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ABSTRACT
Objective: To determine the changes in health-related quality of life (HRQoL) and sleep quality following a supervised com-
bined exercise (EX) program compared to a Treatment-As-Usual (TAU) and to analyze the relationship between the differences 
in cardiorespiratory fitness (CRF) and HRQoL domains in people with schizophrenia (SZ).
Methods: The SZ (n = 112, 41.3 ± 10.4 year) was randomly assigned into a TAU control group (n = 53) or EX-group (n = 59, 3 days/
week). The 36-item Short-Form Health Survey questionnaire assessed HRQoL and the sleep quality analysis (accelerometry).
Results: After the intervention (20 weeks), physical functioning (∆ = 12.9%), general health (∆ = 15.3%), mental health (∆ = 8.3%), 
physical component summary (PCS) (∆ = 5.1%), and sleep efficiency (∆ = 1.9%) increased (p < 0.05) in the EX, with no significant 
changes in the TAU for any domains studied. There were significant differences between groups whose EX showed improve-
ments (p < 0.05) compared to TAU in physical functioning, general health, PCS, and sleep efficiency. A greater CRF was asso-
ciated with better values in physical functioning, role-physical, bodily pain, general health, vitality, and PCS after the exercise 
program in SZ.
Conclusions: A 20-week supervised combined exercise intervention program for SZ increased sleep efficiency and physical 
functioning, general and mental health, and PCS scores. This could lead to a critical HRQoL change from how they were to how 
they should be.
Trial Registration: ClinicalTrials.gov identifier: NCT03509597
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1   |   Introduction

Quality of life (QoL), a subjective evaluation embedded in an 
environmental, cultural, and social context  [1], has gained 
increasing acceptance in psychiatric research and traditional 
clinical outcomes assessments. In recent times, the relation-
ship between QoL and severe mental illness has been exten-
sively studied, where QoL is considered an essential indicator 
of the impact of disease in people with serious mental illness. 
Perceived stigma and lack of treatment adherence negatively 
affect the QoL of people with serious mental illness, which in 
turn affects relapse rates, ability to perform and/or enjoy occu-
pational and social activities, prospects, medical problems, and 
treatment adherence [2]. In people with schizophrenia (SZ), 
psychosocial (i.e., decreased self-esteem and social stigma) and 
psychopathological factors (i.e., negative and positive symp-
toms), as well as an unhealthy lifestyle, negatively influence 
the health-related QoL (HRQoL) [3]. Thus, people with SZ gen-
erally reported more significant disability and lower physical 
and mental QoL scores than healthy control people in HRQoL 
[4, 5]. In this sense, after logistic-regression analysis, it has 
been suggested that physical and emotional functioning and 
body pain assessed by the 36-item Short-Form Health Survey 
questionnaire (SF-36) were the best predictors of a poorer 
HRQoL in the SZ group compared to healthy controls [6].

In addition to the above, it has already been stated that poor 
sleep quality plays a vital role in the lower HRQoL maintained 
in people with SZ [7]. Further, this association appears to occur 
independently and synergistically with an increased risk of 
suicidality [8], symptoms of depression and distress, and the 
side effects of medications [9]. Similarly, studies with large 
samples found an independent association between insomnia 
and QoL in patients with SZ [10, 11], and sleep impairment 
was associated with lower life satisfaction [12]. Likewise, SZ 
patients with more sleep disturbances show a poor exercise 
pattern and lighter exercise intensity than the healthy control 
population [8].

Previous meta-analyses have shown that exercise improves 
QoL and clinical symptoms in people with SZ [13], improving 
global functioning [14]. Similarly, regular exercise is associ-
ated with better sleep quality assessed through the Pittsburg 
Sleep Quality Index in SZ patients, showing that the higher 
the attendance in moderate-intensity group sessions, the bet-
ter sleep quality [15]. Therefore, international organizations 
recommend lifestyle programs, including exercise, for people 
living with disabilities in general [16], and with SZ in partic-
ular [17]. Thus, although light-intensity exercise has health 
benefits, adults with SZ should aim to do more than the rec-
ommended levels of moderate-to-vigorous physical activity, 
including muscle-strengthening activities on two or more days 
a week [16]. Further, low-volume high-intensity interval train-
ing (HIIT) (i.e., 10 min or less of short bouts of high-intensity 
exercise separated by periods of recovery at a lower intensity) 
has been postulated as a more time-efficient method of im-
proving cardiorespiratory fitness (CRF) compared to continu-
ous training at moderate-intensity [18]. Hence, knowing that a 
higher CRF is an independent significant predictor of physical 
HRQoL in people with SZ [19], how can this benefit be denied 
in this population?

Therefore, given the current physical activity recommenda-
tions by the World Health Organization for people with men-
tal disorders and the lack of research investigating the effects 
of combined training on QoL in adults diagnosed with SZ, the 
primary purposes of this study were: (1) to determine changes 
in HRQoL and sleep quality following a 20 week combined (low-
volume HIIT+resistance training) supervised exercise program 
(EX) compared to a Treatment-As-Usual control (TAU) group 
in the studied SZ population, and (2) to analyze the relationship 
between the changes achieved through the exercise program in 
CRF and different domains of HRQoL.

2   |   Materials and Methods

2.1   |   Study Design

The CORTEX-SP study is a randomized, single-blind (medical 
staff) controlled experimental trial (Clini​calTr​ials.​gov identi-
fier, NCT03509597). The study protocol was approved by the 
Clinical Research Ethics Committee of the Autonomous Region 
of the Basque Country (PI2017044), and all participants pro-
vided written informed consent before any data collection. After 
baseline measurements, participants were randomized (www.​
rando​mizat​ion.​com) to two intervention groups: TAU or super-
vised EX.

2.2   |   Study Participants

One hundred and twelve non-Hispanic white participants 
(41.3 ± 10.4 years old, n = 87 men, and n = 25 women) were 
enrolled in the study from May 2018 to July 2021 in Vitoria-
Gasteiz (Basque Country, Spain). All participants were recruited 
from the Psychiatric Hospital of Alava and the Mental Health 
Network in Alava, Basque Country. Patients from the study 
met the diagnostic criteria for SZ according to DSM-5 [20]. The 
participants included were inpatients (46.3%) and outpatients 
(53.7%). The former was hospitalized at a psychiatric rehabili-
tation unit with imminent discharge to the community setting. 
The inclusion and exclusion criteria of the study have been  
previously published [21].

