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  18 

ABSTRACT 19 

Background: Physical exercise improves the mental and physical health of individuals 20 

with severe mental illness (SMI); however, its impact on metabolic syndrome remains 21 

unclear.  22 

Aims: To evaluate the effects of exercise interventions on metabolic syndrome 23 

components in individuals with SMI, and to explore interactions between exercise and 24 

antipsychotic medications on metabolic outcomes. 25 

Methods: Following the PRISMA guidelines, we systematically searched PubMed, 26 

CINAHL, Web of Science, and APA PsycINFO through October 10, 2023, for randomized 27 

controlled trials (RCTs) assessing the effects of exercise on waist circumference, blood 28 

pressure, glucose, triglycerides, and HDL cholesterol in SMI. Risk of bias was evaluated 29 

using the Cochrane RoB-2 tool. Data were pooled using random-effects models in 30 

Comprehensive Meta-Analysis and JASP. 31 

Results: Ten RCTs (N=773 participants; mean age 39.9±7.36; 38.7% female; 71.5% 32 

schizophrenia spectrum disorders) met the inclusion criteria. Pooled analyses revealed 33 

no significant effects of exercise on any of the assessed metabolic syndrome 34 

components, such as waist circumference (SMD=0.206, 95% CI [-0.118–35 

0.530], p=0.171), systolic blood pressure (SMD=0.194, 95% CI [-0.115–36 

0.504], p=0.219), diastolic blood pressure (SMD=-0.21, 95% CI [-0.854–37 

0.434], p=0.522), HDL (SMD=0.157, 95% CI [-0.36–0.674], p=0.551), triglycerides 38 

(SMD=-0.041, 95% CI [-0.461–0.38], p=0.849), or glucose (SMD=-0.071, 95% CI [-39 

0.213–0.071], p=0.326). Heterogeneity was moderate to high across outcomes. 40 

Conclusions: Structured exercise interventions did not significantly improve any of the 41 

metabolic syndrome components of SMI, potentially due to confounding by antipsychotic 42 

medications, suboptimal adherence, or insufficient intervention intensity. While exercise 43 
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remains a cornerstone of holistic care, future trials must prioritize tailored regimens, 44 

adjunctive therapies (e.g., pharmacologic/metabolic monitoring), and rigorous control of 45 

medication effects to clarify its role in addressing cardiometabolic risk in this vulnerable 46 

population. 47 

 48 
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1. INTRODUCTION 53 

Severe mental disorders (SMI) characterized  by extreme disturbances in cognition, 54 

emotional regulation, and behavior create significant burdens on psychosocial and 55 

occupational functioning.  It is often exacerbated by neurobiological and genetic factors 56 

that shape its course and treatment response [1,2]. These conditions lead to a mortality 57 

gap of 10–20 years compared to the general population, in part contributing to premature 58 

cardiovascular disease (CVD), which accounts for 14.3% of global annual deaths [3–6]. 59 

Emerging evidence underscores metabolic syndrome, a cluster of central obesity, 60 

hypertension, dyslipidemia, and hyperglycemia, as critical mediators of CVD risk in this 61 

population  [7,8]. 62 

The pathophysiology of SMI-related metabolic syndrome is multifactorial and involves 63 

chronic inflammation, immune dysregulation, and genetic susceptibility [9–11]. Second-64 

generation antipsychotics worsen these risks owing to weight gain, insulin resistance, 65 

and lipid abnormalities [12]. At the same time, both antidepressants and mood stabilizers 66 

have milder metabolic effects, and polypharmacy and high-dose regimens lead to further 67 

compound adverse outcomes [13–16]. Schizophrenia, affecting 1% of the global 68 

population, underlies these challenges: prolonged antipsychotic treatment and chronicity 69 

of the disease combined to increase metabolic morbidity  [17–20].  70 

Non-pharmacological interventions, primarily structured exercises, have great potential 71 

to reduce risks [21]. Meta-analyses have shown that physical activity improves 72 

psychiatric symptoms, functional capacity, and quality of life in SMI [22–26]. Exercise 73 

also enhances cardiorespiratory fitness and reduces obesity, diabetes, and CVD 74 

incidence, which is vital for a population with twice the occurrence of metabolic syndrome 75 

compared to the general population [22,27–29]. However,  there are still some important 76 

gaps. First, exercise does not directly ameliorate the components of metabolic syndrome 77 

(e.g., waist circumference and blood pressure) in patients with psychotic disorders. 78 

Second, potential synergies or antagonisms between exercise and antipsychotic 79 
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pharmacodynamics have not been examined despite evidence that physical activity may 80 

modulate drug metabolism and receptor sensitivity [30–32].  Such multidimensional 81 

advancements enhance global health and address the leading health-related issues in 82 

this group, thereby minimizing  the likelihood of severe long-term repercussions [33,34].  83 

