT, Caspi A, Danese A, Moffitt TE, Odgers CL, Strange L, Arseneault L (2023) The developmental course of loneliness in
adolescence: Implications for mental health, educational attainment, and psychosocial functioning. Dev Psychopathol 35(2):537-546.
https://doi.org/10.1017/S0954579421001632
7. Jefferson R, Barreto M, Verity L, Qualter P (2023) Loneliness During the School Years: How It Affects Learning and How Schools Can Help. J Sch Health
93(5):428-435. https://doi.org/10.1111/josh.13306
8. Carr A (2017) Social and Emotional Development in Middle Childhood. In: Skuse D, Bruce H, Dowdney L (eds) Child Psychology and Psychiatry:
Frameworks for Clinical Training and Practice. Wiley, Ltd, pp 83—90. https://doi.org/10.1002/9781119170235.ch10
9. Exploring loneliness in pre-adolescent children: frequency, vulnerable groups and mental health correlates (2025) (2025). In Mental Health Weekly Digest
(p. 333). NewsRX LLC
10. Eccles AM, Qualter P, Panayiotou M, Hurley R, Boivin M, Tremblay RE (2020) Trajectories of Early Adolescent Loneliness: Implications for Physical Health
and Sleep. J Child Fam stud 29(12):3398-3407. https://doi.org/10.1007/s10826-020-01804-3
11. Burke L, Christiansen J, Lasgaard M, Demkowicz O, Verity L, Lau JYF, Qualter P (2026) Interventions to reduce loneliness in children and adolescents (4~
18 years): A systematic review and meta-analysis with narrative synthesis of study-level characteristics. J Affect Disord 403., Article 121445.
https://doi.org/10.1016/j.jad.2026.121445
12. Hom MA, Chu C, Rogers ML, Joiner TE (2020) A Meta-Analysis of the Relationship Between Sleep Problems and Loneliness. Clin Psychol Sci 8(5):799—
824. https://doi.org/10.1177/2167702620922969
13. Beattie L, Kyle SD, Espie CA, Biello SM (2015) Social interactions, emotion and sleep: A systematic review and research agenda. Sleep Med Rev 24:83—
100. https://doi.org/10.1016/j.smrv.2014.12.005
14. Gregory AM, Sadeh A (2016) Annual Research Review: Sleep problems in childhood psychiatric disorders - a review of the latest science. J Child Psychol
Psychiatry 57(3):296-317. https://doi.org/10.1111/jcpp.12469
15. Palmer CA, Alfano CA (2017) Sleep and emotion regulation: An organizing, integrative review. Sleep Med Rev 31:6-16.
https://doi.org/10.1016/j.smrv.2015.12.006
16. Aslund L, Arnberg F, Kanstrup M, Lekander M (2018) Cognitive and Behavioral Interventions to Improve Sleep in School-Age Children and Adolescents: A
Systematic Review and Meta-Analysis. J Clin Sleep Med 14(11):1937-1947. https://doi.org/10.5664/jcsm.7498
17. Carskadon MA, Dement WC (2011) Chapter 2 - Normal Human Sleep: An Overview. In Principles and Practice of Sleep Medicine (Fifth Edition, pp. 16-26).
Elsevier Inc. https://doi.org/10.1016/B978-1-4160-6645-3.00002-5
18. Becker SP, Langberg JM, Byars KC (2015) Advancing a Biopsychosocial and Contextual Model of Sleep in Adolescence: A Review and Introduction to the
Special Issue. J Youth Adolesc 44(2):239-270. https://doi.org/10.1007/s10964-014-0248-y

Page 8/11



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Touchette E, Petit D, Séguin JR, Boivin M, Tremblay RE, Montplaisir JY (2007) Associations Between Sleep Duration Patterns and Behavioral/Cognitive
Functioning at School Entry. Sleep (New York, N.Y.), 30(9), 1213-1219. https://doi.org/10.1093/sleep/30.9.1213

