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Background: In individuals with schizophrenia, inflammation is associated with depression, somatic comorbidity and reduced quality of life. Physical exercise is known to reduce inflammation in other populations, but we have only limited knowledge in the field of schizophrenia. We assessed inflammatory markers in plasma samples from individuals with schizophrenia participating in an exercise intervention randomized controlled trial. We hypothesized that (i) physical exercise would reduce levels of inflammatory markers and (ii) elevated inflammatory status at baseline would be associated with improvement in cardiorespiratory fitness (CRF) following intervention.

Method: Eighty-two individuals with schizophrenia were randomized to a 12-week intervention of either high-intensity interval training (HIIT, n = 43) or active video gaming (AVG, n = 39). Participants were assessed at baseline, post intervention and four months later. The associations between exercise and the inflammatory markers soluble urokinase plasminogen activator receptor, c-reactive protein, tumor necrosis factor (TNF), soluble TNF receptor 1 and interleukin 6 (IL-6) were estimated using linear mixed effect models for repeated measures. For estimating associations between baseline inflammation and change in CRF, we used linear regression models.

Results: Our main findings were (i) TNF and IL-6 increased during the intervention period for both groups. Other inflammatory markers did not change during the exercise intervention period; (ii) baseline inflammatory status did not influence change in CRF during intervention, except for a positive association between baseline IL-6 levels and improvements of CRF to post intervention for both groups.

Conclusion: In our study, HIIT and AVG for 12-weeks had no reducing effect on inflammatory markers. Patients with high baseline IL-6 levels had a positive change in CRF during intervention. In order to increase our knowledge regarding association between inflammatory markers and exercise in individuals with schizophrenia, larger studies with more frequent and longer exercise bout duration are warranted.
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1. Introduction

Schizophrenia continues to be one of the most costly and debilitating mental disorders and is associated with somatic comorbidity and a reduced life-expectancy of 13–15 years (1, 2). During the last decade, increased and altered inflammatory activity has been observed in subgroups of individuals with schizophrenia, triggering questions of associations between inflammation and etiology, symptom subgroups, physical health, prognosis and therapeutic targeting of the disease (3–5).

Inflammation is considered a cause of non-communicable diseases, such as cardiovascular disease (CVD) and type II diabetes, and is associated with schizophrenia, depression, reduced quality of life and reduced motivation (4, 6–9). Thus, inflammation may represent a possible link between schizophrenia and increased risk of somatic and psychiatric comorbidity. Inflammation has also been associated with treatment resistance to antipsychotic drugs (10, 11), and thus poorer psychiatric outcome. A recent meta-analysis of adjunctive anti-inflammatory medication in psychotic disorders found some effect on overall psychopathology, with a stronger effect in schizophrenia compared to other psychotic disorders (12), suggesting that reduction in inflammation may improve general outcomes. Thus, interventions that can dampen the inflammatory status are of high interest.

C-reactive protein (CRP), tumor necrosis factor (TNF), soluble TNF receptor 1 (sTNFR1) and interleukin-6 (IL-6) are among the most frequently investigated inflammatory markers in the field of severe mental illness and exercise research. Increased levels of these markers in schizophrenia have been demonstrated with correlations to symptom severity and cognitive measures (3, 5, 13–15). In the past decade, soluble urokinase plasminogen activator receptor (suPAR) has gained interest as a marker for chronic low-grade inflammation (LGI). Recently, increased levels of suPAR have been demonstrated in individuals with schizophrenia (16, 17), while a smaller study showed no difference compared to healthy controls (18). Notably, suPAR levels correlated with depressive symptoms in individuals with and without schizophrenia, making suPAR-reducing interventions interesting to pursue (6, 19–21).

