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Is there an association between
cardiorespiratory fitness and stage of illness
in psychotic disorders? A systematic review
and meta-analysis

Heggelund J, Vancampfort D, Tacchi MJ, Morken G, Scott J. Is there
an association between cardiorespiratory fitness and stage of illness in
psychotic disorders? A systematic review and meta-analysis.

Background: Clinical staging models describe where an individual
exists on a continuum from asymptomatic at-risk states (Stage 0)
through to established late-stage disease (Stage 4). We applied this
framework to systematically assess evidence for any associations
between objectively assessed cardiorespiratory fitness (CRF) and
stage of psychosis.
Method: Nine electronic databases were searched for relevant
publications from inception until October 31, 2019. Pooled
effect sizes (Hedges’ g and 95% confidence intervals (95% CI))
were estimated for differences in CRF for studies that
reported mean oxygen uptake (max, peak, or predicted
VO2 in ml/kg/min).
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Summations

• This systematic review and meta-analysis is the first to compare objectively assessed cardiorespiratory
fitness (CRF) across each clinical stage of psychosis (i.e., Stages 0–4) with general population or HC
groups. It demonstrates that CRF is reduced across the entire spectrum of psychosis, including in
many at-risk populations, and shows that the decrease in CRF identified in late-stage psychosis
means that many patients have an aerobic capacity below that required for functional daily living.

• There is an incremental decrease in mean CRF from healthy controls to Stage 4 cases, with moderate
to large effect sizes between each clinical stage. The reduction in CRF was statistically significant
between healthy controls and Stage 1 (subthreshold medication-na€ıve presentations) and between
Stage 2 (first episode) and Stage 3 (established illness).

• The 28%decrease inCRFbetweenStage 1 andStage 4 psychosis (meandecrease inVO2 ~10 ml/kg/min)
is clinically important as every 3.5 ml/kg/mindecrease inVO2 is associatedwith a 13%and15%increase
in the risk of all-cause premature mortality and cardiovascular disease-associated premature mortality
respectively.

Limitations

• Many publications of objective assessment of CRF and psychosis do not specifically refer to stage of
illness and so it is possible our search criteria failed to identify some eligible studies.

• We could not include any data for Stage 0 samples in the meta-analyses, and the only eligible Stage 1
sample was very small, which calls into question the representativeness of that data.

• The cross-sectional nature of most studies and the hypotheses for this review mean that we cannot
comment on direct causality (between stage and CRF). Also, insufficient data were available to exam-
ine confounding of medications, coexisting physical disorders or nicotine consumption.
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Results: Thirty-eight studies were eligible. Findings indicated that
suboptimal CRF can be present at Stages 0 and 1. Meta-analyses of
22 studies demonstrated that CRF was significantly reduced in
individuals classified between Stages 1 and 4 compared with matched
or general population controls (g = �0.93; 95% CI �1.14, �0.71).
Mean VO2 was decreased by 28% in Stage 4 compared with Stage 1
(34.1 vs. 24.66 ml/kg/min); the largest effect size for CRF reduction
was reported between Stages 2 and 3 (g = �1.16; 95% CI �1.31,
�1.03).
Conclusions: Although not identifying direct causal links between
clinical stage and CRF, using this framework may enhance
understanding of co-associations between mental and physical
health markers across the entire spectrum of psychosis.
Limitations include lack of research on CRF in Stages 0 and 1
alongside problems determining stage in some studies. However,
impaired CRF is reported in emerging psychosis, supporting calls
that early intervention programmes should address both mental
and physical wellbeing.
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Introduction

Clinical staging models are routinely employed to
enhance the systematic management of physical
disease processes such as cancer and cardiovascu-
lar disease (CVD). Clinical staging models catego-
rize key features related to illness trajectory within
putative stages. Importantly, the model extends
beyond the notion of severity and duration of ill-
ness to try to capture disease progression and
extension across a range of parameters (as clearly
represented by the tumor, node, metastases classifi-
cation and its multiple subcategories). It is increas-
ingly recognized that there are clinical and
research benefits of applying staging models in psy-
chiatry, and many investigators have published
ideas about the clinic–pathological boundaries
between different stages of psychotic disorders (1).
Most staging frameworks describe where an indi-
vidual exists on a continuum from an asymp-
tomatic (but biological at risk) state through
clinical high-risk (CHR) or ultra-high-risk (UHR)
presentations, early-stage disease (e.g., the first-epi-
sode meeting diagnostic criteria) and finally to
established illness, referred to as end or late-stage
disease (2). This research is ongoing, and there are
several unresolved challenges. For example, it is
acknowledged that staging is more nuanced than
simply a combination of severity of illness, but in
psychiatry, it is hard to capture all the core ele-
ments of disease progression, and current research
is attempting to go beyond the over-reliance on
proxies related to illness duration and severity of
core symptoms of a diagnosis, to incorporate, for
example, levels of disability, neurocognitive
impairment, and possibly links with or extension
to other pathophysiological or bodily systems.

