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Abstract

Background Cardiorespiratory fitness (CRF) among peo-

ple with severe mental illness (SMI) (i.e., schizophrenia,

bipolar disorder, and major depressive disorder) is a critical

clinical risk factor given its relationship to cardiovascular

disease and premature mortality.

Objectives This study aimed to: (1) investigate the mean

CRF in people with SMI versus healthy controls; (2)

explore moderators of CRF; and (3) investigate whether

CRF improved with exercise interventions and establish if

fitness improves more than body mass index following

exercise interventions.

Methods Major electronic databases were searched sys-

tematically. A meta-analysis calculating Hedges’ g statistic

was undertaken.

Results Across 23 eligible studies, pooled mean CRF was

28.7 mL/kg/min [95 % confidence interval (CI) 27.3 to

30.0 mL/kg/min, p\0.001, n = 980]. People with SMI had

significantly lower CRF compared with controls (n = 310)

(Hedges’ g = -1.01, 95 % CI -1.18 to -0.85, p\0.001).

There were no differences between diagnostic subgroups.

In a multivariate regression, first-episode (b = 6.6, 95 % CI

0.6–12.6) and inpatient (b = 5.3, 95 % CI 1.6–9.0) status

were significant predictors of higher CRF. Exercise

improved CRF (Hedges’ g = 0.33, 95 % CI = 0.21–0.45,

p = 0.001), but did not reduce body mass index. Higher

CRF improvements were observed following interventions

at high intensity, with higher frequency (at least three times

per week) and supervised by qualified personnel (i.e.,

physiotherapists and exercise physiologists).

Conclusion The multidisciplinary treatment of people with

SMI should include a focus on improving fitness to reduce

all-cause mortality. Qualified healthcare professionals

supporting people with SMI in maintaining an active life-

style should be included as part of multidisciplinary teams

in mental health treatment.
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Key Points

Cardiorespiratory fitness in people with severe

mental illness is severely reduced compared with

age- and sex-matched controls.

Exercise improves cardiorespiratory fitness in people

with severe mental illness, irrespective of changes in

body mass index.

Early intervention strategies are crucial, while

special attention towards outpatient and community

settings is needed.

1 Introduction

People with severe mental illness (SMI) defined as

schizophrenia, bipolar disorder, and major depressive dis-

order (MDD), have a two to three times higher risk for

premature death than the general population [1, 2]. This

mortality gap translates to a 10- to 20-year shortened life

expectancy [3] and appears to be widening [4]. The most

important cause for this 10- to 20-year shortened life

expectancy is cardiovascular disease (CVD) [5]. Although

genetic factors [6] and shared pathophysiological mecha-

nisms [7] contribute, treatment-related factors and

unhealthy lifestyle habits play a prominent role [8] in the

development of CVD in this population.

In the general population, there is robust evidence

demonstrating that low cardiorespiratory fitness (the ability

of the circulatory and respiratory systems to supply oxygen

to working muscles during sustained physical activity) is a

strong and independent predictor for CVD [relative risk

(RR) = 1.56; 95 % confidence interval (CI) 1.39–1.75; p\
0.001] and all-cause mortality (RR = 1.70; 95 % CI

1.51–1.92; p\ 0.001) [9].

Exercise interventions are effective in improving car-

diorespiratory fitness, and are therefore a key component of

preventing and treating CVD and reducing associated

mortality [10]. Research in the general population has

demonstrated that improvements in cardiorespiratory fit-

ness are associated with a lower risk of mortality from

CVD independent of age, smoking, and body composition

[11].

Investigating cardiorespiratory fitness among people

with SMI is of considerable clinical interest given its

associations with reduced psychiatric symptoms and cog-

nitive deficits in SMI populations [12] and given the

increasing focus on lifestyle interventions as integrated

components of standard care for various mental disorders

[13–18]. In addition, two recent meta-analyses demon-

strated that exercise interventions significantly improve

cardiorespiratory fitness in people with schizophrenia [19]

and in people with MDD [20]. These data highlight that

improved cardiorespiratory fitness should be a key outcome

measure for interventions aiming to reduce car-

diometabolic risk among people experiencing mental

illness.

