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Abstract

patients with SMI on these PROs.

SMI were included. Outcomes of interest were PROs.

the impact of lifestyle interventions.

Background: Lifestyle interventions for severe mental illness (SMI) are known to have small to modest effect on
physical health outcomes. Little attention has been given to patient-reported outcomes (PROs).

Aim: To systematically review the use of PROs and their measures, and quantify the effects of lifestyle interventions in

Methods: Five electronic databases were searched (PubMed/Medline, Embase, PsycINFO, CINAHL, and Web of Sci-
ence) from inception until 12 November 2020 (PROSPERO: CRD42020212135). Randomised controlled trials (RCTs)
evaluating the efficacy of lifestyle interventions focusing on healthy diet, physical activity, or both for patients with

Results: A total of 11.267 unique records were identified from the database search, 66 full-text articles were assessed,
and 36 RCTs were included, of which 21 were suitable for meta-analyses. In total, 5.907 participants were included
across studies. Lifestyle interventions had no significant effect on quality of life (g=0.13; 95% Cl=—0.02 to 0.27),

with high heterogeneity (P =68.7%). We found a small effect on depression severity (g=10.30, 95% Cl=0.00 to 0.58,

P =65.2%) and a moderate effect on anxiety severity (g=0.56, 95% Cl=0.16to 0.95, ¥ = 0%).

Discussion: This meta-analysis quantifies the effects of lifestyle interventions on PROs. Lifestyle interventions have
no significant effect on quality of life, yet they could improve mental health outcomes such as depression and anxiety
symptoms. Further use of patient-reported outcome measures in lifestyle research is recommended to fully capture

Keywords: Severe mental illness, Lifestyle intervention, Patient-reported outcome, Systematic review, Meta-analysis

Background

People with severe mental illness (SMI) have an increased
risk of poor physical health and premature mortality.
This can be attributed to the high prevalence of chronic
somatic diseases in this patient group, including car-
diometabolic diseases, respiratory diseases, and cancer
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[1-7]. Evidence suggests that people with SMI more often
engage in risky health behaviours than the general popu-
lation, including sedentary behaviour, low physical activ-
ity, unhealthy eating habits, smoking and substance
abuse [8-11]. Given the severe health disparities, large
efforts have been made to increase physical health among
patients with SMI through behavioural interventions [6].
During the past decades, numerous studies on the effi-
cacy of lifestyle interventions for patients with SMI have
been executed [6, 12, 13].
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Lifestyle interventions typically focus on weight man-
agement and aim to reduce overweight and obesity by
stimulating dietary changes, decreasing sedentary behav-
iour, and increasing physical activity. However, recent
systematic reviews and meta-analyses suggest that the
effects of lifestyle interventions on physical health param-
eters, such as weight, body mass index (BMI), waist cir-
cumference, and blood pressure, are limited in this group
[12], few show significant effects [13]. Especially inter-
ventions executed under real life conditions usually result
in small to moderate effects that are oftentimes clinically
insignificant [6, 12, 14]. Furthermore, to date there is lim-
ited information in long-term efficacy due to a lack of
long-term follow-up studies [14]. This can lead research-
ers to be sceptical about the implementation of these
interventions in clinical practice.

Little attention has been given to other possible ben-
efits of lifestyle interventions such as improvements in
quality of life (QoL), daily functioning, social function-
ing and participation, health-related well-being, or other
patient-reported outcomes (PROs). PROs can be defined
as ‘any report of the status of a patient’s health condition
that comes directly from the patient, without interpre-
tation of the patient’s response by a clinician or anyone
else’ [15]. They are mostly self-report questionnaires but
can also be acquired through interviews, diaries, or other
tools [16]. PROs are valuable outcomes as they represent
topics that are meaningful to patients and provide insight
on the impact of interventions from the patient’s per-
spective [17, 18]. They often correlate poorly with objec-
tive physical outcomes or biomarkers, which emphasizes
that a broad range of outcomes is needed to comprehen-
sively capture the impact of lifestyle interventions [16].
Patients, health policy makers, and the scientific com-
munity have recognised the relevance of PROs, and their
use in studies and clinical practice has increased in recent
years [18—20]. However, the use of PROs in evaluation of
lifestyle interventions has not been systematically evalu-
ated and quantified yet.

The aim of this study is to systematically review the use
of PROs and their patients-reported outcome measures
(PROMs) in the evaluation of lifestyle interventions aim-
ing at the promotion of healthy diet and physical activ-
ity for patients with SMI. We will furthermore quantify
the effects of lifestyle interventions for SMI on three
important PROs, which are quality of life, depression and
anxiety.

