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Abstract
Implementation variability is hypothesized to be a key treatment effect modifier of universal, school-based mental health 
interventions, but the evidence base remains meagre. We used Complier Average Causal Effect (CACE) estimation to 
determine if dosage variability modified treatment effects of relaxation techniques and mindfulness-based exercises in 
the INSPIRE cluster randomised trial. Analyses were split by phase of education (mindfulness primary: k = 65 primary 
schools, N = 3,630 pupils; mindfulness secondary: k = 29 secondary schools, N = 3,708 pupils; relaxation primary: k = 66 
primary schools, N = 3,800 pupils; relaxation secondary: k = 26 secondary schools, N = 3,252 pupils) and considered com-
pliance effects at the 50th (moderate) and 75th (high) percentiles in the distribution of intervention dosage (total minutes 
delivered). Despite null intent to treat findings, we observed compliance effects for both interventions. In primary schools, 
moderate (320 min) and high (376 min) compliance to relaxation techniques significantly reduced depressive symptoms 
(d=-1.52 and d=-1.48, respectively). In secondary schools, moderate (207 min) and high (285 min) compliance to mindful-
ness-based exercises also significantly reduced depressive symptoms (d=-1.15 and d=-1.40, respectively). Contrastingly, 
in primary schools, moderate (325  min) and high (393  min) compliance to mindfulness-based exercises significantly 
increased depressive symptoms (d = 0.32 and d = 0.48, respectively). In secondary schools, moderate (180 min) and high 
(275  min) compliance to relaxation techniques also significantly increased depressive symptoms (d = 0.67 and d = 0.83, 
respectively). The effects of universal, school-based mental health interventions promoting relaxation and mindfulness 
are contingent on the delivery of a minimally effective dose. However, these interventions may not be appropriate in all 
educational contexts and could result in iatrogenic effects.

Trial registration: Trial registration number: ISRCTN16386254. Trial registration date:04/09/2018.
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Introduction

Approximately 1 in 5 (20.3%) children and young people 
aged 8–16 in England have a probable mental health dis-
order (with a further 1 in 8 (12%) exhibiting symptoms 
indicative of possible mental health disorder) [1], among 
whom internalising problems such as depression and anx-
iety are the most prevalent [2, 3]. School-based interven-
tions are seen as increasingly central to efforts to prevent the 
development, maintenance or escalation of such difficulties 
among children and young people [4], particularly given 
data highlighting increased prevalence in recent years [5]. 
These interventions can vary significantly in terms of both 
their form (i.e., universal, targeted, indicated) and func-
tion (i.e., informational, developmental, environmental) 
[6]. This Article focuses on two universal (i.e., delivered 
to all, irrespective of need), developmental (i.e., promo-
tion of adaptive behaviours, focusing on the development 
of skills hypothesized to support/underpin mental health) 
interventions: mindfulness-based exercises; and relaxation 
practices. These interventions were designed specifically to 
address internalising symptoms, motivated by the Depart-
ment for Education’s desire to find efficacious school-based 
approaches to address the growing youth mental health cri-
sis [7]. 

Work on universal interventions is informed by the pre-
vention paradox, which demonstrates that focusing on the 
low/moderate risk majority offers greater public health ben-
efit than intervening only with the high-risk minority [8]. 
Meta-analytic evidence indicates that universal, school-
based interventions can produce meaningful reductions 
in depression and anxiety [9], but a number of treatment 
effect moderators (e.g., outcome domain, programme con-
tent, phase of education) are evident, in addition to concerns 
about overall research quality [10, 11]. A 2017 national sur-
vey of schools and colleges in England indicated that 73% 
were already implementing universal developmental inter-
ventions [12], and indeed this has since become mandatory 
as part of statutory relationships, sex and health education 
provision [13]. However, a recent regional survey indicated 
that the most frequently used programmes in schools had 
little or no evidence of efficacy [14]. 

A Mindfulness-Based Intervention (MBI) and Relax-
ation-Based Practice Intervention (RBPI) were selected by 
the Department for Education following an internal review 
process, which suggested they were being utilized in Eng-
lish schools despite little or no evidence of their efficacy 
[15]. Indeed, with reference to MBIs, Dunning et al. (p.135) 
conclude in their recent meta-analysis that enthusiasm 
for them, “has arguably run ahead of the evidence” [16]. 
Regarding RBPIs, while there is meta-analytic evidence 
of their efficacy for young people exhibiting prodromal 

symptoms of mental health difficulties (i.e., in targeted 
form) [17], little is known about their impact when used as 
a universal preventive strategy in schools. In this Article, 
we examine the extent to which implementation dosage (the 
cumulative amount of an intervention received, expressed 
in total minutes of exposure) of a MBI and a RBPI modifies 
treatment effects on primary outcomes that were observed in 
intention to treat (ITT) analyses in the INSPIRE randomised 
controlled trial (RCT) [18]. 

Dosage is an obvious candidate as a modifier of treat-
ment effects of universal school-based interventions, given 
the basic logic that effective skill development likely 
requires a minimally effective level of exposure that may 
not be reached in all settings, as a consequence of the inev-
itable variability in implementation due to issues such as 
time constraints and/or competing priorities [19]. However, 
it has largely been neglected, both at individual study and 
meta-analytic levels. Exceptions illustrate its importance. 
For example, a recent RCT showed that total minutes of 
exposure to the Good Behaviour Game modified its impact 
on children’s externalizing behaviour problems (from a null 
effect in intention to treat (ITT) analysis to a substantial 
reduction when exposure exceeded 1,030 min over the two 
year trial period) [20]. Mirroring this, a recent meta-analy-
sis of universal social and emotional learning interventions 
found that implementation moderated treatment effects on 
externalizing behaviour problems [21]. 