To date, psychiatry research has primarily
focused on stage-specific psychopathology and the
optimal interventions that can be offered to individ-
uals presenting with illness at different clinical
stages with a smaller number of studies exploring
the neuropsychological or functional deficits associ-
ated with each putative illness stage (3). There is
currently a debate in psychiatry about the benefits
of and evidence to support the use of diagnosis-
specific or trans-diagnostic staging models in day-
to-day practice (2, 3). While the former models have
many critics, diagnosis-specific models have been
the subject of several large-scale studies and there is
some consensus on the criteria that can be used to
define specific clinical stages (see Appendix S1). No
such consensus is currently lacking for trans-diag-
nostic staging models. Given the state of the art, we
decided to focus the current study on a disorder-
specific staging model, namely the framework cur-
rently applied to psychotic disorders (see
Appendix S1 for details). We especially wanted to
explore a critical component of medical staging
models that has not been addressed by psychiatry
research, namely the notion of disease extension.
This concept is an established element of medical
models; for example, the clinical staging of Hodg-
kin’s disease considers spread by location (lymph
nodes above and below the diaphragm) and bodily
system (organs such as the spleen and liver).
Although the concept of disease extension is under-
developed in staging research in psychiatry, recent
publications support the notion of multisystem dis-
ease in major mental disorders. We propose that
insights into these emerging strands of research
might be further illuminated by examining the evi-
dence for any associations between putative clinical
stages of a major mental disorder such as psychosis
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and a selected marker of or presumed risk factor for
major medical illnesses (4). However, it is important
to emphasize the exploratory nature of this
approach and that we do not presume to suggest
that any associations represent direct causality
between illness stage and physical health markers.

A recognized feature of all major mental disor-
ders is the increased prevalence of physical morbid-
ity such as cardiorespiratory diseases and associated
premature mortality compared with the general
population (5). For example, large-scale studies and
meta-analyses have highlighted that a known risk
factor for cardiovascular disease, namely cardiores-
piratory fitness (CRF), is reduced in individuals
with established psychotic disorders (6). This is
important as research indicates that physical fitness
is a mediator of the effects of physical activity on
health outcomes and any decrease in CRF may rep-
resent a complex interplay between genetic, environ-
mental, social, illness, and treatment-related factors
(7). Indeed, the American Heart Association has
published an official scientific statement advocating
that CRF be categorized as a clinical vital sign that
should be incorporated into routine clinical assess-
ments. Interestingly, there is emerging evidence that
impaired CRF may be present in those with first-
episode psychosis (FEP), who probably have more
limited exposure to adverse social or treatment-re-
lated consequences of prolonged illness, etc. (8). In
addition, CRF may be a putative trans-diagnostic
marker of disease extension in a range of mental
disorders, as we recently demonstrated that lower
CRF in young adults is associated with a higher
incidence of new onsets of a number of adverse
mental health outcomes (9).

Given the above, we examined evidence of any
association between objectively assessed CRF and
each clinical stage of psychotic disorders. Previous
systematic reviews and meta-analyses focused on
either middle-aged adults with established psy-
chotic disorders or (less often) on FEP (7–10) with-
out considering different clinical stages. As such,
this review offers a template for exploring different
physical markers in disorder-specific staging mod-
els and/or exploring the concept of disease exten-
sion by, for example, considering a specified
marker of physical disorders to studies utilizing
trans-diagnostic staging models.

Aims of study

The aim of the current systematic review and
meta-analysis is to:

i examine objectively assessed cardiorespiratory
fitness in individuals included in samples

defined as being at clinical Stages 0–4 of psy-
chotic disorders and compare the cardiorespi-
ratory fitness findings with general population
or healthy control groups and

ii estimate the magnitude of any differences in
cardiorespiratory fitness between each differ-
ent clinical stages (e.g., to determine whether
there is any decline in cardiorespiratory fitness
between Stages 1 and 2, 2 and 3, or 3 and 4).