Method

Search strategy and selection criteria

This systematic review was conducted according to
the Preferred Reporting Items for Systematic Reviews
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and Meta-Analyses (PRISMA) guidelines [21] and
it followed a beforehand published study protocol
(PROSPERO registration number: CRD42020212135)
[22]. Two researchers (LP and MA) developed and
executed the search strategy with support of a men-
tal health information specialist. The search was con-
ducted in the databases PubMed/Medline, Embase,
PsycINFO, CINAHL, and Web of Science from incep-
tion to 12 Nov 2020. We performed the search using
search terms such as (“SMI” OR “severe mental ill-
ness*” OR “severe mental disorder*” OR “serious men-
tal illness*” OR “serious mental disorder*”) AND
(“life style” OR “health promotion” OR “physical fit-
ness” OR “exercise” OR “healthy diet”) AND (“patient
reported outcome measures” OR “prom”) AND “ran-
domized controlled trial”). The full search string is
shown in the Supplementary Material (Table S1). To
identify any additional relevant studies, we systemati-
cally screened reference lists of key systematic reviews
that were retrieved from the search string that was
originally used as an orientation on currently available
reviews on the topic.

We included randomised controlled trials (RCTs)
only. Studies of all languages and publication dates were
considered. We used the following four main domains
of inclusion criteria to assess eligibility of the studies.

Participants

We included studies that included patients with SMI,
using the definition of SMI by Delespaul and the consen-
sus group SMI [23],stating that a psychiatric disorder can
be defined as severe when the illness (1) requires coor-
dinated treatment of health professionals; (2) is accom-
panied by serious limitations in social functioning; (3) is
of chronic nature (structural or long-term, at least a few
years) and not in symptomatic or functional remission;
and (4) where the limitations are cause and consequence
of the disorder [23]. Using these criteria, we included
studies focusing on schizophrenia spectrum disorders or
other psychotic disorders, bipolar disorder, severe per-
sonality disorder, or depressive disorder when chronicity
was indicated. Studies with anxiety disorders, substance
use disorders, eating disorders, or dementia as primary
diagnosis were excluded.

Intervention

The included studies investigated lifestyle interventions
focussing primarily on promoting physical activity, die-
tary changes, or a combination of both. We focussed on
non-pharmacological interventions promoting weight
loss, weight management, healthy diet, decrease of sed-
entary behaviour, or increase of physical activity.
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Control condition

Studies with nonactive or minimally active control condi-
tions were considered eligible (e.g. treatment as usual or
waitlist control group).

Outcomes

We were interested in patient-reported outcomes (PROs),
defined as ‘any report of the status of a patient’s health
condition that comes directly from the patient without
interpretation of the patient’s response by a clinician or
anyone else’ [15], captured by self-report questionnaires,
diaries, or other data collection tools [16].

Data collection and analysis

Study selection

In the first round of selection, titles and abstracts were
screened for eligibility using the Rayyan screening tool
[24]. Literature was screened on the basis of our inclu-
sion and exclusion criteria by the first author (LP). At
the start, two other researchers (MA and BvM) inde-
pendently screened a smaller sample of each 5% of all
records (n=1.145). Selection criteria were defined in
greater detail which ultimately led to consensus. Addi-
tionally, a selection of articles that were cases of doubt
(n=160) and were screened by only one researcher (LP)
in the first round. These underwent a second screening
by two researchers for a definite decision (LP and MA).
Disagreements in inclusion and exclusion were resolved
by discussion. Disagreements or uncertainties were dis-
cussed with the senior researcher (BvM).

In the second round of screening, each full-text article
was screened independently by two researchers (LP and
JK). Disagreements were resolved by discussion or deci-
sion by a third and fourth researcher (MA and BvM). An
overview of the study selection process can be found in
the PRISMA flow diagram (Fig. 1).

Data extraction

The process of data extraction was carried out by two per-
sons independently (LP and JK). The data was extracted
using a standardised data extraction file which was devel-
oped beforehand. The following items were extracted for
description of study characteristics: first author, year of
publication, country, setting and diagnosis, sample size,
mean age, intervention (intervention aim, focus, format,
components, duration, and delivery), control group, fol-
low-up moments and PROM questionnaires. Addition-
ally, data for quality assessment and meta-analysis was
extracted, and risk of bias assessment was done by two
independent researchers (JK and LP). Discrepancies were
once again resolved by discussion.
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Risk of bias assessment

The Cochrane Risk of Bias Tool 2.0 was used to assess the
methodological limitations of the included studies [25].
Risk of bias assessment was performed independently
by two researchers (LP and JK). The following domains
were assessed: (1a) the randomisation process; (1b) iden-
tification or recruitment of participants into clusters;
(2) deviations from intended interventions; (3) missing
outcome data; (4) measurement of the outcome; and (5)
selection of the reported result [25]. The risk of bias for
each domain was scored as either low, high, or with some
concern, and an overall judgement for each study was
made. In addition, we made a distinction between high-
risk studies and ‘lower-risk’ studies. The fourth domain
was removed for this purpose, as it was expected to score
as ‘high risk’ in any case because of the inability of blind-
ing in lifestyle intervention trials. Studies were labelled
‘lower risk of bias’ when at least three of the remaining
domains scored low risk and none of the domains scored
high risk.