We used Complier Average Causal Effect (CACE) esti-
mation to produce treatment effect estimates of MBI and 
RBPI that account for variability in dosage. In cluster 
RCTs, which require multilevel analyses, CACE estimation 
involves fitting mixture models (latent class analysis) where 
two latent classes are estimated to identify compliers and 
non-compliers. In the case of an intervention where there 
is no clear theoretical or empirical threshold for what might 
constitute compliance, and the cumulative amount of an 
intervention received in a specified implementation period 
can vary between 0 and X minutes (as in MBI and RBPI, 
which are non-curricular and instead involve recommended 
practices which may vary significantly in both frequency 
and duration – see Procedures in Method), standard prac-
tice is to use cut-points (e.g., 50th, 75th percentiles) in the 
empirical distribution of dosage data [20]. 

For pupils randomised to the intervention arms, com-
pliance status is directly observed using implementer-
reported dosage data. In contrast, for those allocated to 
the control condition, compliance status is unobserved and 
must be inferred. Under maximum likelihood estimation, 
these pupils are probabilistically classified as either com-
pliers or non-compliers, with control compliers represent-
ing a counterfactual group who would have adhered to the 
intervention had they been assigned to receive it. Whereas 
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intention-to-treat (ITT) analyses estimate the effect of 
assignment to the intervention (implicitly assuming suc-
cessful implementation), CACE quantifies the causal effect 
of compliance by comparing compliers in the intervention 
arm with their counterparts in the control condition, thereby 
providing a robust estimate of intervention effectiveness 
under conditions of adequate programme delivery [22, 23]. 

The analyses reported in this Article, undertaken as 
part of the INSPIRE trial, make significant contributions 
to the literature. CACE estimation provides an important 
complement to ITT analyses (which may underestimate 
treatment effects when there is considerable variability in 
implementation) by establishing effects for those receiving 
a hypothesized minimally effective dose of an intervention 
as opposed to those merely offered it (as in ITT) [23]. We 
predicted that for each intervention (MBI, RBPI), signifi-
cantly improved primary outcomes would be observed, on 
average, for children and young people in intervention arm 
schools that complied (moderate compliance: 50th percen-
tile; high compliance: 75th percentile), when compared to 
‘would-be’ compliers in control arm schools. We further 
hypothesized that the magnitude of treatment effects would 
be larger in the context of high compliance (as opposed to 
moderate compliance) for these interventions.

Methods

Trial design and participants

Full details of the INSPIRE RCT are provided in its study 
protocol and main impact paper [18, 24]. In short, trials 
were delivered in three waves spanning 2018–2024 (though 
COVID-19 disruption and school closure led to wave 2 
being abandoned). Young people were eligible to take part 
if their school was eligible [18], they were not opted out of 
the trial by their parent/guardian, and they provided writ-
ten assent after reading a participant information sheet. 
This article focuses on the MBI and RBPI components of 
the INSPIRE trial; CACE analyses for the third INSPIRE 
intervention (a mental health curriculum based interven-
tion called Strategies for Safety and Wellbeing) are reported 
elsewhere, due to conceptual differences in programme con-
tent and how dosage was captured [25]. Importantly, each 
school was assigned to a single intervention arm eliminat-
ing risk that interventions would confound one another. 
Both interventions were delivered in primary (Year groups 
4 and 5) and secondary (Year groups 7 and 8) schools, with 
a roughly equal split across year groups in MBI, RBPI, and 
control schools (range 49–51% for any given year group).

The CACE analyses reported in this Article included all 
pupils participating in wave 1 (2018) and wave 3 (2022) of 

INSPIRE who were not missing data on covariates and/or 
the outcome and compliance data (see Statistical Analysis 
section below). Follow up data for pupils participating in 
wave 2 is missing due to the COVID-19 pandemic; these 
pupils are therefore excluded from analyses. The analyti-
cal samples for each CACE analysis were as follows: MBI 
primary (n = 65 schools; n = 3,630 pupils); MBI secondary 
(n = 29 schools; n = 3,708 pupils); RBPI primary (n = 66 
schools; n = 3,800 pupils); RBPI secondary (n = 26 schools; 
n = 3,252 pupils) and included trial usual practice schools 
(INSPIRE primary or INSPIRE secondary, accordingly).

Allocation and masking

The flow of primary and secondary schools/pupils through 
the trial (exclusive of those recruited during the abandoned 
wave 2) is illustrated in Figs. 1 and 2, respectively. CACE 
analysis requires knowledge of treatment assignment and 
thus, it is not possible to blind analysts for this type of 
model estimation.

Procedures

The MBI and RBPI were compared with a control group in 
which the usual school curriculum was delivered. All inter-
ventions were implemented after baseline assessment and 
random allocation, which took place in the autumn term of a 
given school year. Follow-up assessment occurred after the 
January to March (inclusive) implementation period.

The MBI was developed by the Anna Freud Schools 
Division and comprised activities such as mindful breath-
ing and exercises focusing on self-awareness of emotions, 
thoughts and sensations. Exercises focussing on the mind 
(for example, breath counting), body (for example, a body 
scan exercise), and the world (for example, mindful see-
ing) were included. Guidance materials were provided, 
with a total of 26 different exercises comprising five mind-
ful breathing exercises, and seven activities for each of the 
body, mind, and world. There was overlap in activities for 
primary and secondary schools (for example, both featured 
Balancing as a body exercise and Thoughts in The Sky as 
a mind exercise), but some were distinct in order to reflect 
developmental differences (for example, primary school 
exercises focused on the mind placed emphasis on imagin-
ing distracting thoughts as waves or bubbles, whereas sec-
ondary school activities placed emphasis on acknowledging 
these thoughts). Manuals containing all exercises for pri-
mary and secondary schools are available online [26]. The 
MBI was implemented by trained classroom teachers; rec-
ommended frequency and duration was 5 min of exercises 
each school day during the implementation period, starting 
with the five mindful breathing exercises in the first week, 
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followed by the freedom to choose from the remaining exer-
cises thereafter.