2.3   |   Measurements

The measurements for the study were taken pre (T0) and post 
(T1) 20 week intervention period.

Age, sex, and cigarette smoking status were assessed by self-
report. All medications prescribed to participants were recorded 
and transformed into chlorpromazine-equivalents using the de-
fined daily dose method [22, 23].

Body composition, CRF, and sleep quality analysis measure-
ments have been previously explained [21]. Participants' CRF, 
defined as peak oxygen uptake (V̇O2peak), was assessed on an 
electronically braked Lode Excalibur Sport Cycle Ergometer 
(Groningen, The Netherlands). Initial power was 40 W, increas-
ing in 10 W increments every minute until exhaustion. Peak 
oxygen uptake was determined using a commercially available 
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metabolic cart (Ergo CardMedi-soft S.S, Belgium Ref. USM001 
V1.0) calibrated before each test with a standard gas of known 
concentration and volume. Sleep quality analysis was objec-
tively and continuously assessed through a triaxial accelerom-
eter (ActiGraph GT3X+, Pensacola, Florida, USA). Participants 
always wore a triaxial on their non-dominant wrist with a 
Velcro strap for eight consecutive days (24 h), except during 
water-based activities. The following sleep variables were de-
rived from ActiGraph data: total sleep time, bedtime, wakeful-
ness after sleep onset, and sleep efficiency.

The psychometric properties of scores from the SF-36 question-
naire have been validated in the population with SZ [24]. Hence, 
HRQoL was assessed using the Spanish version of the SF-36 
questionnaire [25]. The items of the questionnaire report both 
positive and negative states of “physical component summary 
(PCS)” and “mental component summary”, identifying eight di-
mensions of health: physical functioning, role-physical, bodily 
pain, general health, vitality, social functioning, role-emotional, 
and mental health. For each dimension of the SF-36, the items 
are coded, added, and transformed into a scale with a path from 
0 to 100 (higher scores indicating higher levels of HRQoL) using 
the algorithms and indications that the scoring and interpreta-
tion manual of the questionnaire offers [26].

2.4   |   Intervention

Detailed descriptions of the exercise intervention procedure 
have already been reported [27]. Briefly, the participants in 
the EX-group took part in exercise sessions 3 days per week for 
5 months under the supervision of exercise specialists at out-of-
hospital facilities of the Vitoria-Gasteiz City Council (i.e., the 
Physical Activity for Health Research Center).

Combined exercise training was performed in the central part of 
each session (40 min). Each training session consisted of a low-
volume HIIT exercise (i.e., a total volume of 20 min with less 
than 10 min of high-intensity time per session), cycling on a sta-
tionary bike, and a resistance circuit-training program (20 min). 
The intensity on the bike was individually tailored to each par-
ticipant's heart rate at moderate (R2) or vigorous (R3) intensities. 
The resistance-circuit training was conducted with three cir-
cuits, one for each week's workout, with 10 different exercises.

The TAU conducted occupational activity sessions with the 
same frequency and duration as the EX.

No adverse events were reported during the exercise interven-
tion, and mean exercise adherence reached higher than 85% of 
the 60 scheduled sessions.

2.5   |   Statistical Analysis

Descriptive statistics were calculated for all variables. Data 
are expressed as mean ± standard deviations and the range. 
Analysis of variance was used to determine if there were signif-
icant pre-intervention between-group differences. The compar-
ison of frequencies in categorical variables among groups was 
performed using the chi-squared test. A Student's t-test with 

repeated measures was used to determine whether there was 
a significant difference in the recorded data between pre-and 
post-intervention within each group. Analysis of Covariance 
was used to examine the delta (∆) score for each group (TAU 
and EX), adjusting for age and sex. Bonferroni correction is an 
adjustment to p values when several dependent or independent 
statistical tests are performed simultaneously on a single data 
set. Pearson's r correlations were performed between ∆ domains 
of health-related QoL and ∆CRF variables. Data were analyzed 
according to the intention-to-treat principle. Statistical signifi-
cance was set at p < 0.05. All statistical analyses were performed 
with the SPSS version 25.0.

In the present study, a priori power analysis was performed 
through G*Power 3 software (ver. 3.1.9.7; Heinrich-Heine 
Universität Düsseldorf, Germany) to calculate the sample size 
[28, 29]. A sample size of 106 participants (53 in each group) was 
estimated to obtain an effect size of d = 0.64 to observe inter-
group differences, with 90% power and a 5% significance level.

3   |   Results

Baseline characteristics (Table  1) have been previously pub-
lished, including the analysis of sleep quality from actigraphy 
comparing inter-group (SZ vs. healthy control) and SZ sample 
subgroups (EX vs. TAU) [21]. Adding to that, after analyzing 
the domains and component summaries of HRQoL through SF-
36, there were no significant differences between SZ subgroups 
(p > 0.05), except for the diastolic blood pressure (p = 0.007) and 
PCS (p = 0.008).

After the 20-week intervention period (Table  2, Figure  1), on 
the one hand, the analysis of the domains of HRQoL changes 
showed that physical functioning (change, Δ = 12.9%; p = 0.001), 
general health (Δ = 15.3%; p < 0.001), mental health (Δ = 8.3%; 
p = 0.024), and PCS (Δ = 5.1%; p = 0.043), increased in EX-group 
with no significant changes in the TAU group. Following the 
Bonferroni correction, the EX-group showed improvements 
(i.e., higher values, p < 0.05) compared with the TAU group in 
physical functioning (mean difference = 14.3; 95% CI, 5.8–22.8), 
general health (mean difference = 11.7; 95% CI, 5.0–18.5), and 
PCS (mean difference = 4.6; 95% CI, 1.1–8.2), and no significant 
between-group differences were found in any other domains. 
On the other hand, the sleep quality changes showed that sleep 
efficiency increased (Δ = 1.9%; p = 0.004) in the EX-group, with 
no significant changes in the TAU group for any of the variables 
studied. Following the Bonferroni correction, the EX-group 
showed improvements (i.e., higher values, p = 0.027) compared 
with the TAU group in sleep efficiency (mean difference = 1.6; 
95% CI, 0.2–3.0). However, after a deeper analysis of the reli-
ability measures within-subject variation using the typical error 
affecting the precision of estimates of change in the sleep qual-
ity variable, a 2.6% typical error was calculated, higher than the 
systematic mean change (1.9 vs. 2.6%) [30].