Physical exercise is associated with a complicated and not fully elucidated interplay between pro-and anti-inflammatory factors. An increase in both pro-and anti-inflammatory factors can be observed in the minutes and hours following an exercise bout. This interplay may be a part of the adaptive mechanisms leading to reduced inflammation following long term exercise (22–24). Low physical activity level is associated with LGI (25, 26) and individuals with schizophrenia display significantly reduced physical activity and cardiorespiratory fitness (CRF) (27–29). Thus, physical exercise in individuals with schizophrenia may have the potential to reduce inflammation and in turn improve somatic and mental health. Studies exploring the effect of physical exercise on LGI in individuals with schizophrenia have been scarce and findings are conflicting. After 8 weeks of exercise in a small, non-randomized, non-blinded study, Heggelund and co-workers found a non-significant CRP decrease in the HIIT-group compared to no change in the comparison group (30). In a later lifestyle modification study in obese, non-diabetic individuals with schizophrenia, Kuo and co-workers were not able to detect significant decrease of either CRP, TNF or IL-6 after 10 weeks of intervention. However, exercise was not extensive (1 h per week), the sample was small and there was no control-group (31). Following these studies, Lavratti and colleagues found a significant decrease in levels of IL-6 and interferon-γ, but not in interleukin 4 (IL-4) after a 12 week exercise program. The study sample was small and there was no control-group (32). In comparison, the current study was an exercise intervention randomized controlled trial (RCT) with a larger sample size and supervised physical activity with a strict protocol examining both commonly used markers of inflammation and the novel suPAR.

We hypothesized that (i) physical exercise would reduce levels of inflammatory markers in individuals with schizophrenia and (ii) enhanced inflammatory status at baseline would be associated with improvement in cardiorespiratory fitness (CRF) following intervention. To explore this, we measured suPAR, CRP, TNF, sTNFR1 and IL-6 in plasma obtained before and after a 12-week exercise intervention RCT in individuals with schizophrenia.



2. Methods and materials

The current study is a part of the Effect of Physical Activity on Psychosis Study (EPHAPS), approved by the Regional Committees for Medical and Health Research Ethics (trial number 2014/372), and is examining LGI and factors influencing LGI in a physical exercise intervention RCT with observer-blinded parallel group design (33). The current sample has been studied as a part of a larger cross-sectional sample (6, 16), and in an RCT setting with a physical exercise intervention investigating effect on CRF, cognition and symptoms (34–36).


2.1. Participants and randomization

Eighty-two participants were recruited from the two outpatient clinics of Vestfold Hospital Trust in South-Eastern Norway, and participation was based on informed and written consent. Participants were recruited from August 2014 through May 2017. The main inclusion criterion was fulfilling the Diagnostic and Statistical Manual of Mental Disorders (DSM) criteria for schizophrenia spectrum disorders (5th edition), confirmed by the Structured Clinical Interview for DSM-IV [SCID-I (37)]. Additional inclusion criteria were 18–67 years of age and the ability to understand and speak a Scandinavian language. Exclusion criteria were comorbid diagnosis of intellectual disability, pregnancy or medical conditions incompatible with physical exercise. For the current study we also excluded data susceptible to severe infections from participants with CRP >20 (38) due to possible ongoing severe infection at that given time point. However, data from these participants were not excluded at other time points (baseline n = 1, post intervention n = 1, follow-up n = 2).

Participants were recruited by staff dedicated to supervising interventions. A remote study coordinator organized the random allocation to high-intensity interval training (HIIT) or active video gaming (AVG), HIIT (n = 43) or AVG (n = 39). Participants were stratified on an expected median VO2peak, based on results from a feasibility study carried out prior to the EPHAPS project, to ensure similar baseline distribution of VO2peak in the two groups and varied stratification blocks ensured the unpredictability of the treatment assignment (33). The interventions did not interfere with treatment as usual.



2.2. Interventions

The HIIT intervention activity was treadmill walking/running following a standardized program of 5 min warm-up, 4 times 4 min high intensity intervals [85%–95% of maximum heart rate (HRmax)] alternating with 3 min recovery phases of moderate intensity (~70% HRmax) subsiding with a 5 minute cool-down. The comparison AVG-group, played computerized interactive sport simulation games (Nintendo-Wii sport) in 45 min sessions, and could choose from bowling, golf or tennis simulation. AVG was intended to control for social interaction and time spent with other participants and staff. However, it could be considered to be a low intensity physical activity (39), and, thus, this study compares high and low intensity exercise. We did not measure heart rate during the AVG activity. Both interventions were applied twice a week for 12 weeks in groups of 2–3 participants, remote from assessment sites, and continuously supervised by an intervention team (sport and mental health educated employees trained to supervise both interventions).



