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Abstract

Objective—There is growing evidence that cerebellum plays a crucial role in cognition and 

emotional regulation. Cerebellum is likely to be involved in the physiopathology of both bipolar 

disorder and schizophrenia. The objective of our study was to compare cerebellar size between 

patients with bipolar disorder patients with schizophrenia and healthy controls in a multicenter 

sample. In addition, we studied the influence of psychotic features on cerebellar size in bipolar 

patients.

Method—One hundred and fifteen bipolar I patients, thirty-two patients with schizophrenia and 

fifty-two healthy controls underwent 3 Tesla MRI. Automated segmentation of cerebellum was 
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performed using FreeSurfer software. Volumes of cerebellar cortex and white matter were 

extracted. Analyses of covariance were conducted and age, sex and intracranial volume were 

considered as covariates.

Results—Bilateral cerebellar cortical volumes were smaller in patients with schizophrenia 

compared to patients with bipolar I disorder and healthy controls. We found no significant 

difference of cerebellar volume between bipolar patients with and without psychotic features. No 

change was evidenced in white matter.

Conclusion—Our results suggest that reduction of cerebellar cortical volume is specific to 

schizophrenia. Cerebellar dysfunction in bipolar disorder, if present, appears to be more subtle 

than a reduction in cerebellar volume.
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INTRODUCTION

Although the role of the cerebellum in motor functioning has been well established, the full 

range of cerebellar functions remains uncertain. In the human brain, the cerebellum and the 

prefrontal cortex are the two most developed parts in comparison with higher primates (1). 

Cerebellum represents 10% of brain volume but contains 50% of its neurons (2). In the past 

decade, consistent work has been achieved to study the implication of cerebellum in both 

cognitive and affective functions (3). Indeed, descriptions of the cerebellar cognitive 

affective syndrome in patients with lesions limited to the cerebellum (4) provide an 

interesting insight on the role of cerebellum in cognition and emotional regulation. This 

syndrome includes deficits in executive functions, language disruption, affective disorders 

and psychotic features. Additionally, the cerebellum is connected to the cerebral cortex by a 

cortico-cerebellar-thalamic-cortical circuit. This loop facilitates automatic modulation of 

mood and behavior. Moreover, a damage to the cerebellar part of the loop affects cognitive 

and emotional processing (5).

Studies of neurological lesions and neuroimaging studies enlightened the potential 

involvement of the cerebellum in the pathophysiology of psychiatric disorders such as 

schizophrenia and bipolar disorder (6).

In schizophrenia, the implication of the cerebellum has been studied by several groups (see a 

full review in (1). Volumetric studies mostly show decreases of cerebellar volume in 

patients with schizophrenia compared to healthy controls (1). Functional imaging provides 

further evidence of abnormal activations in patients with schizophrenia, while patients 

perform a broad range of tasks involving memory, attention, social cognition and emotions 

(1). Recently, abnormalities in cerebellar connectivity (white matter fractional anisotropy) 

have been evidenced in first-episode schizophrenia (7). However, most of the studies 

included small samples and yielded heterogeneous results.

Fewer studies proposed that the cerebellum may also be implicated in the physiopathology 

of bipolar disorder: most of neuroimaging studies in bipolar disorder focused on the 

Laidi et al. Page 2

Acta Psychiatr Scand. Author manuscript; available in PMC 2016 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



prefrontal and limbic regions (8, 9). However, bipolar disorder is related to cognitive 

impairments consistent with an alteration of cerebello-striatal-prefrontal network (10). 

Several studies reported evidence of a cerebellar dysfunction in patients with bipolar 

disorder. Lauterbach et al., (11) described mania in patients with cerebellar lesions. Most of 

the studies reported a reduced volume of the cerebellum in bipolar disorder, but with 

heterogeneous results (12, 13, 14, 15, 16, 17, 18). Hoppenbrouwers et al., (6) emphasize that 

the implication of the cerebellum in the pathophysiology of bipolar disorder should be taken 

with caution due to comorbid substance abuse. Indeed, alcohol abuse is very prevalent in 

bipolar disorder (19) and may therefore induce a confusion bias due to an alcohol-related 

brain atrophy (20, 21).