Material and methods

The protocol was lodged with the international
prospective register of systematic reviews in
August 2017 (PROSPERO: CRD42017075709),
and we adhered to the Preferred Reporting for Sys-
tematic Reviews and Meta-Analyses (PRISMA)
and Meta-analysis of Observational Studies in Epi-
demiology (MOOSE) guidelines. A PRISMA flow-
chart is provided in Figure 1, and a PRISMA
checklist is provided in the supplementary materi-
als (Appendix S2).

Search strategy

A systematic strategy was employed to search for
relevant studies (see online Supplementary
Appendix S3 for the details). Search terms refer-
ring to the objective assessment of CRF (e.g., cycle
ergonomic test) and psychotic disorders or risk
states (e.g., offspring, clinical high risk) were cross-
referenced with terms identifying observational,
cross-sectional, prospective, cohort studies and/or
randomized controlled clinical trials (RCTs). Also,
we incorporated selected search terms used in pre-
vious systematic reviews of physical fitness (7, 9).

Electronic databases (EBSCOhost, SPORTDis-
cus, Embase, MEDLINE, Cochrane database,
Health Technology Assessment Database,
CINAHL, PsycINFO, and Dissertation Abstracts)
were searched from inception until October 31,
2019. Further, we investigated journals that pub-
lish articles on related themes (e.g., Early Interven-
tion in Psychiatry), conference proceedings (e.g.,
SIRS) and citations listed in identified studies. We
contacted four researchers of relevant studies to
obtain additional data or information, to identify
possible gray literature and/or to determine the rel-
evance of other studies that had been completed
but not yet published.

Selection criteria

There was no restriction on year of publication, and
articles written in English, French, Spanish, Italian,
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Portuguese, Dutch, German, Norwegian and Scan-
dinavian languages were eligible for screening.

Publications were included if they reported sam-
ple mean scores for recognized objectively assessed
parameters of CRF (e.g., VO2 max measured in
ml/kg/min) (11) for subgroups that could be classi-
fied according to stage of illness or subgroups clas-
sified as healthy control (HC) (minimum subgroup
size = 10). We used published frameworks (1, 2) to
operationalize stage of illness and the online sup-
plementary material (Appendix S3 provides the
details for how each stage was defined and how
samples including individuals meeting criteria for
more than one stage were classified). For example,
the minimum criteria for classification of a study
as comprising of a Stage 1 sample were that the
clinical presentation that met recognized, pub-
lished criteria for ultra-high Risk or CHR that had
been used in previous studies of clinical staging of
psychosis (12). Stage 2 was operationalized as the
first threshold episode meeting recognized diagnos-
tic criteria (e.g., ICD or DSM) in a sample
recruited from community, out- or in-patient set-
tings, etc.

Studies where a subsample of the study popula-
tion met the eligibility criteria were eligible for

inclusion in the qualitative review. However, inclu-
sion in the meta-analysis depended on availability
of specific data for a subgroup identified and clas-
sified according to clinical stage criteria and data
on mean VO2 measures (maximum, predicted, or
peak) being available for that subgroup. For
RCTs, only baseline data were included in the
meta-analysis; for prospective studies, only out-
come data from the initial follow-up were eligible.

Publications that included the key search terms
in the title, abstract, or index term fields were
screened, and full-text articles were obtained as
appropriate. Duplicate publications were removed,
and uncertainties regarding eligibility were recon-
ciled by consensus (JS and JH).

Data extraction

Data were extracted from studies meeting selection
criteria, and the following key information was
entered into a proforma (by JH; then checked by
MJT and JS): study location, design and publication
date; sample size, demographics, and any anthropo-
metric details (e.g., body mass index (BMI) mea-
sured in kg/m2); technique for measuring CRF and
data on reported parameters (e.g., raw scores of VO2

Fig. 1. PRISMA diagram of systematic search for identification and selection of studies.
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parameters or proportion of individuals with high,
medium, or low CRF); equivalent information for
any comparison groups; and classification of each
study regarding clinical stage of the index group.
Insufficient data were available in eligible studies
regarding exposure to psychotropics, nicotine con-
sumption, or other cardiorespiratory risk factors (so
we abandoned attempts to include these in the sum-
mary tables). We recorded data on statistical mea-
sures of association (e.g., odds ratios), the magnitude
of any associations, and whether the analyses were
adjusted for or reported any potential confounders,
etc. If summary statistics were not reported, we esti-
mated these from the reported findings if possible or
requested raw data from the original authors.