2.3. Assessments

Trained clinicians, reliability rated on the Structured Clinical Interview for DSM 5 (SCID) and positive and negative syndrome scale (PANSS) (University of California Los Angeles) and blinded for group allocation, obtained medical data and psychometric and physical measures through interviews and medical records. Symptoms and function were measured by PANSS (40, 41), the Calgary depression scale for schizophrenia (CDSS) (42) and the global assessment of functioning scale (GAF) (43) split into the symptoms (GAF-S) and functions (GAF-F) scales to improve psychometric properties (44).

CRF by maximal oxygen uptake (VO2max) was assessed through a maximum exercise test on a treadmill (Woodway, Würzburg, Germany), by physical activity professionals. For more detailed information see Andersen et al. (34). We used a modified Balke protocol (45). Measuring respiratory exchange ratio (RER) a value of 1 or more confirmed maximum physical effort by the participants. However, as participants may struggle to reach a RER of 1, we report and implement VO2peak (maximal VO2 reached in the test regardless of RER value). As an indirect measure of maximal workload, maximal treadmill speed and inclination were also registered. All assessments and sampling were carried out at baseline (within a two week period before intervention), post intervention (within two weeks of the last intervention-session) and four months later at follow-up (within a two week period) following the same protocols.


2.3.1. Blood sampling and analyses

Fasting blood samples were collected in the morning, and plasma extracted and frozen to −80 degrees Celsius within two hours of sampling. SuPAR, CRP and sTNFR1 were measured in duplicate using a commercially available enzyme-immunoassay (RnDSystems, Stillwater, MN, United States) in a 384-well format using the combination of a SELMA (Jena, Germany) pipetting robot and a BioTek (Winooski, VT, United States) dispenser/washer. Absorption was read at 450 nm with wavelength correction set to 540 nm using an ELISA plate reader (Bio-Rad, Hercules, CA, United States). Intra- and inter-assay coefficients of variation for suPAR, CRP and sTNFR1 were <10%. Detection limits were reported at >40 pg/mL for suPAR, CRP and sTNFR1. IL-6 and TNF were measured in duplicate using a commercially available human high sensitivity T cell magnetic bead panel assay Milliplex (Merck KGaA, Darmstadt, Germany, Millipore Corporation, Billerica, MA, United States). Detection was performed with a Luminex 200 (Luminex, Austin, TX, United States). Intra- and inter-assay coefficients of variation were <5% and <20% for IL-6 and <5% and <15% for TNF, respectively, and detection limits for IL6 was 0.11 pg/mL and 0.16 pg/mL for TNF.




2.4. Attrition and protocol violation

Intention-to-treat analyses included all randomized participants and original group assignments. Attendance to sessions in the HIIT group was median 18/mean 15.7 [standard deviation (SD) 7.3] and median 20/mean 18.3 (SD 4.6) in the AVG group, with 24 being the maximum number of sessions. At post intervention and at follow-up 71 (HIIT n = 34/AVG n = 37) and 57 (HIIT n = 29/AVG n = 28) individuals were assessed, yielding an attrition rate of 13% at post-intervention, cumulating to 31% at study end. Eight participants in the HIIT group and two in the AVG-group violated the protocol but were allowed to complete the study. In the HIIT group and the AVG group, 25 and 28 participants respectively, were considered per-protocol compliant study completers. For further information on drop out reasons and type of protocol violation, see the EPHAPS consort diagram (35). There were no adverse effects or harm reported during the RCT including the four months follow-up period.



2.5. Statistical analyses

Descriptive statistics are presented by frequency and proportion for categorical variables, and by mean, standard deviation (SD) and confidence intervals (CI) for continuous variables. We excluded data sensitive to large ongoing processes in the body (e.g., acute infection, injury or inflammation for other reasons) causing CRP levels to exceed 20 mg/L at that given time point. Following this procedure the inflammatory markers had an approximately normal distribution. However, there were a few outliers (>3 * interquartile range). For these we applied the winsorizing method (46) and truncated the extreme value with the next high value in the dataset in order to include them in the analysis. Correlation analyses were conducted to study the relationship between inflammatory markers, CRF and maximal treadmill speed and inclination. Pearson’s r was reported when distribution was normal and Spearman’s rho when distribution was non-normal (e.g., treadmill speed and inclination).