Despite the clinical significance of cardiorespiratory

fitness, data comparing fitness levels across diagnostic SMI

subgroups are currently lacking. In the same way, meta-

analytic data including all major diagnostic subgroups (i.e.,

schizophrenia and related psychotic disorders vs. bipolar

disorder vs. MDD) are absent in the literature. Moreover,

the moderators of cardiorespiratory fitness remain largely

unknown in people with SMI. Large-scale pooled analyses

exploring differences between diagnostic subgroups in (1)

cardiorespiratory fitness, and (2) the effects of exercise on

cardiorespiratory fitness across diagnostic subgroups are

highly relevant, as they enable (1) risk stratification and (2)

investigation of the role of aerobic exercise characteristics

(frequency, intensity, duration) across a large number of

studies and participants. Pooling data across major diag-

nostic categories also allows for a more thorough investi-

gation of the effect of demographic variables (age, sex,

clinical setting), treatment variables (prescription of

antidepressants and antipsychotics), and exercise provi-

ders’ characteristics (qualifications) irrespective of the

diagnosis. We conducted a meta-analysis with the follow-

ing aims: (1) investigate the mean cardiorespiratory fitness

in people with SMI versus healthy controls, (2) investigate

moderators of cardiorespiratory fitness, and (3) investigate

if cardiorespiratory fitness improves with exercise inter-

ventions, explore moderators of the outcome, and establish

if fitness improves more than fatness (body mass index

[BMI] and waist circumference reductions) following

exercise interventions.

2 Methods

This systematic review adhered to the MOOSE guidelines

[21] and the PRISMA statement [22].

2.1 Search Procedure

Three researchers (BS, FS, and DV) searched PubMed,

EMBASE, and CINAHL from database inception to

December 31, 2015. Key words used were‘‘cardiorespira-

tory’’ OR ‘‘aerobic fitness’’ AND ‘‘schizophrenia’’ OR

‘‘psychosis’’ OR ‘‘depression’’ OR ‘‘depressive’’ OR

‘‘bipolar’’ in the title, abstract, or index term fields. Manual

searches were also conducted using the reference lists from
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recovered articles. The eligibility criteria are set out in

Sect. 2.2.

2.2 Eligibility Criteria

2.2.1 Participants

Only studies with a confirmed diagnosis of schizophrenia

spectrum, MDD, or bipolar disorder according to the Di-

agnostic and Statistical Manual of Mental Disorders

[23, 24] or the International Classification of Diseases [25]

were included.

2.2.2 Interventions

Aerobic exercise interventions were defined as physical

activity interventions that were planned, structured, repet-

itive, and purposive, in the sense that improvement or

maintenance of physical fitness was an objective [26].

2.2.3 Control Conditions

All non-aerobic interventions (e.g., resistance or strength

training), usual-care, or wait-list control conditions were

included.

2.2.4 Outcome Measure

The outcome measure was cardiorespiratory fitness (mean

± standard deviation), pre- and, if available, post-exercise

intervention, expressed as maximal oxygen uptake (VO2-

max) or peak oxygen uptake (VO2peak) (mL/kg/min),

assessed with a maximal exercise test or estimated with a

sub-maximal exercise test. If the standard deviation post-

exercise was not available we included the pre-test stan-

dard deviation as a proxy measure.

2.2.5 Study Design

We included cross-sectional studies and pre- and post-test

studies without a control group and randomized controlled

trials or non-randomized clinical controlled trials in which

the experimental and control intervention were of similar

duration.

2.2.6 Exclusion Criteria

No additional exclusion criteria were applied.

2.3 Study Selection

After the removal of duplicates, two reviewers (DV and

BS) screened titles and abstracts of all potentially eligible

articles. Both authors applied eligibility criteria, and a list

of full-text articles was developed through consensus.

Three reviewers (DV, BS, and FS) then applied eligibility

criteria and a final list of included articles was reached

through consensus. When necessary, the corresponding

author was contacted up to two times in a 3-week period to

request data that would enable inclusion in the current

analyses.

