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2. Introduction

2.1. Background

Prior to the COVID-19 pandemic, there was widespread concern over rising mental health difficulties
experienced by adolescents. In 2017, between 14-17% of adolescents aged 11-19 were found to meet diagnostic
criteria for at least one mental disorder in England (1). Cross-cohort studies have demonstrated increases in
internalising difficulties that indicate a deterioration of adolescent mental health over time (2, 3). It is
important to understand whether the COVID-19 pandemic has contributed further to increased mental health
difficulties in adolescence.

Despite widespread concern and media coverage about the impact of COVID-19 and related school
closure on adolescent mental health (4), there remains limited robust empirical evidence which can causally
attribute mental health changes to the pandemic (5, 6). To isolate the pandemic’s effect, studies must include
pre-pandemic assessments of symptoms (7) and account for age effects given known developmental patterns
in mental health difficulties (8). Even when longitudinal data is available, results must be considered in the
context of secular trends in child and adolescent mental health (9). Differentiating between age or
developmental changes and the impact of the COVID-19 pandemic is of particular relevance for younger
populations, as internalising symptoms are known to increase year-on-year from mid-adolescence (10, 11).

Much of the existing evidence is based on cross-sectional studies with no pre-pandemic assessments
of mental health. Longitudinal data for this population is limited and in this age group, poses the unique
challenge of differentiating between developmental change and COVID-19 impact. A living systematic
literature review investigating the changes in mental health symptoms within the same individuals from pre-
COVID-19 and across distinct phases of the pandemic, identified only four studies with child and adolescent
samples (by June 2021 when this was written), none of which were from the United Kingdom (UK) (12).
Findings from these few studies are mixed, with increased internalising symptoms reported in Australia (13)
and increased conduct and overall difficulties reported in Spain (14). In contrast, fewer depressive and
externalising symptoms were reported in China (15) and the Netherlands respectively (8). More recently,
results from a longitudinal, population-based study in Iceland revealed trajectories of pre-pandemic
depressive symptoms between 2016 and 2018 and during the COVID-19 pandemic (16). Adolescents aged 13-
18 years reported significantly more depressive symptoms during the pandemic, and mental wellbeing
decreased beyond what might be expected based on existing time trends of adolescent mental health (6).

In the UK, data from an ongoing regional cohort (Wirral Child Health and Development Study),
revealed stark increases in young adolescents” depressive symptoms, post-traumatic stress disorder, and
externalising difficulties during the COVID-19 pandemic (17). At a national level, the only population-based
data indicating changes in mental health has come from the COVID-19 follow-up of the 2017 prevalence study
(18). A higher proportion of children were found to be experiencing mental health difficulties, albeit
methodological limitations around low response rates and differences in the mode and method of assessment
before and during the pandemic (19). Both these UK studies are limited in their ability to separate
developmental changes from pandemic related impact.

2.2. Objectives
To address some of these methodological challenges, this study exploited the serendipitous design of two
large, ongoing multi-phase intervention trials. Using two cohorts of students, we are better able to isolate the
impact of the COVID-19 pandemic on adolescent mental health from age and longer-term trends than
previous studies (see Figure 1). In each study-“phase”, baseline measures were assessed with adolescents aged
11-15 years across secondary schools. While in both phases the baseline assessment happened prior to the
pandemic, the follow-up in phase 1 (pre-COVID-19 group) was assessed just before the pandemic (January -
March 2020). Adolescents participating in phase 2 (COVID-19 group), experienced the pandemic and school
closures between baseline and follow-up (February - April 2021). Hence, this paper aims to answer the
following research question: What impact has the COVID-19 pandemic had on adolescent mental health,
specifically, depressive symptoms (primary outcome), externalising difficulties, and life satisfaction
(secondary outcomes)? We hypothesise that after controlling for baseline variables, levels in depressive
symptoms and externalising difficulties will be higher, and life satisfaction lower, during the COVID-19
pandemic compared to before.