The RBPI was also developed by the Anna Freud Schools 
Division and included a range of exercises involving deep 
breathing (for example, a general deep breathing practice) 
and progressive muscle relaxation (for example, shoulder 
shrugs). As above, guidance materials were provided, with 
a total of 20 different exercises (10 deep breathing and 10 
progressive muscle relaxation). There was some overlap in 
activities for primary and secondary schools (for example, 
both included the Square Breathing exercise and the Hakka 
Chant progressive muscle relaxation), however, most activ-
ities differed between primary and secondary schools to 
make them age appropriate (for example, one of the primary 
school breathing exercises asked children to imagine they 
were a bunny in a field trying to find food, whereas second-
ary school activities directed participants to focus on their 
breathing). Manuals containing all exercises for primary and 
secondary schools are available online [26]. The RBPI was 
implemented by trained classroom teachers; recommended 
frequency and duration was 5 min of exercises each school 
day during the implementation period, alternating weekly 
between deep breathing and progressive muscle relaxation.

Control schools were asked to continue usual mental 
health provision, with no restrictions or alterations. A ‘cur-
rent mental health provision’ survey was completed at base-
line to assess existing staff mental health training, universal 
school provision (e.g., support skills sessions/workshops), 
and targeted provision (e.g., cognitive behavioural therapy). 
A summary percentage score across the range of activities 
for each domain was derived to quantify the extent of pro-
vision at the school level (see the Education for Wellbeing 
Technical Report for details on the data reduction approach 
taken) [26]. INSPIRE control primary and secondary 
schools offered a degree of staff training, universal provi-
sion, and targeted provision at baseline (see Table 1).

Measures

Covariates and predictors of compliance

Covariates were selected on the basis of theoretical plau-
sibility (for example, wave of trial was used as a proxy to 
indicate pre- and post-pandemic delivery) and/or empirical 
evidence (for example, baseline emotional and behavioural 
difficulties were found to predict compliance in a CACE 
analysis of the PATHS curriculum) [27]. For obtaining the 

Fig. 1  CONSORT diagram depicting flow of (primary) schools and pupils through the INSPIRE trial
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CACE estimate, covariates modelled at the within (pupil) 
level were sex and baseline depressive symptoms (Short 
Mood and Feelings Questionnaire (SMFQ), see ‘Outcome’ 
section below), and covariates modelled at the between 
(school) level were existing level of mental health provi-
sion (yes/no), staff mental health training (see above), trial 
wave, and whether or not the school was in the top (i.e., 
most deprived) within-sample tertile according to the per-
centage of its pupils eligible for free school meals.

Predictors of compliance included the aforementioned 
covariates, plus baseline behavioural difficulties. Behav-
ioural difficulties were measured using the behavioural dif-
ficulties subscale of the self-reported Me & My Feelings 
Questionnaire (e.g., “I get very angry”) [28]. Scores range 
between 0 and 12, with a higher score indicating more 
behavioural difficulties,

Implementation data

Compliance data were derived from surveys administered to 
implementing school staff, who were asked to report (i) start 
and end dates of implementation; (ii) number of sessions per 
week; and (iii) average length of sessions. Intervention dos-
age was modelled as cumulative intervention intensity [29], 
defined as the total number of minutes delivered across the 
implementation period, using the following formula: num-
ber of weeks*sessions per week*average length of sessions. 
Although compliance was based on intervention dosage 
(due to the appropriateness of this dimension for CACE), 
data pertaining to additional dimensions of implementation 

Table 1  Extent of mental health provision in usual practice (control) 
schools at baseline

Trial
INSPIRE primary schools INSPIRE second-

ary schools
Staff Training 10% (± 8.48); 

range = 0-36.9%
17.7% (± 11.1); 
range = 0-34.5%

Universal 
Provision

11.9% (± 5.62);
 range = 1.43–28.6%

21.5% (± 12.2), 
Range 5.71–47.1%

Targeted 
Provision

9.48% (± 6.76); 
range = 0-31.7%

18% (± 13.3); 
range = 3.17–58.7%

Fig. 2  CONSORT diagram depicting flow of (secondary) schools and pupils through the INSPIRE trial
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were also collected as part of the INSPIRE trial (fidelity, 
reach, pupil responsiveness). Descriptive statistics for all 
implementation dimensions are reported at the outset of the 
Results section.

Outcome

The primary outcome for both interventions was depressive 
symptoms, as assessed by the SMFQ, in which participants 
report the extent to which 13 statements (e.g., “I felt miser-
able or unhappy”) reflect the way that they have felt in the 
last two weeks, on a three-point scale (not true, sometimes, 
true). A sum score is calculated across the 13 items, ranging 
between 0 and 26. Higher scores indicate greater depres-
sive symptoms [30]. The rationale for this choice of primary 
outcome measure is noted in the main impact paper for the 
INSPIRE trial [18]. 

Statistical analysis

Robust CACE estimation relies on several assumptions. 
First, the stable unit treatment value assumes that the 
potential outcome of each participant is distinct from the 
treatment assignment of others. In other words, control par-
ticipants do not receive the intervention (there is no contam-
ination). Second, CACE assumes participants are randomly 
allocated to the treatment condition. The third assumption 
is that there are no defiers (those who do the opposite of 
what is expected; monotonicity) or always-takers (those 
who receive treatment regardless of intervention arm). The 
fourth and final assumption is that there is no effect of the 
intervention for noncompliers (i.e., exclusion restriction) 
[22, 23]. Allocation took place at the school level, and con-
trol schools did not have access to intervention materials, 
therefore we were confident the first three assumptions were 
met [23, 31]. However, the exclusion restriction assump-
tion may be violated in school-based intervention research. 
Although the resulting bias can be counteracted by the inclu-
sion of strong compliance predictors, candidate variables 
for compliance prediction are typically collected for other 
purposes, meaning the selection of available data is often 
limited. Analyses were performed using Mplus version 8.8 
and MplusAutomation in R Studio [32, 33] using two-level 
models with pupils nested within schools, consistent with 
the analyse as you randomise principle. Although dosage 
data were collected from the facilitating member of staff at 
the classroom-level, Mplus currently supports a maximum 
of two levels for this type of analysis. Accordingly, cluster-
ing was specified at the school level. This approach captures 
the primary source of dependency introduced by the study 
design, while variation in implementation at the classroom 

level is partially accounted for through staff-reported dos-
age measures disaggregated to the pupil level.