2.4 Data Extraction

Two authors (DV and BS) extracted data using a pre-

determined data extraction form. The data extracted for

exploring moderators of cardiorespiratory fitness were

the study setting and patient characteristics (diagnosis,

first-episode status or not, age, % Caucasian, % female,

% antidepressant use, % antipsychotic use). If age- and

sex-matched healthy control data were available, next to

the primary outcome also the age and % female of the

healthy control groups were collected. For the inter-

vention analyses, data extracted included study design

and study setting, participant characteristics in experi-

mental and control conditions (if available) (diagnosis,

mean age, % female), duration (\10 vs. C10 weeks),

frequency (\3 vs. C3 times per week) intensity

(low/moderate vs. high), and type (aerobic exercise only

vs. mixed) of exercise intervention, whether the exercise

was supervised or not and qualified versus non-qualified

providers. Providers of exercise interventions were con-

sidered experts when they had at minimum a bachelor’s

degree in physical therapy or exercise physiology, or a

similar qualification that included education in exercise

prescription and assessment.

2.5 Statistical Analyses

Random-effects meta-analyses were conducted using

Comprehensive Meta-Analysis software (Version 3;

Biostat, Englewood, NJ, USA). First, we pooled and

compared mean cardiorespiratory fitness between people

with SMI and healthy controls. Second, we compared

baseline cardiorespiratory fitness levels between diag-

nostic subgroups (i.e., schizophrenia spectrum vs. MDD

vs. bipolar disorder vs. studies with mixed diagnoses)

and study settings (inpatients vs. outpatients) and con-

ducted meta-regression analyses according to age (year),

sex (% female), ethnicity (% Caucasians), and medica-

tion use (% antidepressant use, % antipsychotic use).

Third, we calculated changes in cardiorespiratory fitness

using pre- and post-means and standard deviations of

VO2max or VO2peak and, if available, in BMI and waist

circumference, of the exercise and control groups, cal-

culating Hedges’ g and the 95 % confidence interval (CI)
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as estimates of the effect size (ES). If sufficient data

were available, exploratory meta-regression analyses

were undertaken to investigate the influence on exercise

outcomes of mean age (years), sex (% female), baseline

BMI, psychotropic medication use (% antidepressants

and antipsychotics) in the exercise group, and exercise

characteristics (frequency, intensity, duration) and whe-

ther exercise interventions were supervised or not by

qualified clinicians (exercise physiologists, physical

therapists, or similar vs. others). We calculated Hedges’

g statistic, and 95 % CIs for each analysis. Statistical

heterogeneity was assessed using the I2 statistic. Publi-

cation bias was assessed with the Begg and Mazumdar

test [27].

3 Results

3.1 Search Results and Flow of Studies Through

the Review

A total of 1760 records were identified. After screening and

the application of the eligibility criteria, 23 studies

including 30 CRF values were identified and included in

the meta-analysis [28–50]. We requested and received

additional data for two studies [30, 44]. Figure 1 presents

the flow of studies through the review process.

3.2 Characteristics of Included Studies

Across the 23 studies, the final sample data set included 480

people with schizophrenia (CRF values, n = 15), 424 with

MDD (n = 10), and 26 with bipolar disorder (n = 2) and 310

age- and sex-matched healthy controls. There were three

CRF values in mixed samples of people with SMI (n = 50).

Seven of the included studies were cross-sectional studies

and one was longitudinal. There were nine controlled studies

(of which eight were randomized controlled trials) whilst the

other six were pre- and post-test studies (see Electronic

Supplementary Material Table S1). The duration of the

interventions ranged from 10 days to 6 months, the fre-

quency from daily to twice a week. Across the interventional

studies, 50 participants in the mixed samples, 86 patients

with schizophrenia, and 133 patients with MDD underwent

exercise interventions while 103 participants with SMI were

assigned to a control condition. No studies of exercise

interventions investigating cardiorespiratory fitness in peo-

ple with bipolar disorder were identified.

3.3 Aim 1: Cardiorespiratory Fitness in Patients

with SMI Versus Age- and Sex-matched Healthy

Controls

Across the 23 studies (including 30 CRF values) (n = 980;

mean age at study level = 34.6 years), the pooled mean

Records screened after duplicates and 
irrelevant papers were removed 

(n=50)
Records excluded on the basis of the 

title or abstract (n=9)
• Conference abstracts (n=2)
• Adolescents (n=4)
• Review (n=3)

Full-text articles assessed for 
eligibility

(n=41)

Records identified through database 
searching (n=1,760)

• Embase: n=964
• PubMed: n=670
• CINAHL: n=126

Additional records identified through other 
sources (n=1)

Full-text articles included in the 
systematic review

(n=23)

Full-text articles excluded
(n=18)

• No oxygen uptake data 
available (n=8)

• Not MDD (n=6)
• Overlap of data with included 

studies (n=2)
• Not limited to SMI (n=1)
• No test performance (n=1)

Fig. 1 Flow diagram for the

search results. MDD major

depressive disorder, SMI severe

mental illness
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predicted VO2max or VO2peak was 28.7 mL/kg/min (95 %

CI 27.3–30.0 mL/kg/min, p \ 0.001). It was possible to

pool data from nine CRF values involving 335 participants

with SMI and 310 age- and sex-matched healthy controls.