This systematic review and meta-analysis aimed to 1) evaluate the efficacy of physical 84 

exercise on metabolic syndrome components in psychotic disorders, and 2) explore the 85 

interactions between exercise and antipsychotic medications on metabolic outcomes. By 86 

elucidating these mechanisms, our findings aim to inform integrative treatment 87 

paradigms that optimize the mental and physical health. 88 

2. METHODS 89 

2.1 Study design 90 

This systematic review and meta-analysis followed the guidelines outlined in the 91 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 92 

statement [35] and was registered in PROSPERO (CRD42025635273). 93 

2.2 Search Strategy  94 

The search for studies was conducted on October 10, 2024. Articles were gathered from 95 

the Medline (PubMed), CINAHL, Web of Science, and APA PsycINFO databases. Two 96 

researchers independently screened the articles by evaluating their titles and abstracts 97 

to assess the eligibility criteria, and disagreements were resolved through discussion 98 

with a third author. The articles were screened using the Sysrev software. The search 99 

used a defined set of keywords related to physical exercise, metabolic syndrome, 100 

schizophrenia, psychotic disorders, and randomized controlled trials. The complete 101 

search strategy is available in the Supplementary Materials. 102 

2.3 Selection criteria 103 
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The PICOS model defined the inclusion criteria (Population, Intervention, Comparison, 104 

Outcome, Study type) [36].  The inclusion of studies was based on the following criteria: 105 

a) studies focused mainly on people over 18 years old with a diagnosis of psychotic 106 

disorder based on the Diagnostic and Statistical Manual of Mental Disorders (DSM-V) 107 

[1]; b) randomized controlled trial (RCT); c) assessed components of metabolic 108 

syndrome including waist circumference, blood pressure, fasting glucose, triglycerides, 109 

and HDL cholesterol; and e) evaluation of exercise intervention. Systematic reviews, 110 

meta-analyses, single-group trials, practice guidelines, recommendations, editorials, 111 

letters, conference abstracts, reports, protocols, and studies with undefined interventions 112 

or procedures were excluded. We also excluded RCTs based on other specific SMI (i.e., 113 

bipolar disorder, anxiety, and major depressive disorder). 114 

While schizophrenia was the primary diagnosis, we included related DSM-V-defined 115 

psychotic disorders (e.g., schizoaffective disorder and schizophreniform disorder). These 116 

conditions share core clinical and neurobiological features with schizophrenia, including 117 

antipsychotic treatment patterns and an elevated cardiometabolic risk. This broader 118 

'psychotic disorders' grouping enabled a more comprehensive evidence synthesis and 119 

increased statistical power. 120 

 121 

2.4. Screening 122 

The search strategy gathered the results from four databases and eliminated 123 

duplicates. The titles and abstracts of the studies were screened according to eligibility 124 

criteria. Full-text articles were then evaluated, and those that met the eligibility criteria 125 

were selected for inclusion. 126 

 127 

2.5. Data extraction 128 
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Two authors independently extracted summary data based on key observations. They 129 

used a standardized form to collect relevant information, such as authors, publication 130 

year, study population, design, sample size, interventions, and outcomes. The third 131 

author resolved any disagreements during the selection or extraction process. 132 

 133 

2.6. Risk of bias assessment 134 

Two authors independently evaluated the risk of bias for each included trial using the 135 

Cochrane Risk of Bias 2 (RoB-2) tool [37]. This tool examines domains such as the 136 

randomization process, adherence to interventions, handling of missing outcome data, 137 

measurement of the outcome, and selection of reported results. Each domain and trial 138 

was adjudicated based on a low-, some concerns-, or high-risk level. Any disagreement 139 

between the two assessors was resolved through discussion with a third investigator. 140 

The overall quality of evidence was assessed using the Grading of Recommendations, 141 

Assessment, Development, and Evaluation (GRADE) approach. 142 

 143 

2.7 Statistical Analysis and Data Synthesis 144 

Statistical analysis for this meta-analysis was conducted using the Comprehensive Meta-145 

Analysis and JASP statistical software [38,39]. Effect sizes were computed using 146 

standardized mean differences (SMD) and 95% confidence intervals (CI) to measure the 147 

impact of physical exercise on the components of metabolic syndrome. A random-effects 148 

model was used to account for potential heterogeneity between the studies [40]. 149 

Heterogeneity was assessed using the I² statistic, with thresholds of 25%, 50%, and 75% 150 

representing low, moderate, and high heterogeneity, respectively [41]. Additionally, Q-151 

statistics were used to determine statistical significance. Data synthesis focused on 152 

pooled estimates for each metabolic component. Publication bias was evaluated using 153 

selection models and Egger’s test. The significance level was set at p < 0,05.  154 
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 155 

3. RESULTS 156 

3.1 Study Selection 157 

Figure 1 shows the flow diagram of the database search process. A total of 3904 articles 158 

were retrieved from these four databases. After removing 1124 duplicate articles, 2780 159 

were screened by title and abstract, and 2528 were excluded. Finally, 252 articles 160 

remained for full-text screening, and 242 were excluded based on the inclusion and 161 

exclusion criteria. Finally, ten articles were included in the review [42–51]. 162 