There has been some evidence from UK studies tracking families throughout the pandemic, that
children with special educational needs (SEN) and from low-income homes were particularly impacted by
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COVID-19 related school closures and lockdown (20). To investigate whether this is the case in our study
population, we will subsequently examine whether there were socio-demographic differences (based on
gender, ethnicity, socio-economic disadvantage, and special educational needs) in the impact of the COVID-19
pandemic on adolescent mental health outcomes.

<Insert Figure 1 here>

3. Materials and Methods

3.1. Study Design and Setting

Details of the trials from which these data are drawn are described below. The Education for Wellbeing
Programme (EfW) is an evaluation of five school-based, mental health and wellbeing interventions which are
organised into two parallel group cluster randomised controlled trials (RCTs) (21, 22). Interventions in Schools
for Promoting Mental Wellbeing: Research in Education (INSPIRE), is a four-arm cluster RCT comparing three
interventions (Mindfulness, Relaxation and Strategies for Safety and Wellbeing) to usual provision (control).
Approaches for Wellbeing and Mental Health Literacy: Research in Education (AWARE) is a cluster RCT
consisting of three-arms, comparing two mental health education interventions (Youth Aware of Mental
Health (YAM) and The Guide) to usual provision (control). Randomisation of schools was conducted
following baseline data collection by King’s Clinical Trials Unit using an equal allocation ratio (1:1:1).
Minimisation was applied for deprivation (free school meal eligibility), geographic region (London, Greater
Manchester and North-West, Bath & Bristol and Durham), urban/rural location, and mental health provision
reported at baseline (prior interventions coded absent/present) to ensure that conditions were comparable. For
a full description of interventions, study design and measures, see the trial protocol papers (21, 22).

Due to the size of the two trials, schools were recruited in two phases (Figure 1; allocation to all
interventions in both phases). Outcomes were assessed at baseline (prior to intervention randomisation)
(phase 1 [pre-COVID-19 group]: September - October 2018, phase 2 [COVID-19 group]: September - October
2019) and 1-year follow up (9-12 months after interventions had been delivered) (pre-COVID-19 group:
January — 11th March 2020, COVID-19 group: February - April 2021). Participants in phase 1 (N =xxxx from XX
schools) acted as controls. Those in phase 2 (N = xxxx from XX schools) were exposed to the COVID-19
pandemic between the baseline and follow up assessments, leading to a natural experiment.

<Insert Figure 2 here>

3.2. Participants

Recruitment of participants was conducted in multiple stages. First, schools selected groups in relevant year
groups to receive an intervention, if allocated. Second, letters were sent to the parents/carers of these pupils
with information about the study; at this stage, they were offered the chance to opt their child out of the
research. Finally, before completing the online surveys, pupils were presented with an information sheet and
could assent to taking part by ticking all relevant boxes. If assent was not gained, the young person could not
be part of the evaluation. The first young person participated on 17 September 2018. Ethics approval was
obtained from University College London Research Ethics Committee [6735/009, 6735/014].

The main analytic sample in the current study is defined as all schools that were recruited to the trial
and that took part in pupil surveys at both timepoints (baseline and 1-year follow up). All participants who
completed some items of the survey at baseline or 1-year follow up were considered as part of the primary
analysis sample. Figure 2 illustrates the participant flow diagram. We cannot complete all boxes at this stage
and are including this figure to demonstrate how we will represent the participant allocation and drop out at
various stages and the final analytic sample.

3.3. Variables

3.3.1. Individual level covariates

We will examine group differences and control for a range of individual pupil-level characteristics. These
include age group (school year 7, 8 or 9 at baseline), child gender (male or female), socio-economic position
assessed using eligibility for free school meals (FSM eligible or not), ethnicity (white or ethnic minority) and
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special education needs status (SEN, yes or no). Year group and gender data were provided directly by the
schools and all other information on pupil-level socio-demographic characteristics will be available via linkage
to the National Pupil Database (NPD) (see Table 1). This linkage has not yet occurred, but we expect that
covariate data will be missing for a small proportion of children due to unsuccessful linkage and these
children will be excluded from analysis (as shown in Figure 2.).