Hedges’ g was -1.01 (95 % CI -1.18 to -0.85, p\0.001)

indicating that people with SMI have a large reduction in

cardiorespiratory fitness. There was some heterogeneity (I2

= 47 %), but no publication bias (Kendall tau = 0.11, p =

0.68). People with SMI had a reduced cardiorespiratory

fitness of -8.96 mL/kg/min (95 % CI = -12.2 to -5.76

mL/kg/min).

3.4 Aim 2: Moderators of Cardiorespiratory Fitness

in Patients with SMI

Full details of the meta-regression analyses of cardiores-

piratory fitness are summarized in Table 1. Briefly, no

significant differences in cardiorespiratory fitness between

diagnostic groups were observed. Older age and a greater

proportion of female participants predicted a worse car-

diorespiratory fitness level. In contrast, inpatient setting,

first episode status, and Caucasian ethnicity (%) predicted a

higher cardiorespiratory fitness level. Antidepressant and

antipsychotic medication use (%) did not influence the

cardiorespiratory fitness level. Details of the subgroup

analyses are displayed in Table 1.

When all significant predictors were included in one

multivariate regression model only, inpatient status (b =

5.33, 95 % CI 1.60–9.06, p = 0.005) and first-episode

illness (b = 6.63, 95 % CI 0.66–12.6, p = 0.03) were

significant independent predictors of cardiorespiratory

fitness.

3.5 Aims 3: Changes in Cardiorespiratory Fitness

Following Exercise Interventions

3.5.1 Meta-analysis of Pre- and Post-test Changes

in Cardiorespiratory Fitness in People with SMI

Data from 13 CRF values (n = 255) demonstrated that

exercise significantly improved cardiorespiratory fitness

across all patients with SMI (Hedges’ g = 0.33, 95 % CI

0.21–0.45, p = 0.001; Fig. 2). There was some hetero-

geneity (I2 = 54.4 %) but no evidence of publication bias

(Kendall tau = 0.13, p = 0.54). The pooled mean increase in

relative predicted VO2max or VO2peak was 2.95 mL/kg/

min (95 % CI 2.21–3.69 mL/kg/min, p\ 0.001).

3.5.2 Moderators of the Aerobic Exercise Response

High-intensity (vs. low-to-moderate intensity) aerobic

exercise and a higher frequency (three or more times per

week) of exercise predicted a better outcome. Interventions

supervised by qualified personnel (i.e., physiotherapists,

exercise physiologists) resulted in higher cardiorespiratory

fitness levels. Details of the exercise response subgroup

analyses are displayed in Table 2.

3.5.3 Changes in Cardiorespiratory Fitness Versus BMI

and Waist Circumference

Seven pre- and post-test exercise intervention studies (n =

113) provided data on changes in fitness (VO2max or

VO2peak) and fatness (BMI, although insufficient data on

waist circumference changes were available) in the same

Table 1 Meta-regression analyses of moderators of cardiorespiratory fitness in people with severe mental illness

Analysis Meta-analysis Heterogeneity

b 95 % CI p value* I2 (%) Q p value

Diagnosis (vs. MDD)

Mixed

5.0 -0.70 to 10.7 0.08 88.2 212.7 \0.001

Bipolar disorder -3.5 -9.4 to 2.38 0.24

Schizophrenia spectrum 1.3 -1.8 to 4.5 0.41

Inpatient setting (vs. outpatients) 4.3 1.5 to 7.2 0.003 86.9 205.9 \0.001

First-episode (vs. multi-episode) 7.3 2.2 to 12.3 0.005 86.3 102.0 \0.001

Age (years) -0.37 -0.55 to -0.18 <0.001 82.8 237.8 \0.001

Sex (% female) -0.08 -0.14 to -0.02 0.009 86.6 193.7 \0.001

Ethnicity (% Caucasian) 0.09 0.01 to 0.16 0.02 87.0 46.2 \0.001

Antidepressant use (%) 0.02 -0.04 to 0.09 0.52 86.3 66.8 \0.001

Antipsychotic use (%) 0.03 -0.02 to 0.08 0.29 85.7 55.9 \0.001

CI confidence interval, MDD major depressive disorder

* Significant when p\ 0.05
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participants. Our analyses demonstrated that aerobic exer-