Intervention allocation was defined by a binary variable 
(IV) (0 = control; 1 = intervention). For the identification of 
the latent compliance variable, a binary indicator of com-
pliance (U) is necessary (0 = non-compliers, 1 = compli-
ers) [34]. However, dosage was measured continuously for 
both the MBI and RPBI interventions (i.e., total minutes of 
exposure). In the absence of verified compliance thresholds 
for MBI and RPBI, we used the distribution of the dosage 
variable to define compliance, adopting the predominant 
approach in the CACE literature, whereby the 50th and 75th 
percentiles are used to indicate moderate and high compli-
ance, respectively [20, 27, 35]. Compliance data were col-
lected at the teacher level and disaggregated to the pupil 
level, so that each pupil had a compliance value based on 
their classroom membership. As is standard in CACE, com-
pliance for those in control schools was labelled as missing.

A series of multi-level (level 1 = pupils; level 2 = schools) 
mixture models were fitted using moderate and high com-
pliance thresholds for primary and secondary schools. This 
resulted in the following CACE models: (1) RPBI moder-
ate compliance in primary schools; (2) RPBI high compli-
ance in primary schools; (3) RPBI moderate compliance in 
secondary schools; (4) RPBI high compliance in secondary 
schools; (5) MBI moderate compliance in primary schools; 
(6) MBI high compliance in primary schools; (7) MBI mod-
erate compliance in secondary schools; (8) MBI high com-
pliance in secondary schools. For each model, two latent 
classes were identified wherein the probability that U = 1 
was fixed at 0% (i.e., a non-complier class) and 100% (a 
complier class), respectively. Depressive symptoms scores 
were linearly regressed on the binary treatment variable (IV) 
and all covariates simultaneously to obtain the CACE esti-
mate (i.e., the association between the outcome and inter-
vention assignment in the complier class). This association 
was fixed at zero in the non-complier class, in line with the 
exclusion restriction assumption. Where statistically sig-
nificant CACE estimates were observed, we used Tymms’ 
[36] formula to calculate effect sizes (Δ) akin to d (i.e., stan-
dardized mean difference). Predictors of compliance were 
established using a multinomial logistic regression. Effects 
of within (pupil) and between (school) level covariates 
are reported as logistic and linear regression coefficients, 
respectively.

School level clustering was accounted for using a sand-
wich estimator, using type = complex. Missing data on the 
outcome and compliance variables were handled using full 
information maximum likelihood (FIML). However, mir-
roring the approach taken in previous CACE analyses [35], 
individuals missing any covariate data or both outcome and 
compliance data were deleted listwise from the analysis, as 
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using FIML on these variables resulted in increased compu-
tational demands and model non-convergence.

Results

Descriptive statistics

Baseline characteristics based on measures used in this Arti-
cle can be found in Table 2; extended baseline demographic 
information for the INSPIRE sample can be found in the 
main impact paper [18]. Descriptive statistics for the dif-
ferent dimensions of implementation (fidelity, reach, pupil 
responsiveness, dosage, feasibility, and acceptability) at 
the classroom level can be found in Table 3. Once dosage 
information was disaggregated to the pupil level (for use in 
the CACE analyses), in primary MBI schools, 1,115 pupils 
(60.5%) were moderate compliers (≥ 325 min), and 465 
pupils (25.2%) were high compliers (≥ 393 min). In second-
ary MBI schools, 788 pupils (50.2%) were moderate compli-
ers (≥ 207 min) and 367 pupils (23.4%) were high compliers 
(≥ 285 min). In primary RBPI schools, 1,183 pupils (57.9%) 
were moderate compliers (≥ 320 min) and 534 pupils were 
high compliers (26.1%) (≥ 376 min). Finally, in secondary 
RBPI schools, 573 pupils (57.4%) were moderate compliers 
(≥ 180 min) and 226 pupils (22.6%) were high compliers 
(≥ 275 min). Note that the number of compliers reported 

here is descriptive and based on the reported dosage infor-
mation for intervention schools. The number of compliers 
reported hereafter is based on the model-estimated figures 
and includes would-be compliers in control schools.

MBI primary

Findings are reported in Table 4. Data for N = 3,630 pupils 
from 65 MBI and control schools were analysed, of whom 
n = 2,095 (57.7%) and n = 1,076 (29.6%) were estimated 
by the CACE model to be moderate and high compliers, 
respectively. Moderate compliance (≥ 325 min) led to a 
significant increase in SMFQ scores (β = 1.72, CIs 1.39 to 
2.04; Δ = 0.32, CIs 0.20 to 0.44). High compliance (≥ 393 
min) led to a further increase in SMFQ scores (β = 1.80, CIs 
1.47 to 2.13; Δ = 0.48, CIs 0.28 to 0.69). These findings con-
trast with no main intervention effect (ITT estimate: effect 
size = -0.00, CIs − 0.08 to 0.08) [18] and indicates that when 
delivered at moderate or high dosages, the MBI had iatro-
genic effects. None of our predictor variables influenced the 
likelihood of moderate or high compliance.