Quality assessment

The general quality of the evidence was assessed (LP)
using the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE). Five GRADE
domains were assessed: (1) risk of bias, (2) impreci-
sion, (3) indirectness, (4) heterogeneity, and (5) publica-
tion bias. Possible ratings for each meta-analysis were
either high, moderate, low, or very low, representing the
strength of the evidence [26].

Outcome measures

The outcomes of interest were PROs [15]. The concep-
tual model of Wilson & Cleary was used to provide the
theoretical framework [27]. The model divides outcomes
into five categories: biological and physiological vari-
ables, symptom status, functional status, general health
perceptions, and overall QoL. We considered the model
while analysing the concepts of the different PROs and in
deciding which ones should be pooled in the meta-anal-
ysis. For the meta-analysis, we chose the most frequently
used PROMs that measured the health status of a patient
rather than health behaviour, as we considered those
as most relevant and meaningful for patients. Based on
these criteria, quality of life, depression severity, and
anxiety severity were considered the most important
outcomes.

Data synthesis and statistical analysis
For the meta-analyses, we used widely accepted PROMs.
The decisions on which PROMs were similar enough
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Fig. 1 PRISMA flow diagram of study search and selection

to be pooled in meta-analysis was made based on the
underlying construct and items of each PROM [16]. We
used the means, standard deviations, and sample size
of each intervention and control group, or alternatively
the p-values and sample sizes to calculate the effect size.
When more than one outcome of the same construct was
reported in one study, we performed a sensitivity analy-
sis, pooling an effect size for the lowest effect sizes, the
highest effect sizes, and all effects combined. Studies
were considered outliers if their 95% confidence inter-
val (CI) lied outside of the 95% CI of the pooled effect.
Meta-analysis was conducted for the outcomes quality of
life, depression, and anxiety. The Comprehensive Meta-
analysis software (Version 3.3.070) was used to calculate

the Hedges’ g statistic with 95% confidence intervals (CI)
using the random effects model (www.meta-analysis.
com). In this context, a Hedges’ g of 0.2 would be consid-
ered as minor, 0.5 as moderate, and 0.8 as a major effect
[28].

Heterogeneity was assessed using the P-statistic, with
scores of <25%, 25-50 and >50%, indicating low, moder-
ate, and high heterogeneity, respectively [29]. We exam-
ined the heterogeneity and differences in effect sizes
of specific groups by executing subgroup analyses and
exploratory analyses using the mixed-effects analysis.
Publication bias was assessed graphically by inspecting
funnel plots and statistically by utilizing Egger’s regres-
sion tests [29].
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Results

Study selection

After removal of duplicates, a total of 11.267 records
were obtained from the databases. By applying the pre-
defined eligibility criteria, we selected 66 records for full-
text screening. Thirty articles failed to meet the inclusion
criteria and were subsequently excluded. We included 36
studies meeting the inclusion criteria. Twenty-one stud-
ies were included in the meta-analyses. Fourteen stud-
ies could not be pooled, as they included PROMs that
were not reported frequently enough (e.g. self-esteem or
loneliness), or only included PROM:s focussing on health
behaviour (e.g. registration of dietary behaviour or physi-
cal activity). One study did not provide sufficient data for
the analysis of quality of life in terms of missing sample
size per condition and effect size data [30]. Details on the
study selection process can be found in Fig. 1.

Study characteristics

Table 1 shows a summary of the key characteristics of all
36 included RCTs. We included studies from 15 different
countries of which 47% European (n=17) [30, 35-37, 39,
42-44, 47-49, 51, 53, 54, 56, 61, 62], 31% North Ameri-
can (n=11) [33, 34, 38, 40, 45, 52, 55, 57, 60, 63, 65],
8% Asian (n=23) [46, 50, 58], 8% Australian (#=3) [32,
41, 64], and 6% South American origin (n=2) [31, 59].
At baseline, a total of 5.907 participants were enrolled
across studies. The studies were published from 2005
until 2020 and 56% (n=20) were published during the
past 5years. The studies had a sample size ranging from
13 to 814 participants (mean/median=164/101). The
mean age of the participants ranged from 31 to 60years.
The percentage of male participants ranged from 14 to
100% (mean/median =56/52). The main primary diagno-
ses were schizophrenia spectrum disorders or psychotic
disorders in 86% of the included trials (n=32). Other pri-
mary diagnoses were bipolar disorder (n=2) and major
depressive disorder (n=2). Participants were recruited
from outpatient settings in 86% of all trials (#=31), in
some trials from inpatient clinics (#=4), or a combina-
tion of both (n=1).