Linear mixed effect models were used to investigate whether levels of inflammatory markers differed over time between the intervention groups. This allows all individuals with at least one measure to be included in the analyses, regardless of missing data at some of the time points. A random factor for participants was included to take into account the variability within individuals over time. An autoregressive correlation matrix was included due to the three categorical time-points. The fixed factors included in the model were group (HIIT/AVG), time, group*time. Margins plots are presented to illustrate the results.

The main analyses were performed in the intention-to-treat sample, and in the dataset where extreme outliers were truncated. To evaluate the robustness of the findings, we also performed a set of supplementary analyses using the per-protocol subset. Additionally, secondary analysis using linear regression were performed to explore the associations between baseline inflammatory markers and change in VO2peak uptake from baseline to post intervention. Group, the inflammatory marker at baseline, and an interaction-term between the two were included as variables. Graphically, scatter plots with smoothed lines are presented. Findings consistently statistically significant (p < 0.05) through analysis are emphasized. All statistical analyses were performed in SPSS version 28 and Stata SE version 16.




3. Results

Baseline characteristics for the 82 participants included in the study are presented in Table 1. For all clinical and sociodemographic variables, there were no significant differences between the HIIT and AVG groups. Four participants had CRP >20 mg/L at one time point, and data potentially sensitive to inflammatory processes increasing CRP beyond that level were removed from analyses at that given time point.



TABLE 1 Observed demographic and clinical baseline characteristics for participants by randomization group.
[image: Table1]

All baseline inflammatory markers showed inverse correlations with VO2peak and/or max speed and/or max inclination at baseline. However, this was most pronounced and highly significant for suPAR (r −0.4 to −0.5, p < 0.001), CRP (r −0.3 to −0.4, p < 0.01) and sTNFR1 (r −0.3 to −0.4, p < 0.05) as these three markers significantly correlated with VO2max, treadmill max speed and max inclination (see Table 2).



TABLE 2 Correlation between inflammatory markers and measures of cardiorespiratory fitness and workload at baseline.
[image: Table2]


3.1. Alteration in inflammatory markers following the 12-week exercise program

We first evaluated the effect of exercise intervention on the temporal course of inflammatory markers. We did not observe any differences in the levels of suPAR, CRP and TNFR1 over time or between the intervention groups at any time-point (HIIT vs. AVG) (Figure 1 and Supplementary Table S1). For TNF and IL-6, there were no significant differences between the intervention groups, but the markers increased from baseline to post intervention (i.e., at 12 weeks) for both groups (TNF 1.27, 95% CI 0.49, 2.05, p = 0.001, IL-6 0.86, 95% CI 0.47, 1.26, p < 0.001). Further, IL-6 continued to increase at the four month follow-up (IL-6 1.14, 95% CI 0.59, 1.70, p < 0.001), while TNF returned to baseline levels. Regardless of group affiliation, we found no significant association between number of intervention sessions and change in any of the inflammatory markers or change in VO2peak from baseline to post intervention (data not shown).

[image: Figure 1]

FIGURE 1
 Margin plots showing the time development of inflammation marker levels in the high intensity training (HIIT) and active video gaming (AVG) group with 95% confidence interval in a schizophrenia sample, n = 79 for these analyses due to missing data (n = 3). Time was measured at baseline (before intervention), post intervention (within 2 weeks of the intervention-session) and 4 months later at follow-up. (A) suPAR, soluble urokinase plasminogen activating receptor; (B) CRP, C-reactive protein; (C) TNF, tumor necrosis factor; (D) sTNFR1, soluble tumor necrosis factor receptor; (E) 1IL-6, interleukin 6.