cise significantly improved cardiorespiratory fitness

(Hedges’ g = 0.37, 95 % CI 0.15–0.59, p\ 0.001), whilst

no significant changes in BMI were observed (Hedges’ g =

-0.04, 95 % CI -0.15 to 0.07, p = 0.46).

3.5.4 Aerobic Exercise Versus Control Conditions

It was possible to pool data from five studies (n = 109) to

compare the influence of exercise on predicted VO2max or

VO2peak versus control interventions (n = 103). Exercise

significantly improved cardiorespiratory fitness compared

with the control group (Hedges’ g = 0.43, 95 % CI

0.10–0.76, p = 0.01; n = 109, Fig. 3). There was low

heterogeneity (I2 = 22 %) and no evidence of publication

bias (Kendall tau = 0.20, p = 0.62). Compared with controls

(n = 103), people with SMI who exercised (n = 109)

experienced gains of 2.17 mL/kg/min (95 % CI 0.57–3.77,

p = 0.008).

4 Discussion

4.1 General Findings

This is the first quantitative synthesis investigating mean

cardiorespiratory fitness in people with SMI versus healthy

controls, describing differences between major diagnostic

subgroups and exploring the effect of aerobic exercise

interventions on cardiorespiratory fitness in the entire SMI

population. Our review identified 23 studies and found: (1)

cardiorespiratory fitness in people with SMI is, irrespective

of the diagnosis, significantly impaired compared with age-

and sex-matched healthy controls, (2) first-episode status

and inpatient setting were the most important moderators

for better fitness levels, and (3) aerobic exercise signifi-

cantly increased cardiorespiratory fitness, which was sig-

nificantly better than control conditions. Exercise

participation resulted in a pooled mean increase in pre-

dicted VO2max or VO2peak of 2.95 mL/kg/min (95 % CI

Study Statistics for each study Hedges’ g and 95% CI

Hedges’ g Lower Upper
limit limit p-value

Strassnig et al. [32] 0.739 0.238 1.241 0.004
Leone et al. [43] 0.656 0.216 1.095 0.003
Heggelund et al. [31] 0.550 0.189 0.911 0.003
Kimhy et al. [41] 0.468 0.156 0.779 0.003
Krogh et al. [33] 0.453 0.282 0.625 0.000
Krogh et al. [29] 0.442 0.269 0.615 0.000
Rosenbaum et al. [45] 0.427 -0.047 0.901 0.077
Kerling et al. [50] 0.411 0.145 0.677 0.002
Bredin et al. [39] 0.236 -0.091 0.563 0.157
Abdel-Baki et al. [38] 0.204 -0.094 0.501 0.179
Scheewe et al. [35] 0.031 -0.249 0.310 0.830
Knubben et al. [28] 0.019 -0.247 0.285 0.890
Pajonk et al. [30] -0.109 -0.500 0.282 0.584

0.332 0.210 0.455 0.000
-1.00 -0.50 0.00 0.50 1.00

Decreased CRF Increased CRF

Summary

Fig. 2 Pre- and post-aerobic

exercise intervention changes in

maximal or peak oxygen uptake

in people with severe mental

illness. CI confidence interval,

CRF cardiorespiratory fitness

Table 2 Subgroup analyses of moderators of the cardiorespiratory fitness outcome following exercise in people with severe mental illness

Hedges’ g 95 % CI p value* I2 (%) Q p value

Duration (\10 vs C10 weeks) -0.074 -0.33 to 0.81 0.58 58.5 24.3 0.007

Frequency (\3 vs C3 times per week) 0.33 0.20 to 0.46 \0.001 54.5 26.3 0.009

Intensity (low/moderate vs high) 0.33 0.20 to 0.46 \0.001 54.5 26.3 0.01

Exercise provider (qualifieda vs not) 0.27 0.04 to 0.50 0.02 54.9 24.4 0.01

* Significant when p\ 0.05
a Qualified physiotherapists, exercise physiologists or similar degree
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2.21–3.69 mL/kg/min, p\ 0.001). Such improvements in

cardiorespiratory fitness are of high clinical relevance. For

example, among the general population, every 3.5-mL/kg/

min incremental increase in VO2peak is associated with 13

and 15 % decrements in the risk of all-cause mortality and

CVD, respectively [9].