Interventions

Of all 36 included studies, 78% (n=28) focused on life-
style interventions incorporating both physical activity
and eating behaviour [30, 31, 33, 34, 36-43, 47, 48, 50,
51, 53, 55, 57, 60—65], some considering additional risk
behaviours such as smoking or substance use [32, 44].
Seven trials (19%) focused only on exercise interventions
[35, 46, 49, 52, 56, 58, 59] and one trial only on a dietary
intervention [54]. The most common intervention goals
were weight management or weight loss, cardiometa-
bolic improvements, and general health promotion. The
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majority of interventions included psychoeducation,
motivational interviewing, and cognitive behavioural
strategies such as self-monitoring, goal setting, prob-
lem solving, cognitive restructuring, and skills training.
Twenty interventions (56%) were group-based [30-32,
35-38, 42, 43, 46, 49, 50, 52-55, 58—60, 64], nine (25%)
were a combination of both individual and group ele-
ments [40, 44, 45, 47, 51, 56, 57, 62, 65], and seven (19%)
were individually targeted [33, 34, 39, 41, 48, 61, 63].
Duration of the interventions ranged from 5 weeks to 12
months, with an average of 26 weeks. All control condi-
tions were nonactive or minimally active.

Patient reported outcomes and measures

In the included trials, we found 69 different PROMs.
Overall, the most frequently evaluated PROs were
(health-related) quality of life, health behaviours, and
symptom status. The most frequently used PROMs
for QoL were the MOS Short Form Health Surveys
SE-36 and the SF-12 [66, 67]. The two most commonly
reported health behaviours were physical activity, meas-
ured most often with the International Physical Activity
Scale (IPAQ) and dietary behaviour measured with food
frequency questionnaires, such as the Dietary Instru-
ment for Nutrition Education questionnaire (DINE)
[68, 69]. The two most commonly assessed symptoms
were depression and anxiety, measured with a variety of
PROMs including the Beck Depression Inventory (BDI)
and the Symptom Checklist 90 (SCL-90-R) [70, 71].
There was evidence of appropriate psychometric proper-
ties of 52% of all PROMs (n=36). Details can be found
in the Supplementary Material (Table S2). However, the
validity and reliability of 17% of PROMs remained ques-
tionable (n=12). This was mostly true for self-reported
measures of physical activity and dietary behaviour.

Risk of bias

According to the Cochrane risk of bias tool, 35 of the
36 trials were with high risk of bias, and one trial raised
some concerns [36] (Fig. 2). Reason for this high risk of
bias was the unavoidable lack of blinding of participants
and personnel due to the nature of the interventions.
When removing that particular domain, 7 of the 36 stud-
ies scored a ‘lower risk’ of bias (19%) [32, 34, 44, 47, 48,
53, 62]. The randomisation procedure scored a low risk
of bias in 39% of trials (n=14) [32, 34, 37, 44, 47-49,
52, 53, 58, 61, 62, 64, 65]. Few studies (n=11) described
allocation concealment [32, 39, 44, 47-49, 52, 58, 62, 64,
65]. Furthermore, 36% of all trials (#=13) seem to have
used an appropriate statistical analysis (intention-to-treat
without last observation carried forward method) [33, 34,
38, 40, 43-48, 51, 53, 62]. Detailed scores can be found in
the Supplementary Material (Fig. S1).
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Randomization process

Identification or recruitment of participants into clusters

Deviations from intended interventions

Missing outcome data

Measurement of the outcome

Selection of the reported result

Overall Bias

0% 10% 20%

Fig. 2 Cochrane risk of bias assessment 2.0

H Low risk
Some concerns
m High risk

30% 40% 50% 60% 70% 80% 90% 100%

Results of the meta-analyses

We included a total of 21 studies for meta-analysis, some
of which included outcomes of more than one analysis.
Outcomes of all meta-analyses can be found in Table 2
and forest plots in Fig. 3.

Effects on quality of life

This meta-analysis is based on 19 studies (n=3.129
participants) that evaluated the effect of lifestyle
interventions on QoL in patients with SMI. We
performed the main analysis calculating combined
effect sizes for studies that used more than one out-
come measure for QoL. The pooled effect size for
quality of life is Hedges’ g=0.13 (95% CI=—0.02 to
0.27), with a corresponding p-value of 0.09, showing
no significant increase in QoL in in the intervention
groups.

We analysed how the effects would change based on
the selection of outcomes with the lower or higher effect
size for studies using more than one PROM for QoL.
The analysis combining the lowest effect sizes indicated
no effect (g=0.1; 95% CI=—0.05 to 0.24). In contrast,
the analysis combining the highest effect sizes indicated
a small and statistically significant effect (g=0.18; 95%
CI=0.02 to 0.33; p=0.03).

There was high heterogeneity among QoL stud-
ies (Q=57.6, df=18, p=0.00). The null hypothesis
of all studies sharing the same common effect size,
can be rejected. The I’-statistic is 68.7% (95% CI =46
to 79), meaning that more than half of the variance
in the observed effect reflects the variance of true
effects.