3.2. Associations between inflammatory markers at baseline and changes in CRF following the 12-week physical exercise program

In our secondary analyses, we assessed if CRF at post intervention was associated with baseline inflammatory levels, and if this association differed between intervention groups. The association between inflammatory markers at baseline and change in CRF (VO2peak) from baseline to post intervention showed no significant differences between HIIT and AVG (Figure 2), i.e., the interaction terms between inflammatory markers at baseline and group were all non-significant (Supplementary Table S2). However, the level of IL-6 at baseline was positively associated with improvement in VO2peak (0.67, 95% CI 0.06, 1.27, p = 0.03) regardless of group allocation.

[image: Figure 2]

FIGURE 2
 Scatter plots with smoothed lowess lines showing the relationship between inflammatory maker levels at baseline and change in peak oxygen uptake [mL/(kg*min)] in the high intensity interval training (HIIT) and active video gaming (AVG) group from baseline to post treatment. (A) suPAR, soluble urokinase plasminogen activating receptor; (B) CRP, C-reactive protein; (C) TNF, tumor necrosis factor; (D) sTNRF1, soluble tumor necrosis factor receptor; (E) 1IL-6, interleukin 6.




3.3. Supplementary analyses

The supplementary analyses restricted to the per-protocol subsample, yielded similar results as the main analyses when investigating differences between groups over time for all the inflammatory markers. Since no interactions between group and time were observed, the interactions terms were omitted from the analyses (models both with and without the interaction terms are shown in Supplementary Table S1). Furthermore, the results for the per-protocol subsample were similar as the main analysis when studying the importance of inflammatory baseline levels on the CRF change over time (Supplementary Table S2).



3.4. Post-hoc analyses

Intrigued by the increase in TNF and IL-6, we performed a set of post-hoc analyses, trying to understand this phenomenon. Three different mixed effect models were performed for each of the two inflammatory markers (TNF and IL-6). In addition to the time variable (baseline/post intervention/follow-up) we adjusted for (1) sex and age, (2) time-dependent body mass index (BMI) values and (3) physical activity competency of staff in the model. Due to the small sample size no additional adjustment were performed. The TNF and IL-6 changes observed over time in the main analyses were not significantly affected by the adjustments by sex and age, BMI and physical activity competency of the staff (data not shown).




4. Discussion

In a naturalistic sample of 82 outpatients diagnosed with schizophrenia, all the inflammatory markers, but in particular suPAR and CRP, were inversely correlated with CRF at baseline. Contraire to our hypothesis we found no significant differences between HIIT and AVG on temporal levels of inflammatory markers or any generalized distinct reduction in inflammation levels following the exercise intervention. In contrast, TNF and IL-6 increased regardless of intervention group. Levels of inflammatory markers at baseline were not indicative of improvement in CRF following intervention, with the exception of IL-6 levels which were associated with improvements of CRF in both groups. Consequently, our data do not support the hypothesis that physical exercise reduces general immune activation, at least as reflected by our choice of upstream inflammatory markers, interventions, or time points of measure.

The inverse correlations between CRF and inflammatory markers are in line with previous research (26, 47–50) implying that physical activity could lead to a reduction in levels of inflammatory markers as reported by others (51, 52). In contrast, we observed no reduction in inflammatory markers. However, many participants were not able to adhere completely to the HIIT protocol, and some had lower intensity than anticipated and/or failed to conduct most sessions (34). This might have inflicted on our results. Also, it is possible that the HIIT intervention was too limited in bout duration, number of weekly interventions and duration of the exercise period to dampen immune activation. The chosen time points of measurement could also have affected the results, as blood was drawn >24 h after the last exercise bout, and we were not able to capture potential changes in the acute dynamic regulation of the inflammatory markers. Nonetheless, the results in the current study are in line with other studies in individuals with schizophrenia (30, 31), while Lavratti et al. demonstrated a decrease in inflammatory markers following a 90-day exercise intervention program (32). However, comparisons across studies are challenged by different exercise interventions, low sample sizes and non-blinded and non-randomized designs. Regarding suPAR, our results are in line with two studies on suPAR and chronic exercise, showing no reduction in suPAR levels (53, 54).