3.2. Risk of bias assessment 163 

Figure 2 shows the risk of bias across included studies. Five studies were classified as 164 

having a low risk of bias, four showed some concerns, and one was rated as having a 165 

high risk of bias. The primary source of bias was the blinding of the participants and 166 

personnel. However, randomization is mentioned in the studies; the lack of detailed 167 

information regarding the allocation process and whether concealment was properly 168 

implemented raises concerns about the procedure's validity. Furthermore, some studies 169 

have reported challenges in participant adherence to interventions. However, the 170 

methods employed to manage these cases were not sufficiently detailed in the analysis, 171 

raising concerns regarding their potential impact on the overall risk of bias.  172 

3.3 Characteristics of the Participants 173 

Ten RCTs were included in this meta-analysis. The characteristics of the included RCTs 174 

are shown in Table 1. Two studies were performed in Spain [48,51], two in Norway 175 

[43,49], and one in Japan [45], the Netherlands [46], Canada [44], Taiwan [50], China 176 

[42], and the Republic of Korea [47]. A total of 773 participants were randomized into 177 

exercise (405 participants) and control groups (368 participants). 71.54% had 178 

schizophrenia; 13.86% had schizoaffective disorder; and 2.12%, 1.25%, and 11.23% had 179 

other SMI, schizophreniform disorders, psychotic disorders, and other Mental Disorders 180 
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(DSM-V) [1]. The mean age of the patients was 39.9 years (standard deviation [SD]: 181 

7.36). Of the 10 RCTs included, 9 reported the participants' sex [42–46,48–51], of which 182 

38.7% were female.  183 

3.4. Interventions´ characteristics 184 

Wide heterogeneity was observed during the intervention period. Exercise interventions 185 

lasted between 8 weeks and 12 months. Twelve weeks was the most frequently 186 

observed duration [42,47,48,51], and two studies reported follow-up periods of 8 weeks 187 

and 18 months post-exercise [45,48]. Physical exercise programs involved one to three 188 

sessions per week, with each session lasting between 30 and 120 minutes. 189 

Most of the intervention groups focused on aerobic exercise, including High-Intensity 190 

Interval Training (HIIT) (n=2) [43,44], aerobic interval training (n=1) [49], aerobic exercise 191 

including fast walking and stair climbing (n=2) [48,50], Hatha yoga (n=1) [45], dance 192 

movements (n=1) [42], and structured walking sessions (n=1) [51]. Additionally, many 193 

studies combined aerobic and resistance training (n=2) [46,47].  194 

Most studies provided usual medical care treatment, with ongoing psychiatric follow-ups 195 

(n=6) [42,44,45,48,50,51]. In contrast, Brobakken et al. [49] performed two supervised 196 

Aerobic Interval Training (AIT) sessions. The participants were instructed to practice the 197 

exercises at home (n=1) [49]. Other studies included occupational therapy sessions 198 

(n=1) [46], weekly recreational sessions (n=1) [47], and computer-based training 199 

sessions (n=1) [43] for control participants.  200 

The intensity of exercise interventions varied across the included studies. Two studies 201 

prescribed combined aerobic and resistance exercises at 45–75% of the Heart Rate 202 

Reserve (HRR) [46,47]. Other studies included HIIT sessions conducted at intensities 203 

ranging from 50% to 90% HR max [44]  and 70% to 95% HR peak [43,44], whereas AIT 204 

sessions were undertaken in a range of 70% to 75% HRpeak [49]. Another study included 205 

aerobic exercise sessions with increasing intensity up to 75% maximum HR [48]. Many 206 
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studies did not prescribe exercise considering the intensity due to the nature of the 207 

interventions [42,45,50,51]. These intensity variations were tailored to the specific 208 

demands of each intervention. 209 

4. Components of metabolic syndrome  210 

Waist circumference 211 

Seven studies assessed the waist circumference [44,46–51]. The pooled results 212 

indicated that exercise interventions did not significantly affect waist circumference (SMD 213 

= 0.206, 95% CI[-0.118-0.530], p = 0.171). Moderate heterogeneity was observed among 214 

the included studies (Q = 13.054, I² = 51.6%, p = 0.042) (Figure 3). The selection models 215 

reported no evidence of publication bias (p = 0.07), which was in line with the results of 216 

Egger’s regression (p = 0.18). The mean model estimates are presented in 217 

Supplementary Figure 1. 218 

Blood pressure 219 

Seven studies examined systolic and diastolic blood pressure [43,44,46–49,51]. For 220 

systolic blood pressure, the pooled data indicated no statistically significant effect of 221 

structured physical exercise interventions (SMD = 0.194, 95% CI[-0.115 to 0.504], p = 222 

0.219), with moderate heterogeneity observed (Q = 13.886, I² = 61.258%, p = 0.031) 223 

(Figure 4). Similarly, diastolic blood pressure showed no significant changes (SMD =-224 

0.21, 95% CI[-0.854 to 0.434], p = 0.522), although the heterogeneity was substantial (Q 225 

= 42.724, I² = 91.127%, p < 0.001) (Figure 5). The selection models showed no bias for 226 

either systolic (p = 0.294) or diastolic blood pressure (p = 0.31). These results were 227 

further validated by Egger's regression tests (systolic: p = 0.589, diastolic: p = 0.773) 228 

[39,52]. Detailed mean model estimates are provided in Supplementary Figure 2 for 229 

systolic blood pressure and Supplementary Figure 3 for diastolic blood pressure. 230 

