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Purpose: Loneliness is common amongst children and young people (CYP) and is an independent risk factor for poor health. This
study aimed to i) determine whether subgroups of CYP with different loneliness trajectories (during the second year of the pandemic)
exist; i1) examine associations with socio-demographic characteristics and subsequent health; and iii) understand whether associations
between loneliness and subsequent health were modified by SARS-CoV-2 infection.

Methods: A total of 5851 CYP (N=3260 SARS-CoV-2 positive and 2591 SARS-CoV-2 negative) provided data on loneliness (via the
validated 3-item version of the UCLA Loneliness Scale for Children) at least twice in a 12-month period post PCR index-testing
(conducted October 2020-March 2021). Latent class growth analyses were used to identify distinct classes of loneliness trajectories.
Multinomial logistic regression was used to identify socio-demographic characteristics associated with class membership. Logistic
regression models assessed the odds of reporting impairing symptoms 12-months post index-test.

Results: Four distinct loneliness trajectories were identified: three mostly stable (low, medium, high) and one low-increasing
trajectory. Being older, female, living in more deprived areas and testing negative were associated with greater odds of being in the
highest vs lowest loneliness trajectory; eg OR for female vs male: 5.6 (95% CI:4.1,7.8); OR for 15-17 vs 11-14 years: 4.5 (95%
CI:3.4,6.0). Following higher loneliness trajectories was associated with higher odds of experiencing impairing symptoms 12-months
post index-test: ORggjusica (compared to lowest loneliness trajectory) were 15.9 (95% CI:11.9,21.3) (high loneliness), 6.5 (5.3,7.9)
(medium loneliness) and 2.3 (1.9,2.8) (low-increasing loneliness). There was no evidence that this association was modified by PCR
index-test result.

Conclusion: About 5.3% of CYP were classified into a group experiencing (chronically) high loneliness. Being female, older and
from more deprived areas were risk factors of belonging to this group. Results suggest that even small increases from low loneliness

levels may be associated with worse health outcomes.

Plain Language Summary:
Why was the study done?

Multiple lockdowns and school closures during the COVID-19 pandemic may have led to a rise in loneliness in children and young
people (CYP). Loneliness can harm health and loneliness research often examines adult populations. We wanted to know if feelings of
loneliness in CYP changed during the pandemic and which factors were associated with different loneliness patterns. Furthermore, we
wanted to know how different patterns of loneliness linked to later health.
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What did the researchers do and find?

We used data on almost 6000 CYP from the CLoCk study who completed multiple surveys during the pandemic. CYP were asked
about feelings of loneliness using questions like: “how often do you feel you have no one to talk to”. We also asked about their health.

We identified four patterns of loneliness in CYP between April 2021 and April 2022: 1) stable low loneliness levels, 2) initial low
loneliness levels which increased over time, 3) stable medium loneliness levels, and 4) stable high loneliness levels. 5.3% of CYP had
stable high loneliness levels and they were also more likely to be older, female, living in more deprived areas and testing negative for
COVID-19. Compared to those following the lowest loneliness pattern, those with higher levels of loneliness were at greater risk of
impaired health.
What do these result mean?

We identify CYP who may experience high levels of loneliness and highlight that even small increases in loneliness may be
associated with worse health outcomes.

Keywords: Adolescence, Loneliness, Pandemic, Mental Health, Physical Health, Longitudinal Studies

Introduction

The COVID-19 pandemic prompted several measures to limit face-to-face social contacts, including lockdowns, school
closures and restrictions to leisure time activities. These measures have led to concerns regarding rising loneliness in the
UK and worldwide.' Loneliness is defined as a “subjective, unwelcome feeling of lack or loss of companionship”
which occurs when there is a mismatch between the perceived and desired quantity and quality of social relationships.*
Loneliness is distinct from social isolation in that it is based on the subjective experience of feeling isolated from others,
rather than the objective characteristics of the social situation only.” Moreover, loneliness is an independent risk factor for
poor mental and physical health.® It thus represents an important public health matter.’”

Young people have been identified as being at high risk of experiencing severe and/or frequent (eg often/very often/
always) loneliness both pre- and during the COVID-19 pandemic.®**'° For children, pre-pandemic factors associated
with higher likelihood of experiencing frequent loneliness (eg “always or very often”/“often”) were female gender,
receiving free school meals, low family affluency, living in a city, and reporting low satisfaction with their health and/or
their relationships with family and friends.'""'> Loneliness in children and young people (CYP) is concerning due to its
links with adverse long-term health outcomes.'*'* For example, following a trajectory of high peer-related loneliness
levels in mid-childhood (vs low, stable loneliness) was associated with long-term adverse health including more
depressive symptoms, poorer sleep and lower self-rated health.'® Systematic reviews have linked social isolation and
loneliness in CYP to (long-term) anxiety and depression, higher cortisol levels and worse cognitive development.'>'®