Effects on depression severity

For the severity of depression, the meta-analysis was
based on nine studies (n=790 participants). We found
a small significant effect on depression severity with
a pooled effect size of g=0.29 (95% CI=0.00 to 0.58,
p=0.047). Heterogeneity appeared to be high among
studies evaluating depression severity (Q=23.0, df=8,
p=0.003), with an  of 65.2% (95% CI=8 to 81). We did
not perform any subgroup analyses on this outcome as
the number of studies was too low, yielding a low power
of those analyses.

Effects on anxiety severity

The meta-analysis on the effects of lifestyle interven-
tions on the severity of anxiety summarized four studies
(n=121 participants). We calculated a pooled effect size
of g=0.56 (95% CI=0.16 to 0.95), indicating a moderate
and statistically significant effect (p=0.006). The I°-sta-
tistic was 0% (95% CI=0 to 68).

Subgroup analysis

For the outcome QoL, five subgroup analyses were per-
formed on the following variables: study region, dura-
tion of the intervention, type of intervention, attendance
and risk of bias. For the variable attendance, we defined
a cut-off value of above 60% for high attendance. For risk
of bias, we used the same four domains as for identify-
ing the ‘lower risk’ studies. Risk of bias was significantly
associated with the effect size (p=0.01). Studies with a
higher risk of bias seemed to show larger effect sizes
than those with a lower risk of bias (g=0.27 compared to
—0.06). Furthermore, higher attendance was significantly
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Table 2 Meta-analysis and subgroup analysis of the effects of lifestyle interventions for SMI on quality of life, severity of depression

and severity of anxiety compared to the control condition

Post-intervention effect sizes N
Quality of life
Outcomes combined 19
Outcomes combined, outliers removed 17
Outcomes with lowest effect size 19
Outcomes lowest, outliers removed 17
Outcomes with highest effect size 19
Outcomes highest, outliers removed 17
Severity of depression 9
Severity of anxiety 4
Subgroup analyses for QoL N
Duration of intervention
1-3months
4-8months
12months 7
Region
Europe 10
North America 3
Asia/ Pacific
South America 2

Type of intervention

Group-based 10

Combination 6

Individual-based 3
Attendance to sessions

High 8

Low 8

Unknown 3
Risk of bias

Lower risk of bias 6

Higher risk of bias 13

Explorative analysis (intervention modalities) N

Mainly structured high intensity PA 5
Including skill training for healthy diet (i.e. buying groceries, 4
cooking or meal preparation)
Mainly behavioural therapy components (Motivational inter 6
viewing, CBT)

Hedges’ g 95% Cl ? p

0.13 (—=0.02t00.27) 68.7* 0.09
0.03 (—0.08t0 0.14) 46.0% 0.56
0.10 (—=0.05t00.24) 67.4% 0.19
0.00 (—=0.1t00.1) 39.6 0.99
0.18 (0.02t00.33) 73.0% 0.03**
0.09 (—=0.04t00.22) 59.8% 0.18
0.292 (0.00t0 0.58) 65.2% 0.0477%*
0.559 (0.16 t0 0.95) 0 0.006**
Hedges’g 95% Cl r p

0.20 (—=0.07t0 047) 73.4*% 0.05
0.37 (0.09 to0 0.66) 65.9%

—0.05 (=0.25t00.15) 492

0.12 (—0.08t0 0.33) 80.9% 0.94
0.07 (=0.34t0 0.49) 0

0.23 (—=0.12t0 0.58) 241

0.10 (—=043100.62) 20.1

0.30 (—0.07 t0 0.53) 73.7* 0.08
—0.07 (—=0.29t0 0.16) 378

0.18 (—=0.16t0 0.51) 40.7

0.46 (0.19t0 0.72) 75.0% 0.01**
—0.02 (—0.21t00.17) 0

0.02 (—=0.30t00.33) 79.1%

—0.06 (=0.25t00.12) 319 0.01%*
0.27 (0.09to 0.45) 65.7%

Hedges’ g 95% ClI g

092 (0.31t0 1.53) 65.2%

—0.11 (—0.27 t0 0.05) 442

0.01 (—=0.09t00.12) 0

N Number of studies, C/ confidence interval

" p <0.05," statistically significant difference

associated with higher effect sizes (p=0.01), showing an
effect size of g=0.46 in the high attendance group com-
pared to —0.02 in the low attendance group. Studies from
the Asian/ Pacific area tended to have a higher effect size
compared to other regions (g=0.23; compared to Europe
g=0.12, North America g=0.07, and South America
g=0.1). Asian studies overlapped to some extend with

