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The effect of aerobic exercise on cortical architecture in patients
with chronic schizophrenia: a randomized controlled MRI study
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Abstract Via influencing brain plasticity, aerobic exer-

cise could contribute to the treatment of schizophrenia

patients. As previously shown, physical exercise increases

hippocampus volume and improves short-term memory.

We now investigated gray matter density and brain surface

expansion in this sample using MRI-based cortical pattern

matching methods. Comparing schizophrenia patients to

healthy controls before and after 3 months of aerobic

exercise training (cycling) plus patients playing table

football yielded gray matter density increases in the right

frontal and occipital cortex merely in healthy controls.

However, respective exercise effects might be attenuated in

chronic schizophrenia, which should be verified in a larger

sample.
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Introduction

In schizophrenia, brain structural differences can be

observed in vivo via magnetic resonance imaging [7] or

post-mortem analyses [1]. These changes occur early,

demonstrating some degree of progression [3, 25] and

following a specific and more severe pattern compared to

bipolar disorders [7, 13]. Whether these changes are merely

a consequence of the illness [1], treatment related [11] or

due to life style remains unresolved. Structural changes

may be rather related to neuropil components such as

synapses than neurodegeneration [8, 23] and reversible by

nature.

Based on the aforementioned findings we recently ini-

tiated a clinical trial studying the influence of aerobic

exercise on hippocampal structure and function in schizo-

phrenia. Compared with pre-treatment baseline values, we

observed a significantly increased relative hippocampal

volume at post-treatment follow-up in patients (12 %) and

healthy subjects (16 %), compared to patients not partici-

pating in aerobic exercise (-1 %) [18]. Currently, the

effect of regular exercise on cortical volumes in schizo-

phrenia is unknown. However, interestingly, it has been

shown that cardiovascular fitness increases cortical brain

volumes during aging in subjects without psychiatric dis-

orders [4]. Therefore, to determine whether aerobic train-

ing leads to more widespread neocortical changes affecting

also regions outside the hippocampus in schizophrenia

patients, we used MRI-based cortical pattern matching

methods. We hypothesize that exercise induces gray matter

density and cortical expansion increases as a sign of
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neuroplastic processes in schizophrenia patients and heal-

thy controls.

Materials and methods

A randomized controlled three-armed study was performed

to determine whether exercise increases gray matter den-

sity and surface expansion. This study is presenting addi-

tional MRI analyses from a randomized controlled three-

armed study which has been previously performed by our

group and revealed increased hippocampal volumes after

aerobic exercise training [18]. Male patient’s with schizo-

phrenia attending a day hospital program or an outpatient

clinic were randomized to either aerobic exercise training

(cycling) (N = 8, age 32.9 ± 10.6 years) or table football

as control group (N = 8, age 37.4 ± 8.1 years) for

3 9 30 min weekly over a period of 3 months. All patients

underwent treatment with either first or second generation

antipsychotics with no differences in dosage or duration of

illness between groups. Cycling at heart rate corresponding

to a blood lactate concentration of 1.5-2 mmol/L was

performed on standardized bikes in a local gym and the

amount of exercise was monitored and adjusted by mea-

suring power (W/kg) heart rate and gas exchange (VO2,

carbon dioxide output) [18].

Both group of patients were compared to an age- and

gender-matched group of healthy subjects engaged in aer-

obic exercise (cycling) for the same period (N = 8, age

34.8 ± 10.2 years). As primary outcome parameter, mag-

netic resonance imaging of the cortex (1.5 T) and, as sec-

ondary outcome parameter of the present study, assessment

of neuropsychological (Rey Auditory Verbal Learning

Test, Corsi block tapping test) and clinical symptoms

(PANSS) were performed at baseline and after a 3 months

training period with raters blinded for treatment arms. In an

additional analysis, we compared brain structural changes

of exercising schizophrenia patients and healthy controls to

schizophrenia patients playing table football using algo-

rithms matching cortical pattern to achieve accurate inter-

subject cortical registrations [24]. Gray matter density

(GMD) and brain expansion were measured to determine

local longitudinal brain changes during the training period.

After automated tissue segmentation, anatomical landmark

curves following major sulci were manually traced. Cor-

tical surfaces and curves were elastically warped to each

other by matching individual curves to their average

positions. Co-registered surface models were transformed

back to each individual scan’s native space for sampling

gray matter density and cortical surface expansion. Local

GMD was calculated as the proportion of gray matter

volume within a sphere of 15 mm radium at each surface

point. Surface expansion was defined as the distance

between baseline and follow-up surface models at corre-

sponding surface points, which were assigned to the sur-

face models. The obtained GMD and surface expansion

maps were transformed to the standard space for statistical

analysis. The study was approved by the local Ethics

Committee [18].