During the COVID-19 pandemic, CYP have been particularly vulnerable to experience loneliness. This is because, at
a critical period of their life-course, CYP endured strict lockdown measures, which restricted their social contacts,
education, and development. Therefore, understanding the broader implications of lockdowns on CYP is warranted. For
example, it has been shown that school closures and lockdowns during the pandemic had adverse impacts on CYP’s
physical and mental health, including increases in loneliness.'”>* However, uncertainties remain regarding loneliness of
CYP during the pandemic and its implications because the existing evidence is sparse, is based on studies conducted in
different countries and contexts, with different loneliness measures and often cross-sectional data. For example, repeated
cross-sectional surveys of 13-to-19-year olds across Britain between summer 2020 and summer 2021 reported little
change in the prevalence of CYP reporting feeling (sometimes/often) alone, left out or having no one to talk to.”> While
informative at the population level, such data do not elucidate on how loneliness changes (or stays constant) within the
same individuals over time.

Little is known about patterns of loneliness over time and CYP may differ not only in their loneliness at a particular
time-point, but also in how their loneliness changes over time. In adults, studies investigating subgroups of loneliness
trajectories during the pandemic have suggested substantial heterogeneity.?®*” To our knowledge, no study has inves-
tigated whether different loneliness trajectories during the pandemic exist in CYP. Moreover, it would be useful to
understand which factors are associated with these different loneliness trajectories and how subgroup membership relates
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to subsequent health. The latter is relevant because experiencing prolonged loneliness due to pandemic social isolation
measures may be an independent risk factor for experiencing subsequent impairing symptoms, irrespective of SARS-
CoV-2 infection status.?®

Therefore, the three objectives of the current study were to: 1) determine whether subgroups of CYP with different
loneliness trajectories (during the second year of the COVID-19 pandemic) exist (measured using the validated loneliness
scale); ii) examine associations with socio-demographic characteristics and subsequent health; and iii) understand
whether associations between loneliness and subsequent health were modified by SARS-CoV-2 infection.

Materials and Methods

Study Design

We used data from the CLoCk study, a longitudinal cohort study of CYP aged 11—17 years living in England.?’ The study
was originally set up with three broad aims to describe post-COVID-19 symptoms in CYP, develop an operational
research definition of Long COVID in CYP, and understand it’s prevalence.”’ CYP with an index negative or positive
SARS-CoV-2 PCR test taken between September 2020 and March 2021 were identified from the Public Health England
(now UK Health Security Agency) database. CYP with a positive PCR test were matched to CYP with a negative PCR
test on month of test, age, sex, and geographical area. At the time of this study, data was available at 3-months (for a sub-
sample), 6-months and 12-months post SARS-CoV-2 index-test. The index-test period covered a 7-month period, hence
data collection also stretched across different phases of the COVID-19 pandemic. Figure 1 presents the pandemic context
in England at the time of the study.’*~'

Participants

The current study included all CYP who completed at least two surveys. Thus, the target population for this study was
CLoCk participants invited to respond to the 3- and/or 6-month survey post index-test (N=127,894; of which 55,447 and
72,447 CYP tested positive and negative, respectively; Figure 2). Of those, 17,886 responded. Further exclusion criteria
were a SARS-CoV-2 reinfection (in fest positives) or subsequently infection (in test negatives), having fewer than two
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Figure | CLoCk data collection timings against context of the COVID-19 pandemic in England.>*3'
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Figure 2 Flowchart of participants.
Note: *determined by PCR tests results held by UKHSA and self-report of whether (or not) the participant ever had a positive COVID-19 test.

data points, missing 12-month outcome data, or having illogical dates of survey completion (eg, 6- and 12-month data
with identical completion date) (Figure 2). After these exclusions, the analytic sample (n=5851) comprised 3260 test-
positive and 2591 test-negative CYP. A sub-sample of 1934 individuals with data at all three time points (3-, 6- and 12-
months post index-test) was used for sensitivity and supplementary analyses (described below).

Measures

Outcome measures

Loneliness was measured using a modified version of the validated UCLA Loneliness Scale for Children.>* Responses to

the three items (eg “How often do you feel you have no one to talk t0?”) are scored as 1 (“Hardly ever/never”), 2 (“Some

of the time”) or 3 (“Often”). Responses are summed to create a single measure ranging from 3 to 9 with higher scores

indicating higher levels of loneliness. CYP filled in the UCLA Loneliness Scale for Children at 3-months (for a sub-

sample), 6-months and 12-months post index-test. When CYP first registered with the study (at 3- or 6-months post

index-test) a retrospective measure relating to loneliness before their PCR test was also collected (see Covariate section).
We also collected a single direct measure of loneliness (recommended by the Office for National Statistics when

assessing loneliness prevalence).”> CYP responded to the question “How often do you feel lonely?” with five options
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ranging from “Often or always” to “Never”. A dichotomized measure was used to identify CYP who indicated feeling
lonely “often or always” (vs all others).®'?