Pearson correlation coefficients demonstrated relationships be-
tween the ∆V̇O2peak (L min−1 and mL kg−1 min−1, respectively) 
with ∆physical functioning (R = 0.295, p = 0.007; R = 0.342, 
p = 0.002), ∆role-physical (R = 0.262, p = 0.018; R = 0.248, 
p = 0.026), ∆bodily pain (R = 0.261, p = 0.019; R = 0.263, p = 0.018), 
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∆general health (R = 0.309, p = 0.005; R = 0.338, p = 0.002), ∆vi-
tality (R = 0.264, p = 0.017; R = 0.241, p = 0.030), and ∆Physical 
Component Summary (R = 0.399, p < 0.001; R = 0.432, p < 0.001, 
Table 3).

4   |   Discussion

To our knowledge, this is the most extensive study to date in 
adults diagnosed with SZ investigating the effects of a highly 
demanding and supervised 20 weeks combined exercise train-
ing program (low-volume HIIT + resistance training) com-
pared to a TAU group only conducting occupational activity 
sessions on domains of HRQoL and sleep quality variables. 
The main findings of the study were: (1) after a 20 week inter-
vention period, both some of the HRQoL domains (“physical 
functioning,” “general health,” “mental health,” and “phys-
ical component summary” scores) and the sleep efficiency 

improved in the supervised EX with no changes in TAU 
group; and (2) a greater CRF was associated with better val-
ues in “physical functioning,” “role-Physical,” “bodily pain,” 
“general health,” “vitality,” and “physical component sum-
mary” from the SF-36 questionnaire, after 20 week of com-
bined exercise program in SZ participants (Figure  1). Our 
results re-emphasize prior publication and confirm this kind 
of training as a safe and efficient modality for patients with 
SZ [27], as participants did not report any significant adverse 
effects during or after exercise sessions.

To know how the studied population is doing, we must go be-
yond traditional clinical endpoints to represent the implications 
of the disease and the pharmacological treatment regarding how 
they feel and how it affects their daily lives. Compared with the 
general population, people with SZ are dissatisfied with their 
QoL, and it confirmed that they could have additional needs due 
to the remarkable role of psychosocial factors, such as stigma 

TABLE 1    |    Characteristics of the studied population and mean (SD) scores and sample sizes for eight variables of SF-36 by group and subgroups 
at baseline.

SZ subgroups

Variables SZ (N = 112) TAU (N = 53) EX (N = 59) p

Age (years) 41.3 ± 10.5 42.5 ± 9.9 40.1 ± 10.9 0.224

Body mass (kg) 85.0 ± 16.8 85.5 ± 17.6 84.6 ± 16.2 0.782

BMI (kg/m2) 29.3 ± 5.4 29.5 ± 5.5 29.2 ± 5.4 0.831

Waist (cm) 99.1 ± 14.8 99.8 ± 16.1 98.4 ± 13.7 0.622

SBP (mmHg) 117.7 ± 13.7 121.8 ± 15.0 114.5 ± 11.6 0.006

DBP (mmHg) 71.3 ± 8.7 73.8 ± 8.8 69.3 ± 8.1 0.007

V̇O2peak (mL kg−1 min−1) 22.0 ± 6.4 22.0 ± 6.1 22.0 ± 6.7 0.968

HRQoL SF-36

Physical functioning 80.3 ± 19.9 84.2 ± 17.0 77.4 ± 21.5 0.085

Role—physical 78.6 ± 31.6 80.1 ± 33.1 77.5 ± 30.7 0.685

Bodily pain 73.4 ± 25.0 78.3 ± 25.4 69.7 ± 24.3 0.083

General health 59.3 ± 22.5 63.0 ± 22.3 56.6 ± 22.4 0.150

Vitality 50.4 ± 16.5 52.0 ± 14.2 49.2 ± 18.0 0.395

Social functioning 69.3 ± 24.4 70.7 ± 23.2 68.2 ± 25.5 0.607

Role–emotional 70.5 ± 39.4 70.5 ± 40.2 70.6 ± 39.2 0.983

Mental health 66.5 ± 17.0 65.5 ± 16.7 67.2 ± 17.3 0.630

Physical component summary 48.6 ± 7.1 50.8 ± 6.7 47.0 ± 7.0 0.008

Mental component summary 44.1 ± 10.1 43.5 ± 10.2 44.6 ± 10.1 0.610

Sleep quality

Efficiency (%) 91.5 ± 4.4 91.0 ± 4.5 92.0 ± 4.3 0.250

Bedtime (min/day) 568.8 ± 104.7 552.4 ± 97.7 580.6 ± 108.9 0.185

TST (min/day) 523.0 ± 105.1 503.2 ± 95.6 537.4 ± 110.1 0.109

WASO 44.7 ± 22.4 48.3 ± 23.8 42.1 ± 21.2 0.176

Note: Values are mean ± SD or number. p < 0.05.
Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; EX, exercise group; SBP, systolic blood pressure; TAU, Treatment-As-Usual; TST, total sleep time; 
V ̇ O2peak, peak oxygen uptake; WASO, wake after sleep onset.
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TABLE 2    |    Health-related quality of life outcomes before and after the 20-week intervention program. Mean ± SD.

TAU (N = 38) EX (N = 51) p F value %Variance

SF-36

Physical functioning

T0 83.8 ± 18.4 76.5 ± 21.9

T1 79.4 ± 24.7 86.4 ± 17.7** 0.001 11.262 0.123

Role—physical

T0 81.8 ± 33.2 76.0 ± 31.4

T1 72.0 ± 24.7 73.5 ± 34.4 0.473 0.520 0.006

Bodily pain

T0 77.9 ± 26.2 70.3 ± 24.1

T1 77.0 ± 29.0 75.6 ± 26.4 0.275 1.211 0.015

General health

T0 61.8 ± 20.0 57.4 ± 23.2

T1 58.8 ± 25.1 66.2 ± 22.2*** 0.001 12.021 0.131

Vitality

T0 52.6 ± 15.3 49.0 ± 18.9

T1 51.2 ± 19.8 51.9 ± 18.8 0.312 1.034 0.013

Social functioning

T0 70.5 ± 23.8 70.7 ± 25.7

T1 68.6 ± 26.5 73.5 ± 28.2 0.486 0.490 0.006

Role—emotional

T0 70.7 ± 39.7 72.8 ± 38.9

T1 65.6 ± 41.2 78.2 ± 37.6 0.217 1.549 0.019

Mental health

T0 65.1 ± 17.6 67.5 ± 17.9

T1 66.8 ± 17.1 73.1 ± 17.1* 0.293 1.121 0.014

Physical component summary

T0 50.7 ± 6.8 46.7 ± 7.3

T1 48.4 ± 10.4 49.1 ± 7.0* 0.011 6.851 0.079

Mental component summary

T0 43.5 ± 10.1 45.3 ± 9.9

T1 43.7 ± 10.3 47.0 ± 9.0 0.511 0.435 0.005

Sleep quality

Efficiency (%)