Results

After exercise training, healthy controls showed a signifi-

cant increase in gray matter density in the right frontal and

occipital pole regions (p = 0.032 in permutation tests,

Fig. 1). Figure 2 represents uncorrected p values across the

cortical surface (red indicating p \ 0.05, white indicating

p \ 0.01). For surface expansion, in controls we noticed a

trend to show greater expansion in the left lateral surface

compared with schizophrenia patients playing table foot-

ball, although this difference did not reach significance in

permutation tests (p = 0.088, Fig. 3). Overall, aerobic

exercise had no significant effect on cortical regions in

schizophrenia patients. The maximum power (W/kg) and

oxygen capacity (VO2/kg) after study and the ratios before/

after study did not differ between patients and controls and

were not correlated with GMD, SIENA-based expansion

and radial distance change across the cortex. Patients

improved in short-term memory and PANSS total symp-

toms after exercise. [18].

Discussion

While in the same sample Pajonk et al. [18] were able to

demonstrate volume expansion in the hippocampus of

chronic schizophrenia patients after physical exercise, the

present investigation of cortical areas found no exercise-

induced changes. As our sample size in the aerobic exer-

cise condition was small, it is possible that effects in favour

of cortical gray matter increases could be detected with

larger patient samples. Despite an equivalent sample size,

our adult healthy controls showed significantly increased

gray matter densities in the right frontal and occipital

cortex in response to exercise, suggesting that any exercise

effects on cortical gray matter are likely to be attenuated in

chronic schizophrenia. As opposed to schizophrenia

patients with disturbances of synaptic plasticity [22], we

hypothesize a better cortical neuroplastic capacity in

healthy probands, which probably are more sensitive to

effects of exercise. Our results in healthy young adults

confirm earlier findings in healthy elderly individuals

demonstrating an association between physical activity and

increases in local gray matter volumes of the prefrontal

cortex [21] as well as larger superior frontal cortex
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volumes in individuals with higher levels of exercise

engagement [2]. In contrast, regular exercise had no effects

on these cortical areas in a group of young healthy students

[10]. However, such individuals also show high levels of

cognitive training and intellectual activities, which is

known to influence gray matter volumes [6]. With respect

to the occipital cortex, a previous 1H-MRS study detected

increased lactate levels and increased glutamate and glu-

tamine signals following exercise [17], suggesting that

biochemical alterations may underlie gray matter density

alterations in healthy probands. We could not confirm

alterations in the right anterior insula as suggested by

findings of increased volume in this region in healthy

young subjects with higher functional aerobic capacity

[19], since the insula region cannot be measured with our

method.

Gray matter density alterations in brain areas may be

related to functional consequences. Accordingly, a func-

tional near-infrared spectroscopy study in young adults

revealed that exercise enhances activation of the left

dorsolateral prefrontal cortex associated with Stroop

interference [28]. In older adults, activation of the right

frontopolar area was enhanced after exercise [12]. Within

this context muscle contractions are known to activate a

cortical network including the prefrontal area [15]. Con-

sistent with results obtained in older adults, functional MRI

studies in obese children also reveal increased bilateral

prefrontal cortex activity after exercise [5]. Finally, phys-

ical activity has shown to improve memory encoding in

healthy elderly subjects and to induce an increase of

cerebral gray matter volume in the prefrontal cortex [9]. In

monkeys, regular exercise improved working memory

performance and vascularization of the cortex [20]. Despite

the absence of cortical volume changes in our group of

chronic schizophrenia patients, this group may benefit from

brain activation due to exercise such as improvement of

short-term memory and symptoms [18]. These results are

in accordance with previous studies in a larger group of

patients showing that functional exercise capacity

Fig. 1 Gray matter density increase and decrease in healthy controls

(GMD = gray matter density). The statistical map is showing

increase in GMD changing from light red to dark red colors

Fig. 2 Surface expansion map in healthy controls (HC) after exercise

training (Sport) compared to schizophrenia patients (SZ) after table

football (TableF). The statistical map is showing increase in GMD

changing from light red to dark red colors
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correlates with improvements in global functioning, total

PANSS scores, positive-, negative- and cognitive symp-

toms [14, 26, 27].

In summary, we found targeted exercise leading to

increased right frontal and occipital cortical gray matter

density in healthy subjects, but not in schizophrenia

patients. However, due to the lacking relationship between

changes in aerobic fitness and gray matter densities, the

effects of exercise in healthy controls should be interpreted

with caution and validated in a larger sample. Nevertheless

our results indicate that aerobic exercise may affect the

hippocampus, but not the cortex in persons suffering from

schizophrenia. Antipsychotic medication might have some

influence on cortical, but not so much on hippocampal

volumes [11, 16] and regeneration capacity may be atten-

uated in patients. In light of the limitations of our study, i.e.

the small number of cases, effects of physical exercise on

volumes of cortical regions should be investigated in larger

samples of patients with mental illness to more

exhaustively explore regenerative mechanisms of this

therapeutic regime. Additionally, parallel MR-spectros-

copy should be performed to assess neurochemical com-

pounds in the regions which have been identified here.
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