MBI secondary

Findings are reported in Table 4. Data from N = 3,708 pupils 
from 29 MBI and control schools were analysed, of whom n 
= 1,109 (29.9%) and n = 455 (12.3%) were estimated by the 

Table 2  Sample characteristics
Primary Schools Secondary Schools
MBIa RBPI b Control MBIa RBPI b Control

Pupil-level factors
Pupils N 2523 2554 2,088 2529 2391 2,988
Sex Female n (%) 1256 (49.9) 1235 (48.4) 996 (47.7) 1330 (52.6) 1029 (43.1) 1,600 

(53.6)
Male n (%) 1262 (50.1) 1317 (51.6) 1,091 (52.3) 1198 (47.4) 1361 (56.9) 1,387 

(46.4)
Behavioural Difficulties
(scale range: 0–12)

T1 Mean 
(SD)

2.88 (2.11) 3.14 (2.24) 3.19 (2.30) 3.24 (2.30) 3.53 (2.53) 3.21 
(2.22)

Depressive Symptoms
(scale range 0–26)

T1 Mean 
(SD)

5.92 (4.68) 6.31 (4.89) 6.62 (4.93) 6.17 (5.66) 6.36 (5.74) 6.11 
(5.33)

T2 Mean 
(SD)

5.84 (5.05) 5.91 (5.07) 6.14 (5.33) 6.67 (6.07) 6.57 (5.97) 6.83 
(6.10)

School-level factors
Schools N 37 36 36 16 16 18
Wave 1 n (%) 37 (100) 36 (100) 36 (100) 10 (62.5) 10 (62.5) 11 (61.1)

3 n (%) 0 (0) 0 (0) 0 (0) 6 (37.5) 6 (37.5) 7 (38.9)
Top tertile percentage free 
school meal eligibility

n (%) 12 (32.4) 12 (33.3) 13 (36.1) 5 (31.2) 6 (37.5) 5 (27.8)

Staff Training % (SD) 9.98 (6.70) 7.76 (7.82) 10.0 (8.48) 14.9 (7.78) 12.9 (5.92) 17.7 
(11.1)

Prior Interventions Yes n (%) 16 (43.2) 15 (41.7) 15 (41.7) 9 (56.2) 8 (50) 9 (50.0)
a Mindfulness-Based Intervention
b Relaxation-Based Practice Intervention
*Note: descriptive data reflects the sample proportions for pupils allocated to each trial arm prior to model estimation
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CACE model to be moderate and high compliers, respec-
tively. Moderate compliance (≥ 207 min) led to a significant 
reduction in SMFQ scores (β = -1.98, CIs − 2.48 to -1.47; 
Δ = -1.15, CIs − 1.57 to -0.74). High compliance (≥ 285 
min) led to a further reduction in SMFQ scores (β = -1.97, 
CIs − 2.48 to -1.46; Δ = -1.40, CIs − 1.73 to -1.07). This 
indicates that receiving a greater dose of MBI increases its 
impact on depressive symptoms. Findings contrast with no 
main intervention effect (ITT estimate: effect size = -0.07, 
CIs − 0.18 to 0.05) [18] and indicate that the MBI can lead 
to reduced depressive symptoms among secondary school 
pupils, contingent upon the delivery of a minimally effec-
tive dose. Pupils in schools that did not have prior mental 
health interventions were more likely to be moderate com-
pliers (see Table 4). However, no predictor variables signifi-
cantly influenced the likelihood of high compliance.

RBPI primary

Findings are reported in Table 5. Data from N = 3,800 pupils 
from 66 RBPI and control schools were analysed, of whom 
n = 1,365 (35.9%) and n = 695 (18.3%) were estimated 
by the CACE model to be moderate and high compliers, 
respectively. Moderate compliance (≥ 320 min) led to a sig-
nificant reduction in SMFQ scores (β = -1.98, CIs − 2.32 
to -1.65; Δ = -1.52, CIs − 1.90 to -1.13). High compliance 
(receiving ≥ 376 min) also led to a significant reduction in 
SMFQ scores (β = -1.93, CIs − 2.26 to -1.60; Δ = -1.48, CIs 
− 1.83 to -1.14) but the similar effect size estimate to that 
reported for moderate compliance indicates no additional 
benefit accrued from the increased dosage. Findings contrast 
with no main intervention effect (ITT estimate: effect size = 
-0.01, CIs − 0.10 to 0.07) [18] and indicate that the RBPI 
can lead to reduced depressive symptoms among primary 
school pupils, contingent upon the delivery of a minimally 
effective dose. None of our included variables significantly 
influenced the likelihood of moderate compliance, however, 
lower levels of baseline behavioural difficulties made high 
compliance more likely (see Table 5).

RBPI secondary

Findings are reported in Table 5. Data from N = 3,252 pupils 
from 26 RPBI and control schools were analysed, of whom 
n = 2,261 (69.5%) and n = 1,565 (48.1%) were estimated 
by the CACE model to be moderate and high compliers, 
respectively. Moderate compliance (≥ 180 min) led to a 
significant increase in SMFQ scores (β = 1.70, CIs 1.19 to 
2.20; Δ = 0.67, CIs 0.24 to 1.03). High compliance (≥ 275 
min) led to a further increase in SMFQ scores (β = 1.74, 
CIs 1.33 to 2.15; Δ = 0.83, CIs 0.48 to 1.18). This indicates 
that receiving a greater dose of RPBI increases its iatrogenic 
impact on depressive symptoms. These findings contrast 
with no main intervention effect (ITT estimate: effect size 
= -0.10, CIs − 0.24 to 0.02 [18]. Higher levels of baseline 
depressive symptoms made moderate compliance more 
likely (see Table 5). Higher levels of baseline depressive 
symptoms also made high compliance more likely, as did 
offering fewer staff training opportunities (see Table 5).

Discussion

In this Article we reported results of CACE analyses of 
a mindfulness-based intervention (MBI) and relaxation 
practice-based intervention (RPBI) undertaken as part of 
the INSPIRE trial, representing the first robust estimates of 
their effects that account for implementation variability. In 
contrast to null ITT effect estimates [18], compliance effects 

Table 3  Descriptive statistics for implementation dimensions at the 
classroom level

MBI a RBPI b

Primary 
School

Sec-
ondary 
School

Primary 
School

Secondary 
School

Fidelityc

%(SD)
89% (± 16) 82.6% 

(± 19.8)
89.2% 
(± 14.6)

90% (± 13)

Reachd

% (SD)
97.60% 91.20% 98.90% 80.80%

Pupil 
Responsivenesse

Mean (SD)

3.85(± 0.65) 3.26 
(± 0.77)

4.03 
(± 0.63)

3.47 
(± 0.79)

Feasibilityf

Mean (SD)
4.16 (± 0.72) 3.88 

(± 0.74)
4.32 
(± 0.61)

3.82(± 0.65)