T0 91.1 ± 4.2 91.6 ± 4.6

T1 91.1 ± 4.8 93.3 ± 2.9** 0.027 5.101 0.061

Bedtime (min/day)

T0 564.5 ± 92.9 588.8 ± 109.4

T1 558.9 ± 121.1 596.6 ± 97.7 0.516 0.425 0.005

(Continues)
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dilemma and psychopathological factors, mainly self-reported 
depressive symptoms [3]. In this sense, it has been shown that 
QoL among people with SZ is negatively associated with posi-
tive and negative symptoms and general psychopathology [31]. 

In the present study, “vitality” and “general health” dimensions 
showed the lowest values (59.3 ± 22.5 and 50.4 ± 16.5, respec-
tively, Table  1), meaning that the participants felt tired most 
of the day, with a lack of vitality, and reflected poor health. 
Therefore, the well-being assessment in the medical practice 
helps promote alternative treatments such as exercise programs.

In the current investigation, after a 20-week intervention pro-
gram in the SZ population, no significant differences were found, 
without benefits of HRQoL domains, in the TAU group; however, 
the EX-group did demonstrate improvements in the physical area 
(i.e., ↑12.9% in physical functioning and ↑15.3% in general health) 
resulting in significant differences concerning TAU group. 
Furthermore, while in a previous meta-analysis, total (p < 0.001) 
and physical (p < 0.05) QoL experienced several improvements, 
with no significant (p = 0.09) changes in mental QoL [13], in our 
study, after analyzing the health-related mental domain, the 
EX-group improved the “mental health” (↑8.3%) dimension at 
follow-up (Figure 1). Recent investigations have shown excellent 
physical and mental health results in patients with SZ after dif-
ferent exercise programs, including HIIT [32, 33]. The subjective 
feeling of recovery may also benefit each individual's HRQoL 
[34], where exercise may be helpful. In line with these results and 
knowing that the quality of sleep has a profound impact on both 
the perception of QoL and the ability to cope with stressful situ-
ations in people with SZ [7], in the present study, after 20 weeks 
of combined exercise training, including HIIT and resistance 
training, only EX participants improved (∆ = 1.9%) the sleep ef-
ficiency (i.e., the ratio between the time a person spends asleep, 
and the total time dedicated to sleep) reaching values of 93.3%. 

TAU (N = 38) EX (N = 51) p F value %Variance

TST (min/day)

T0 514.9 ± 91.1 544.0 ± 112.8

T1 512.0 ± 121.4 554.2 ± 96.4 0.512 0.434 0.006

WASO

T0 48.7 ± 23.6 43.8 ± 22.4

T1 45.8 ± 24.4 41.5 ± 19.3 0.903 0.015 0.000

Note: Values are mean ± SD or number.
Abbreviations: EX, exercise group; TAU, Treatment-As-Usual; TST, total sleep time; WASO, wake after sleep onset.
*p < 0.05 between T0 and T1. 
**p < 0.01. 
***p < 0.001.

TABLE 2    |    (Continued)

FIGURE 1    |    Health-related quality of life after a 20-week intervention program in people with schizophrenia.

TABLE 3    |    Correlations between the ∆ domains of health-related 
quality of life and physical fitness variables.

Variables
∆V̇O2peak 
(L min−1)

∆V̇O2peak 
(mL kg−1 min−1)

∆Physical functioning 0.295** 0.342**

∆Role—physical 0.262* 0.248*

∆Bodily pain 0.261* 0.263*

∆General health 0.309** 0.338**

∆Vitality 0.264* 0.241*

∆Social functioning 0.149 0.178

∆Role–emotional 0.144 0.101

∆Mental health 0.147 0.141

∆Physical component 
summary

0.399*** 0.432***

∆Mental component 
summary

0.116 0.089

Abbreviation: V ̇ O2peak, peak oxygen uptake.
*p < 0.05. 
**p < 0.01. 
***p < 0.001.
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Although it could be suggested that the change was not clinically 
relevant after an analysis of within-subject variation using the 
typical error, with a lower result than the calculated (i.e., 2.6%), 
the minor changes could be significant in this population.

There are two types of strategies for improving sleep in people 
with SZ: (1) Among pharmacological approaches, some sedative 
antipsychotics may improve sleep through antihistaminic action 
[35]; and (2) among non-pharmacological methods, regular exer-
cise under supervision and education about a healthy lifestyle is 
taking a prominent place [36].

In this regard, during the last few years, there has been much 
evidence on brain and skeletal muscle communication through 
exercise to achieve better mental health, advocating for exercise 
as a relevant adjuvant program for brain disease. The endocrine 
communication with molecules derived from the myokinome 
that can effectively cross the blood–brain barrier and display 
neuroactive roles is still under investigation [37]. However, 
HIIT has been considered relevant for brain health due to the 
effects of high-intensity work along with its responses and ad-
aptations [38]. In this line, the potential positive effects of ex-
ercise on dopamine synthesis and its impact on mental health 
have already been presented knowing the regulation of other 
neurotransmitters (i.e., noradrenaline and serotonin) [39], 
and the possible beneficial effect on the dopaminergic system 
dysfunction in people with SZ [40]. Further, HIIT seems to 
increase melatonin secretion and better control patients' inter-
nal circadian clock and the loop between sleep and dopamine  
irregularities [8].