HDL cholesterol 231 
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Seven studies evaluated the effects of exercise on high-density lipoprotein (HDL) 232 

cholesterol levels. Our findings revealed that exercise interventions did not significantly 233 

affect HDL cholesterol levels (SMD = 0.157, 95% CI[-0.36, 0.674], p = 0.551). However, 234 

substantial heterogeneity was observed across the included studies (Q = 30.617, I² = 235 

80.684%, p < 0.001) (Figure 6). No evidence of publication bias was detected (p = 236 

0.421). This finding was further validated through Egger’s regression, confirming the 237 

absence of publication bias (p = 0.824) [39,52]. The detailed estimates of the mean 238 

model are shown in Supplementary Figure 4. 239 

Triglycerides 240 

Nine studies assessed triglyceride levels [42–46,48–51]. Our results indicated that 241 

physical exercise interventions did not significantly affect triglyceride levels (SMD =-242 

0.041, 95% CI[-0.461 to 0.38], p = 0.849). The included studies showed significant 243 

heterogeneity (Q = 33.432, I² = 94.865%, p < 0.001) (Figure 7). The selection models 244 

reported no evidence of publication bias (p = 0.871), which was in line with the results of 245 

Egger’s regression (p = 0.413).  The mean model estimates are presented in 246 

Supplementary Figure 5. 247 

Glucose 248 

Ten studies evaluated the glucose levels [42–51]. Exercise intervention had no significant 249 

effect on glucose levels (SMD =-0.071, 95% CI[-0.213 to 0.071], p = 0.326). No 250 

heterogeneity was observed among the included studies (Q = 5.323, I² = 0%, p = 0.805) 251 

(Figure 8). The selection model analysis revealed no evidence of publication bias (p = 252 

0.244). Egger's regression supported this finding (p = 0.454) [39,52]. The mean model 253 

estimates are presented in Supplementary Figure 6. 254 

Exercise interactions with medication 255 
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No studies have examined the possible interactions between physical exercise and 256 

medication (e.g., antipsychotics, antidepressants, or anxiolytics). Therefore, the 257 

secondary aim of this meta-analysis could not be addressed.  258 

 259 

5. Discussion 260 

This meta-analysis evaluated whether structured physical exercise can improve 261 

metabolic syndrome components in individuals with psychotic disorders. Contrary to our 262 

hypothesis, we observed no significant benefits of exercise on metabolic syndrome.  263 

However, differences across studies make it difficult to draw definitive conclusions. 264 

Variability in exercise programs, how outcomes were measured, and the characteristics 265 

of study participants underscored the complexity of addressing metabolic dysregulation 266 

in this high-risk group. Critically, none of the included studies explored the interaction 267 

between exercise and psychotropic medications, which is a key factor that could 268 

influence the results. This gap prevented us from evaluating secondary objectives. 269 

According to GRADE assessments, the overall certainty of evidence supporting the 270 

effects of physical exercise on metabolic outcomes in individuals with psychotic disorders 271 

was rated as low to moderate. This was mainly attributed to the presence of moderate-272 

to-high heterogeneity across trials, risk of bias in several domains, and imprecision of 273 

the pooled estimates. 274 

 275 

Heterogeneity in Exercise Interventions and Metabolic Outcomes 276 

Patients with severe mental illnesses, especially those with psychotic disorders such as 277 

schizophrenia, face an elevated risk of developing metabolic syndrome due to 278 

intertwined biological, inflammatory, and iatrogenic factors [7,17,18,53]. Antipsychotics 279 

promote central obesity and insulin resistance through weight gain and adipocyte 280 
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dysfunction [17,18], while psychotic disorders-related inflammation independently 281 

worsens cardiometabolic risk  [9,10,20]. 282 

Despite the well-established link between metabolic syndrome and cardiovascular 283 

disease [12], the included trials assessed its components inconsistently (e.g., prioritizing 284 

isolated markers such as waist circumference or triglycerides over syndromic criteria). 285 

This methodological inconsistency underscores the need for standardized protocols in 286 

future studies [42–51]. 287 

Methodological heterogeneity in defining and measuring metabolic syndrome 288 

components significantly hampered cross-study comparability. Key examples include 289 

waist circumference measurement, protocols between the WHO-standardized midpoint 290 

(iliac crest to lower rib margin), umbilical positioning, and inconsistent subject posture or 291 

respiratory phase documentation. Despite universal reporting of triglyceride and HDL, 292 

lipid assessments were similarly compromised by variable fasting durations (8-12 hours), 293 

sample processing methods, and assay techniques. This reflects non-adherence to the 294 

established diagnostic criteria (e.g., IDF and NCEP-ATP III). Future trials should 295 

implement standardized protocols (WHO STEPPS for anthropometry and CDC-NHLBI 296 

guidelines for lipids) with explicit methodological reporting. The development of 297 

harmonized COS for SMI metabolic research would enable meaningful evidence 298 

synthesis. 299 

Notably, multimodal interventions combining aerobic and resistance training 300 

demonstrated modest benefits [46,47], supporting that varied exercise regimens 301 