3.3.2. School level covariates

When investigating the effect of condition (pre-COVID-19 group vs. COVID-19 group) on adolescent mental
health outcomes, we will also control for several school-level characteristics that were used for minimisation
for randomisation following baseline data collection. This information was obtained from the Department for
Education’s, Get Information About Schools (GIAS) service. School-level free school meal eligibility (%) will
be included as an indicator of deprivation, as well as urban/rural status. The extent of existing mental health
provision (prior interventions) reported by schools at baseline will also be included as a covariate. See Table 1
for the source and coding for each school-level variable.

3.4. Measures

3.4.1. Outcome measures

At all timepoints and across both phases of the study, schools were instructed to administer the pupil
questionnaires via a secure online survey in teacher facilitated sessions during the normal school day. As
described in the introduction, the primary outcome was depressive symptoms with externalising difficulties
and life satisfaction considered secondary outcomes.

3.4.2. Primary outcome: depressive symptoms

The primary outcome measure of this study is adolescent self-reported depressive symptoms. Participants
completed the Short Mood and Feelings Questionnaire (SMFQ) (23), a 13-item self-report measure of
depressive symptoms in the previous two weeks. Examples of questions included are ‘I felt miserable or
unhappy’ and ‘I felt I was no good anymore’. Questions are rated on a 3-point Likert scale (0= “not true”, 1=
“sometimes”, 2= “true”). Possible scores range from 0 to 26, with higher scores indicating greater depressive
symptoms. The continuous depressive symptoms score will be the primary outcome measure. A binary score
to assess impact on prevalence of caseness will be generated using the established cut off score (> 12)
indicating high levels of depressive symptoms (23).

3.4.3. Secondary outcomes: externalising difficulties and life satisfaction

Externalising difficulties were measured using the behavioural difficulties subscale of the Me and My Feelings
questionnaire (24, 25), a 6-item self-report scale (e.g., ‘I hit out when I'm angry’) with three response options:
“never”, “sometimes”, and “always”. Responses were summed to create a total behavioural difficulties score,
with higher scores indicating greater difficulties. The scale has an established cut-off score of > 6, which will be
used for analysis examining a binary outcome of high externalising difficulties (24).

Life satisfaction was measured using the Huebner Life Satisfaction Scale (LSS; 26). The original scale
consisted of 10 items with four response options: “never”, “sometimes”, “often”, and “almost always”. In this
study, we use the adapted version of the scale that was reduced to 7 items with 6-point Likert scales ranging
from “strongly disagree” to “strongly agree” following psychometric testing (26, 27). Items include ‘my life is
going well” and two items, ‘I would like to change many things in my life’ and ‘I wish I had a different kind of
life” that will be reverse scored so that high scores indicate greater life satisfaction. A total score is created

summing responses from the 7 items, with higher total scores indicating greater life satisfaction.
<Insert Table 1 here>

3.5. Analysis Strategy

3.5.1. Descriptive statistics and data checks

We will compare the distribution of baseline characteristics for the schools across the two phases, using effect
sizes to describe potentially relevant univariate differences. The same comparison will be performed for
participants. Descriptive statistics (means for continuous and percentages for binary outcomes) with 95%
confidence intervals will be presented for the primary and secondary outcomes at baseline and follow-up for
each phase. We will also present histograms showing the distributions of the continuous outcome variables at
baseline and follow-up for each phase in the supplementary material.
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<See Table 3 for an example of a prevalence table displaying the balance of school-level characteristics across
phase 1 (pre-COVID-19 group) and phase 2 (COVID-19 group) at baseline and 1-year follow-up. >

3.5.2. Estimating the impact of the pandemic

All analyses will be conducted using Stata 17 software. The primary outcome analysis will use a random
intercept (for schools) linear multivariable regression model with depressive symptoms at 1-year follow-up as
the dependent variable. The model will be specified as follows:

Level 1: DSij = ﬂo]' + B(1 _k)IndivIV,-,- + eij
Level 2: Boj =Yoo + Po1Phasej + Boz — nSchoollVsj + uo;j

with D§;; as the depressive symptom score at 1-year follow up of student i in school j. On Level 1, the
depression score is regressed upon fixed effects of the k individual student covariates (IndivIV; see Table 1);
and on Level 2 on I school characteristics (see Table 1) with school-level variance uy; and individual-level error
term e;;. As all Level-1 slopes are defined as fixed effects, the additional specification equations are omitted.
Phase (exposure to COVID-19 pandemic) is the key regressor and the primary result will be the coefficient B¢,
which, if found statistically significant at p <.05, will be interpreted as the COVID-19 pandemic having
potentially had an effect on adolescents’ depressive symptoms. The direction of the potential effect is
“increased adolescent depressive symptoms” if the SMFQ score is higher in phase 2 (and “decreased” if
higher in phase 1). If the coefficient is not statistically significant, the primary outcome analysis will be
interpreted as “no supporting evidence for a difference was found”. For the dichotomous high depressive
symptoms and externalising symptoms, we will run similar random intercept logistic multivariable regression
models and report odds ratios.

The same strategy will be employed for the secondary outcomes, but we will be clear that the primary
outcome analysis takes priority in interpretation of the results. As the selection of independent variables is
determined by the variables available in the main study, the reporting will focus on the result for the focal
variable - phase. While the full regression models will be reported as supplementary information, the
coefficients for the other variables will not be interpreted (28).

We will estimate standardised effect sizes for all three outcomes (one primary and two secondary
outcomes) by dividing the estimated coefficient g4, over the standard deviation of the dependent variable.
Apart from providing estimates of practical significance of the findings, this has the additional benefit of
allowing comparisons of effect sizes across the outcomes (which is not possible when comparing coefficients
as the scales and ranges of the measures vary). While it is difficult to provide a general cut-off for what is a
relevant effect size in population-based research, in this study anything above a 10% of a standard deviation
change in continuous scores would be considered an effect with potentially practical significance at
population level (29).

An additional approach to considering effect size as recommended for population-based research (29),
is the population attributable fraction (PAF; 30). We will estimate the PAF only for the primary outcome if
there is support for our hypothesis (i.e., significant impact of COVID-19 on depressive symptoms). This
allows one to estimate the number of cases that are attributable to the exposure of interest (i.e., COVID-19) and
hence from this we can estimate the proportion of cases fewer than might be expected in the absence of the
COVID-19 pandemic. We will estimate this using the punaf package in Stata (31).

3.5.3. Sensitivity analyses

To describe the multivariate comparability of the two samples considering school- and individual-level
variables, a propensity score will be estimated with a random intercept logistic regression model, first for
individual level only and then for a model with both school- and individual-level baseline variables as
predictors of “phase”. We will separately visualise the distribution of the two propensity scores across the
cohorts; and we will use the Stata module psmatch2 (-pstest-; 32) and 1-to-1 matching to report descriptive
statistics for the included covariates (see Table 1), with and without matching. Although this will result in
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some unmatched students across phases (due to unequal sample sizes), this descriptive method offers
comprehensive insight into the comparability of the underlying samples with respect to the available
characteristics.

While the applied mixed effects models can accommodate missing data in the dependent variable
(under the MAR assumption), two sensitivity analyses will explore the sensitivity of our main finding by
adding additional approaches to account for missing data. The first of these analyses will extend all models by
inverse probability weighting for the probability to be a drop-out at follow-up (see Table 4 below and
description of missing data analyses). The second of these analyses will use multiple imputation with chained
equations using the full set of study variables as auxiliary variables to enhance the data for participants who
are only partially observed at baseline. Results of the primary and secondary outcomes, including the two
sensitivity analyses, will be reported as displayed in Table 5.