Considering the exercise-associated benefits and the impor-
tance of improving CRF for general health [41], the current 
study went one step further by analyzing the associations be-
tween the ∆CRF and ∆ domains of HRQoL after 20 weeks of 
intensive combined training 3 days per week. Thus, very im-
portant results were observed indicating that the higher the 
CRF, the better were the values of “physical functioning” and 
“role-physical” (i.e., a lesser degree of limitation of physical ac-
tivity in daily life at moderate-to-high intensity), “bodily pain” 
(i.e., a lower degree of pain intensity and its effect on usual 
work, outside, and inside the home), “general health” (i.e., 
an improved personal assessment of health, including future 
health prospects), “vitality” (i.e., a better feeling of energy and 
vitality as opposed to feeling tired and exhausted), and “PCS” 
(Table 3). In a previous study with SZ patients, CRF was also 
associated with some QoL domains assessed by SF-36 (physical 
functioning, role-physical, bodily pain, and general health) [19]. 
However, in the current study, more significant relationships 
were observed, likely because our analysis was performed after 
the intensive training program, and our CRF assessment was 
maximal, with objective maximum oxygen uptake. Therefore, 
the data observed in the improvement of QoL related to phys-
ical condition join the previously published objective improve-
ments in CRF [27].

The strengths of this study include the use of low-volume HIIT 
and resistance training protocols in the same session with such 
a large sample of people with SZ. Nevertheless, this study was 
limited by: (1) the patients were treated with a heterogeneous 
sample of antipsychotics reflecting the usual clinical practice in 

the province of Álava (Basque Country). Further, it is a hetero-
geneous sample, in the state and evolution of the disease, and 
the personal and social aspects; (2) the current study does not 
represent a division by equal sex (i.e., 22.3% women), which the 
perspective between the sexes could be different when highlight-
ing the questionnaire since women usually present lower values 
in all multi-items compared to men [26], and (3) as the SF-36 is 
a subjective questionnaire, it is difficult to assess all its results 
accurately.

5   |   Conclusions

A 20-week supervised combined exercise intervention program 
for SZ individuals effectively increased sleep efficiency and 
physical functioning, general health, mental health, and PCS 
scores. This could lead to a critical HRQoL change from how 
they were to how they should be. Hence, these results highlight 
the vital role of supervised exercise in improving physical and 
psychological health.

6   |   Perspective

The results of the present study show the continuation of the 
analysis of an intervention with exercise as an adjuvant program 
in people diagnosed with schizophrenia. Thus, a combined su-
pervised exercise program, including low-volume HIIT and re-
sistance training, demonstrated a real impact, on the one hand, 
on the maintenance of body composition and the improvement 
of CRF and cardiometabolic profile [27] and, on the other hand, 
observable benefits in sleep quality and essential aspects of QoL. 
In addition, the subjective experiences of participants with sz 
underscore the proper perspective of supporting out-of-hospital 
exercise programs as an adjunct to standard treatment to achieve 
holistic improvements [42].

Acknowledgments

This study was supported by the Spanish Ministry of Economy and 
Competitiveness, “Fondo de Investigación Sanitaria del Instituto de 
Salud Carlos III” (PI16/01022). The University of the Basque Country 
(UPV/EHU, PIF19/40) with a predoctoral grant supported MTE. The 
Council of Vitoria-Gasteiz provides the facilities of the Physical Activity 
and Health Research Centre for exercise intervention.

Our special thanks to Nagore Iriarte-Yoller and Amaia Ortiz de Zarate 
for all their excellent work in the recruitment and management of the 
participants, Dr. Iñaki Arratibel–Imaz for his help and profession-
alism in the laboratory testing, and Maialen Ariz–Sarasketa for her 
outstanding work designing the infographic. Finally, thanks to all the 
participants for their willingness to make this project possible, to all 
the undergraduate students who collaborated on it, and to IBJ7 for his 
selfless friendship.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available on request 
from the corresponding author. The data are not publicly available due 
to privacy or ethical restrictions.

 16000838, 2024, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/sm

s.14707 by B
iblioteca U

niversitaria D
e D

eusto, W
iley O

nline L
ibrary on [10/03/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



8 of 9 Scandinavian Journal of Medicine & Science in Sports, 2024

References

1. M. Power, A. Harper, and M. Bullinger, “The World Health Orga-
nization WHOQOL-100: Tests of the Universality of Quality of Life in 
15 Different Cultural Groups Worldwide,” Health Psychology 18, no. 5 
(1999): 495–505, https://​doi.​org/​10.​1037//​0278-​6133.​18.5.​495.

2. G. Tesfaw, B. Kibru, and G. Ayano, “Prevalence and Factors Associ-
ated With Higher Levels of Perceived Stigma Among People With Schizo-
phrenia Addis Ababa, Ethiopia,” International Journal of Mental Health 
Systems 14, no. 1 (2020): 19, https://​doi.​org/​10.​1186/​s1303​3-​020-​00348​-​9.

3. C. Chou, M. Ma, and T. Yang, “Determinants of Subjective Health-
Related Quality of Life (HRQoL) for Patients With Schizophrenia,” 
Schizophrenia Research 154, no. 1 (2014): 83–88. https://​www.​clini​
calkey.​es/​playc​ontent/​1-​s2.​0-​S0920​99641​4000772, https://​doi.​org/​10.​
1016/j.​schres.​2014.​02.​011.

4. C. Yen, C. Cheng, C. Huang, J. Yen, C. Ko, and C. Chen, “Quality of Life 
and Its Association With Insight, Adverse Effects of Medication and Use 
of Atypical Antipsychotics in Patients With Bipolar Disorder and Schizo-
phrenia in Remission,” Bipolar Disorders 10, no. 5 (2008): 617–624. http://​
www.​ingen​tacon​nect.​com/​conte​nt/​mksg/​bdi/​2008/​00000​010/​00000​005/​
art00007, https://​doi.​org/​10.​1111/j.​1399-​5618.​2007.​00577.​x.

5. X. He, C. Migliorini, Z. Huang, et al., “Quality of Life in Patients With 
Schizophrenia: A 2-Year Cohort Study in Primary Mental Health Care 
in Rural China,” Frontiers in Public Health 10 (2022): 983733, https://​
doi.​org/​10.​3389/​fpubh.​2022.​983733.

6. A. Sciolla, T. L. Patterson, J. L. Wetherell, L. A. McAdams, and D. V. 
Jeste, “Functioning and Well-Being of Middle-Aged and Older Patients 
With Schizophrenia: Measurement With the 36-Item Short-Form (SF-
36) health Survey,” American Journal of Geriatric Psychiatry 11, no. 6 
(2003): 629–637, https://​doi.​org/​10.​1176/​appi.​ajgp.​11.6.​629.

7. J. R. Hofstetter, P. H. Lysaker, and A. R. Mayeda, “Quality of Sleep 
in Patients With Schizophrenia is Associated With Quality of Life 
and Coping,” BMC Psychiatry 5 (2005): 13, https://​doi.​org/​10.​1186/​
1471-​244X-​5-​13.