To explore associations between loneliness and subsequent health, we operationalized the Delphi research definition
of Long COVID in CYP, 12-months post index-test.*®> This research definition is similar to the recent clinical case
definition published by the World Health Organization.** We classified CYP as having Long COVID at 12-months post
index-test if they reported having at least 1 symptom and experiencing some/a lot of problems with respect to mobility,
self-care, doing usual activities or having pain/discomfort or feeling very worried/sad. The need for a positive test result

was not required when assessing how many test-negative CYP would also have met this definition.

Covariates

Covariates included the index SARS-CoV-2 PCR test result, age (15—17 vs 11-14 years, representing key educational
stages), sex (female vs male), and area level deprivation (Index of Multiple Deprivation (IMD) grouped into quintiles
from most (1) to least (5) deprived). At first contact with the study, CYP retrospectively reported baseline mental and
physical health (five-item Likert scale, dichotomized as “Very poor/poor” vs “OK/good/very good”) and loneliness by the
3-item UCLA scale (dichotomized as >8 vs <8).

Time

For descriptive purposes, we created six phases of the COVID-19 pandemic to account for the changing background
context when each participant completed the survey. These phases reflected changes in pandemic measures, infection
rates and school holidays (see Text S1 for further details). They are: 1) April 12 to May 16, 2021 (n=1880 data points); 2)
May 17 to July 18, 2021 (n=3913); 3) July 19 to September 1st, 2021 (n=1605); 4) September 2nd to December 7, 2021
(n=3581); 5) December 8 to January 17, 2022 (n=359); 6) January 18, 2022 onwards (n=2297). To build trajectories
(described below), we calculated each person’s date of survey completion as number of days since April 13, 2021 (the
first day of data collection) and divided by 30 to aid interpretation on a month-metric.

Data Analysis

We compare the analytic sample to the target population in terms of socio-demographic characteristics. We cross-
sectionally describe average loneliness (from the UCLA scale), and prevalence of loneliness (from the single item direct
measure) during six pandemic phases.

To identify whether distinct sub-groups of individuals based on similarities in their loneliness trajectories exist
(objective i), we modelled the UCLA loneliness scale as an ordinal outcome using growth mixture models (GMM) and
latent class growth analyses (LCGA). Our original plan was to develop trajectory models using a GMM framework.
However, due to convergence issues experienced when developing these, trajectory development proceeded with
LCGAs, as recommended.”” In these models, each trajectory class has a distinct intercept and slope, and individuals
are assigned a probability of belonging to each of these classes. In contrast to GMMs, LCGAs assume that all individuals
in a class follow the same average trajectory.””

Criteria for selecting the optimum number of trajectory classes was primarily assessed by the Bayesian Information
Criteria (BIC), while also aiming to retain model parsimony, adequate class sizes, plausibility, and interpretability. We
tested for different shapes of trajectories (eg linear, quadratic and fractional polynomials) and used a forward-modelling
approach, starting with a one-class solution (non-mixture model) and incrementally adding classes, aiming to fit up to six
classes if convergence allowed. Fractional polynomials were identified in Stata and LCGA was performed using the
“lemm” package in R.*

To explore factors associated with membership into loneliness trajectories (objective ii), we used univariate multi-
nomial logistic regression models. We regressed age group, sex, quintiles of IMD and index-PCR test result, separately
onto the most likely loneliness class membership (defined as the class with the highest probability).>” We further adjusted
the index-PCR test result model for age group, as this was unevenly distributed between test-positive and test-negative
CYP. To account for the bias of misclassification from using most likely class membership assignment, we implemented
robust standard errors using the sandwich package in R.*®
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To determine whether loneliness trajectories were associated with Long COVID 12-months post index-test (objective
ii), we used binary logistic regression models.** We adjusted associations for age group, sex, IMD and index-PCR test
result (see directed acyclic graph in Figure S1). Models were fitted with and without an interaction between loneliness
trajectories and index-PCR test result to assess whether associations differed by PCR status (objective iii). The models
were weighted by the posterior probability of belonging to the assigned class using the survey package in R.***!

All analyses were conducted in Stata MP v17.0 and in R 3.6.2. Given the exploratory nature of these analyses, we
applied the Benjamini-Hochberg method to control the false discovery rate in multiple testing.**> We report this study
following STROBE guidelines (Table S1). **

Supplementary and Sensitivity Analyses

Analyses were conducted to assess robustness of the results. Trajectories were compared to those found in the second-
best class solution. Trajectories were also refitted (as described above) in the sub-sample with full data at 3-, 6- and 12-
month post index-test. These solutions were used to rerun the above described multinomial and binary logistic regression
models. Additionally, in the sub-sample with information at 3-, 6- and 12-months, associations between loneliness and
long COVID at 12-months post index-test were further adjusted for retrospectively reported health and loneliness at the
time of index-test.