Key information from the proforma is summa-
rized in Tables 1 and 2, but, to enhance readability
of tables, we excluded some of the data on the pro-
forma (these details are available from the authors
on request).

Quality assessment

Quality of included studies was assessed indepen-
dently by three raters (MJT, JH, and GM) using the
14-item Quality Assessment Tool for Observational
Cohort and Cross-Sectional Studies (available at
http://nhlbi.nih.gov). Assessors reviewed each pub-
lication, and differences in ratings (total score out of
14 and a quality grading of good, fair, or poor) were
resolved by consensus. The jointly agreed score and
grading was recorded for each study.

Synthesis and statistical analysis

A qualitative review was undertaken to summarize
findings from all eligible studies. Those studies that
measured CRF objectively using VO2 (max, peak
or predicted VO2) that provided data for samples
meeting criteria for one specific clinical stage (for
details, see above and Appendix S1) were eligible
for inclusion in the meta-analysis. For the pooled
analyses, data were entered into an electronic data-
base and analyzed using the Comprehensive Meta-
Analysis software package (version 3).

Pooled effect sizes (ES) for objectively measured
CRF and clinical stage were calculated as Hedges’ g
and 95% confidence intervals (95% CIs). Reported
ES are based on random-effects models in order to
account for heterogeneity between studies. We con-
sidered an ES of <0.5 as small and >0.8 as large.
Heterogeneity was evaluated using the Q statistic,
and its magnitude was measured using the I2 index.
An I2 ≥ 50% (with chi-squared, P < 0.05) was
regarded as indicative of moderate degree of hetero-
geneity and ≥75% as a high degree.

The first meta-analysis focused on studies where
individuals at risk of or with a diagnosis of a psy-
chotic disorder were compared with non-cases
(HC, general population groups, etc.). The ES are
reported for each clinical stage (Stage 1, 2, 3, or 4)
vs. the comparator group and the overall ES (all
stages combined vs. all control groups combined).
In addition to reporting Hedges’ g, we employed
meta-regression to explore any confounding asso-
ciated with age or sex distribution (proportion of
males) and BMI. We used funnel plots and Egger’s
regression method to explore the risk of publica-
tion bias. In addition, the fail–safe number was
calculated to determine the number of unpublished
null studies, which would be required to invalidate
our findings (P > 0.05).

In the second meta-analysis, we estimated the
ES for CRF pairwise across HC and Stage 1, then
across clinical stages (Stage 1 vs. 2; Stage 2 vs. 3,
etc). These analyses allowed inclusion of some
cross-sectional studies that lacked comparison
groups. In the main text, we provide a diagram-
matic representation of the findings regarding
change in mean VO2, with the classic forest plot
included in the online supplementary material
(Appendix S4).

We planned sensitivity analyses (subject to num-
ber of eligible studies available) to assess whether
effects were still observed following the removal of
publications using less reliable CRF tests or
parameters (e.g., excluding studies using the 6-min
walk test), involving broader case mixes (e.g.,
affective and non-affective psychoses) or with
methodologies rated as poor quality, etc. Lastly,
we considered whether the ES varied according to
the degree of certainty of assessors (MJT and JS)
in the accuracy of the clinical stage classification of
each sample.

Results

The PRISMA flowchart is shown in Figure 1, and
the characteristics of included studies are summa-
rized in Tables 1 and 2.

Description of included studies and quality assessment

As shown in Tables 1 and 2, 38 studies met criteria
for inclusion in the qualitative synthesis and all
were published after 2005 (8, 13–49).

Twenty studies were undertaken in Europe (of
which nine were from Scandinavia), 10 in North
America, five in Asia, and three in Australia. Sam-
ple sizes varied largely in relation to the type of
study; for instance, the cohorts included between
2682 and 1.1 million participants and were >80%
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male (15, 16). By contrast, the cross-sectional stud-
ies included a total of 2698 cases (across Stages 1–
4) and 3129 HC and all except one of these studies
(35) comprised 55–100% males. The median sam-
ple age was about 33 years, and 13 studies
reported the inclusion of affective or schizoaffec-
tive alongside non-affective psychoses (17, 20, 22,
25, 27–29, 32, 33, 35–37, 41).