Since Kraepelin, it has been proposed that schizophrenia and bipolar disorder may share 

common pathophysiological features. Whole-brain neuroimaging studies reported an overlap 

in brain changes in patients with schizophrenia and patients with bipolar disorder (22, 23, 

24, 25). They suggested that these changes may be more subtle in bipolar disorder. Finding 

brain regions specifically altered in schizophrenia or in bipolar disorder may provide 

insights on specific neuroanatomical substrates of these two disorders. Moreover, both 

epidemiological and genetic evidences suggest that psychotic bipolar disorder (26) may be 

considered as an intermediate subtype between schizophrenia and non-psychotic bipolar 

disorder (27, 28). However, a relatively small number of neuroimaging studies have 

specifically compared psychotic bipolar patients to non-psychotic to investigate specific 

differences between these two phenotypes.

Aims of the study

The first objective of our study was thus to compare cerebellar volumes between patients 

with bipolar I disorder, patients with schizophrenia and healthy subjects. Additionally, we 

wanted to study, in a second analysis, the influence of psychotic features on cerebellar size 

in a large international sample of patients with bipolar I disorder.

Material and methods

Participants

Participants were recruited in France (APHP Henri Mondor hospitals, Créteil and Fernand 

Widal Hospital, France), United States (University of Pittsburgh Medical Center, Pittsburgh) 

and Germany (Central Institute of Mental Health, Mannheim). Participants were aged from 

18 to 65.

All participants underwent clinical assessment by trained raters, using the Diagnostic 

Interview for Genetic Study (DIGS) at the French sites or the Structured Clinical Interview 

(SCID) for DSM-IV at US and German sites. The DIGS has been translated and well 

validated in French (29). In all sites, diagnoses were defined in accordance with DSM-IV 

classification.

Healthy controls were recruited through advertisements in the local press, had no DSM-IV 

axis-I psychiatric disorder and no first-degree family history of schizophrenia, schizo-

affective or bipolar disorder.
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Patients with bipolar disorder met DSM-IV criteria for bipolar type I disorder (BPI) and 

were recruited in France, Germany and United States. DIGS and SCID were used to 

determine if they had psychotic features during a major episode.

Patients with schizophrenia met DSM-IV criteria for schizophrenia or schizo-affective 

disorder and were recruited at the French sites. Schizo-affective disorder is considered as 

part of the schizophrenia spectrum disorder. Although the clinical entity and the diagnosis of 

schizo-affective disorder remains controversial (30, 31), we choose to include patients with 

schizophrenia and patients with schizo-affective disorder in the same group.

Subjects were not included if MRI was contraindicated or if pregnant

All participants gave informed and written consent to participation. The study was 

performed in accordance with the ethical standards laid down in the 1964 Declaration of 

Helsinki and the respective local ethics committees approved the protocol. Patients with BPI 

and controls partially overlap with the sample of a manuscript about diffusion MRI in 

bipolar disorder (32).

After MRI acquisition, subjects with any significant cerebral anatomic anomaly were 
excluded

Two hundred and twenty subjects were recruited. One hundred and ninety-nine subjects 

were included in the statistical analysis and 21 participants were excluded (Figure 1). Ten 

subjects (3 healthy controls, 4 patients with schizophrenia, 3 patients with BPI) were 

excluded because the cerebellum was not entirely scanned during the acquisition. One 

subject was excluded because there was an error during segmentation process. Seven BPI 

patients recruited at the French sites were excluded because information relative to the 

“psychotic feature” was missing. Three subjects were excluded because they were statistical 

outliers. Outliers were defined as cases with standardized residuals greater than +/− 4 

standard deviations and were not included in the analysis.

One hundred and twelve subjects were included in France, 47 subjects were included in 

USA and 40 in Germany. Population of the study is presented in Table 1. Five patients, all 

recruited in France and included in the group of patients with schizophrenia, met the criteria 

of schizo-affective disorder.

Magnetic Resonance Imaging acquisition

All imaging data were acquired using very similar protocols in the three sites in France, 

Germany and the United States.

Participants underwent an MRI in the same model of scanner: 3T Siemens Tim Trio 

equipped with a standard 12-channel head coil. MR data were obtained using a 3DT1-

weighted sequence (voxel size = 1×1mm, slice thickness = 1 or 1.1mm, TR = 2300 ms, FOV 

= 256mm).
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Magnetic Resonance Imaging processing

T1 images from the 3 sites were processed on the same Linux workstation. All images were 

inspected by a radiologist to seek for clinically relevant abnormalities. BrainVISA/

Anatomist software (http://brainvisa.info) was used by an examiner blind of the diagnosis to 

check more specifically the posterior fossa (CL and JH). Four patients presented cysts of 

posterior fossa with no clinically relevant cerebellar atrophy. Three were recruited in France 

(healthy controls) and one (patient with schizophrenia) was recruited in Germany. All four 

patients were included in the analysis. Results were not significantly altered when they were 

excluded.