Results
Compared to the target population, our analytic sample consisted of a higher proportion of older CYP (15-17 vs 11-14),
more females (vs males), and more CYP from less deprived areas (Table 1).

Cross-Sectional Loneliness Scores by Phases of the COVID-19 Pandemic
Figure 3 and Table S2 present average loneliness scores across the six pandemic phases, in test-positive and test-negative
CYP (see Table S2 and Figure S2 for corresponding information on the 1-item loneliness measure). Average loneliness

scores showed a slight (although not substantial) increase over time, with test-negative CYP reporting higher scores of
loneliness. For example, mean (SD) loneliness was 4.3 (1.7) during Phase 1 and 4.9 (1.9) during Phase 6 in test-negative
CYP; corresponding values in test-positive CYP were 4.2 (1.7) and 4.7 (1.8).

Loneliness Trajectories
The 4-class solution provided the most appropriate solution to the data (Text S2 and Tables S3, S4). The 4 classes can be
described as:

(i) a high loneliness group

In this class, which represented 5.3% of CYP, mean loneliness scores almost reached 8 on the UCLA loneliness scale.
This class was characterized by a higher proportion of older adolescents, females, living in areas with higher deprivation,
and more likely to meet the research definition of Long COVID 12-months post index-test (Table 2). For example, 62.8%
of those following the high loneliness trajectory fulfilled the long COVID definition, compared to 41.1%, 20.2% and
9.3% of the medium, low-increasing and low loneliness groups, respectively (described below, see also Table 2 and
Figure 4).

(i1) a medium loneliness group
This trajectory was characterized by average scores varying around 6 on the UCLA loneliness scale. This class

represented 25.5% of CYP of whom 72% were from the older age group, 78% female and 41% fulfilled the Long
COVID definition.
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Table | Demographics of Target Population and Participants Included in the Analytic Sample; N(%)

Target Population | All Participants | Positive for SARS-CoV-2 | Negative for SARS-CoV-2
(n = 127,894) (n =5851) (n = 3260) (n=2591)
Age group (years)
11-14 61,589 (48.2) 2340 (40.0) 1379 (42.3) 961 (37.1)
15-17 66305 (51.8) 3511 (60.0) 1881 (57.7) 1630 (62.9)
Sex
Female 67,949 (53.1) 3805 (65.0) 2,110 (64.7) 1,695 (65.4)
Male 59,945 (46.9) 2046 (35.0) 1150 (35.3) 896 (34.6)
IMD quintile®
| (most deprived) 38,081 (29.8) 1059 (18.1) 574 (17.6) 485 (18.7)
2 26,263 (20.5) 1044 (17.8) 586 (18.0) 458 (17.7)
3 22,135 (17.3) 1112 (19.0) 605 (18.6) 507 (19.6)
4 21,175 (16.6) 1248 (21.3) 689 (21.1) 559 (21.6)
5 (least deprived) 20,240 (15.8) 1388 (23.7) 806 (24.7) 582 (22.5)
Ethnicity
White Not recorded 4286 (73.3) 2426 (74.4) 1860 (71.8)
Asian/Asian British 768 (13.1) 418 (12.8) 350 (13.5)
Black/African/Caribbean 140 (2.4) 75 (2.3) 65 (2.5)
Mixed 259 (4.4) 131 (4.0) 128 (4.9)
Other 64 (1.1) 39 (1.2) 25 (1.0)
Preferred not to say 26 (0.4) 16 (0.5) 10 (0.4)
Region
East Midlands 11,002 (8.6) 586 (10.1) 318 (9.8) 268 (10.3)
East of England 12,818 (10.0) 673 (11.5) 369 (11.3) 304 (11.7)
London 18,128 (14.1) 728 (12.4) 360 (11.0) 368 (14.2)
North East England 7177 (5.6) 315 (5.4) 188 (5.8) 127 (4.9)
North West England 23,953 (18.7) 881 (I5.1) 507 (15.6) 374 (14.4)
South East England 15,739 (12.3) 859 (14.7) 483 (14.8) 376 (14.5)
South West England 6947 (5.4) 436 (7.5) 248 (7.6) 188 (7.3)
West Midlands 17,134 (13.4) 763 (13.0) 423 (13.0) 340 (13.1)
Yorkshire and the Humber 14,996 (11.7) 610 (10.4) 364 (11.1) 246 (9.5)

Note: *The Index of Multiple Deprivation (IMD) was calculated from the small local area level based geographic hierarchy (lower super output area) at the time of
the first questionnaire and used as a proxy for socio-economic status. We report IMD quintiles from most (quintile ) to least (quintile 5) deprived.
Abbreviation: IMD, Index of Multiple Deprivation.

(iii) a low-increasing group

This class had the highest proportion of CYP at 38.4% and its trajectory was characterized by initially very low
average scores of just over 3 and a slight increase to over 4 points on the UCLA loneliness scale. In this class, 61% of
CYP were older, 67% female and 20% fulfilled the Long COVID definition.

