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Abstract: Background: Schizophrenia is a mental disorder associated with inflammatory and oxidative stress 

markers such as lactate; in addition, the rate of physical inactivity in this population is very high, which leads 

to physical and metabolic alterations. Aims: This study measured the effect of assisted physical exercise over 

lactate levels in schizophrenia. Methods: Stable outpatients with schizophrenia and a group of Healthy controls 

received two different programs of Physical exercise (Aerobic and Functional) in a clinical trial. Results: 

Patients had higher lactate compared to healthy controls before and after intervention, and had higher rate of 

lactate increase after activity. The finding of increased lactate in schizophrenia detected before and after 

physical exercise deserve further attention in biomarker studies and in the development of physical 

rehabilitation in schizophrenia, suggesting different profile of oxidative metabolism after physical exercise. 

Basal increased lactate may reflect mitochondrial dysfunction or metabolic dysregulation, and the higher rate 

of increase may reflect a different metabolic and oxidative process. Conclusion: The finding is in line with 

recent studies as surrogate of mitochondrial dysfunction in schizophrenia and points to the need of additional 

studies on mitochondrial activity in schizophrenia, and to additional care in the design of physical 

interventions in schizophrenia. 

Keywords: schizophrenia; lactate; physical exercise; creatine kinase (CK); C-reactive protein (CRP) 

 

1. Introduction 

Recent studies in schizophrenia pointed to increased inflammatory activity and related 

mitochondrial dysfunction leading to increased levels of both C - reactive protein (CRP), leukocyte 

ratios (neutrophil/lymphocyte and monocyte/lymphocyte) and lactate [1-2]. The downstream effects 

of these inflammatory markers are decreased brain perfusion, reduced ATPase and mitochondrial 

activity, and increased cognitive and behavioral deficits.  

The evidence of brain dysfunction has additional support from post-mortem studies (study on 

animals) revealing increased levels of lactate in dorsolateral prefrontal cortex, independent from drug 

use and mitochondrial mutation [3]. On the other hand, regular physical exercise in addition to 

weight loss also contributes to increased metabolism, cell mitosis, mitochondrial activity, 

neurotrophic factor production, neuroplasticity and quality of life, and decreased oxidative stress [4]. 

Such sequence of events can benefit patients with schizophrenia since they have less functional 
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capacity and more frequent sedentary lifestyle, obesity, cardiomyopathy and metabolic diseases [5]. 

Since physical exercise has the potential to revert this metabolic dysregulation and to induce better 

outcome in schizophrenia, the study measured the effect of two different physical interventions over 

metabolic markers. The clinical trial included Aerobic Intervention (AI), which activates oxidative 

and mitochondrial machinery, and Functional Intervention (FI), which mobilizes oxidative and 

mitochondrial machinery through glycolytic route. One group received AI and the other FI, and 

lactate, CK and CRP levels of both were compared with those in Healthy controls receiving the same 

interventions. 

2. Materials and Methods  

2.1. Design 

Clinical trial of two physical interventions (aerobic physical intervention [AI] and functional 

physical intervention [FI]) were assigned to two groups of stable outpatients with diagnosis of 

schizophrenia and of healthy controls. Patients were under regular care in Public Facilities (AI group 

at Psychosocial Attention Center [CAPS] of Camaquã, RS, and FI at Hospital de Clínicas de Porto 

Alegre), and controls were paired by sex, age, social class (following classification of IBGE – Brazilian 

Institute of Geography and Statistics). 

Patients must be stable for at least three months and under regular treatment. Psychiatric 

diagnosis was established after a three-step procedure consisting of: (1) clinical observation in at least 

three different evaluations; (2) a family interview; and (3) review of their medical records. A 

registered Psychiatrist performed all assessments. Patients must meet the following inclusion criteria: 

(a) Diagnostic of Schizophrenia by the Diagnostic and Statistical Manual of Mental Disorders [6] of 

schizophrenia; (b) age between 18 and 65 years; (c) clinically stable under drug treatment for at least 

3 months; (d) not involved in other physical activity programs during the intervention. Exclusion 

criteria were defined by the presence of any of 4 items: a. Suicide risk confirmed by direct contact 

with the patient and family; b. pregnancy or women of reproductive age not using a contraceptive 

method; and c. not agreeing to the study after full explanation. Controls were selected through 

specific social networks, and were submitted to direct interview to discharge any major mental 

illness, memory loss, psychosis (delusions and/or hallucinations), depression, mania, generalized 

anxiety disorder, or obsessive–compulsive disorder; and paired with patients by sex, age (3 years 

older or younger), social class; exclusion criteria were the same as those applied for patients with 

SCZ. 
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Figure 1. - Study flowchart: aerobic intervention (AI) and functional intervention (FI) in patients with 

schizophrenia. 