Only one study reported CRF findings for a sub-
sample classified as Stage 0 (122 individuals with a
family history of psychosis) (13); two studies
reported CRF findings in samples classified as
Stage 1 (13, 14). For Stage 2, three cohort studies
reported CRF in army recruits and noted an asso-
ciation between lower CRF and the incidence of
FEP (15–17); two other studies employed a case–
control design (8, 14) and six others comprised of
FEP groups only (18–23). Nineteen studies
included subgroups classified as Stage 3 (24–42), of
which four included a matched HC group (30–32,
40) and one included a general population refer-
ence sample (39). Seven studies included subgroups
classified as Stage 4 (43–49), of which two included
matched HC groups (45, 46).

The median study quality rating was 8, reflecting
that most publications were graded as fair
(n = 18). There was no pattern to the identified
weaknesses, although some studies failed to report
the technique for assessing CRF or used less
robust measurements (detailed ratings available
from the authors on request). Other studies had a
range of potential design or methodological biases
or disadvantages (e.g., convenience sampling,
small N, single-arm studies, lack of data on poten-
tial confounders).

Despite methodological limitations across
studies, descriptive synthesis of findings indicated
that suboptimal CRF was observed in Stage 0
(offspring), Stage 1 (CHR/UHR), and Stage 2
(FEP) including evidence from incidence studies
(13, 15, 16) and case–control comparisons (8,
14). Likewise, impaired CRF was reported in
clinical samples classified as Stage 3 or 4 com-
pared with matched HC (30–32, 40, 45, 46).
Many case–control studies matched groups for
demographic variables known to influence CRF
but not for BMI. The latter was often higher in
established cases than HC (32), and some studies
targeted patients who were clinically obese (who
are more likely to have impaired CRF (26). Fur-
thermore, where CRF was reported separately
according to sex (in the original study), there
was a trend for female subgroups to show a
smaller difference in mean CRF scores between
cases and controls (than male cases vs. male
controls) (49).Ta
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Meta-analyses

Twenty-two studies (8, 13, 14, 16, 18, 20–23, 26,
29–32, 35, 36, 39, 40, 44–47, 49) reported CRF
data as mean scores for VO2 (max, peak, or pre-
dicted VO2 in ml/kg/min), and 10 of these studies
included data for HC (Stage 1 = 1; Stages 1 and
2 = 1; Stage 2 = 2; Stage 3 = 5; Stage 4 = 2).
Figure 2 reports the sample sizes for each group in
the 10 eligible studies, and the forest plot demon-
strates the overall ES for CRF (with 95% CI) for
all studies (8, 14, 16, 30–32, 39, 40, 45, 46) and then
the ES for each clinical stage. The overall ES
(shown at the bottom of the plot) highlights that
CRF was significantly reduced when samples com-
prising of individuals classified according to stage
were combined together (N = 637) compared with
the 5606 controls (random-effects model:
g = �0.93; 95% CI �1.14, �0.71). The estimated
ES for analyses according to clinical stage suggest
that mean CRF was non-significantly decreased in
the one study that compared individuals classified
at Stage 1 and controls (g = �0.79; 95% CI �1.71,
+0.13), but was significantly impaired in cases
meeting criteria for Stage 2 (g = �0.96; 95% CI
�1.43, �0.49), Stage 3 (g = �0.85; 95% CI �1.19,
�0.5), and Stage 4 (g = �1.32; 95% CI �2.06,
�0.58) compared with controls. There was evi-
dence of statistical heterogeneity in the pooled ES
(Q = 32.12; P = 0.001; I2 = 68.67), but Egger’s
regression test (Z value = 15.35; P = 0.0001), the
funnel plot (see Figure S1 in Appendix S4), and
the fail–safe N (required N = 665) did not indicate
any publication bias. Meta-regression analyses (see
Figure S2 in Appendix S4) suggested that mean
age and proportion of males in a sample were sig-
nificantly associated with a larger ES. The same
trend (P = 0.08) was observed for the regression of
BMI on Hedges’ g, but data from some studies

could not be included in this regression model (16).
Sensitivity analyses were feasible for studies that
used cycle ergonomic tests to assess VO2 or studies
of samples that included non-affective psychoses
only, but these approaches made minimal differ-
ences to the magnitude of the reported ES.