8. N. Kiwan, Z. Mahfoud, S. Ghuloum, et al., “Self-Reported Sleep and 
Exercise Patterns in Patients With Schizophrenia: A Cross-Sectional 
Comparative Study,” International Journal of Behavioral Medicine 27, 
no. 4 (2020): 366–377. https://​www.​ncbi.​nlm.​nih.​gov/​pmc/​artic​les/​
PMC73​59133/​​, https://​doi.​org/​10.​1007/​s1252​9-​019-​09830​-​2.

9. M. Ritsner, R. Kurs, A. Ponizovsky, and J. Hadjez, “Perceived Quality 
of Life in Schizophrenia: Relationships to Sleep Quality,” Quality of Life 
Research 13, no. 4 (2004): 783–791, https://​doi.​org/​10.​1023/B:​QURE.​
00000​21687.​18783.​d6.

10. D. Batalla-Martín, A. Belzunegui-Eraso, E. Miralles Garijo, et  al., 
“Insomnia in Schizophrenia Patients: Prevalence and Quality of Life,” 
International Journal of Environmental Research and Public Health 17, 
no. 4 (2020): 1350. https://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​32093111, 
https://​doi.​org/​10.​3390/​ijerp​h1704​1350.

11. C. Hou, Y. Li, M. Cai, et al., “Prevalence of Insomnia and Clinical 
and Quality of Life Correlates in Chinese Patients With Schizophre-
nia Treated in Primary Care,” Perspectives in Psychiatric Care 53, no. 2 
(2015): 80–86, https://​doi.​org/​10.​1111/​ppc.​12139​.

12. S. Brissos, P. Afonso, F. Cañas, J. Bobes, I. Bernardo Fernandez, and 
C. Guzman, “Satisfaction With Life of Schizophrenia Outpatients and 
Their Caregivers: Differences Between Patients With and Without Self-
Reported Sleep Complaints,” Schizophrenia Research and Treatment 
2013 (2013): 502172, https://​doi.​org/​10.​1155/​2013/​502172.

13. M. Dauwan, M. J. H. Begemann, S. M. Heringa, and I. E. Som-
mer, “Exercise Improves Clinical Symptoms, Quality of Life, Global 
Functioning, and Depression in Schizophrenia: A Systematic Review 
and Meta-Analysis,” Schizophrenia Bulletin 42, no. 3 (2016): 588–599. 
https://​www.​narcis.​nl/​publi​cation/​Recor​dID/​oai:​pure.​rug.​nl:​publi​
catio​ns%​2Fbcf​6f57c​-​cb51-​4b56-​a989-​72304​f1ab679, https://​doi.​org/​10.​
1093/​schbul/​sbv164.

14. N. Korman, R. Stanton, A. Vecchio, et al., “The Effect of Exercise 
on Global, Social, Daily Living and Occupational Functioning in People 
Living With Schizophrenia: A Systematic Review and Meta-Analysis,” 
Schizophrenia Research 256 (2023): 98–111, https://​doi.​org/​10.​1016/j.​
schres.​2023.​04.​012.

15. K. L. Subotnik, S. C. McEwen, J. Ventura, et al., “Exercise Predicts a 
Good Night's Sleep: Preliminary Findings From a UCLA Study of First-
Episode Schizophrenia,” Behavioral Sciences (Basel) 13, no. 2 (2023): 88. 
https://​europ​epmc.​org/​artic​les/​PMC99​52381​, https://​doi.​org/​10.​3390/​
bs130​20088​.

16. C. Carty, H. P. van der Ploeg, S. J. H. Biddle, et al., “The First Global 
Physical Activity and Sedentary Behavior Guidelines for People Living 
With Disability,” Journal of Physical Activity & Health 18, no. 1 (2021): 
86–93, https://​doi.​org/​10.​1123/​jpah.​2020-​0629.

17. D. Vancampfort, M. De Hert, L. H. Skjerven, et al., “International 
Organization of Physical Therapy in Mental Health Consensus on Phys-
ical Activity Within Multidisciplinary Rehabilitation Programmes for 
Minimising Cardio-Metabolic Risk in Patients With Schizophrenia,” 
Disability and Rehabilitation 34, no. 1 (2012): 1–12, https://​doi.​org/​10.​
3109/​09638​288.​2011.​587090.

18. R. N. Sultana, A. Sabag, S. E. Keating, and N. A. Johnson, “The 
Effect of Low-Volume High-Intensity Interval Training on Body Com-
position and Cardiorespiratory Fitness: A Systematic Review and Meta-
Analysis,” Sports Medicine 49, no. 11 (2019): 1687–1721, https://​doi.​org/​
10.​1007/​s4027​9-​019-​01167​-​w.

19. D. Vancampfort, H. Guelinckx, M. Probst, et  al., “Health-Related 
Quality of Life and Aerobic Fitness in People With Schizophrenia,” In-
ternational Journal of Mental Health Nursing 24, no. 5 (2015): 394–402. 
https://​api.​istex.​fr/​ark:/​67375/​​WNG-​LTS19​360-​R/​fullt​ext.​pdf, https://​
doi.​org/​10.​1111/​inm.​12145​.

20. American Psychiatric Association, Diagnostic and Statistical Man-
ual of Mental Disorders: DSM-5, vol. 5 (Arlington, VA: American Psychi-
atric Publishing, Inc., 2013), 947.

21. M. Tous-Espelosin, S. R. de Azua, N. Iriarte-Yoller, et al., “Clinical, 
Physical, Physiological, and Cardiovascular Risk Patterns of Adults 
With Schizophrenia: CORTEX-SP Study: Characterization of Adults 
With Schizophrenia,” Psychiatry Research 295 (2021): 113580, https://​
doi.​org/​10.​1016/j.​psych​res.​2020.​113580.

22. S. Leucht, M. Samara, S. Heres, and J. M. Davis, “Dose Equivalents 
for Antipsychotic Drugs: The DDD Method,” Schizophrenia Bulletin 42, 
no. Suppl 1 (2016): 90, accessed December 26, 2021, https://​doi.​org/​10.​
1093/​schbul/​sbv167.

23. P. H. Rothe, S. Heres, and S. Leucht, “Dose Equivalents for Second 
Generation Long-Acting Injectable Antipsychotics: The Minimum 
Effective Dose Method,” Schizophrenia Research 193 (2018): 23–28, 
https://​doi.​org/​10.​1016/j.​schres.​2017.​07.​033.