(iv) a low/no loneliness group

30.8% of CYP were classed into this category and this trajectory was characterized by consistent average scores of 3
(the lowest score on the UCLA loneliness scale). 46% of CYP belonging to this group were older, 49% female and 9%
fulfilled the long COVID definition.
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Figure 3 Average UCLA loneliness score by phase of the COVID-19 pandemic and SARS-CoV-2 PCR test result.
Note: For ten respondents who had two measures within one phase, the first measure was used in the above description.

Factors Associated with Loneliness Trajectories

Being older, female, living in more deprived areas and testing negative for SARS-CoV-2 were associated with greater
odds of being in higher loneliness classes (compared to the low loneliness class, Table 3). For example, the odds ratios
(ORs) comparing older (15—17 year olds) to younger (11-15 year olds) CYP were 1.8 (1.6, 2.1) for low-increasing, 3.0
(2.6, 3.5) for medium and 4.5 (3.4, 6.0) for high loneliness compared to the low loneliness class. When associations
between PCR-testing and loneliness trajectories were adjusted for age, associations remained broadly consistent with
those reported in Table 3 (see footnotes).

Associations Between Loneliness Trajectories and Long COVID at |12-Months Post

Index-Test

There was a trend such that, compared to the low loneliness class, being in the low-increasing, medium and high
loneliness classes were associated with greater odds of Long COVID 12-months post index-test (Table 4). For example,
adjusted ORs for long COVID were 2.3 (1.9, 2.8) for low-increasing, 6.5 (5.3, 7.9) for medium and 15.9 (11.9, 21.3) for
high loneliness classes compared to the low loneliness class. There was no evidence that associations differed by PCR
test result (Pinteraction=0-35).

Supplementary and Sensitivity Analyses

The second-best class solution was the 3-class solution, with classes identified as high (prevalence=14.6%), low-
increasing (prevalence=43.9%) and low loneliness (prevalence=41.5%). In the sub-sample with data at 3-, 6- and 12-
months (N=1934), a 1-degree fractional polynomial fit the data better than the quadratic function used in the main
analysis (Table S5). Hence, we considered both the 4-class solution with fractional polynomials and with a quadratic
function (to be comparable to the main analysis). Trajectories of the 3-class solution (using all available data) and 4-class
solutions (in the sub-sample) are shown in Figures S3-S5. Factors associated with the loneliness trajectories and
subsequent associations with long COVID are shown in Tables S6 and S7. In line with analyses reported above, (i)
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Table 2 Demographic Characteristics of CYP Assigned to Each Latent Loneliness Trajectory Class; N (%)

High Medium Low-Increasing Low
Loneliness Loneliness Loneliness Loneliness

N (%) 312 (5.3) 1490 (25.5) 2247 (384) 1802 (30.8)
Age group (years)

11-14 65 (20.8) 420 (28.2) 880 (39.2) 975 (54.1)

15-17 247 (79.2) 1070 (71.8) 1367 (60.8) 827 (45.9)
Sex

Female 264 (84.6) 1156 (77.6) 1496 (66.6) 889 (49.3)

Male 48 (15.4) 334 (22.4) 751 (33.4) 913 (50.7)
IMD quintile

| (most deprived) 72 (23.1) 267 (17.9) 397 (17.7) 323 (17.9)

2 58 (18.6) 292 (19.6) 392 (17.5) 302 (16.8)

3 68 (21.8) 289 (19.4) 398 (17.7) 357 (19.8)

4 55 (17.6) 311 (20.9) 492 (21.9) 390 (21.6)

5 (least deprived) 59 (18.9) 331 (22.2) 568 (25.3) 430 (23.9)
SARS-CoV-2 PCR index-test result

Positive 161 (51.6) 775 (52.0) 1259 (56.0) 1065 (59.1)

Negative 151 (48.4) 715 (48.0) 988 (44.0) 737 (40.9)
Fulfilled Long COVID definition® 12-months post index-test 196 (62.8) 613 (41.1) 454 (20.2) 168 (9.3)
Stratified by:

Positive 105 (53.6) 364 (59.4) 279 (61.5) 118 (70.2)

Negative 91 (46.4) 249 (40.6) 175 (38.5) 50 (29.8)

Note: *Using data from the questionnaire on symptoms and the EQ-5D-Y scale at the time of the last questionnaire (ie approximately |2-months after the index PCR-test),
Long COVID was operationalized as having at least | symptom and experiencing some/a lot of problems with respect to mobility, self-care, doing usual activities or having
pain/discomfort or feeling very worried/sad. For test-negatives we excluded the need for a positive PCR test.

Abbreviation: IMD, Index of Multiple Deprivation.

trajectories suggested broadly similar groups with little or no increase over time, (ii) there was robust support for strong
associations between age and sex with loneliness trajectories and (iii) associations between loneliness trajectories and
long COVID were robust (even when controlling for baseline physical and mental health and loneliness; Table S7).