The increases in IL-6 and TNF from baseline to post intervention were unexpected due to the time of sampling (>24 h from the last exercise bout), and are thus difficult to explain. Had the blood samples been taken in close proximity to the last exercise bout we would have expected an increase in inflammatory markers (55). Overtraining occurs when an athlete does not recover after repetitive intense training and has been associated with an increase in inflammatory markers (56). However, with only two HIIT bouts per week, overtraining is not likely to be the cause of the observed increases in TNF and IL-6. Beside, similar increases were observed in the AVG group. IL-6 is also produced locally in working skeletal muscle, and enhanced release during exercise could potentially account for the increase during intervention. Furthermore, muscle-derived IL-6 may possess anti-inflammatory effects (57, 58), thus whether the IL-6 increase is an expression of pro- or anti-inflammatory effects is uncertain. Similar to the current study healthy individuals participating at a 3-month yoga retreat also showed an increase in pro-inflammatory cytokines (e.g., TNF and IL-6), which was unexpected. However they also observed an increase in the anti-inflammatory interleukin 10 (IL-10), which we did not measure in our study (59). Our finding of increased inflammation by TNF and IL-6, following a 3 month exercise program could thus be due to an interplay between pro-and inflammatory factors responding to acute bouts of exercise, adaption to several acute bouts of exercise over time, as well as the bodily changes following chronic exercise.

In a prior study we found no significant change in CRF as a result of the interventions, however the HIIT group had significant improvement in maximal treadmill inclination and speed (measured at specific points during intervention) (34). As this was unexpected we hypothesized that baseline LGI level could be one of the reasons for lack of effect on CRF in the HIIT group. High baseline levels of IL-6 were associated with better exercise effect on CRF for both the HIIT and the AVG group, regardless of type of interventions prescribed. Senescence is associated with unhealthy lifestyle and ageing and causes increased expression of inflammatory markers (e.g., IL-6) (60). Therefore individuals with high levels of inflammatory markers could be those with less healthy lifestyle and thus with more potential for improvements through exercise. However, with a wide confidence interval reflecting the small sample size and the heterogeneity within the individuals recruited to the study, this finding can only be regarded as suggestive of an effect.

There are relatively few exercise studies in individuals with schizophrenia as recruiting and retaining participants is demanding. Studies of the immune system in this type of setting have rarely been conducted and results are conflicting. The above-mentioned heterogeneity within schizophrenia could very well be one of the reasons for the controversy in the field. This further highlights the need for larger studies of inflammation in individuals with schizophrenia and of interventions aimed at reducing inflammation. Our study was relatively large, observer blinded, had strict exercise and test protocols, and exercise sessions were supervised as opposed to prior studies on exercise and inflammation in individuals with schizophrenia. The naturalistic sample of motivated outpatients with schizophrenia suggests high generalizability of the findings. However, the results must be interpreted with caution as there are several limitations to the study. Even though the study was large in this context, it is likely to be underpowered. Despite the relatively large size compared to prior studies in this field, the sample is also too small to conduct concurrent adjustments for possible confounders likely to be of importance [e.g., age, sex, current tobacco smoking, diet, fat mass and BMI (61)] or to stratify into subgroups, e.g., inflammation in the exercise responsive sub-population within our sample. The study participants ranged from newly diagnosed with schizophrenia to living with the illness for decades and they were relatively stable. The relatively small sample size made stratification into subgroups based on duration of illness or current state (e.g., exacerbation vs. stable) difficult. A recent study conducted after inflammatory markers were analyzed in our study, showed that the method we used to analyze suPAR was inferior to another method (62). Also, our control group participated in a low intensity activity and an additional control-group performing no activity would have been a strength. A longer lasting intervention would have been preferable, as a clear change in CRF could have led to firmer conclusions on the relationship between inflammation and exercise in individuals with schizophrenia. In a prior study of this sample we found no change in positive or negative symptoms, but a reduction in depressive symptoms following the HIIT intervention (36). A larger study exploring the relationships between inflammatory markers and depressive symptoms in the context of a HIIT intervention in individuals with schizophrenia could yield important results.



5. Conclusion

In our study, HIIT and AVG for 12-weeks had no lowering effect on plasma levels of inflammatory markers. Patients with high IL-6 levels at baseline experienced an increase in CRF during intervention. There is a need for methodologically robust studies in the field of schizophrenia, inflammation and exercise treatment, investigating dose-response and comparing different exercise-modes.
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