the ‘higher risk’ of bias studies. Interventions with longer
duration (9-12months) tended to have a lower pooled
effect size (g=—0.05, compared to 1-3months, g=0.2,
and 4-8 monthsg=0.37). In the exploratory analysis we
found that interventions including mainly structured
high intensity physical activity had a large pooled effect
size (g=0.92).
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A Quality of life, outcomes combined
Study Statistics for each study Hedges's g and 95% CI
Hedges's Lower Upper
g limit limit  p-Value
Forsberg 2010 -0,278 -0,985 0,429 0,441
Stiekema 2018 -0,254 -0,405 -0,103 0,001 B
Goldberg 2013 -0,168 -0,635 0,300 0,482
Gaughran 2017 -0,138  -0,381 0,105 0,266
Attux 2013 -0,053 -0,400 0,295 0,767
Masa-Font 2015 -0,016  -0,232 0,199 0,883
Usher 2013 -0,001 -0,389 0,386 0,994
Holt 2019 0,000 -0,212 0,212 1,000
Jakobsen 2017 0,000 -0,233 0,233 1,000
Baker 2015 0,080 -0,252 0,411 0,638
Muralidharan 2020 0,127 -0,188 0,442 0,430
Speyer 2016 0,166 -0,066 0,398 0,160
Skirnar 2005 0,411 -0,450 1,271 0,349
Silva 2015 0,461 -0,368 1,289 0,276
Ryu 2020 0,470 -0,084 1,024 0,096
Kwon 2006 0,617 -0,038 1,272 0,065
Fernandez-Guijarro 2019 0633 0,110 1,157 0,018 —a—
Kaltatsou 2015 1,379 0,612 2,146 0,000 —a—
Battaglia 2013 2,319 1,154 3,485 0,000 —1——
0,127 -0,020 0,273 0,089
-3,00 -1,50 0,00 1,50 3,00
Favours Control Favours Intervention
B Severity of depression
Study Statistics for each study Hedges's g and 95% CI
Hedges's Lower Upper
g limit limit  p-Value
Forsberg 2010 -0,325 -0,984 0,333 0,333
Holt 2019 -0,044 -0,256 0,168 0,684
Baker 2015 -0,013 -0,343 0,318 0,940
Muralidharan 2020 0,035 -0,279 0,348 0,828
Marzolini 2009 0,605 -0,568 1,778 0,312 L
Skirnar 2005 0,771 -0,106 1,648 0,085 L
Brown & Chan 2006 0,878 -0,085 1,841 0,074 L
Ryu 2020 0,972 0,393 1,550 0,001
Mota-Pereira 2011 0,976 0,190 1,761 0,015
0,292 0,004 0,580 0,047 ‘
-2,00 -1,00 0,00 1,00 2,00
Favours Control Favours Intervention
C Severity of anxiety
Study Statistics for each study Hedges's g and 95% CI
Hedges's Lower Upper
g limit limit p-Value
Marzolini 2009 0,184 -0,961 1,330 0,753 I L
Skirnar 2005 0,236 -0,611 1,083 0,585 L
Brown & Chan 2006 0,642 -0,300 1,584 0,181 L
Ryu 2020 0,765 0,198 1,332 0,008 —B—
0,559 0,163 0,954 0,006 ‘

-2,00 -1,00 0,00 1,00 2,00

Favours Control Favours Intervention

Fig. 3 Forest plots of quality of life, depression severity and anxiety severity
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Publication bias

The funnel plot of quality of life indicated some of publi-
cation bias and Egger’s test of publication bias was signif-
icant (p =0.0004). Smaller studies showed more positive
results. When imputing missing studies with the trim
and fill procedure of Duval and Tweedie, the adjusted
effect size was g=—10.05 (95% CI=—0.12 to 0.017). Fun-
nel plots for depression and anxiety showed no indication
for publication bias (Supplementary Material, Fig. S2).

Grade

The GRADE assessment shows an overall very low
quality of the evidence, caused by the high risk of bias,
unexplained heterogeneity, and indirectness due to

time differences in outcomes (Supplementary Material,
Table S3).

Impact on other patient-reported outcomes

Results for all remaining assessed PRO’s not included in
meta-analysis due to the varying outcome concepts and
measures showed varying results, overall in favour of life-
style interventions. An overview of the PRO’s and find-
ings can be found in the descriptive Table 1 and in the
Supplementary Material (S2).

Sixteen studies investigated the effects on physical
activity [31-34, 36, 37, 39, 41, 42, 44, 45, 48, 53, 55, 58,
61, 63]. Eight of these studies reported improvements in
physical activity in the intervention groups in terms of
increased minutes of weekly exercise, higher vigorous
activity score, and decreased time spent sitting [33, 34,
37, 39,41, 42, 53, 55].

Sixteen studies evaluated dietary behaviour [31-34, 36,
37, 39, 44, 45, 47, 48, 50, 53-55, 61]. Three studies found
significant improvements in the reduction of fat con-
sumption [55], short-term increase of fruit and vegetable
consumption [54], and adherence to the Mediterranean
diet [36]. Three other studies found significant changes
in readiness to change dietary behaviour in favour of the
intervention [33, 34, 51].

Eight studies examined smoking behaviour [31, 32,
39, 42, 44, 47, 48, 61] and three studies used PROMs for
substance use and alcohol abuse [32, 39, 44]. Neither
smoking, alcohol, or substance use were significantly
improved by the interventions, except one study in which
both groups reduced cigarette consumption [32]. Readi-
ness and motivation to quit smoking or to change health
behaviour was assessed by some studies [32, 40, 51], with
no significant improvements.