3.5.4 Exploratory analysis: subgroup differences

To examine whether the impacts of the pandemic were differently experienced by sub-groups of adolescents,
we will conduct the main analysis with an interaction term between each modifier of interest and phase in a
separate model for each modifier (gender, ethnicity, socio-economic status, and SEN). Given the modifiers of
interest are all binary categorical (coded 0,1) these will be entered into the models as is, as these interaction
terms remain directly interpretable. If an interaction term has a p-value <0.10 we will visualise the interaction
results in a graph based on predicted margins from the model. A sensitivity analysis for these models will be
conducted where all modifiers and their interaction with phase are included in the same model (33).

3.5.5. Missing data

We will first examine the rates and predictors of missing data at follow-up assessment, and these will be
reported. Alongside the complete case analysis, we will 1) conduct weighted analysis to account for non-
response at follow-up. Non-response weights will be created separately in each phase as the mechanisms
generating missingness might vary between phases; and 2) use multiple imputation with chained equations
(MICE) controlling for school clusters to complete data for participants who are partially observed at the
baseline assessments (i.e., took part in the survey but did not complete the primary or secondary outcome
measures).

3.5.6. Power analysis

The prospective evaluation of statistical power is constrained by the design of the original studies for which
power analyses were published (21, 22). As in the main project, we assume for the primary outcome, self-
reported depressive symptoms as measured by the SMFQ, a conservative school-level intraclass correlation of
rho=0.10. Based on our current estimate of the database we expect around 185 analysed schools (phase 1, n =
96; phase 2, n =89), and an average of 72.5 students per school (see Figure 2) and accepting a significance level
of p=.05 and statistical power of 3 =.80, the minimally detectable effect size (MDES; 34) is estimated as MDES
=.139 (all estimates obtained with Optimal Design; 34). Assuming potential additional losses on student-level
of 10% due to inability to match data with NPD records increases this to MDES = .140.

For dichotomised SMFQ values, the analysis evaluates whether the share of students with a changed
score differs between the two phases at follow-up. Based on estimates obtained with the same measure in the
population-based Millennium Cohort Study (35), we assume a plausible range for the prevalence of increased
levels of depressive symptoms before the pandemic is between .10 and .25. Expecting a pre-pandemic
prevalence point estimate of .15, the prevalence after the pandemic would need to be either lower than .128 or
above .174 to be detectable accepting a significance level of p=.05 and statistical power of 3=.80 (.127 and .175
for 10% of student-level dropout). The addition of covariates with predictive power on any level (school or
pupil), potentially further increases precision of estimates. The primary outcome analysis is well-powered to
identify a potentially relevant effect of the COVID-19 pandemic and the societal response on pupils’
depressive symptoms.

<Insert Table 2 here>
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o 5. Discussion

15

:? Limitations

18 The following will limit our ability to fully ascribe causation to our study findings (whether they support
19 the hypothesis or not). First, the student composition of the two study phases might already differ at

20 baseline. Second, differential attrition across the two phases: the response rates at follow-up for the two
21 phases are unlikely to be the same, and the predictors of non-response might vary in the pre-pandemic
22 and COVID-19 phases of the study. Third, there might be imbalances in the distribution of the

23 interventions and controls across the two phases, and it is also plausible that differential effectiveness of
;g the interventions across COVID-19 and pre-pandemic phases of the study might impact on our current
2% analysis in unforeseeable ways. Finally, the pandemic experience could have had an impact on how

27 students interpret or respond to the outcome measures.

28

2 6. Conclusion
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Table 1. Covariate variables used in the analysis, data source, scoring, and role in the analysis

Variable

Source

Scoring

Role

School level

Phase

Based on phase of

0 =Phase 1 (pre-COVID-19

Focal variable

outcome score

recruitment group)
1 =Phase 2 (COVID-19
group)
Urban / rural GIAS service, 0 = Town/rural Covariate
previously known as 1=_City
Edubase
School deprivation - GIAS service, % of pupils in school Covariate
free school meal previously known as
eligibility Edubase
Prior interventions Baseline school mental | 0 =No mental health Covariate
(baseline school health provision intervention/support
mental health survey 1 = Prior interventions
provision) structured lessons/other
mental health support
Individual level
Free school meal NPD - codes 0 = Not eligible Covariate
(FSM) eligibility EVERFSM_ALL/EVER | 1= Eligible (and
FSM_6 modifier)
Gender Direct from schools 0 =Male Covariate
1 =Female (and
modifier)
Special Educational NPD - code 0=No SEN Covariate
Needs (SEN) SENprovisionMajor 1=5SEN (and
modifier)
Ethnicity NPD - code 0 = White Covariate
EthnicGroupMajor 1 = Non-white ethnic (and
minority modifier)
Age (year group) Direct from schools Year 7,8 or9 Covariate
Baseline mental health | From baseline survey | Centred score Covariate