Figure 3 shows a diagrammatic representation
of the mean values for VO2 according to HC or
stage of illness (no relevant data were available for
Stage 0) with the ES for the difference in VO2 for
each pair of comparisons; the forest plot is shown
in the online supplementary materials (Figure S3
in Appendix S4). These analyses included data
from four HC samples (N = 5586), one sample
classified as Stage 1 (N = 10), eight as Stage 2
(N = 509), ten as Stage 3 (N = 457), and three as
Stage 4 (N = 73). As shown, there is an incremen-
tal decrease in mean VO2 from 40.95 (SD = 6.85)
in HC to 24.66 (SD = 3.63) ml/kg/min in Stage 4
cases. The ES (Hedges’ g) for each pairwise
decrease in VO2 were as follows: �1.00 (95%
CI �1.62, �0.38) from HC to Stage 1; �0.58 (95%
CI �1.21, +0.04) from Stages 1–2; �1.16 (95% CI
�1.31, �1.03) from Stages 2–3; and �0.08 (95%
CI �0.33, +0.16) from Stages 3–4. There was evi-
dence of moderate statistical heterogeneity in the
pooled ES for the Stage 3 vs. 4 analysis
(Q = 27.13; P = 0.003; I2 = 53.71). Only one sensi-
tivity analysis was possible for these data, namely
an examination of degree of certainty regarding
the classification of samples according to clinical
stage. This analysis showed that the ES for the dif-
ference in mean CRF between Stages 3 and 4
increased marginally (ES �0.24; 95% CI �0.51,
+0.01) when three Stage 3 studies were excluded
from this analysis (29, 36, 42). Across Stages 1–4,
there was an increase in mean age (from 21 to
32 years) and BMI (from 24 to 28 kg/m2), but the
mean proportion of males decreased across Stages

Fig. 2. Meta-analysis of CRF and
clinical stage (cases) in comparison
with healthy controls (HC). Box size
represents study weighting, diamonds
represent pooled effect size (ES
measured as Hedges’ g with 95%
confidence intervals) by stage, and
diamond at the base of the figure
represents overall ES for included
studies.
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1–4 (from 0.8 to 0.7). The meta-regression analyses
did not identify any significant associations with
age, sex distribution, or BMI, although there was a
trend toward significance for BMI (P = 0.07).

Discussion

Our meta-analysis is the first to compare objec-
tively assessed CRF in individuals at Stages 0–4 of
psychotic disorders with general population or HC
groups. The data show that CRF was significantly
lower in individuals at any stage of illness com-
pared with controls (overall ES �0.93). Looking at
each pooled analysis according to stage of psy-
chosis, we show that CRF is non-significantly
decreased in Stage 1 compared with control popu-
lations (g = �0.79; 95% CI �1.71, +0.13), but sig-
nificantly impaired in Stage 2 (g = �0.96), Stage 3
(g = �0.85) and Stage 4 (g = �1.32). Further,
when we examined differences across HC and
Stage 1, and then across clinical stages (pairwise
analyses Stage 1 vs. 2, etc.), we were able to
demonstrate that there is an incremental decrease
in mean VO2 from 40.95 (SD = 6.85) in HC to
24.66 (SD = 3.63) ml/kg/min in Stage 4 cases, with
moderate to large ES between each clinical stage.
The level of impairment in CRF was significantly
reduced between HC and Stage 1 and between
Stages 2 and 3, with a trend toward significance

between Stages 1 and 2, but very little difference
in CRF between Stages 3 and 4 (see Figures 3
and Figure S3). These CRF decreases are from
a clinical perspective very important, as CRF
primarily measures aerobic energy capacity and
every 3.5 ml/kg/min decrease in VO2 is associ-
ated with a 13% and 15% increase in the risk
of all-cause premature mortality and cardiovas-
cular disease-associated premature mortality
respectively (6). Importantly, evidence indicates
that engaging in a range of aerobic physical
activities can improve CRF, but also reduce psy-
chiatric symptoms and improve neurocognitive
and social functioning.

The large ES reported here for the differences in
objectively assessed CRF in individuals identified
as being at risk of psychosis and/or meeting crite-
ria for clinical caseness compared with controls
(and outputs from the meta-regression analyses)
confirm previous findings from similar reviews of
physical health markers in individuals with major
mental disorders (7, 10, 50) and support demands
for the wider implementation of interventions that
target the physical fitness and wellbeing of individ-
uals with psychotic and mood disorders (51). How-
ever, our approach extends previous research in
two important aspects. First, the narrative review
(alongside data summarized in Table 1) highlights
that lower CRF may be associated with the earliest

vs.

vs.

vs.

vs.