Recent debate over the importance of fitness versus

fatness in the general population has led to increasing

consensus regarding the importance of poor fitness as a

better predictor of morbidity and mortality as compared

with fatness [11]. This is of particular relevance in people

with SMI, given the growing interest in lifestyle inter-

ventions aiming to reduce cardiovascular disease risk.

Recent clinical trials have demonstrated that achieving

weight loss among people experiencing mental illness is

possible [14, 51, 52]; however, the optimal way to translate

these findings into cost-effective, pragmatic, and scalable

interventions is less clear given that reducing weight, waist

circumference, and BMI is challenging for people with

SMI [15]. Importantly, even in the absence of a reduction

in these parameters, improvements in cardiorespiratory

fitness following exercise can significantly improve health

and reduce mortality [11, 53, 54]. Our meta-analysis,

pooling data from seven studies, demonstrated that,

although BMI did not reduce with exercise, cardiorespi-

ratory fitness did improve. Because cardiorespiratory fit-

ness improved irrespective of changes in BMI in people

with SMI, we advocate that a shift in the focus of exercise

interventions away from fatness and towards fitness is

justified. Improving cardiorespiratory fitness through

exercise seems to be a more feasible, realistic, and clini-

cally meaningful outcome following aerobic exercise

interventions in people with SMI. Cardiorespiratory fitness

is relatively straightforward to measure in clinical practice

using for example (sub-)maximal cycle ergometer tests and

clinicians should consider monitoring this as a vital sign,

given its significant relationship with all-cause morbidity

and mortality. In addition, achieving an increase in

cardiorespiratory fitness will provide valuable feedback to

patients and clinicians.

Knowledge of demographic variables associated with a

lower cardiorespiratory fitness can help identify individuals

at greatest need for more intensive monitoring and inter-

vention. As in the general population [55], older age and

female sex were associated with lower cardiorespiratory

fitness. Potential mechanisms for lower cardiorespiratory

fitness levels in studies with a lower percentage of Cau-

casians have been reported in the general population pre-

viously [56]. Because cardiorespiratory fitness levels are

determined, in large part, by physical activity levels, an

obvious potential mechanism for the observed ethnicity

differences could be lower levels of physical activity in

ethnic minorities compared with Caucasians. Such a dif-

ference was previously reported and is mainly owing to a

lack of access to health information, lower participation in

health promotion and disease prevention activities, fewer

convenient exercise spaces, adequate social support, and

access to qualitative healthcare among ethnic minorities

[57]. Of particular interest was that first-episode status was,

irrespective of age, associated with a better cardiorespira-

tory fitness indicating that disease-, treatment-, and/or

unhealthy lifestyle-related factors contribute to a worsen-

ing of cardiorespiratory fitness. This observation points

toward the need to adopt a prevention/early intervention

approach to reduce worsening of cardiorespiratory fitness

and consequent cardio-metabolic risk in people with SMI

[58]. One factor accounting for lower cardiorespiratory

fitness in outpatients could be that these outpatients often

have reduced access to exercise facilities and social sup-

port. In addition, there is the burden of having to travel to

the treatment facility (including the cost of travel) to par-

ticipate in the intervention. Previous qualitative research

[59] illustrated that people with SMI can feel a sense of

anxiety at using community facilities along with the gen-

eral public. Interventions delivered in inpatient settings

may offer more social support and cohesion [60], and

Study Statistics for each study Hedges' g and 95% CI

Hedges'g Lower Upper 
limit limit p-value

Kimhy et al. [41] 0.970 0.264 1.676 0.007
Heggelund et al. [31] 0.849 -0.081 1.780 0.074
Scheewe et al. [35] 0.367 -0.297 1.030 0.279
Krogh et al. [29] 0.272 -0.101 0.645 0.153
Pajonk et al. [30] -0.133 -1.061 0.795 0.779

0.431 0.101 0.760 0.010

-1.00 -0.50 0.00 0.50 1.00

Decreased CRF Increased CRF

Summary

Fig. 3 Changes in

cardiorespiratory fitness in

aerobic exercise versus control

condition in people with severe

mental illness. CI confidence

interval, CRF cardiorespiratory

fitness
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therefore increase attendance with physical activity inter-

ventions and may consequently result in better cardiores-

piratory fitness outcomes. The current findings also echo

recent calls [61–63] for more research and clinical attention

towards effective physical activity interventions in outpa-

tient and community settings.