Discussion

Summary of Principle Findings

In our sample of nearly 6000 11-17-year-old CYP, we had three important findings. First, we found four distinct
trajectories of which three were mostly stable (high, medium and low) and one low-increasing trajectory. This suggests
that overall, loneliness was relatively unaffected by lockdowns and easing of restrictions, however, there may be
a subgroup with increasing loneliness over time despite easing of restrictions. Second, being older, female, from more
deprived areas and testing negative for SARS-CoV-2 were associated with greater odds of following higher loneliness
trajectories. Finally, we found that compared to a stable low loneliness trajectory, following higher loneliness trajectories,
including a trajectory with small increases from initially low loneliness levels, were associated with greater odds of Long
COVID 12-months post index-test, irrespective of index SARS-CoV-2 status.

Comparison with the Literature

Over the second year of the COVID-19 pandemic, we found the prevalence of CYP feeling frequently lonely (often or
always; assessed by the single-item direct measure) ranged between 7% and 9.8% in our sample of 11-17-year-old CYP.
This is similar to the stable average prevalence of 8.2% reported for 11-15-year-old CYP between 2006 and 2014, but
lower than the 11.3% prevalence reported for 10—15 year olds in 2017/18.'""'* However, direct comparisons of these
figures are limited by a number of factors, such as differences in loneliness measures (different direct question/use of
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Figure 4 Plotted loneliness trajectories.

a 3-point scale in previous studies vs the Office for National Statistics 5-point single direct measure used here), and
populations (eg different age ranges).

We identified four distinct loneliness trajectories in CYP, characterized by stable high, medium, low-increasing and
stable low/no loneliness. In line with our cross-sectional findings, trajectories showed a marginally increasing, but mostly
stable trend in loneliness (UCLA scale) over time. There were thus, on average, no observed changes in feelings of
loneliness that corresponded with the opening of lockdowns and relaxing of restrictions. This finding differs from
previous reports that loneliness in 16-24 years old individuals in the UK tracked closely with restrictions at the beginning
of the COVID-19 pandemic and returned to pre-pandemic levels by September 2021.** However, comparisons are
limited due to the different age groups examined, measures of loneliness used, and methods employed. For example, the
former study examined loneliness using responses to a single item in 16—24-year-olds assuming no subgroups exist that

experience different trajectories of loneliness. In contrast, we examine loneliness using a validated scale in 11-17-year-

Table 3 Factors Associated with Latent Loneliness Trajectory Class, Univariate Associations from
Multinomial Logistic Models (Low Loneliness Class = Reference Category), OR (95% ClI)

High Loneliness | Medium Loneliness | Low-Increasing Loneliness
Age group
15-17 (vs <I5 years) 4.5 (3.4, 6.0) 3.0 (2.6, 3.5) 1.8 (1.6, 2.1)
Sex
Female (vs male) 5.6 (4.1, 7.8) 3.6 (3.1, 4.1) 2.0 (1.8, 2.3)
IMD? 0.9 (0.8, 1.0) 1.0 (0.9, 1.0) 1.0 (1.0, 1.1)
Positive SARS-CoV-2 index-test® | 0.7 (0.6, 0.9) 0.8 (0.7, 0.9) 0.9 (0.8, 1.0)

Note: Models with robust standard errors; significant associations after Benjamini-Hochberg adjustment in bold; *per quintile, from |
(most deprived) to 5 (least deprived); when controlling for age, ORs (95% Cl) were 0.8 (0.6, 1.0), 0.8 (0.7, 0.9), and 0.9 (0.8, 1.0)
respectively.

Abbreviations: Cl, Confidence interval; IMD, Index of Multiple Deprivation; OR, Odds ratio.
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Table 4 Unadjusted and Adjusted Associations with Long COVID?® at 12 Months Post Index-
Test, OR (95% ClI)

Unadjusted Adjusted
Loneliness trajectory class (Low loneliness=reference)
High loneliness 17.1 (12.9, 22.7) 15.9 (11.9, 21.3)
Medium loneliness 6.8 (5.6, 8.3) 6.5 (5.3, 7.9)
Low-increasing loneliness 2.4 (2.0, 2.9) 2.3 (1.9, 2.8)
Age group (15-17 vs 11-14) 1.4 (1.2, 1.6) -
Female sex 2.2 (1.9, 2.5) -
IMD 0.9 (0.8, 1.0) -
Positive PCR index-test 1.3 (1.1, 1.5) -

Notes: Models including latent class trajectories weighted by posterior probabilities; adjusted model controlled for age
group, sex, IMD and PCR test result; significant associations after Benjamini-Hochberg adjustment in bold; *Using data
from the questionnaire on symptoms and the EQ-5D-Y scale at the time of the last questionnaire (ie approximately 12-
months after the index PCR-test), Long COVID was operationalized as having at least | symptom and experiencing
some/a lot of problems with respect to mobility, self-care, doing usual activities or having pain/discomfort or feeling
very worried/sad. For test-negatives we excluded the need for a positive PCR test.