Fig. 3. Diagrammatic representation of mean VO2 (max or predicted measured in ml/kg/min) in pooled samples of healthy controls
(HC) or classified according to clinical stage (S1–S4). The effect size (ES) for difference in VO2 is reported between sequential pairs,
for example, S1 vs. HC, S2 vs. S1 (see text for details and Figure S3 for classic forest plot of these data).
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stages of psychosis, including asymptomatic at-risk
states (Stage 0) and medication-na€ıve conditions
that do not meet diagnostic criteria for an affective
or non-affective psychotic disorder (Stage 1). There
were too few eligible studies to explore these issues
in greater depth, but the observed trends suggest
that, at the very least, we should not assume that
impaired CRF is exclusively associated with psy-
chotic disorders meeting diagnostic criteria or the
putative consequences of that diagnosis (use of
medication and reduced daytime activity, etc.).
Further, the current findings taken together with
our previous systematic review (9) emphasize that
reduced CRF is associated not only with transition
from subthreshold to full threshold psychotic dis-
orders, but also with new onsets of a wide range of
adverse mental health outcomes, including
increased risk of suicide attempts, first-episode
mania. So, while the focus of this review was on
CRF and stages of illness in psychosis, it can be
argued that CRF impairment is unlikely to be
uniquely associated with psychosis only; indeed
(given the possibility of heterotypic illness out-
comes for Stages 0 and 1) (1, 2), it is highly likely
that our findings will be replicated in future trans-
diagnostic studies of staging models. Importantly,
the current findings support the importance of a
wider public health strategy regarding physical fit-
ness that incorporates universal and indicated
interventions, as it appears that higher levels of
CRF may be associated with reduced or delayed
risk of onset or progression of both mental and
physical disorders. Second, our qualitative and
quantitative findings indicate that cases of FEP
(Stage 2) and established illness (Stages 3 and 4)
have significantly reduced CRF compared to con-
trols and we demonstrated a 28% reduction in
mean VO2 between Stage 1 and Stage 4 samples
(as shown in Figure 3: VO2 dropped from 34.1 to
24.63 ml/kg/min), with the largest ES (g = �1.16)
for the decrease in CRF between Stages 2 and 3
(i.e., FEP vs. established psychotic disorder). It
should be emphasized that our findings do not
imply a direct causal link between disease progres-
sion and CRF. However, they do suggest a critical
need for early intervention programmes to address
the physical wellbeing of youth from the moment
they access services for an emerging mental disor-
der (52), but also offer a timely reminder that
assertive outreach programmes for individuals
with late-stage psychosis should be encouraged to
screen more rigorously for impaired CRF or other
risk factors for physical disorders especially as the
research indicates that 20–40% of late-stage
patients have an aerobic capacity below that
required for functional daily living (6, 29).

The strengths of this meta-analysis are the
novel application of a clinical staging model of
psychosis to compare CRF across the entire ill-
ness continuum from asymptomatic at-risk state
to late-stage disease and the emphasis on objec-
tive assessments of CRF (with mean VO2 being
selected as the variable of interest for pooled
quantitative analyses). However, there are also
limitations. For example, few publications of
physical fitness and psychosis specifically refer to
illness stage and so it is possible our search crite-
ria failed to identify some eligible studies. We
could not include any data for Stage 0 in the
meta-analyses (and we were unable to determine
whether any of the putative Stage 0 cohort had
any psychotic or non-psychotic symptoms). Also,
the only eligible Stage 1 sample was very small
(N = 10); this created a number of issues in terms
of the representativeness of that data, but also
because we could only examine these data from
the perspective of presumed risk of psychosis
(which is not the only adverse mental health out-
come for UHR or CHR populations). Insufficient
data were available to examine any effects of
medications, coexisting physical disorders, nico-
tine consumption, or other risk factors for car-
diorespiratory conditions in study samples or
according to sex. Most studies were cross-sec-
tional, so it is not possible to examine whether
disease progression (change in illness stage) is
causally associated with disease extension (wors-
ening of CRF). Also, while there is increasing
consensus regarding definitions of each clinical
stage of psychosis, we had to translate existing
heuristic frameworks into criteria that could be
used to reliably classify study samples according
to stage of illness. While operationalization of
the criteria for Stages 1–2 was relatively self-evi-
dent, we were unable to further subclassify Stage
1 studies (some researchers argue that Stage 1
can be subdivided, for example, into Stage 1a
and 1b according to specificity of symptom pat-
terns). Previous publications (even those address-
ing staging in psychosis) often merge Stages 3
and 4 into a single ‘late-Stage’ category. The lack
of consistent definitions of the boundary between
Stages 3 and 4 in current models of psychosis or
their dependence on some information that was
absent from the data sets of most CRF studies
we screened (e.g., functioning and/or neuropsy-
chological variables) challenged our ability to
classify some study populations. As such, the
potential over-reliance on proxies related to ill-
ness duration and health service use (out- vs. in-
patient status) means we were least confident
about classifying samples as Stage 3. Having
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noted that issue, we did demonstrate that CRF in
Stage 3 is marginally higher than in Stage 4, and
findings from sensitivity analysis and the evidence
of statistical heterogeneity should be noted.