24. C. Su, H. Ng, A. Yang, and C. Lin, “Psychometric Evaluation of the 
Short Form 36 Health Survey (SF-36) and the World Health Organiza-
tion Quality of Life Scale Brief Version (WHOQOL-BREF) for Patients 
With Schizophrenia,” Psychological Assessment 26, no. 3 (2014): 980–
989. http://​psycn​et.​apa.​org/​journ​als/​pas/​26/3/​980, https://​doi.​org/​10.​
1037/​a0036764.

25. J. Alonso, L. Prieto, and J. M. Antó, “The Spanish Version of the SF-
36 Health Survey (The SF-36 Health Questionnaire): An Instrument for 
Measuring Clinical Results,” S 104, no. 20 (1995): 771–776.

26. J. Ware, K. Snow, M. Kosinski, and B. Gandek, SF-36 Health Sur-
vey. Manual and Interpretation Guide: The Health Institute (Lincoln, RI: 
QualityMetric Incorporated, 1993).

27. M. Tous-Espelosin, S. Ruiz de Azua, N. Iriarte-Yoller, P. M. Sanchez, 
E. Elizagarate, and S. Maldonado-Martín, “As We Were and As We 
Should Be, Combined Exercise Training in Adults With Schizophrenia: 
CORTEX-SP Study Part I,” Medicine and Science in Sports and Exercise 
56, no. 1 (2024): 73–81, https://​doi.​org/​10.​1249/​MSS.​00000​00000​003284.

 16000838, 2024, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/sm

s.14707 by B
iblioteca U

niversitaria D
e D

eusto, W
iley O

nline L
ibrary on [10/03/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1037//0278-6133.18.5.495
https://doi.org/10.1186/s13033-020-00348-9
https://www.clinicalkey.es/playcontent/1-s2.0-S0920996414000772
https://www.clinicalkey.es/playcontent/1-s2.0-S0920996414000772
https://doi.org/10.1016/j.schres.2014.02.011
https://doi.org/10.1016/j.schres.2014.02.011
http://www.ingentaconnect.com/content/mksg/bdi/2008/00000010/00000005/art00007
http://www.ingentaconnect.com/content/mksg/bdi/2008/00000010/00000005/art00007
http://www.ingentaconnect.com/content/mksg/bdi/2008/00000010/00000005/art00007
https://doi.org/10.1111/j.1399-5618.2007.00577.x
https://doi.org/10.3389/fpubh.2022.983733
https://doi.org/10.3389/fpubh.2022.983733
https://doi.org/10.1176/appi.ajgp.11.6.629
https://doi.org/10.1186/1471-244X-5-13
https://doi.org/10.1186/1471-244X-5-13
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7359133/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7359133/
https://doi.org/10.1007/s12529-019-09830-2
https://doi.org/10.1023/B:QURE.0000021687.18783.d6
https://doi.org/10.1023/B:QURE.0000021687.18783.d6
https://www.ncbi.nlm.nih.gov/pubmed/32093111
https://doi.org/10.3390/ijerph17041350
https://doi.org/10.1111/ppc.12139
https://doi.org/10.1155/2013/502172
https://www.narcis.nl/publication/RecordID/oai:pure.rug.nl:publications/bcf6f57c-cb51-4b56-a989-72304f1ab679
https://www.narcis.nl/publication/RecordID/oai:pure.rug.nl:publications/bcf6f57c-cb51-4b56-a989-72304f1ab679
https://doi.org/10.1093/schbul/sbv164
https://doi.org/10.1093/schbul/sbv164
https://doi.org/10.1016/j.schres.2023.04.012
https://doi.org/10.1016/j.schres.2023.04.012
https://europepmc.org/articles/PMC9952381
https://doi.org/10.3390/bs13020088
https://doi.org/10.3390/bs13020088
https://doi.org/10.1123/jpah.2020-0629
https://doi.org/10.3109/09638288.2011.587090
https://doi.org/10.3109/09638288.2011.587090
https://doi.org/10.1007/s40279-019-01167-w
https://doi.org/10.1007/s40279-019-01167-w
https://api.istex.fr/ark:/67375/WNG-LTS19360-R/fulltext.pdf
https://doi.org/10.1111/inm.12145
https://doi.org/10.1111/inm.12145
https://doi.org/10.1016/j.psychres.2020.113580
https://doi.org/10.1016/j.psychres.2020.113580
https://doi.org/10.1093/schbul/sbv167
https://doi.org/10.1093/schbul/sbv167
https://doi.org/10.1016/j.schres.2017.07.033
http://psycnet.apa.org/journals/pas/26/3/980
https://doi.org/10.1037/a0036764
https://doi.org/10.1037/a0036764
https://doi.org/10.1249/MSS.0000000000003284


9 of 9

28. F. Faul, E. Erdfelder, A. Lang, and A. Buchner, “G*Power 3: A Flex-
ible Statistical Power Analysis Program for the Social, Behavioral, and 
Biomedical Sciences,” Behavior Research Methods 39, no. 2 (2007): 175–
191, https://​doi.​org/​10.​3758/​bf031​93146​.

29. H. Kang, “Sample Size Determination and Power Analysis Using the 
G*Power Software,” Journal of Educational Evaluation for Health Pro-
fessions 18 (2021): 17, https://​doi.​org/​10.​3352/​jeehp.​2021.​18.​17.

30. W. G. Hopkins, “Measures of Reliability in Sports Medicine and Sci-
ence,” Sports Medicine 30, no. 1 (2000): 1–15, https://​doi.​org/​10.​2165/​
00007​256-​20003​0010-​00001​.

31. D. Desalegn, S. Girma, and T. Abdeta, “Quality of Life and Its As-
sociation With Psychiatric Symptoms and Socio-Demographic Char-
acteristics Among People With Schizophrenia: A Hospital-Based 
Cross-Sectional Study,” PLoS One 15, no. 2 (2020): e0229514, https://​doi.​
org/​10.​1371/​journ​al.​pone.​0229514.

32. E. Andersen, G. Bang-Kittilsen, T. T. Bigseth, et al., “Effect of High-
Intensity Interval Training on Cardiorespiratory Fitness, Physical 
Activity and Body Composition in People With Schizophrenia: A Ran-
domized Controlled Trial,” BMC Psychiatry 20, no. 1 (2020): 425, https://​
doi.​org/​10.​1186/​s1288​8-​020-​02827​-​2.