Note. NPD = National Pupil Database, GIAS = Get Information About Schools service
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Research Hypotheses Outcome Measures Sampling Plan Analysis Plan Rationale for Interpretation Theory that
Questions (N, power analyses) deciding the given could be
sensitivity of different disproved by
the test for outcomes the outcomes
confirming or
disconfirming
the
hypothesis
What impact PRIMARY Short Mood and The prospective evaluation of All analyses will be | While the The primary There is no
has the OUTCOME, H1: | Feelings statistical power is constrained conducted using applied mixed result will be specific theory
COVID-19 after controlling | Questionnaire (23) by the design of the original Stata software. The | effects models the coefficient | that we will be
pandemic had | for baseline studies for which power analyses | primary outcome can for “Phase”, able to
on adolescent | variables, levels | The continuous were published (21, 22). As in the | analysis willusea | accommodate which if found | disprove.
mental health, | in depressive depressive main project, we assume for the random intercept missing datain | statistically However, if no
specifically, symptoms will symptoms score primary outcome, self-reported (for schools) linear | the dependent significant at p | significant
depressive be higher during | will be the primary | depressive symptoms as multivariable variable (under | <.05, will be effect is found
symptoms the COVID-19 outcome measure. measured by the SMFQ, a regression model the MAR interpreted as | for the impact
(primary pandemic A binary score to conservative school-level with phase assumption), the COVID-19 | of the COVID-
outcome), compared to assess impact on intraclass correlation of tho=0.10. | (exposure to two sensitivity pandemic 19 pandemic
externalising before; prevalence of case- | Based on our current estimate of | COVID-19 analyses will having on adolescent
difficulties, ness will be the database we expect around pandemic) explore the potentially mental health
and life SECONDARY generated using the | 185 analysed schools (phase 1, included as key sensitivity of had an effect outcomes, or if
satisfaction OUTCOME, H2: | established cut off N=96; phase 2, n=89), and an predictor and all our main on adolescent the significant
(secondary after controlling | score (>12) average of 72.5 students per individual and finding by depressive effect is in the
outcomes)? for baseline indicating high school (see Figure 2.), and school-level adding symptoms. opposite
variables, levels | levels of depressive | accepting a significance level of variables as additional The direction direction
in externalising | symptoms (23). p=.05 and statistical power of covariates. approaches to of the indicating
difficulties will B =.80, the minimally detectable account for potential effect | improvements
be higher during | Behavioural effect size is estimated as MDES = | For the missing data. is “increased to adolescent
the COVID-19 difficulties subscale | .139 (all estimates obtained with dichotomous high The first of these | adolescent mental health,
pandemic of the Me and My Optimal Design; (29)). Assuming | depressive analyses will depressive then the
compared to Feelings potential additional losses on symptoms and extend all symptoms” if | negative
before; questionnaire (24, student-level of 10% due to externalising models by the SMFQ impact of the
25) inability to match data with NPD | symptoms, we will | inverse score is higher | pandemic on
records increases this to MDES = | run similar random | probability in phase 2 adolescent
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SECONDARY

after controlling
for baseline
variables, levels
in life
satisfaction will
be lower during
the COVID-19
pandemic
compared to
before;

OUTCOME, H3:

Responses will be
summed to create a
total behavioural
difficulties score,
with higher scores
indicating greater
difficulties. The
scale has an
established cut-off
score of 26, which
will be used for
analysis examining
a binary outcome of
high externalising
difficulties (24).