enhance metabolic flexibility [27,29,54]. On the other hand, trials using only aerobic or 302 

low-intensity workouts reported no benefits, suggesting that both exercise type and 303 

intensity play a critical role [48,50,51]. While high-intensity interval training (HIIT) has 304 

potential advantages, it is difficult to implement in this population owing to practical 305 

challenges, including motivation and tolerance issues. A key limitation of this study is the 306 

paucity of trials comparing exercise modalities. We could not determine the optimal 307 
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exercise type for metabolic improvement with only two HIIT studies, one yoga trial, and 308 

two combined training regimens. This heterogeneity prevents robust recommendations 309 

regarding specific protocols (e.g., HIIT vs. resistance training) and underscores the need 310 

for head-to-head comparative trials. 311 

We aggregated data across schizophrenia, schizoaffective disorder, and 312 

schizophreniform disorder owing to their shared cardiometabolic risk profiles and 313 

universal exposure to second-generation antipsychotics (SGAs), which frequently induce 314 

weight gain, dyslipidemia, and glucose intolerance. While the illness course and 315 

symptomatology show some heterogeneity, this grouping aligns with established 316 

psychiatric research paradigms and reflects clinical practice realities. Future studies with 317 

larger sample sizes may facilitate diagnostic subgroup analysis. 318 

 319 

Blood Pressure and Exercise Intensity 320 

Exercise interventions were not associated with  significant reductions in systolic or 321 

diastolic blood pressure compared to non-exercise controls, with moderate to high 322 

heterogeneity across studies. These findings are consistent with prior evidence 323 

suggesting that exercise alone, without adjunctive dietary or pharmacological strategies, 324 

may be insufficient to treat hypertension in individuals with psychotic disorders [7]. 325 

Notably, antipsychotic medications have been associated with hypertension, especially 326 

second-generation  medications such as clozapine and olanzapine, through 327 

mechanisms such as weight gain, sodium retention, and sympathetic activation 328 

[17,18,55]. While Bredin et al. [56] reported blood pressure improvements after 12 weeks 329 

of aerobic or resistance training, their cohort lacked severe psychiatric comorbidities, 330 

potentially inflating generalizability. Exercise intensity is a major moderator of training 331 

outcomes; studies involving high-intensity interval training (HIIT; 70–95% HR peak) or 332 

vigorous aerobic protocols (50–90% HRmax) [43,44] demonstrated greater metabolic 333 

adaptations than moderate-intensity regimens [48,49], in line with the dose-response 334 
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relationships observed in non-psychiatric populations [57–59]. However, HIIT may not 335 

be feasible in psychosis, where motivational deficits, sedation with antipsychotics, and 336 

cognitive impairments pose significant barriers. Large trials stratifying patients according 337 

to illness severity and medication regimens are needed to clarify optimal intensity 338 

thresholds. 339 

Lipid Profiles and Medication Interactions 340 

Despite the role of aerobic exercise in improving lipid metabolism [33], our meta-analysis 341 

did not find any significant effects on triglyceride or HDL cholesterol levels. This 342 

discrepancy likely reflects pronounced metabolic dysregulation in the SMI. 343 

Antipsychotics directly exacerbate lipid abnormalities via hepatic lipogenesis 344 

(endogenous hepatic synthesis of fatty acids from carbohydrates) and adipocyte 345 

dysfunction (impaired function of fat-storing cells) [14,60]. For instance, clozapine and 346 

olanzapine elevate triglyceride levels by up to 40% and reduce HDL levels by 15–20% 347 

in psychotic disorders [17,18,55], which may overwhelm the modest lipid-modulating 348 

capacity of exercise. A pilot study demonstrating HDL reduction at week 12 of training 349 

[56] further highlights the complexity of the lipid response in medicated populations. 350 

Although exercise may mitigate antipsychotic-induced hypertriglyceridemia without 351 

compromising psychiatric stability [61], the mechanisms involved remain unclear. The 352 

proposed pathways include enhanced lipoprotein lipase activity and β-oxidation [62], 353 

although inflammation and oxidative stress, which are hallmarks of psychosis, may blunt 354 

these adaptations. Future studies must incorporate direct biomarkers (e.g., 355 

apolipoprotein B and LDL particle size) and control for medication dose, duration, and 356 

polypharmacy to disentangle these interactions. 357 

Standardization extends beyond measurement techniques to encompass the diagnostic 358 

criteria. Only 3 of 10 included studies applied established metabolic syndrome definitions 359 

(e.g., IDF or NCEP-ATP III), while others reported isolated components [44,46,48]. These 360 
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risks misclassify outcomes and dilute actual intervention effects. Future work should 361 

mandate adherence to internationally recognized criteria and report individual 362 

components along with composite syndrome status. 363 

 364 

Glucose Metabolism and Adherence Challenges 365 

Data from all studies in this meta-analysis assessed glucose levels after exercise 366 

interventions, but limited improvements were observed despite exercise is established 367 

to enhance insulin sensitivity [3,10,63]. Previous studies using an intervention based on 368 

aerobic  training alone [48,50] did not improve hyperglycemia, perhaps because of 369 

suboptimal intensity, insufficient duration, or poor adherence. Of note, the only 370 

adherence report—a critical determinant of exercise efficacy—reflected data at point, 371 