Controls were recruited through specific social networks, and paired by sex, age (3 years older 

or younger) and social class. Absence of any major mental illness was defined by direct interview 

questioning lifetime experiences of memory loss, psychosis - delusions and or hallucinations, 

depression, mania, generalized anxiety disorder and obsessive–compulsive symptoms. Exclusion 

criteria were the same as those applied for patients with SCZ. 

2.2. Ethics 

The study received the Brazilian Research Registry nº 43408615.7.0000.5327, registered in the 

Brazilian Registry of Clinical Trials (ReBEC), under nº RBR-2h2hjy and approved (#150066) by the 

Research Ethics Committee of Hospital de Clínicas de Porto Alegre (HCPA). Patients and their legal 

guardians provided written informed consent after reading and understanding the intervention 

program and their rights. 

2.3. Clinical Assessment 

After patient and control recruitment subjects received clinical and physical assessment by 

trained physiotherapists blinded to the type of intervention (Aerobic or Functional) before and after 

the 3-month intervention. 

2.4. Blood collection 
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HCPA Clinical Pathology Service collected blood samples at the as per routine laboratory 

practice. High sensitivity C-reactive protein (hs-CRP) was assayed by turbidimetric immunoassay 

(reference range: &lt; 3.0 mg/L = low/moderate risk; ≥ 3.0 mg/L = high risk), Lactate by colorimetric 

enzyme (reference range: 0,5-2,2 mmol/L) and Creatine Kinase (CK) by UV Enzyme (reference range: 

0-170 U/L). 

2.5. Physical Intervention 

The physical intervention for cases and controls followed an initial assessment that took place 

after the consent form was read and signed. The aerobic or functional physical intervention program 

lasted 12 weeks in healthy cases and controls. Patients continued with regular clinical treatment in 

addition to standardized activity, and after completion of the intervention program, revaluation was 

performed using all the tests and questionnaires mentioned.  

Aerobic protocol was adapted from previous studies in schizophrenia [4], and Functional 

Protocol was adjusted to specific physical profile of patients [7]. Both groups (patients and controls) 

performed similar exercises with the same frequency and duration. 

2.6. Statistical Analyses 

Kolmogorov-Smirnov test assessed normality of data distribution. Quantitative variables with a 

normal distribution were presented as means and standard deviations, while variables with an 

asymmetric distribution were presented as medians and interquartile ranges. Student’s paired t-

test/independent t-test or the Wilcoxon test/Mann-Whitney test were used for comparison of normal 

and asymmetric variables, respectively. Comparisons between three or more groups were performed 

by the ANOVA test followed by Bonferroni. Categorical variables were presented as frequencies and 

analyzed using the Pearson chi-square test or the Fisher exact test. The main outcome measure was 

assessed using the generalized linear model (GLM) analysis (gamma distribution) and confounding 

factors were determined based on statistical criteria (association with either study factor and the 

outcome with p significance level ≤ 0.2). Significance level was p ≤ 0.05. The analysis of effect/size 

was used to evaluate the magnitude of the difference derived from GLM. The data were processed 

and analyzed in SPSS Statistics 22.0. 

3. Results 

Five of 43 individuals with SCZ who started the exercise protocol were excluded for not having 

the minimum required frequency (80%, 5 absences over 24 appointments were allowed), whereas in 

the control group, 49 started, and 11 were excluded for the same reason. Thus, the final sample 

numbers in both groups was 38 individuals, of which 24 from each group performed the aerobic 

intervention, and 14 from each group performed the functional intervention. This division of 

interventions was not randomized but was instead decided upon for convenience. The 

sociodemographic and clinical data of the samples are shown in Table 1, where we can observe that 

the groups were homogeneous for sex, weight, and BMI, showing statistical differences only in age 

and height. 

Table 1. – Baseline sample characteristics. 