Volkow ND, Tomasi D, Wang G-J, Telang F, Fowler JS, Logan J, Benveniste H, Kim R, Thanos PK, Ferré S (2012) Evidence That Sleep Deprivation
Downregulates Dopamine D2R in Ventral Striatum in the Human Brain. J Neurosci 32(19):6711-6717. https://doi.org/10.1523/JNEUROSCI.0045-
12.2012

Sarfan LD, Hilmoe HE, Gumport NB, Gasperetti CE, Zieve GG, Harvey AG (2021) Outcomes of the Transdiagnostic Intervention for Sleep and Circadian
Dysfunction (TranS-C) in a community setting: Unpacking comorbidity. Behav Res Ther 145:103948. https://doi.org/10.1016/j.brat.2021.103948
Davidson F, Rigney G, Brine S, Speth T, Miller L, Rusak B, Chambers C, Rajda M, Begum EA, Corkum P (2022) Even a Mild Sleep Restriction Can Impact
Daytime Functioning in Children with ADHD and Their Typically Developing Peers. Behav sleep Med 20(1):21-36.
https://doi.org/10.1080/15402002.2021.1873785

Sasser J, Li CB, Doane LD, Krasnow A, Murugan V, Magee DM, LaBaer J (2025) Associations between COVID-19 sleep patterns, depressive symptoms,
loneliness, and academic engagement: a latent profile analysis. J Am Coll Health 73(3):1168-1172. https://doi.org/10.1080/07448481.2023.2239361
OWENS JA, McGUINN SPIRITOA, M., NOBILE C (2000) Sleep Habits and Sleep Disturbance in Elementary School-Aged Children. J Dev Behav Pediatr
21(1):27-36. https://doi.org/10.1097/00004703-200002000-00005

Bruni O, Breda M, Mammarella V, Mogavero MP, Ferri R (2025) Sleep and circadian disturbances in children with neurodevelopmental disorders. Nat
Reviews Neurol 21(2):103-120. https://doi.org/10.1038/s41582-024-01052-9

Tamir S, Dye TJ, Witt RM (2023) Sleep and Circadian Disturbances in Children With Neurodevelopmental Disorders. Seminars in Pediatric Neurology, 48,
Article 101090 https://doi.org/10.1016/j.spen.2023.101090

American Psychiatric Association (2013) Diagnostic and statistical manual of mental disorders, 5th edn. American Psychiatric Publishing

Hom MA, Hames JL, Bodell LR, Buchman-Schmitt JM, Chu C, Rogers ML, Chiurliza B, Michaels MS, Ribeiro JD, Nadorff MR, Winer ES, Lim IC, Rudd MD,
Joiner TE (2017) Investigating insomnia as a cross-sectional and longitudinal predictor of loneliness: Findings from six samples. Psychiatry Res
253:116-128. https://doi.org/10.1016/j.psychres.2017.03.046

Matthews T, Danese A, Gregory AM, Caspi A, Moffitt TE, Arseneault L (2017) Sleeping with one eye open: loneliness and sleep quality in young adults.
Psychol Med 47(12):2177-2186. https://doi.org/10.1017/S0033291717000629

Harris RA, Qualter P, Robinson SJ (2013) Loneliness trajectories from middle childhood to pre-adolescence: Impact on perceived health and sleep
disturbance. J Adolescence (London England) 36(6):1295-1304. https://doi.org/10.1016/j.adolescence.2012.12.009

Gregory AM, Sadeh A (2012) Sleep, emotional and behavioral difficulties in children and adolescents. Sleep Med Rev 16(2):129-136.
https://doi.org/10.1016/j.smrv.2011.03.007

World Health Organization Regional Office for Europe (2023), October 10 Mental health in Europe and central Asia: Girls fare worse than boys.
https://www.who.int/europe/news/item/10-10-2023-mental-health-in-europe-and-central-asia—-girls-fare-worse-than-boys

Gregory AM, Harvey AG, Shafran R (2025) Editorial: Sleep privilege - research and clinical recommendations for when sleep cannot be optimal. J Child
Psychol Psychiatry 66(8):1101-1104. https://doi.org/10.1111/jcpp.70000