33. G. Bang-Kittilsen, J. A. Engh, R. Holst, et  al., “High-Intensity In-
terval Training May Reduce Depressive Symptoms in Individuals With 
Schizophrenia, Putatively Through Improved VO2max: A Randomized 
Controlled Trial,” Frontiers in Psychiatry 13 (2022): 921689, https://​doi.​
org/​10.​3389/​fpsyt.​2022.​921689.

34. M. Kukla, P. H. Lysaker, and D. Roe, “Strong Subjective Recov-
ery as a Protective Factor Against the Effects of Positive Symptoms 
on Quality of Life Outcomes in Schizophrenia,” Comprehensive Psy-
chiatry 55, no. 6 (2014): 1363–1368. https://​www.​clini​calkey.​es/​playc​
ontent/​1-​s2.​0-​S0010​440X1​4001096, https://​doi.​org/​10.​1016/j.​compp​
sych.​2014.​04.​022.

35. Q. Meng, R. Li, F. Hou, and Q. Zhang, “Effects of Chlorpromazine 
on Sleep Quality, Clinical and Emotional Measures Among Patients 
With Schizophrenia,” Clinical Neurology and Neurosurgery 165 (2018): 
134–138, https://​doi.​org/​10.​1016/j.​cline​uro.​2018.​01.​007.

36. K. Sturludóttir, S. Gestsdóttir, R. H. Rafnsson, and E. Jóhannsson, 
“The Effects of Physical Activity Intervention on Symptoms in Schizo-
phrenia, Mental Well-Being and Body Composition in Young Adults,” 
Læknablađiđ 101, no. 11 (2015): 519–524, https://​doi.​org/​10.​17992/​​lbl.​
2015.​11.​51.

37. A. R. Isaac, R. A. S. Lima-Filho, and M. V. Lourenco, “How Does the 
Skeletal Muscle Communicate With the Brain in Health and Disease?” 
Neuropharmacology 197 (2021): 108744, https://​doi.​org/​10.​1016/j.​neuro​
pharm.​2021.​108744.

38. T. Hashimoto, H. Tsukamoto, S. Ando, and S. Ogoh, “Effect of Exer-
cise on Brain Health: The Potential Role of Lactate as a Myokine,” Me-
tabolites 11, no. 12 (2021): 813, https://​doi.​org/​10.​3390/​metab​o1112​0813.

39. A. Marques, P. Marconcin, A. O. Werneck, et al., “Bidirectional Asso-
ciation Between Physical Activity and Dopamine Across Adulthood—A 
Systematic Review,” Brain Sciences 11, no. 7 (2021): 829. https://​www.​
ncbi.​nlm.​nih.​gov/​pmc/​artic​les/​PMC83​01978/​​, https://​doi.​org/​10.​3390/​
brain​sci11​070829.

40. R. E. Kaskie, B. Graziano, and F. Ferrarelli, “Schizophrenia and 
Sleep Disorders: Links, Risks, and Management Challenges,” Nature 
and Science of Sleep 9 (2017): 227–239, https://​doi.​org/​10.​2147/​NSS.​
S121076.

41. L. S. Chow, R. E. Gerszten, J. M. Taylor, et al., “Exerkines in Health, 
Resilience and Disease,” Nature Reviews. Endocrinology 18, no. 5 
(2022): 273–289. https://​www.​nature.​com/​artic​les/​s4157​4-​022-​00641​-​2, 
https://​doi.​org/​10.​1038/​s4157​4-​022-​00641​-​2.

42. M. Tous-Espelosin, D. Crone, S. Ruiz de Azua, N. Iriarte-Yoller, A. 
Sampedro, and S. Maldonado-Martín, “'It Helped Me to Disconnect My 
Mind From the problems': The Subjective Experiences of People With 

Schizophrenia Taking Part in a Concurrent Exercise Program,” Issues 
in Mental Health Nursing 44, no. 8 (2023): 717–725, https://​doi.​org/​10.​
1080/​01612​840.​2023.​2212781.

 16000838, 2024, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/sm

s.14707 by B
iblioteca U

niversitaria D
e D

eusto, W
iley O

nline L
ibrary on [10/03/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.3758/bf03193146
https://doi.org/10.3352/jeehp.2021.18.17
https://doi.org/10.2165/00007256-200030010-00001
https://doi.org/10.2165/00007256-200030010-00001
https://doi.org/10.1371/journal.pone.0229514
https://doi.org/10.1371/journal.pone.0229514
https://doi.org/10.1186/s12888-020-02827-2
https://doi.org/10.1186/s12888-020-02827-2
https://doi.org/10.3389/fpsyt.2022.921689
https://doi.org/10.3389/fpsyt.2022.921689
https://www.clinicalkey.es/playcontent/1-s2.0-S0010440X14001096
https://www.clinicalkey.es/playcontent/1-s2.0-S0010440X14001096
https://doi.org/10.1016/j.comppsych.2014.04.022
https://doi.org/10.1016/j.comppsych.2014.04.022
https://doi.org/10.1016/j.clineuro.2018.01.007
https://doi.org/10.17992/lbl.2015.11.51
https://doi.org/10.17992/lbl.2015.11.51
https://doi.org/10.1016/j.neuropharm.2021.108744
https://doi.org/10.1016/j.neuropharm.2021.108744
https://doi.org/10.3390/metabo11120813
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8301978/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8301978/
https://doi.org/10.3390/brainsci11070829
https://doi.org/10.3390/brainsci11070829
https://doi.org/10.2147/NSS.S121076
https://doi.org/10.2147/NSS.S121076
https://www.nature.com/articles/s41574-022-00641-2
https://doi.org/10.1038/s41574-022-00641-2
https://doi.org/10.1080/01612840.2023.2212781
https://doi.org/10.1080/01612840.2023.2212781

	As We Were and As We Should Be, Combined Exercise Training in Adults With Schizophrenia: CORTEX-­SP Study Part II
	ABSTRACT
	1   |   Introduction
	2   |   Materials and Methods
	2.1   |   Study Design
	2.2   |   Study Participants
	2.3   |   Measurements
	2.4   |   Intervention
	2.5   |   Statistical Analysis

	3   |   Results
	4   |   Discussion
	5   |   Conclusions
	6   |   Perspective
	Acknowledgments
	Conflicts of Interest
	Data Availability Statement

	References