4.2 Practical Implications and Future Research

These current meta-analytic data demonstrated that better

cardiorespiratory fitness outcomes were obtained following

high-intensity exercise interventions and in interventions

delivered at higher frequency (at least three times per

week). A previous meta-analysis among people who are at

increased cardiometabolic risk [64] demonstrated that

high-intensity aerobic exercise training significantly

increased cardiorespiratory fitness by almost double that

achieved by moderate-intensity aerobic exercise training.

Our data confirmed that including high-intensity aerobic

exercise training leads to greater health-enhancing benefits

over a shorter time frame, making high-intensity aerobic

exercise a more time efficient and efficacious option when

cardiorespiratory fitness improvement is the ultimate goal.

Moreover, although more research is needed in people with

SMI, and in particular in people with bipolar disorder, short

bouts of activity may address another common limiting

factor, lack of motivation [65], as it may be a more enticing

option than the prospect of continuously exercising for an

extended period of time. Short bouts of exercise at higher

intensity also resulted in reduced ventilatory response and

resultant dyspnea [66], which in people with SMI are

limiting factors to continuous exercise [67]. However, of

note, the high-intensity aerobic exercise interventions

[31, 38] included in this meta-analysis were conducted in

young people with SMI. More research therefore is needed

to investigate whether such exercise interventions are safe,

effective, and efficacious in people with established

schizophrenia. Furthermore, the utility of high-intensity

interval training as a population-level health promotion

strategy has been the focus of considerable debate given

concern around adoption and implementation [68], and as

such, patients’ preference and motivation must be consid-

ered when designing and implementing aerobic exercise

interventions. Of interest as well is that long-term inter-

ventions (longer than 10 weeks) did not result in more

cardiorespiratory fitness improvements than shorter term

interventions. Although the limited data available could be

a reason for the lack of significance, more research com-

paring several durations with each other is needed to define

the most optimal intervention duration, taking however into

account that a sustained active lifestyle should be the

ultimate goal.

Of interest for policymakers and budget holders is that

better cardiorespiratory fitness outcomes were observed

following exercise interventions supervised by qualified

healthcare professions such as physiotherapists and exer-

cise physiologists. Our data confirm a recent qualitative

review of reviews [17] focusing on non-pharmacological

interventions for obesity and related cardiometabolic risk

factors proposing that interventions with multiple compo-

nents, personalized, with more frequent face-to-face con-

tact, and trained treatment providers are associated with

better outcomes. Further research is required to determine

how to increase adherence to exercise to maximize the

potential benefits on cardiorespiratory fitness.

It is important to note that the results of this review

highlight the importance of focusing on cardiorespiratory

fitness as an outcome following exercise-based interven-

tions. In line with data from lifestyle interventions in the

general population [17], we acknowledge the critical

importance of dietary-based interventions in achieving

weight loss; however, as our results demonstrate, a

reduction in cardiometabolic risk can be achieved inde-

pendent of weight loss through an improvement in car-

diorespiratory fitness. As such, focusing on fitness in

response to exercise interventions within clinical settings is

likely to contribute to closing the premature mortality gap

in line with the internationally endorsed Healthy Active

Lives (HeAL) goals [69].

5 Conclusion

Our meta-analysis clearly demonstrates that people with

SMI should be considered as an important high-risk group

for low cardiorespiratory fitness, an important predictor of

CVD and premature mortality. However, our analyses also

showed that aerobic exercise can improve cardiorespiratory

fitness to a clinically relevant degree. Whilst achieving

reductions in BMI and weight are important exercise goals

that should not be set aside, our results suggest that future

exercise interventions should aim to improve cardiorespi-

ratory fitness, with BMI and weight reduction considered

as secondary outcomes. Improvements in cardiorespiratory

fitness appear to be achievable, and may provide a valid

exercise target that could contribute to reductions in pre-

mature mortality in people with SMI.
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