Abbreviations: Cl, Confidence interval; IMD, Index of Multiple Deprivation; OR, Odds ratio.

olds and explore the existence of different subgroups in the population. Similar to our analysis, other cross-sectional
research with CYP in Great Britain conducted between summer 2020 and summer 2021 found little variation in
loneliness over time.”> On the other hand, in Western Australia, adolescents had increased loneliness levels after school
opening suggesting that country specific handling of the pandemic and subsequent lockdowns may impact feelings of
loneliness differently.* Other research conducted in UK adults during the first national lockdown also identified four
loneliness trajectories of which two were stable, one was characterized by high increasing and one by low decreasing
loneliness.”® However, the population and period studied were very different to ours. In summary, without pre-pandemic
or early pandemic baseline levels of loneliness and longer follow-up, it is difficult to say whether our trajectories over
the second year of the COVID-19 pandemic reflect a stable continuation of pre-pandemic or pandemic related loneliness
levels.

In line with previous research in the general population, we found that being female, older, and living in a more
deprived area was associated with following higher loneliness trajectories.®'??%#*% A positive SARS-CoV-2 PCR test
was associated with lower odds of being in the high and medium loneliness trajectories (compared to the low loneliness
class), which is counter to what might be expected from social behaviors and cognitive processes commonly associated
with sickness.*’ In fact, recent analyses of retrospective loneliness data in the CLoCk study found testing positive for
SARS-CoV-2 was associated with increased loneliness from pre-pandemic levels to the time of study enrollment
(McOwat K, personal communication, October 16, 2023). While the association in our study weakened after accounting
for age, it remained. One possible explanation is that CYP who had to shield consequently experienced both higher
loneliness and were less likely to get infected. Alternatively, CYP who had been mixing more with others were more
likely to get infected and/or to feel more comfortable mixing after recovering from an infection, despite social distancing
measures, and as a result felt less lonely.

Loneliness trajectories showed strong relationships with long COVID one year after the index-test. These results fit
with previous research, showing that loneliness is associated with adverse health outcomes.*”>* Our study extends
previous findings to CYP in England during the COVID-19 pandemic, examining links between loneliness trajectories
and long COVID. While long COVID was more common in test-positive CYP, and there was an association between
index-test and loneliness trajectories, we did not find evidence that PCR index-test result differentially affected
associations between loneliness trajectories and the odds of Long COVID one year after SARS-CoV-2 testing.
Importantly, our findings highlight that associations between loneliness and adverse health outcomes were not limited
exclusively to those classified into the high loneliness trajectory group. Even those belonging to a group with low but

somewhat increasing levels of loneliness had 2.3 greater odds of Long COVID compared to those who never felt lonely.
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Strengths and Limitations

This study has a number of strengths including the large sample size of the CLoCk dataset, long follow-up across
different phases of the COVID-19 pandemic and data availability from matched SARS-CoV-2 positive and negative
CYP. The latter allowed us to distinguish prospective health outcomes associated with a previous infection from cohort-
wide health outcomes associated with living through a pandemic. However, we acknowledge that some participants
might have been misdiagnosed as SARS-CoV-2 negative and vice-versa which could underestimate any associations and
interactions with PCR test status. By using trajectories rather than cross-sectional measures we were able to account for
fluctuations over time and assess whether there were different subgroups of CYP experiencing distinct trajectories of
loneliness and the long-term consequences associated with these trajectories. We modelled unconditional LCGAs which
has the advantage of being fully data driven and independent from covariates which reduces bias when assessing
associated factors and outcomes in subsequent steps.’> Finally, we opted for an explorative approach using LCGAs which
is hypothesis-generating and chose a solution using a number of criteria (eg model fit, class size etc.). Importantly, we
were able to demonstrate robustness of our results using sensitivity and supplementary analyses.