Qualter P Hennessey A, Yang K, Chester KL, Klemera E, Brooks F (2021) Prevalence and Social Inequality in Youth Loneliness in the UK. Int J Environ Res
Public Health 18(19):10420. https://doi.org/10.3390/ijerph181910420

Mitchell TB, Cooley JL, Cummings C, Lelakowska G, Wolfe LD, Ricker BT, Farias R (2024) Latent Profiles of Sleep Disturbance and Impairment in
Elementary School-Age Youth: Concurrent and Longitudinal Associations with Emotional, Behavioral, and Academic Functioning. J Pediatr Psychol
49(3):153-163. https://doi.org/10.1093/jpepsy/jsad077

van Loggerenberg F, Nikolajeva M, Porricelli D, Hensler I, Murray A, Keiller E, Michalek J, Ougrin D, Lau JYF (2025) Influence of Personal Traits, Social
Relationships, and External Resources on the Development of Emotional Resilience in Children From East London: Protocol for an Observational
Accelerated Longitudinal Cohort Study. JMIR Res Protocols 14:70797. https://doi.org/10.2196/70797

Marinca AA, Michalek JE, Gregory AM, Ali A, Lau JYF (2026) Sleep disturbance as a transdiagnostic marker of children’s mental health difficulties: A
network analysis of item-level associations between different types of sleep problems and different behavioural and emotional symptoms. JCPP Adv
€70104. https://doi.org/10.1002/jcv2.70104

Williamson AA, Mindell JA, Hiscock H, Quach J (2020) Longitudinal sleep problem trajectories are associated with multiple impairments in child well-
being. J Child Psychol Psychiatry 61(10):1092-1103. https://doi.org/10.1111/jcpp.13303

McVeigh JA, Smith A, Howie EK, Stamatakis E, Ding D, Cistulli PA, Eastwood P, Straker L (2021) Developmental trajectories of sleep during childhood and
adolescence are related to health in young adulthood. Acta Paediatr 110(8):2435-2444. https://doi.org/10.1111/apa.15911

Combs D, Goodwin JL, Quan SF, Morgan WJ, Shetty S, Parthasarathy S (2016) Insomnia, Health-Related Quality of Life and Health Outcomes in Children:
A Seven Year Longitudinal Cohort. Sci Rep 6(1) Article 27921. https://doi.org/10.1038/srep27921

Wang B, Isensee C, Becker A, Wong J, Eastwood PR, Huang R-C, Runions KC, Stewart RM, Meyer T, Briini LG, Zepf FD, Rothenberger A (2016)
Developmental Trajectories of Sleep Problems from Childhood to Adolescence Both Predict and Are Predicted by Emotional and Behavioral Problems.
Front Psychol 7:1874-1874. https://doi.org/10.3389/fpsyg.2016.01874

Master L, Nahmod NG, Mathew GM, Hale L, Chang A, Buxton OM (2023) Why so slangry (sleepy and angry)? Shorter sleep duration and lower sleep
efficiency predict worse next-day mood in adolescents. J Adolescence (London England) 95(6):1140-1151. https://doi.org/10.1002/jad.12182

De Lise F, Bacaro V, Crocetti E (2023) The Social Side of Sleep: A Systematic Review of the Longitudinal Associations between Peer Relationships and
Sleep Quality. International Journal of Environmental Research and Public Health, 20(3), 2017. https://doi.org/10.3390/ijerph20032017

Page 9/11



44,

45.

46.

47.

48.

49.

50.
51.
52.

53.

54.
55.

56.

57.