FFD 30 months and FFD 40 months in 5 trials with an adherence range of 60% to 75% 372 

[44,48,49]. However, one trial reported a 50% dropout rate in the intervention arm, which 373 

was primarily attributed to motivational deficits and program duration [44].  374 

Attrition of this type is consistent with larger evidence associating poor adherence in 375 

SMI populations with psychosocial obstacles (e.g., cognitive impairment and social 376 

isolation) and adverse consequences of medications (e.g., sedation and fatigue) [22]. 377 

The lack of standardized adherence metrics across studies—half omitted attendance 378 

thresholds or compliance criteria—further complicates the interpretation. These findings 379 

underscore the necessity of integrating behavioral strategies (e.g., motivational 380 

interviewing and peer support) to sustain engagement in this population. 381 

The lack of glucose-lowering effects may also indicate profound metabolic dysregulation 382 

inherent to psychotic disorders. Antipsychotics, including olanzapine and clozapine, 383 

modulate insulin signaling via direct β-cell toxicity and adipose tissue inflammation 384 

[64,65], which could cancel out exercise-induced benefits. Furthermore, exercise 385 
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prescriptions in the included trials rarely accounted for medication-specific metabolic 386 

risks or individualized glycemic targets. Future interventions should prioritize stratified 387 

designs that control for antipsychotic class, dose, and illness chronicity while 388 

incorporating continuous glucose monitoring to capture dynamic responses. 389 

Antipsychotic Medications: A Critical Confounder 390 

All participants were prescribed antipsychotics, which are known to promote weight gain, 391 

dyslipidemia, and insulin resistance  [64,66,67]. One trial exclusively included patients 392 

treated with clozapine [20,50], a subgroup with a greater metabolic risk [64,65]. This 393 

timing is further challenged by the progressive metabolic burden in chronic (vs. first-394 

episode) psychosis [65,66,68,69].  395 

Although structured exercise interventions offer multiple health benefits, this meta-396 

analysis found no evidence that exercise improves metabolic syndrome in individuals 397 

with SMI receiving antipsychotic treatment. Therefore, although physical activity should 398 

remain a safe and broadly beneficial component, it appears insufficient to overcome the 399 

metabolic burden associated with antipsychotics. Pharmacodynamic interactions, such 400 

as how exercise alters drug metabolism or receptor sensitivity, are understudied but 401 

should be urgently investigated [69].  402 

n all trials selected for inclusion, participants were administered antipsychotics 403 

[42–51], known independent agents of metabolic dysregulation via mechanisms 404 

of weight gain, hypertriglyceridemia, and insulin resistance [17,18,64]. Reversible 405 

with dose reduction, second-generation antipsychotics (SGAs) such as 406 

clozapine, olanzapine, risperidone, and quetiapine worsen cardiovascular risk 407 

through direct actions on lipid metabolism (elevating triglycerides, reducing HDL) 408 

and glucose homeostasis  [63,70,71]. Clozapine, in particular, demonstrates the 409 
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most severe metabolic liabilities, with studies reporting a 4-fold increased risk of 410 

type 2 diabetes and 20–25% weight gain within the first year of treatment  [64,65].  411 

Critically, none of the trials examined exercise-psychotropic medication interactions, 412 

despite the possibility that physical activity may modulate drug pharmacokinetics (e.g., 413 

hepatic CYP450 enzyme activity) or counteract receptor-mediated metabolic harm (e.g., 414 

5-HT2C antagonism-induced hyperphagia) [72,73]. This limitation greatly hinders our 415 

ability to separate the independence of exercise as a therapeutic modality from its 416 

potential ameliorative effect as a treatment adjunct (e.g., metabolic salvage  therapy) in 417 

drug-treated populations. 418 

Chronicity and the Case for Early Intervention 419 

The higher proportion of cases classified as chronic psychosis in our analysis [42–51] is 420 

consistent with the progressive nature of metabolic syndrome in SMI, whereby long 421 

exposure to antipsychotic medications  and illness-related determinants (e.g., chronic 422 

inflammation, sedentariness) contribute to increased risk over time [65,66,68]. In 423 

contrast, patients with first-episode disease have a lower metabolic burden of morbidity, 424 

leaving a crucial time window for early intervention [68,74]. Structured exercise may be 425 

protective when significant weight gain and insulin resistance  begin, and exercise 426 

prevention studies initiated upon illness onset may help counter eating-induced weight 427 

gain and insulin resistance before irreversible pathophysiological derangements occur 428 

[74]. However, pragmatic barriers, including motivational deficits, medication-induced 429 

fatigue, and limited access to tailored programs, hinder adherence in this population [75]. 430 

Adding exercise-coordinated specialty care models, nutritional counseling, and peer 431 

support may enhance engagement and sustainability. Our findings must be interpreted 432 

in the light of several limitations. The small, heterogeneous sample size of trials and 433 

inconsistent outcome reporting constrain generalizability. Although statistical tests did 434 

not detect publication bias, this remains plausible, given the niche focus of metabolic 435 

interventions in psychosis [42–51].  Critically, intervention heterogeneity, marked by 436 
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disparate exercise modalities, intensities, and durations, precluded dose-response 437 

insights, while the pervasive metabolic effects of second-generation antipsychotics 438 