Variables/Group Cases Controls p-value 

Gender n (%)   - 

Male 32 (84.2) 32 (84.2) - 

Female 6 (15.8) 6 (15.8)  

Schooling  n (%)   - 

Basic education 38 (100) 27 (71.1) - 

Higher education - 11 (28.9) - 

Marital status n (%)   - 

Single 37 (97.4) 11 (28.9) - 
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Married 1 (2.6) 27 (71.1)  

Smoking n (%)   - 

Yes 14 (36.8) - - 

No 24 (63.2) 38 (100) - 

Years of illness n (%)   - 

< 7 years 4 (10.5) - - 

> 7 years 34 (89.5) - - 

Antipsychotic medication n (%)    

Typical antipsychotic 13 (34.2) - - 

Atypical antipsychotic 17 (44.7) - - 

Combination of typical and atypical  8 (21.1) - - 

Age (years, mean±SD) 40.95±11.37 41.68±11.22 0.039* 

Weight (Kg, mean±SD) 83.77±23.56 88.66±18.51 0.274 

Height (m, mean±SD) 1.69±0.080 1.73±0.070 0.011* 

BMI (mean±SD) 29.23±7.96 29.55±5.88 0.829 

Psychiatric hospitalizations median (p25-p75) 2.00 (0.75-4.00) - - 

SD = standard deviation; BCI = Body Mass Index; *p ≤ 0.05. 

Table 2 shows the results of the biomarkers for both groups (cases and controls), compared in 

two moments (before and after interventions), taking into account the type of physical exercise 

performed (aerobic or functional).  

3.1. Lactate 

Both cases (p < 0.001) and controls (p = 0.005) showed increased lactate values after intervention, 

regardless the type. There was a significant difference between the pre and post moments in the 

intragroup comparison in the cases for both Aerobic (p < 0.001) and Functional (p < 0.001) 

intervention, with an increase in both. Both patients and controls receiving aerobic intervention 

increased lactate levels (cases p = 0.001; controls p = 0.026). In contrast, only cases receiving functional 

intervention had increased levels (p = 0.009). Controls differed before and after interventions (p = 

0.003 and 0.002 respectively). Again, controls receiving aerobic intervention had higher titers in both 

times. Figure 2 displays Percent (%) variation of lactate from baseline. There was a trend (p > 0.05) of 

higher lactate increase in controls. 
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Table 2. Assessment some biomarkers according intervention (mean and standard deviation). 

 Patients (mean ± SD) Controls (mean ± SD) 

Intervention Aerobic (n = 24) Functional (n = 14) Aerobic (n = 24) Functional (n = 14) 

Time Before After Before After Before After Before After 

Variable         

* CK  4.99±0.49 5.08±0.71 4.65±0.51 4.79±0.77 5.06±0.86 5.11±0.78 4.95±0.38 4.96±0.40 
∆ ∆∆ ∆∆∆ ++ +++ Serum lactate 1.85±0.66 2.30±0.64 1.77±0.82 2.25±1.03 1.45±0.52 1.68±0.68 1.09±0.22 1.21±0.25 

* ** #+ usCRP 1.09±1.10 1.35±1.05 0.59±0.95 1.03±1.41 1.06±1.23 1.06±1.18 0,.70±1.12 0.50±1.19 

 

SD = standard deviation; *difference between aerobic and functional at baseline (p< 0.05); **difference between before and after for functional (p< 0.05); #difference between before and after for 

functional at control (p< 0.05); +difference between aerobic and functional for control (p< 0.05); ∆difference between after and before for case and control (p< 0.05); ∆∆difference between after and 

before for case and control in aerobic (p< 0.05); ∆∆∆difference between after and before for case in functional (p< 0.05); ++difference between after and before for aerobic and functional in controls 

(p<0.05); +++difference between cases and controls for aerobic and functional in before and after (p< 0.05).
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Figure 2. Percent variation of lactate (mean and standard error) in patients with schizophrenia and normal controls after 

physical intervention (p ≤ 0.05). 

3.2. CK 

On the other hand, baseline CK was higher with significant increase in cases receiving AI (p = 0,042).  

3.3. CRP 

Both groups experienced CRP decrease after FI (p = 0.042), and in the control group there was a decrease regardless 

of the intervention (p = 0.016) and between the interventions regardless of the groups (p = 0.009). usCRP was different 

before intervention (p = 0.008).  

4. Discussion 

Patients diagnosed with schizophrenia receiving FI showed smaller increases of selected biomarkers compared to 

those under AI. FI might be less stressful to both cases and controls, which could be a protective factor for sedentary 

individuals under stressful activity: lactate usually increases until the organism performs the necessary oxidative 

adaptations, with changes in the number and shape of mitochondria. In the case of schizophrenia, this could be 

associated with reduced glia and oligodendrocyte mitochondria density and associated energy dysfunction. The study 

identified increased basal lactate in patients, with significant increase only after AI. This finding deserves special 

consideration, since it does not agree with other studies [8] that found no difference in basal lactate levels between 

schizophrenia patients and controls, although they observed greater rise in lactate in the schizophrenia group during 

exercise that persisted after exercise. 