We acknowledge study limitations. First, the observational nature of the data and lack of prospectively collected
baseline measures limited causal conclusions regarding the association between loneliness and health outcomes.
Additionally, it is possible that there is a bi-directional association between loneliness and health.**>' Poor health and
chronic health conditions are known risk factors of experiencing loneliness and poor mental health, potentially amplified
during the COVID-19 pandemic for subgroups who had to shield because of their health condition.****>* Nevertheless,
the longitudinal data allowed assessment of temporality by using measures of exposures (loneliness) preceding the
outcome (Long COVID) and controlling for baseline loneliness, physical and mental health measures in a subsample
with limited recall bias. Second, the sample representativeness and generalization of results was limited by self-selection
response bias and drop-out. For example, our sample consisted of a higher proportion of females, 15—17-year-olds and
CYP living in less deprived areas. Furthermore, testing regimes changed during the study period from symptomatic to
asymptomatic testing, and we could not match test-positive and test-negative CYP on testing reason.”* Thus composition
of the groups of CYP with a positive and negative PCR test might be unbalanced and associations confounded by
unmeasured factors. We have recently developed flexible survey weights to address potential bias and selection issues in
the CLoCk study and have demonstrated that previously reported prospective findings from CLoCk (based on a sample
similar to those presented in the current manuscript) are generalizable to the wider population of CYP in England.>>->
Third, all relevant measures (eg loneliness, health outcomes etc.) were self-reported which is subject to biases and
measurement errors. While self-report is an acceptable method of data collection in large-scale epidemiological studies
such as CLoCk, future studies may want to extend our research using other objectively measured health outcomes.
Fourth, we did not have data on individual level socio-economic status and thus cannot comment on associations with
individual level deprivation as this is distinct from area level deprivation.’”-*® Fifth, at the outset, we aimed to develop
loneliness trajectories using GMMs. However, the added complexity in developing GMMs compared to LCGAs, the
relatively small number of time points (n=3) and participants meant many of our GMMs failed to fit. While not as
realistic as GMMs, our LCGAs are still more likely to reflect reality than studies that assume a single “average”
loneliness trajectory around which individuals vary.** As such, LCGA is the recommended approach when more
complex models do not converge.*> Furthermore, due to current software limitations, we were unable to conduct
recommended bias-adjusted approaches to account for misclassification bias into latent classes when relating classes to
covariates and external outcomes (currently unavailable in the R packages).*> However, we used robust standard errors
and weights to reduce classification biases. Sensitivity analyses were also conducted to assess the robustness of our
results. Sixth, while our trajectories accounted for loneliness measures being taken across a wide range of pandemic
contexts, we did not account for this in our outcome of Long COVID 12-month post index-test. Stratifying for the latter
would have led to power issues and further complexity which were deemed unnecessary for the scope of this study given
the robust associations. Similarly, we did not stratify by time of infection, even though CYP were infected at different

times when different virus variants were prevalent (eg wildtype or alpha).
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Implications
While loneliness in adolescence may be a normative experience when changes in school and shifts in peer relations take
place, chronic rather than transient loneliness is of great concern; both in its own right and also due to its associated
mental and physical health implications.'*'® Furthermore, our results suggest that even small increases from low
loneliness levels may be associated with worse health. This has important implications to identify those groups most
at risk of experiencing higher or increasing loneliness levels and to invest in longitudinal research tracking long-term
loneliness trajectories. Our analysis was robust, but conclusions may be limited due to examining observational data with
a lack of baseline information, potential sample selection and use of self-report. Thus, future research may address some
of these limitations. Future work may also consider possible pathways through which loneliness affects health including
a behavioral (eg smoking, physical inactivity), psychological (eg reduced self-efficacy) and/or physiological (eg stress
response, immune dysregulation) pathway.**>'**"** Having such evidence can illuminate plausible underlying mechan-
isms. Finally, future research may also look into the role of media and misinformation in feelings of loneliness.®>*®
Concerns around loneliness levels and its wider impacts are not new. The work of the Jo Cox Loneliness Commission
and the government’s loneliness strategy, “A connected society: A strategy for tackling loneliness”, are examples of pre-
pandemic efforts towards tackling loneliness in the UK.%"°® However, despite there being increasing concern about the
long-term effects of the COVID-19 pandemic on CYP’s health, there is a scarcity of loneliness research in CYP limiting
comparison of trajectories, risk factors, and health outcomes. We recommend further research using the nationally
recommended loneliness measures and validated scales to enable between study comparisons.*?

Conclusion

We have demonstrated that during the second year of the COVID-19 pandemic in the UK, CYP exhibited four distinct
loneliness trajectories, 5.3% of CYP were classified into a group experiencing (chronically) high loneliness. Being older,
female and living in deprived areas were associated with greater risk of experiencing high loneliness. For the first time,
we have shown that compared to CYP who demonstrated low loneliness, those experiencing chronically high levels had
almost 16 times greater odds of subsequent adverse health, while those with initially low but increasing loneliness levels
had over 2 times greater odds. Our findings identify groups of CYP who may be most in need of interventions to tackle
loneliness and prevention of associated adverse health outcomes. More research is needed to understand longer-term
trajectories, underlying mechanisms and health outcomes.

Abbreviations

BIC, Bayesian Information Criteria; CYP, Children and young people; GMM, Growth Mixture Models; IMD, Index of
Multiple Deprivation; LCGA, Latent Class Growth Analyses; OR, Odd’s Ratio; PCR, Polymerase Chain Reaction; SD,
Standard Deviation; STROBE, Strengthening the Reporting of Observational Studies in Epidemiology; UCLA,
University of California, Los Angeles; UKHSA, United Kingdom Health Security Agency.
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parent/caregiver would complete a consent form. Both were needed to indicate consent to the study. CYP who were 16 or
older were asked to complete the Young Person Consent Form.
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