Several studies examined different aspects of perceived
mental health [46, 52, 57, 61]. Illness perception and
self-appraisal toward illness was assessed and not found
improved by two studies [40, 47]. Perceived general
health status was assessed by four studies [39, 41, 48, 61],
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one study showing improvement [41]. Body image and
self-esteem were evaluated in four studies [31, 41, 58, 65].
Body image was significantly improved in two of these
studies [41, 65]. Weight-related self-esteem was improved
in another study [57]. Self-efficacy was measured and
found significantly improved in three studies [55, 60, 65].
Sleep quality was found significantly improved in one
study [36]. Several studies assessed different aspects of
functioning, such as emotional functioning, daily func-
tioning, and independent living skills [31, 43, 46]. One
study showed improvements in daily functioning in
favour of the intervention group and another in sense of
coherence [43, 46].

Discussion

In this systematic review and meta-analysis, we examined
the use of PROs and PROMs in lifestyle intervention tri-
als for people with SMI. We analysed the effect of three
PROs that were used in lifestyle intervention trials for
people with SMI, namely quality of life, depression and
anxiety. We identified 36 studies of which 21 were used
for meta-analysis. The most commonly evaluated PROs
were quality of life, health behaviours, and symptom
status, often reported as secondary or exploratory out-
comes. The included studies showed a large variety of
different PROMs. The quality the studies was overall low,
only seven of the 36 studies had a lower risk of bias.

The meta-analysis showed a very small effect of lifestyle
interventions on QoL with an effect size of 0.13, which
was not statistically significant (95% CI=—0.02 to 0.27,
p =0.09). The prediction interval for QoL was —0.41 to
0.66, meaning that the true effect of lifestyle interven-
tions on QoL could be beneficial in some populations
and unfavourable in others. In our subgroup analysis
were not able to distinguish which patients benefit most
from lifestyle interventions, as patient characteristics
were too homogeneous. In this respect, also the nature of
the lifestyle intervention should be taken into considera-
tion, with the central question which requirements these
interventions must meet. The rewarding element for the
patient seems to be of great importance. We identified
two outlier studies in the meta-analysis of QoL outcomes
[35, 49]. Those studies had very large effect sizes, with
a Hedges’ g =2.32 (95% CI=1.15 to 3.49), and g =1.38
(95% CI=0.61 to 2.51), respectively. Interestingly, those
studies used highly social exercise interventions, i.e. soc-
cer practice and Greek traditional dancing. Attendance
in these studies was very high. Including these kinds of
interactive and social activities in lifestyle interventions
could help patients to stay motivated and could increase
compliance with, and thus the success of lifestyle inter-
ventions. Exploratory analysis revealed high effects
for interventions mainly consisting of structured high
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intensity PA. Although the two outlier studies contrib-
uted to this high effect size, the remaining studies like-
wise showed large effects.

Lifestyle interventions might have the potential to
improve mental health outcomes. There were indications
of reduction of symptoms of depression and anxiety. The
overall effects of lifestyle interventions were small for
depression (g=0.29, 95% CI=0.00 to 0.58, p=0.047)
and moderate for anxiety (¢=0.56, 95% CI=0.16 to 0.95,
p=0.006). These effect sizes imply a clinically relevant
effect [72]. These findings should be confirmed with
larger samples. It is also important to note that due to the
focus of our review, our findings cannot be generalized
to other types of lifestyle interventions, such as smoking
cessation or sleep interventions.

Overall, the findings of our meta-analysis are consist-
ent with other systematic reviews. The effect on QoL is
similar to the one found in a recent systematic review
by Speyer et al., who estimated a nonsignificant SMD
of 0.03 (95% CI=—0.11 to 0.17) in a sample of 15 trials
[12]. Our finding on depression severity is in line with
a systematic review by Bruins et al. [73]. They found an
SMD of —0.95 (95% CI —1.90 to —0.00, p=0.05) reduc-
tion on depressive symptoms, which exceeds the effect
size that we found. However, Bruins et al. based their
results on less studies (n=4). Our findings on depression
and anxiety are not reflected in the current meta-review
of Firth et al. (2020). Although exercise and healthy diet
are protective lifestyle factors for developing depression
and anxiety, they do not find significant effects of exer-
cise interventions on depression and anxiety symptoms
in persons with schizophrenia [74]. This highlights the
issue of implementation errors that could be a possible
explanation for the lack of effects. For all kinds of rea-
sons, on the level of the patient or care providers, within
the patient-caregiver relationship, or due to team factors,
preconditions (e.g. financial or personnel), and other fac-
tors, implementation may be less successful, which influ-
ences the effectiveness of a lifestyle intervention.