Acceptabilityf

Mean (SD)
4.36 (± 0.77) 4.14 

(± 0.78)
4.5 
(± 0.59)

4.36 
(± 0.64)

Appropriatenessf

Mean (SD)
4.24 (± 0.78) 4.08 

(± 0.73)
4.35 
(± 0.66)

4.03 
(± 0.64)

Dosageg

Mean (SD)
359 (± 170) 234 

(± 172)
329 
(± 147)

246 (± 153)

Note. Data for all dimensions of implementation were collected from 
the facilitating member of staff via surveys.
aMindfulness-Based Intervention
bRelaxation-Based Practice Intervention
cThe extent to which teachers followed the guidance provided in the 
intervention manual (recorded as a percentage)
dThe proportion of classes where teachers reported 80% of pupils 
were present for session delivery
eThe mean score across five 5-point likert-type items (completely 
disagree (1) to completely agree (5)) measuring the extent to which 
pupils actively participated, engaged with, were interested in, enthu-
siastic about, and enjoyed the intervention (scored 1–5)
fEach measured as the mean of four 5-point likert-type items scored 
completely disagree (1) to completely agree (5)
gMean minutes received
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were observed in each CACE analysis, with increased min-
utes of delivery leading to significant changes in depressive 
symptoms. Furthermore, high (as opposed to moderate) 
compliance led to further treatment effect amplification in 
all cases except RPBI in primary schools, where no addi-
tional effects were observed at high compliance. How-
ever, depressive symptoms did not change as expected in 
all cases, yielding an increase in depressive symptoms for 
MBI when delivered in primary schools, and for RPBI when 
delivered in secondary schools These effects were amplified 
further in the context of high compliance.

The MBI yielded null effects in the INSPIRE ITT analy-
sis, consistent with another recent large trial of a universal 
school-based mindfulness intervention in the UK (MYR-
IAD) [37]. Our CACE analyses in primary schools found 

iatrogenic effects (i.e., when delivered at moderate or high 
levels of dosage, the MBI was found to increase depressive 
symptoms). This aligns with findings from an instrumen-
tal variable analysis undertaken in the MYRIAD trial, in 
which higher dose was associated with detrimental effects 
at post-intervention follow-up (though MYRIAD involved 
only secondary schools) [38]. Where the two trials diverge 
is that our CACE analyses revealed that increased MBI 
dosage (whether moderate or high compliance) in second-
ary schools led to reduced depressive symptoms. This may 
be the result of differences between the two MBIs and the 
resulting treatment effect moderation analyses. The MYR-
IAD MBI involved teacher-led delivery of 10 manualised, 
structured mindfulness lessons of 30–50 min duration, 
with pupils encouraged to engage in mindfulness practices 

Table 4  CACE analyses for moderate and high compliers in primary and secondary schools for MBI (mindfulness-based intervention)
SMFQ (b (SE))
Primary Schools
(N = 3,630)

Secondary Schools
(N = 3,708)

Moderate Compliance High Compliance Moderate Compliance High Compliance
Non-Compliers Compliers Non-compliers Compliers Non-compliers Compliers Non-compliers Compliers

Predictor (42.3%) (57.7%) (70.4%) (29.6%) (70.1%) (29.9%) (87.7%) (12.3%)
Pupil level 
predictors
Sex
(0 = Male; 
1 = Female)

− 0.032 (0.049) 0.051 
(0.046)

− 0.055 (0.033) 0.152 
(0.058)**

0.234 (0.033)*** 0.285 
(0.080)***

0.244 (0.037)*** 0.265 
(0.096)**

Baseline 
emotional 
difficulties

0.470 (0.032)*** 0.510 
(0.028)***

0.492 (0.024)*** 0.504 
(0.036)***

0.622 (0.017)*** 0.525 
(0.028)***

0.606 (0.018)*** 0.496 
(0.050)***

School level 
predictors
MBI vs. Con-
trol (CACE)

- 1.715 
(0.164)***

- 1.80 
(0.168)***

- -1.975 
(0.257)***

- -1.971 
(0.259)***

Wave
(0 = Wave 1; 
1 = Wave 3)

- - - - − 0.297 (0.517) − 0.039 
(0.104)

0.006 (0.613) 0.053 
(0.122)

Free School 
Meals
(0 = bottom/
middle ter-
tiles; 1 = top 
tertile)

0.777 (0.551) − 0.337 
(0.228)

0.419 (0.558) 0.015 
(0.309)

− 0.311 (0.419) − 0.082 
(0.088)

0.007 (0.523) − 0.099 
(0.120)

Prior 
Interventions
(0 = No; 
1 = Yes)

1.533 (0.401)*** 0.408 
(0.261)

1.42 (0.306)*** 0.320(0.363) 0.198 (0.356) 0.116 
(0.094)

0.080 (0.398) − 0.027 
(0.091)

Staff Training 0.217 (0.310) 0.045 
(0.139)

0.214 (0.218) − 0.126 
(0.135)

− 0.077 (0.252) 0.044 
(0.052)

− 0.090 (0.233) 0.031 
(0.067)

Entropy 0.666 0.691 0.804 0.899
Predictors of 
compliancea

Prior Interventions:
b = -1.122 (0.561)*

CACE effects are marked in bold
aStatistically significant predictors of compliance for each model
*p < .05, **p < .01, ***p < .001
OR, odds ratio with 95% confidence intervals
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thereafter [37]. Dosage was measured in terms of lesson 
exposure and was very high (i.e., mean 9/10), but reported 
frequency of subsequent pupil engagement in mindfulness 
practices was very low (i.e., mean score of 1/5) [38]. By 
contrast, the MBI reported in this Article involved very 
short (5 min) but frequent (daily) teacher-led mindfulness 
exercises. It was rated as being both feasible and acceptable 
by teachers (mean score ~ 4/5 for both dimensions of social 
validity across both primary and secondary schools), and 

likely promoted greater frequency of pupil engagement in 
mindfulness practices, since these were built into the daily 
delivery, as opposed to being encouraged post-delivery.