Regarding CRF, we chose this measure of fitness
as it can be tested objectively (e.g., cycle ergonomic
tests, treadmill walk tests), and as such has signifi-
cant advantages over self-ratings or clinician-rated
scales (which routinely over-estimate physical
activity by 30–50%) (9). However, CRF assess-
ments are fallible and (although the sensitivity
analyses did not demonstrate a significant change
in ES when we excluded some studies using less
commonly employed assessments, e.g., 6MWT) it
is important to acknowledge that CRF assessments
have different relative reliabilities (11). Also, there
were insufficient data to allow separate pooled
analyses of studies reporting the maximum, peak,
or predicted VO2. Like the methods of CRF test-
ing, this is relevant because these three VO2 param-
eters are similar but not the same (11).

Part of the impetus for the current study was to
determine the feasibility of using a staging frame-
work for testing hypotheses regarding putative
links between milestones of disease progression in
psychosis (i.e., clinical stage) and markers of physi-
cal fitness or risk factors for medical disorders.
The research strategy employed for identifying and
analyzing studies of CRF and clinical stages of
psychosis demonstrated a plausible association
between the two phenomena. We conclude that the
approach has promise (and indeed helps expose
gaps, the lack of research on CRF and early stages
of psychotic disorder). However, the findings must
be viewed in the context of the modest quality of
most of the eligible studies and we note that the
available data did not permit a dynamic assess-
ment of whether decrease in VO2 over time leads
to disease progression or extension, or vice versa.
To improve this type of research, it is important to
find ways to encourage investigators to consider
recording stage of illness in future studies of psy-
chosis and all other major mental disorders and
any associations with physical health or illness (1–
3). A preliminary scoping exercise suggested that
currently, there are more data on psychotic than
depressive or bipolar disorders, and this limits the
opportunities to examine staging in each mood dis-
order, but also means it is not feasible to extend
the current meta-analytic approach to study trans-
diagnostic staging models. On a positive note,
some of the findings reported here, such as poten-
tial evidence of impaired CRF in populations at
risk of psychosis, may promote the generation of
new hypotheses about the inter-relationships
between physical and mental health markers and

epigenetic influences (53) and whether markers of
physical wellbeing (such as CRF or metabolic
health) can be used to help elucidate the clinic–
pathological boundaries between illness stages in
mental disorders. This is worthwhile as it may
enhance understanding of how disease extension
can be mapped onto staging models and
develop the staging framework beyond notions of
typical psychopathology, functioning, and neu-
ropsychology (1–3).

To summarize, using a published clinical stag-
ing model of psychosis, the current systematic
review and meta-analyses demonstrate that, com-
pared with matched or general population con-
trols, an impaired CRF is already present at the
earliest stages of psychotic disorders, including
asymptomatic at-risk states, UHR and CHR pre-
sentations, and medication-na€ıve subthreshold
conditions, and demonstrate an apparent stepwise
worsening across each stage of illness. If our find-
ings are confirmed in future studies, then it may
lead to a greater understanding of the nature of
the inter-relationships between physical wellbeing,
risk factors for physical disorders and onset and
progression of severe mental disorders. Clinically,
a major implication of this project is that it seems
that impaired CRF (compared to population
norms) coexists with the emergence of psychotic
disorders and supports the need for early inter-
ventions to address both mental and physical
wellbeing. Further, given that CRF is even lower
in late-stage psychosis, the recommendation for
regular monitoring in routine clinical assessments
seems justified.
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