There were considerable differences between the stud-
ies in terms of study objectives, methodology, interven-
tion duration, intervention format, and content. This
increased the heterogeneity between studies and made
it challenging to compare them. We tried to find sources
of heterogeneity by analysing different subgroups. Of all
subgroup analyses, risk of bias and attendance were sig-
nificantly associated with the effect sizes. High quality
studies led to lower effect sizes, which is also seen in the
review of Bruins et al. [73]. This implies that low quality
studies tend to overestimate the effects. Our subgroup
analysis on attendance showed that studies with higher
attendance had significantly higher effects on QoL. A
positive correlation of adherence and treatment success

Page 23 of 27

was also found in another review [75]. This highlights
the importance of patient compliance to maximise
treatment effects. Interventions with shorter duration
tended to have higher efficacy, which was contrary to
our expectations. Speyer et al. and Vancampfort et al.
found that studies with an individual approach yield
higher effects on weight outcomes [12, 13]. In contrast,
other reviews state that group interventions would be
more effective and highlight the importance of peer
support for motivation [73, 76, 77]. Our own analysis
showed a tendency of larger benefits of group settings
on QoL. We observed a trend of studies from the Asian
region showing larger effect sizes, which is consistent
with other systematic reviews [12, 73]. This should be
interpreted with caution, as these studies tended to have
higher risk of bias. Another possible explanation could
be the stricter adherence to interventions in the Asian
culture.

Strengths and limitations

Our systematic review had several strengths. To the best
of our knowledge, this paper is the first systematic review
and meta-analysis focussing entirely on the evaluation
of PROs among lifestyle interventions in patients with
SMI. Secondly, we published a predefined study proto-
col in the beginning of the study period. Thirdly, we con-
ducted a comprehensive and extensive literature search
with the support of an expert information specialist, in
which no restrictions in terms of language or publication
date were applied. However, our search strategy could
have included more diet-related search terms. Fourthly,
we included only RCTs as these represent the best qual-
ity of evidence. On the other hand, despite the inclusion
of RCTs only, almost all trials were of a high risk of bias
which together with a range of other factors contributed
to an overall very low quality of the evidence. Besides
that, the lack of power in the meta-analyses of the sever-
ity of depression and anxiety weakened the confidence
in these results. Study selection was in large parts per-
formed by a single searcher. We tried to limit the possible
bias arising the selection procedure by double-screening
a sample of 10% of the articles, and by discussing articles
of doubt with two or more researchers. Furthermore, we
cannot exclude the possibility of missing studies as we
excluded non-randomized trials and included published
studies only. Unpublished studies could have contrib-
uted to a smaller effect, which we tried to simulate in the
adjustment of meta-analysis results for QoL by imput-
ing the missing studies. We furthermore cannot exclude
the possibility of missing studies in our search, because
PROMs are often reported as secondary outcomes or
supplementary material. This complicates tracing down
these studies in the first phase of study selection while
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inspecting titles and abstracts. This error could only have
been prevented by retrieving the method sections and
supplementary materials of eligible studies during the
first screening phase. However, we did not believe that
this would have been a workable option due to the large
number of studies we retrieved.

Implications for research and clinical practice

Even though lifestyle interventions have modest effects
on physical health parameters, there could be other
possible benefits that can be captured with PROMs.
Despite the value of biomedical outcomes, future tri-
als should involve the patient’s perspective and there-
fore include PROs to investigate the benefits of lifestyle
interventions for SMI in a variety of health concepts.
This is particularly critical in mental health research,
which often involves outcomes that are difficult or not
observable in an objective manner. Researchers should
consider PROMs that are matching the aim of their
intervention and should choose one measure for every
concept that they expect to be influenced by the inter-
vention. The PROM should ideally be valid, reliable,
and sensitive to change. Additionally, for the SMI pop-
ulation, the questionnaires should be brief measures
that are easy to administer. Self-reported instruments
for dietary and exercise tend to be rather inaccurate
[78-80]. However, they can still be useful to categorise
patients into certain groups and to create awareness of
the patient’s health behaviour.

For the clinical setting, the use of more flexible instru-
ments would be advantageous. The National Institutes of
Health started the Patient-reported Outcomes Measure-
ment Information system (PROMIS) initiative in order
to develop an assessment system for PROs and large item
bank which can be used for computerized adaptive test-
ing [81]. This method was shown to provide flexible, effi-
cient, and precise measurements of depression in Dutch
patients [82]. Given the promising results, the PROMIS
system has the potential to facilitate clinical practice and
research in the assessment of PROs.

Conclusions

The current systematic review and meta-analysis informs
mental health professionals on the use of PROs and
PROMs in the evaluation of lifestyle intervention trials,
and on the effects of lifestyle interventions in patients
with SMI on quality of life, depression and anxiety.
Despite small and clinically non-significant effects on
physical health parameters, lifestyle interventions can
however positively affect PROs such as depression and
anxiety symptoms, making them more relevant for clini-
cal practice. Comprehensive knowledge of both the clini-
cal and patient-reported outcomes of these programs is
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necessary in order to choose appropriate treatment for
the SMI patient group.
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