Collectively, findings across INSPIRE and MYRIAD 
may reflect the underpinning processes through which 
MBIs influence mental health outcomes. In theory, MBIs 
raise participants’ awareness of their thoughts and feelings, 
including those that are challenging or unpleasant, and teach 
key adaptive skills (e.g., self-regulation) that support mental 

Table 5  CACE analyses for moderate and high compliers in primary and secondary schools for RBPI (relaxation-based practice intervention)
SMFQ (b (SE))
Primary Schools
(N = 3,800)

Secondary Schools
(N = 3,252)

Moderate Compliance High Compliance Moderate 
Compliance

High Compliance

Non-compliers Compliers Non- 
compliers

Compliers Non- compliers Compliers Non-compliers Compliers

Predictor (64.1%) (35.9%) (81.7%) (18.3%) (30.5%) (69.5%) (51.9%) (48.1%)
Pupil level 
predictors
Sex
(0 = Male; 
1 = Female)

0.059 (0.041) − 0.003 
(0.057)

0.042 
(0.039)

0.002 
(0.117)

0.313 (0.061)*** 0.367 
(0.055)***

0.360 (0.046)*** 0.277 
(0.081)**

Baseline emotional 
difficulties

0.534 (0.017)*** 0.544 
(0.026)***

0.535 
(0.017)***

0.528 
(0.029)***

0.452 (0.087)*** 0.598 
(0.039)|***

0.480 (0.057)*** 0.598 
(0.040)***

School level 
predictors
RBPI vs. Control 
(CACE)

- -1.983 
(0.170)***

- -1.932 
(0.168)***

- 1.698 
(0.258)***

- 1.739 
(0.207)***

Wave
(0 = Wave 1; 
1 = Wave 3)

- - - - 0.052 (0.908) 0.407 
(0.451)

− 0.310 (0.524) 0.255 
(0.267)

Free School Meals
(0 = bottom/middle 
tertiles; 1 = top 
tertile)

0.915 (0.352)** 0.131 
(0.083)

0.749 
(0.349)*

0.173 
(0.156)

− 0.456 (0.871) − 0.132 
(0.609)

− 0.389 (0.404) 0.158 
(0.225)

Prior Interventions
(0 = No; 1 = Yes)

− 0.674 (0.359) 0.083 
(0.085)

− 0.538 
(0.345)

0.289 
(0.116)*

− 0.995 (1.334) − 0.621 
(0.792)

− 0.813 (0.554) − 0.187 
(0.190)

Staff Training − 0.038 (0.165) − 0.008 
(0.038)

0.034 
(0.173)

0.074 
(0.054)

0.731 (0.248)** 0.182 
(0.130)

0.715 (0.146)*** 0.161 
(0.104)

Entropy 0.909 0.915 0.587 0.618
Predictors of 
compliancea

Baseline behavioural difficulties:
b = − 0.096 (0.044)*; OR = 0.908 (0.833 to 
0.990)

Baseline emotional difficulties:
b = 0.974 (0.301)**; OR = 2.648 
(1.467 to 4.782)

Baseline 
emotional 
difficulties: 
b = 1.054 
(0.365)**; 
OR = 2.870 
(1.403 to 
5.870)
Staff train-
ing oppor-
tunities: b 
= -1.514 
(0.337)***

CACE effects are marked in bold
aStatistically significant predictors of compliance for each model
*p < .05, **p < .01, ***p < .001
OR, odds ratio with 95% confidence intervals
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health [37]. It is possible that for younger age groups (as 
in MBI primary), who may lack the metacognitive skills 
necessary for MBIs to be fully effective [30], or situa-
tions in which engagement in post-intervention mindful-
ness practices is relatively infrequent (as in MYRIAD), an 
increased awareness of challenging or unpleasant feelings 
may inadvertently encourage rumination and subsequently 
depressive symptoms [39]. It may therefore be important for 
effective self-regulation to be learned, practiced, and con-
solidated, such that the negative cycle between ineffective 
self-regulation and the increase in unwanted feelings that 
underpin the development of emotional difficulties is dis-
rupted before it becomes habitual [40]. 

In the RBPI, the reduction of depressive symptoms in pri-
mary school pupils was found to be contingent upon deliv-
ery of a minimally effective dose. These findings align with 
those of a recent meta-analysis, in which density of RBPI 
dosage explained 44% of the variation in overall treatment 
effect size for anxiety outcomes, although the focus was on 
adolescence [17]. The notion of a minimally effective dose 
of the RBPI also fits with underpinning theory; they are 
hypothesized to improve mental health by replacing default 
psychological and physiological stress responses (e.g., 
worry, increased heart rate) with diametrically opposed 
relaxation responses (e.g., calm, reduced heart rate) [41], 
and higher levels of repeated exposure are likely required for 
reinforcement, consolidation, and generalisation of learned 
behaviours to trigger such change. However, in secondary 
schools, RBPI increased depressive symptoms, with higher 
compliance exacerbating this effect, mirroring the outcomes 
of MBI delivery in primary schools. This may reflect a para-
doxical phenomenon known as ‘Relaxation Induced Anxi-
ety’, which occurs when practising relaxation techniques 
results in an increase in psychological and physiological 
stress responses, and is thought to be linked to increases in 
rumination, awareness of one’s internal state, or fear of los-
ing control when fully relaxed [42]. While typically asso-
ciated with Generalised Anxiety Disorder [42], subgroup 
analyses of the current RBPI in secondary schools suggests 
fewer emotional symptoms among those with higher base-
line depressive symptoms [18].

The fact that we did observe a reduction in depressive 
symptoms among primary school pupils when RBPI was 
delivered at a minimally effective dose indicates possible 
developmental differences in responsiveness to relaxation 
practices. Adolescence, a key life stage characterised by 
rapid biological changes and cognitive, social and emo-
tional growth, presents unique challenges for intervention. 
Critics argue that universal interventions inadequately cater 
to the diverse needs of this age group, who may perceive 
such activities as irrelevant or a lost opportunity to engage 
in other preferred and more intrinsically rewarding activities 

[43]. The amplification of adverse effects at higher levels of 
compliance supports this perspective. Conversely, a reverse 
pattern was observed for MBI (i.e., unwanted effects in pri-
mary school and reduced symptoms in secondary school). 
This indicates that MBIs may be more appropriate for older 
pupils with more enhanced metacognitive skills, while 
RBPIs may be better suited to younger pupils, but could 
become detrimental as they age.