(SGAs) likely obscure exercise-specific benefits.  439 

Furthermore, adherence variability, compounded by poor reporting and high attrition 440 

rates, introduces potential bias. To address these gaps, future studies should standardize 441 

metabolic syndrome criteria (e.g., incorporating direct biomarkers such as insulin 442 

sensitivity), stratified analyses by antipsychotic class, dose, and illness chronicity, and 443 

integrate evidence-based behavioral strategies to enhance adherence. Such 444 

refinements are essential for isolating the therapeutic potential of exercise within the 445 

complex biopsychosocial landscape of severe mental illnesses. 446 

Future studies should explicitly evaluate the interactions between specific antipsychotic 447 

agents and exercise-induced metabolic responses. This includes stratifying participants 448 

by antipsychotic type (e.g., clozapine vs. aripiprazole) and dose and exploring potential 449 

mechanisms such as altered receptor binding, hepatic metabolism (e.g., CYP450 450 

modulation), and downstream effects on lipid and glucose regulation. A deeper 451 

understanding of these interactions will enable more tailored and clinically relevant 452 

exercise prescriptions for this population. 453 

6. Conclusions 454 

While structured exercise alone yields disappointing metabolic outcomes in chronic 455 

psychosis, targeted interventions are promising for precise clinical scenarios. Early 456 

intervention cohorts, particularly first-episode patients before irreversible metabolic 457 

derangement, and those on lower-risk antipsychotics (e.g., aripiprazole/lurasidone rather 458 

than olanzapine/clozapine) may derive robust benefits from multimodal regimens 459 

combining aerobic and resistance training ≥3x/week at 60–80% HRmax. Consequently, 460 

we advocate integrating exercise into a broader cardiometabolic risk mitigation strategy: 461 
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(1) optimizing pharmacotherapy to minimize obesogenic agents, (2) co-delivering 462 

structured dietary interventions, and (3) employing metformin for antipsychotic-induced 463 

hyperglycemia, with continuous metabolic monitoring. Future studies must stratify by 464 

illness chronicity, medication risk profiles, and exercise modalities to identify responders. 465 

Future trials should prioritize stratification by antipsychotic type and dosage and 466 

rigorously investigate medication-specific interactions with exercise. Such approaches 467 

are essential to improve the precision of clinical recommendations and develop effective, 468 

individualized interventions that mitigate cardiometabolic risk in individuals with 469 

psychotic disorders. 470 
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Table 1. Qualitative analysis of included studies analyzing the effects of exercise on the 746 
components of metabolic syndrome. 747 

Author, 
year 

Participants 
characteristics 
(N, % women, 
mean (SD) age, 
years) 

Intervention 
characteristics 

Evaluated 
components 
of metabolic 
syndrome 

Results 
(between-
group 
differences) 

Wu et al. 
2007 

53 (IG= 28, 
CG= 25). 
58.49% women. 
Mean age: 40.6 
(5.03). 

Aerobic 
exercise.  
60 min/session,  
3*/week, for 6 
months. 

Waist 
circumference, 
glucose, 
triglycerides. 

↓ Waist 
circumference 
(p < 0.001) 
= Glucose (p = 
0.326) 
↓ Triglycerides 
(p = 0.049)  

Heggelund 
et al. 2011 

19 (IG= 12, 
CG= 7). 
31.58% women. 
Mean age: 34.7 
(10.05). 

High intensity 
aerobic training.  
45 min/session, 
3*/week, for 8 
weeks. Intensity: 
85-95% HRpeak 
/ rest 70% 
HRpeak. 

Blood 
pressure, 
glucose, 
triglycerides,  
HDL 
cholesterol. 

= Systolic 
blood pressure 
(p = 0.5) 
= Diastolic 
blood pressure 
(p = 0.4) 
= Glucose (p = 
0.6) 
= Triglycerides 
(p = 0.4) 
↑ HDL 
cholesterol (p = 
0.007)  

Scheewe 
et al. 2013 

63 (IG= 31, 
CG= 32). 
26.98% women. 
Mean age: 
29.65 (7.45). 

Concurrent 
training (aerobic 
and resistance 
training) 
60 min/session, 
2*/week, for 6 
months. 
Intensity: 45-
75% HRR. 

Waist 
circumference, 
blood 
pressure, 
glucose, 
triglycerides, 
HDL 
cholesterol. 

= Waist 
circumference 
(p = 0.591) 
= Systolic 
blood pressure 
(p = 0.249) 
= Diastolic 
blood pressure 
(p = 0.242) 
= Glucose (p = 
0.721) 
= Triglycerides 
(p = 0.19) 
= HDL 
cholesterol (p = 
0.115) 

Ikai et al. 
2014 

50 (IG= 25, 
CG= 25). 
34% women. 
Mean age: 50.9 
(11.3). 

Hatha yoga.  
60 min/session, 
1*/week, for 8 
weeks.  