Huebner Life
Satisfaction Scale
(LSS) (26, 27)

A total score is
created summing
responses from the
7 items, with higher
total scores
indicating greater
life satisfaction.

.140. For dichotomised SMFQ
values, the analysis evaluates
whether the share of students
with a changed score differs
between the two phases at
follow-up. Based on estimates
obtained with the same measure
in the population-based
Millennium Cohort Study (30),
we assume a plausible range for
the prevalence of increased levels
of depressive symptoms before
the pandemic is between .10 and
.25. Expecting a pre-pandemic
prevalence point estimate of .15,
the prevalence after the
pandemic would need to be
either lower than .128 or above
.174 to be detectable accepting a
significance level of p=.05 and
statistical power of 3=.80 (.127
and .175 for 10% of student-level
dropout). Both would usually be
considered small effect sizes in
the field of research and practice.
The addition of covariates with
predictive power on any level
(school or pupil), potentially
further increases precision of
estimates. The primary outcome
analysis is well-powered to
identify a potentially relevant
effect of the COVID-19 pandemic
and the societal response on
pupils’ depressive symptoms.

intercept logistic
multivariable
regression models
and report odds
ratios.

The same strategy
will be employed
for the secondary
outcomes, but we
will be clear that
the primary
outcome analysis
takes priority in
interpretation of
the results. As the
selection of
independent
variables is
determined by the
variables available
in the main study,
the reporting will
focus on the result
for the focal
variable - phase.
While the full
regression models
will be reported as
supplementary
information, the
coefficients for the
other variables will
not be interpreted
(28).

weighting for
the probability
to be a drop-out
at follow-up.
The second of
these analyses
will use
multiple
imputation with
chained
equations using
the full set of
study variables
as auxiliary
variables to
enhance the
data for
participants
who are only
partially
observed at
baseline.

(and
“decreased” if
higher in
phase 1). If the
coefficient is
not
statistically
significant, the
primary
outcome
analysis will
be interpreted
as “no
supporting
evidence for a
difference was
found”.

mental health
will be called
into question.
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Were there EXPLORATORY | Gender (male or To examine A sensitivity If an If no socio-
socio- ANALYSIS, H4: | female), socio- whether the analysis for interaction demographic
demographic | Due to the economic position impacts of the these models term has a p- differences are
differences exploratory assessed using pandemic were will be value <0.10 we | found for the
(based on nature no eligibility for free differently conducted will visualise impact of the
gender, hypotheses are school meals (FSM experienced by where all the interaction | COVID-19
ethnicity, made. eligible or not), sub-groups of modifiers and resultsin a pandemic on
socio- ethnicity (white or adolescents, we their interaction | graph based adolescent
economic ethnic minority) will conduct the with phase are on predicted mental health,
disadvantage, and special main analysis with | included in the | margins from | the current
and special education needs an interaction term | same model. the model. study will call
educational status (SEN, yes or between each into question
needs) in the no). Information on modifier of interest findings from
impact of the pupil-level socio- and phase in a existing
COVID-19 demographic separate model for studies that do
pandemic on characteristics will each modifier not include
adolescent be available via (gender, ethnicity, pre-pandemic
mental health linkage to the socio-economic assessments of
outcomes? National Pupil status, and SEN). mental health.
Database (NPD).
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Table 3. Example of potential table presenting descriptive statistics (count, %) of school-level characteristics for