The finding of increased basal lactate in schizophrenia is in line with other studies with this population [9] of 

increased oxidative metabolism. The additional increase observed only after AI may reveal one additional step of the 

metabolic disturbance in schizophrenia, again in line with previous findings of decreased glutathione and lactate after 

exercise [10], and of mitochondrial dysfunction at rest and after AI [11].  
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Postmortem studies in schizophrenia [9] also detected increased brain levels of lactate and pH in dorsolateral 

prefrontal cortex, frontal cortex, striatum, hippocampus, and cerebellum, whereas the Anterior limb of internal capsule 

(ALIC) had decreased lactate. These regional differences of brain lactate may be associated with different mitochondria 

activity according to tissue type [12], and may explain bioenergetic differences in subjects with physical and mental 

disorders under different physical activity. In the case of schizophrenia, this could be associated with reduced glia and 

oligodendrocyte mitochondria density and associated energy dysfunction. In this perspective, the observed lactate 

differences in schizophrenia could be a consequence of previous mitochondrial dysfunction (either herd or acquired) 

generating chronic low level brain hypoxia, decreased astrocyte metabolism and downstream increased lactate levels 

[13]. One explanation for the observed lactate increase in AI could fit with post-mortem evidence [14] of glial and 

oligodendrocyte changes and consequent reduced myelination. The energetic process associated with mitochondrial 

dysfunction, increased lactate could lead to reduced synaptic plasticity, and neurotransmitter production and explain 

the observed cognitive deficits in schizophrenia [3].  Despite several questions about lactate still deserve better 

explanation in schizophrenia, increased anaerobic state, decreased tissue perfusion, adrenaline release and 

sodium/potassium, and pump dysfunction could also contribute to consequent lactate increase and ATPase activity. 

Although additional information is needed about lactate (production, utilization and removal, particularly in the brain, 

where it is used for metabolic processes), altered lactate in schizophrenia provides evidence of energy imbalance and 

different energy and ATP production and utilization by different organs [15]. In schizophrenia, chronic hypoxia, 

mitochondrial dysfunction, increased oxidative process would contribute to positive, negative and cognitive symptoms. 

The observed bioenergetic cell changes have been previously described in other mental disorders such 

asdepression [16] and bipolar disorder [17] where mitochondrial function and shape end up undergoing changes, 

leading to an increase in oxidative stress and inflammation, as described in schizophrenia. 

Lactate is an important substrate for skeletal muscle contraction and, in non-pathological situations, increases 

during and after physical exercise and is associated with good brain functioning [18], as shown  in the control group 

of this study. Recent animal studies detected a substance called Lac-Phe resulting from lactate and phenylalanine 

induced by physical exercise [19] with important effect over feeding behavior. This effect raised the assumption of 

specific brain receptors activated by Lac-Phe, pointing to additional roles of lactate in the regulation of behavior.  

The finding of different metabolic and oxidative processes in schizophrenia, allied to limited effect of neuroleptic 

drugs, calls attention to different treatment with non-pharmacological strategies in schizophrenia demonstrating an 

impact on mitochondrial dysfunction. This is the case of Systemic Photobiomodulation (PBM), which already 

demonstrated effect correcting mitochondrial dysfunction involving creatine kinase, lactate, troponin, C-reactive 

protein and Cytochrome C oxidase alterations in schizophrenia [7]. Additionally, there is evidence of PBM increasing 

vascular flow and neural plasticity, through light absorption by ion channels, Ca2+ release and resulting transcription 

factor activation, increased gene expression, increased neuronal metabolism and increased neuronal resistance to 

hypoxia [20].  

The relatively small sample size in both groups, especially in the postural group, was a limitation of this study. 

The absence of a control group with schizophrenia not performing physical activity also contributes to uncertainty. In 

addition, the study collected samples in two moments, before and after intervention, not allowing the measurement of 

changes over time. Future studies may include more subjects with weekly analyses of expanded blood markers, with 

additional measurements of behavior (feeding, activity, cognition) to perform this monitoring. 

Results and additional evidence in patients, healthy subjects and animal models show that PBM by laser light 

therapy (LLT) deserves special attention in schizophrenia due to its potential for correcting basic metabolic dysfunction, 

in parallel to residual symptom improvement in schizophrenia. Additional PBM studies using these markers and 

outcome measures are essential to strengthen these initial findings of LLT in schizophrenia. 
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