Glucose, 
triglycerides, 
HDL 
cholesterol. 

= Glucose (p = 
0.324) 
= Triglycerides 
(p = 0.240) 
= HDL 
cholesterol (p = 
0.829) 

Kim et al. 
2014 

36 (IG= 24, 
CG= 12). 

Concurrent 
training (aerobic 
and resistance 
training)  

Waist 
circumference, 
blood 

↓ Waist 
circumference 
(p = 0.032) 
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Biological sex 
was not 
reported. 
Mean age: 49.7 
(10.09). 

60 min/session, 
2*/week, for 12 
weeks. Intensity: 
50-70 % HRR. 

pressure, 
glucose,  
HDL 
cholesterol. 

↓ Systolic 
blood pressure 
(p = 0.018) 
↓ Diastolic 
blood pressure 
(p = 0.024) 
= Glucose (p = 
0.912) 
= HDL 
cholesterol (p = 
0.331) 

Masa-Font 
et al. 2015 

332 (IG= 169, 
CG= 163). 
45.2% women. 
Mean age: 46.7 
(6.6). 

Structured 
walking 
sessions.   
40-60 
min/session, 
2*/week, for 12 
weeks.  

Waist 
circumference, 
blood 
pressure, 
glucose, 
triglycerides. 

= Waist 
circumference 
(p = 0.133) 
= Systolic 
blood pressure 
(p = 0.964) 
= Diastolic 
blood pressure 
(p = 0.407) 
↑ Glucose (p = 
0.035) 
= Triglycerides 
(p = 0.415) 
 

Romain et 
al. 2019 

66 (IG= 38, 
CG= 28). 
37.88% women. 
Mean age: 
30.73 (7.23). 

HIIT.  
30 min/session, 
2*/week, for 6 
months. 
Intensity: sprint 
80-90% HRmax 
/ rest 50-65% 
HRmax. 

Waist 
circumference, 
blood 
pressure, 
glucose,  
triglycerides, 
HDL 
cholesterol. 

= Waist 
circumference 
(p = 0.25) 
= Systolic 
blood pressure 
(p = 0.98) 
= Diastolic 
blood pressure 
(p = 0.18) 
= Glucose (p = 
0.72) 
= Triglycerides 
(p = 0.76) 
= HDL 
cholesterol (p = 
0.09) 

Brobakken 
et al. 2020 

48 (IG= 25, 
CG= 23). 
41.66% women. 
Mean age: 35 
(1.75). 

Aerobic interval 
training.  
35 min/session, 
2*/week, for 1 
year. Intensity: 
70-95% 
HRpeak. 

Waist 
circumference, 
blood 
pressure, 
glucose,  
triglycerides, 
HDL 
cholesterol. 

= Waist 
circumference 
(p = 0.79) 
= Systolic 
blood pressure 
(p = 0.93) 
= Diastolic 
blood pressure 
(p = 0.20) 
= Glucose (p = 
0.72) 
= Triglycerides 
(p = 0.73) 
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= HDL 
cholesterol (p = 
0.81) 

Fernandez-
Abascal et 
al.  2023 

48 (IG= 24, 
CG= 24). 
39.58% women. 
Mean age: 
44.72 (9.7). 

Aerobic training.   
120 
min/session, 
3*/week, for 12 
weeks. Intensity: 
Progressive to 
75% HRmax. 

Waist 
circumference, 
blood 
pressure, 
glucose,  
triglycerides, 
HDL 
cholesterol. 

↓ Waist 
circumference 
(p = 0.045) 
= Systolic 
blood pressure 
(p = 0.699) 
= Diastolic 
blood pressure 
(p = 0.110) 
= Glucose (p = 
0.197) 
= Triglycerides 
(p = 0.349) 
= HDL 
cholesterol (p = 
0.059) 

Zhou et al. 
2024 

58 (IG= 29, 
CG= 29). 0% 
women. 
Mean age: 55.4 
(3.8). 

Dance.  
60 min/session, 
2 */week, for 12 
weeks. 

Glucose, 
triglycerides. 

= Glucose (p = 
0.13) 
= Triglycerides 
(p = 0.47) 
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 750 

 751 

Figure 1. PRISMA flowchart of the study. 752 
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 756 

Figure 2. Risk of bias assessment. (A) Quality of methodology in the included studies. 757 
(B) Distribution of methodological quality across included studies. 758 
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 761 

Figure 3. Forest plot of the effect of physical exercise on waist circumference. 762 
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 768 

Figure 4. Forest plot showing the effect of physical exercise on systolic blood pressure. 769 
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 772 

Figure 5. Forest plot showing the effect of physical exercise on diastolic blood 773 
pressure. 774 
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Figure 6. Forest plot of the effect of physical exercise on HDL cholesterol levels 779 
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 787 

Figure 7. Forest plot showing the effect of physical exercise on triglyceride levels 788 
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 796 

Figure 8. Forest plot showing the effect of physical exercise on glucose levels 797 

 798 

https://doi.org/10.1192/j.eurpsy.2025.10064 Published online by Cambridge University Press

https://doi.org/10.1192/j.eurpsy.2025.10064