Vaughn BE, EImore-Staton L, Shin N, EIl-Sheikh M (2015) Sleep as a Support for Social Competence, Peer Relations, and Cognitive Functioning in
Preschool Children. Behav sleep Med 13(2):92-106. https://doi.org/10.1080/15402002.2013.845778

Shakoor S, Zavos MS, Gregory H, A. M., Ronald A (2021) The association between bullying-victimisation and sleep disturbances in adolescence:
Evidence from a twin study. J Sleep Res 30(5):€13321-n. /a https://doi.org/10.1111/jsr.13321

Meltzer LJ, Montgomery-Downs HE, Insana SP, Walsh CM (2012) Use of actigraphy for assessment in pediatric sleep research. Sleep Med Rev
16(5):463-475. https://doi.org/10.1016/j.smrv.2011.10.002

Meltzer LJ, Avis KT, Biggs S, Reynolds AC, Crabtree VM, Bevans KB (2013) The Children’s Report of Sleep Patterns (CRSP): A Self-Report Measure of
Sleep for School-Aged Children. J Clin Sleep Med 9(3):235-245. https://doi.org/10.5664/jcsm.2486

Owens J, Spirito A, Nobile C (1998) A prevalence and types of sleepdisturbances in school-aged children: Validation of a parental report,Children’s sleep
habits questionnaire. 14th Congress of European SleepResearch Society. Paper presented at

Steur LMH, Visser EH, Grootenhuis MA, Terwee CB, Kaspers GJL, van Litsenburg RRL (2017) Psychometric properties and Dutch norm values of the
Children’s Sleep Habits Questionnaire in toddlers. Sleep Med 34:57-63. https://doi.org/10.1016/j.sleep.2017.01.022

The Children’s Society (2019) Loneliness in childhood: Exploring loneliness and well-being among 10-17 year olds. The Children’s Society

Collins LM, Lanza ST (2010) Latent class and latent transition analysis: with applications in the social behavioral, and health sciences. Wiley-Blackwell
Morin AJS, Marsh HW (2015) Disentangling Shape from Level Effects in Person-Centered Analyses: An lllustration Based on University Teachers’
Multidimensional Profiles of Effectiveness. Struct Equ Model 22(1):39-59. https://doi.org/10.1080/10705511.2014.919825

Neale MC, Hunter MD, Pritikin JN, Zahery M, Brick TR, Kirkpatrick RM, Estabrook R, Bates TC, Maes HH, Boker SM (2016) OpenMx 2.0: Extended
Structural Equation and Statistical Modeling. Psychometrika 81(2):535-549. https://doi.org/10.1007/s11336-014-9435-8

Enders CK (2010) Applied missing data analysis. Guilford Press

Ripley B, Venables W (2025) nnet: Feed-forward neural networks and multinomial log-linear models (R package version 7.3-20). https://CRAN.R-
project.org/package=nnet

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG (2009) Research electronic data capture (REDCap)—A metadata-driven methodology and
workflow process for providing translational research informatics support. J Biomed Inform 42(2):377-381. https://doi.org/10.1016/].jbi.2008.08.010

Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O'Neal L, McLeod L, Delacqua G, Delacqua F, Kirby J, Duda SN (2019) The REDCap consortium:
Building an international community of software platform partners. J Biomed Inform 95:103208. https://doi.org/10.1016/j.jbi.2019.103208

58. Qualtrics (2024) Qualtrics [Computer software]. Qualtrics
Figures
47.68
_____ [ ]
BT _ ===
5 45
E
-}
I
a
§' A
40
=
£
g Y
£
@ 35
s
B
=
31.82
.\0‘34
30
T2 T3

Assessment wave

Sleep profile # Low sleap problems + Moderate sleep problems - High sleep proble

Figure 1

Mo

del-estimated mean sleep problem scores at T2 and T3 across the three latent sleep profiles

Note. Higher scores indicate greater sleep problems. T2 = Time 2; T3 = Time 3

Page 10/11



5.21
=y 4.59
= 4.14
:
w 41
@
Q Sleep profile
@ Low
=l Moderate
§ ) High
£
=
8
W
=,
=
<
0.
Low Moderate High
Sleep profile
Figure 2

Adjusted mean loneliness at Time 3 by sleep profile

Note. Estimated marginal means of T3 loneliness across the three latent sleep profiles identified by the latent profile analysis (low, moderate, and high sleep
problems), adjusted for T2 loneliness, sex, age, ethnicity, and Index of Multiple Deprivation (IMD). Error bars represent 95% confidence intervals.
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