In summary, our analyses indicated that the administra-
tion of a minimally effective dose may be critical to unlock-
ing the effects of the universal, school-based mindfulness 
and relaxation interventions. This was consistent across 
both interventions and across primary and secondary school 
settings, although observed dosage effects were not always 
positive. Null and iatrogenic effects of universal school-
based mental health interventions are increasingly common 
among trials with robust methodology and large sample 
sizes [44]. That the MBI and RBPI reported in this Article 
yielded null effects on depressive symptoms when analysed 
according to the ITT principle [18], and apparent iatrogenic 
dosage effects in the case of MBI primary and RBPI second-
ary CACE analyses, suggests that these interventions may 
be unlikely to reduce depressive symptoms when delivered 
as universal school based interventions in some age groups 
or phases of education: in these cases, our findings indicate 
no evidence of benefit for depressive symptoms and possible 
adverse effects among participants with greater intervention 
exposure, although the latter findings should be interpreted 
in light of the assumptions underlying CACE analyses and 
do not provide definitive evidence of harm. While broader 
indicators of functioning represent an important avenue for 
future work, the present findings speak specifically to inter-
vention effects on depressive symptoms, consistent with the 
original aims of the INSPIRE trial. Relatedly, the magnitude 
of several standardised CACE estimates was larger than is 
typically observed in universal school-based mental health 
intervention trials. These estimates should be interpreted 
considering the CACE estimand, which reflects effects 
among estimated compliers rather than average effects of 
intervention allocation across the full trial sample.

Where positive effects are evident (RBPI primary and 
MBI secondary), a minimally effective dose is necessary. 
A key practical implication of the current study, therefore, 
relates to how schools can be encouraged and supported to 
ensure more regular, frequent delivery of sessions. Enhanc-
ing initial training (e.g., to incorporate theory and evidence 
relating to the importance of frequent and consistent ses-
sion implementation), provision of ongoing implementation 
support (e.g., external coaches to monitor, model and sup-
ports’ teacher delivery or provide booster training sessions), 
and careful consideration for how the underlying pathways 
can result in symptom deterioration, are three immediate 
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avenues for exploration in the next iteration of these inter-
ventions. Qualitative work is a valuable avenue by which 
detrimental effects can begin to be explored. For example, 
focus groups undertaken with a subset of schools as part of 
the Education for Wellbeing trial indicated feelings of bore-
dom and frustration with MBI and RBPI materials (particu-
larly their repetitive nature) and finding activities unhelpful 
were among reported negative perceptions about the two 
interventions reported by some pupils, although these anal-
yses did not discriminate between primary and secondary 
schools [45]. 

Our CACE analyses are the key strength of this study, 
since they took implementation variability into account, and 
in doing so facilitated estimation of intervention effects in 
the context of compliance, while retaining the bias protec-
tive principle of randomisation [23]. Furthermore, the use of 
two compliance thresholds enabled us to consider whether 
treatment effects were amplified at higher levels of cumu-
lative intervention intensity. However, these thresholds 
were arbitrary, and further work is needed to model the 
dose-response relationship of both interventions in a more 
nuanced way.

Although examining multiple dimensions of implemen-
tation using a multiverse approach would provide a more 
comprehensive picture of how implementation influences 
intervention effects [46], the present study included only 
a single measure of compliance, operationalised as inter-
vention dosage. This reflects constraints inherent in CACE 
estimation and aligns with common practice in the litera-
ture [46]. While, in principle, separate CACE models could 
be estimated for different aspects of implementation (e.g., 
quality or fidelity), the analyses were restricted due to the 
already substantial number of models estimated (two inter-
ventions; primary and secondary school samples; moderate 
and high compliance thresholds). In addition, dosage (total 
minutes delivered) was derived from teacher self-report 
data. Implementation surveys were completed retrospec-
tively by delivering staff, meaning that reports may have 
been subject to recall bias. Teacher self-report of implemen-
tation may also be influenced by impression management 
or variability in interpretations of implementation require-
ments [47]. The absence of observational or independent 
measures of implementation quality should therefore be 
considered when interpreting these findings, and future 
research should, where possible and feasible, incorporate 
multiple aspects of implementation.

We also note that, as is the case with all CACE analy-
ses, only a single aspect of implementation was considered, 
though dosage is arguably the most important as it is the 
most variable in school-based interventions (compared to 
others, such as quality) [48]. Some of the CACE analyses 
reported here yielded no statistically significant predictors of 

compliance or entropy < 0.60 (i.e., below the recommended 
threshold for class separation) [49]. Although findings from 
these CACE models are still robust, these results should 
be interpreted with a degree of caution when compared 
to those with significant compliance predictors/entropy > 
0.60. Finally, our analyses comprised secondary analysis of 
a larger RCT, which did not prospectively include measures 
specifically intended to predict compliance. Consequently, 
we identified plausible predictors post-hoc from the mea-
sures already available in the dataset, selecting variables 
that, based on theory and prior evidence, could reasonably 
be expected to relate to participants’ likelihood of engag-
ing with the intervention. Future trials intending to conduct 
CACE analyses should identify relevant predictors a priori 
and ensure that these are deliberately measured during data 
collection.

Conclusions

This Article highlights the importance of intervention 
implementation as a treatment effect modifier of universal 
school-based mindfulness and relaxation interventions. In 
doing so, it has provided important new insights into the 
effects that can be expected in the context of moderate and 
high compliance. Going forward, enhanced initial train-
ing (including an understanding of how increased dosage 
of MBI and RBPI may have detrimental effects in certain 
phases of education) and provision of ongoing implementa-
tion support may be required in order for positive effects to 
be achieved consistently.
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