each phase at baseline and 1-year follow-up

School Characteristics School Count (%)
Phase 1 Phase 2
Pre-COVID-19 group COVID-19 group
Baseline Follow-up Baseline Follow-up
School allocation
Control xx(xx%) xX(xx%) xX(xx%) xX(xx%)
Intervention xx(xx%) xX(xx%) xX(xx%) xX(xx%)
FSM eligibility
Bottom third xx(xx%) xX(xx%) xX(xx%) xX(xx%)
Middle third xx(xx%) xX(xx%) xX(xx%) xX(xx%)
Upper third xX(xx%) xX(xx%) xX(xx%) xX(xx%)
Geographic location
London xX(xx%) xX(xx%) xX(xx%) xX(xx%)
Manchester XX(xx%) XX(xx%) XX(xx%) XX(xx%)
Bath & Bristol XX(Xx%) XX(xx%) XX(xx%) XX(Xx%)
Durham XX(Xx%) XX(xx%) XX(xx%) XX (XX %)
School location
City xx(xx%) xx(xx%) xx(xx%) XxX(xx%)
Town/Rural XX(Xx%) XX(xx%) XX (xx%) xXX(xx%)
Prior Interventions
Structured lessons/Other xx(xx%) xX(xx%) xX(xx%) xX(xx%)
mental health support
No mental health XX(Xx%) XX (xx%) XX (xx%) xX(xx%)
intervention/support

Note. In phase 1, the category ‘Lost during one-year follow-up’ refers to schools that left the EfW programme. In phase 2,
this category also refers to schools that, despite remaining in the EfW programme, were unable to complete pupil surveys.
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Table 4. Example of potential result table presenting coefficients (coeff; for continuous outcomes) and odds
ratios (OR; for binary outcomes) and their 95% Confidence Intervals (95% CI)

Depressive High Externalising High Life
symptoms depressive coeff (95% CI) | externalising satisfaction
(primary symptoms (binary) coeff (95% CI)
outcome) (binary) OR (95% CI)
coeff (95% CI) | OR (95% CI)
Covariate- X.XX X.XX X.XX X.XX X.XX
adjusted (XX-xX) (Xx-xX) (XXx-xX) (xx-xX) (xx-xx)
Covariate- X.XX X.XX X.XX X.XX X.XX
adjusted + (XX-XX) (XX-XX) (XX-Xx) (Xx-xx) (xXx-xx)
IPW for drop-
out
Covariate- X.XX X.XX X.XX X.XX X.XX
adjusted (Xx-xx) (xx-xx) (Xx-Xx) (Xx-xx) (xx-Xx)
+IPW for
drop-out
+MI for
observed
missing

Note. All models adjusted for school-level and individual-level variables listed in Table 1; IPW = inverse probability
weight; M1 = multiple imputation, fully conditional.
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Table 5. Example of potential result table presenting results from the modification analyses by individual
gender, ethnicity, FSM and SEN for coefficients (coeff; for continuous outcomes) and odds ratios (OR; for

Royal Society Open Science: For review only

binary outcomes) and their 95% Confidence Intervals (95% CI).

Depressive High Externalising High Life
symptoms depressive coeff, (95% externalising satisfaction
(primary symptoms CI), p-value (binary) coeff, (95%
outcome) (binary) OR, (95% CI), CI), p-value
coeff, (95% OR, (95% CI), p-value
CI), p-value p-value
Phase x X.XX X.XX X.XX X.XX X.XX
Gender
(female)
Phase x SEP X.XX XXX X.XX XXX XXX
(FSM eligible)
Phase x X.XX X.XX X.XX X.XX X.XX
Ethnicity
(ethnic
minority)
Phase x SEN XXX X.XX XXX X.XX X.XX
(SEN - yes)

Page 24 of 26

Note. The coefficient reported is for the interaction term between phase and each modifier and the p-value. The results
from any model indicating the presence of effect modification will be described in a visualisation. All models adjusted for
school-level and individual-level variables listed in Table 1; IPW = inverse probability weight; MI = multiple imputation,

fully conditional
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Figure and table captions

Figure 1. Study design: process chart with timelines and assessments in each phase

Figure 2. Flowchart of the current study - natural COVID-19 experiment

Table 1. Covariate variables used in the analysis, data source, scoring, and role in the analysis
Table 2. Study design summary

Table 3. Example of potential table presenting descriptive statistics (count, %) of school-level characteristics for
each phase at baseline and 1-year follow-up
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Table 5. Example of potential result table presenting results from the modification analyses by individual

gender, ethnicity, FSM and SEN for coefficients (coeff; for continuous outcomes) and odds ratios (OR; for
binary outcomes) and their 95% Confidence Intervals (95% CI).
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