We used the FreeSurfer 5.3.0 software free package (http://surfer.nmr.mgh.harvard.edu) on 

a Linux Workstation for segmentation and volumetric analysis of the cerebellum (Figure 2).

The automated procedure for volumetric measures of subcortical structures and cerebellum 

has been previously described (33). All images were transformed into Talairach space, 

corrected for inhomogeneities. FreeSurfer automatically provides segments and labels for 

brain structures and assigns a neuroanatomic label to each voxel in an MRI on the basis of 

probabilistic information estimated from manually labeled training set.

This technique, performing segmentation and labeling of brain structures was reported to be 

as effective as manual tracing (33). It has been successfully used to perform cerebellar 

parcellation in samples of patients with neurological (34, 35, 36, 37) and psychiatric 

disorders.

Although FreeSurfer automatically performs full segmentation of all sub-cortical structures, 

only four labels were considered: right and left gray and white matter cerebellar volumes.

In addition to the recommended segmentation check proposed by FreeSurfer, an evaluator 

unaware of diagnosis checked visually all segmented images to ensure that there was no 

error in the label process. Intracranial volumes (ICV) were evaluated with Statistical 

Parametric Mapping (SPM 8) software using the “New segment” procedure.

Statistical analyses

Chi-2 tests, Fisher’s exact tests (for categorical variables) and ANOVA (for quantitative 

variables) were used to compare both demographic and clinical variables of our sample 

(Table 1). Post-hoc Tukey tests were performed to compare groups of subjects. Univariate 

analyses of covariance (ANCOVA) were used to compare cerebellar cortex and white matter 

volumes (left/right) between the different groups.

We performed two main analyses. The first one (ANCOVA) compared cerebellar volumes 

between healthy controls, patients with BPI and patients with schizophrenia (subjects 

included at the French site). The second analysis (mixed-model ANCOVA) compared 

cerebellar volumes between BPI patients with psychotic features and BPI patients without 

psychotic features from a larger international sample of patients recruited in France, 

Germany and the United States.

Laidi et al. Page 5

Acta Psychiatr Scand. Author manuscript; available in PMC 2016 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

http://brainvisa.info
http://surfer.nmr.mgh.harvard.edu


We performed these two separate analyses in order to study (i) cerebellar size differences 

between patients with schizophrenia, BPI patients and healthy controls and (ii) the influence 

of psychotic features among BPI patients on cerebellar size. To answer these two questions 

we used two different samples (although partially overlapping). Since patients with 

schizophrenia were only recruited in France, we were not able to compare all subjects in the 

same analysis because disease-effect (for patients with schizophrenia) could interfere with 

site-effect. Comparing BPI patients with and without psychotic features to healthy controls 

could lead to the double dipping of our data, because the French group of healthy controls 

would have been used in both analyses.

In both analyses, age, sex and ICV (fixed effects) were considered as covariates. The site of 

inclusion (random effect) was included in the second analysis. Before performing pairwise 

comparisons between patients and controls in both analyses, the following assumptions were 

checked: (i) standardized residuals were normally distributed, as assessed by Shapiro-Wilk 

test (p>0,05) and a QQ-plot; (ii) homoscedasticity and homogeneity of variances, as 

assessed by visual inspection of a scatterplot and Levene’s Test of Homogeneity of 

Variance. Outliers were defined as cases with standardized residuals greater than +/− 4 

standard deviations and were not included in the analysis.

We investigated in a supplementary analysis if alcohol abuse, ICV and age of onset (AOO) 

were potential confounders in patients with BPI. Considering that the mean AOO of bipolar 

disorder is estimated to be of 21 (38), early-onset BPI patients were defined as patients with 

an AOO of 21 or below, and late-onset BPI patients were defined as patients with an AOO 

of 22 or above.

To ensure the robustness of our results, we wanted to study the influence of medication on 

cerebellar size. Considering our sample of patients with BPI, we performed an ANCOVA 

using sex, ICV, age and site as covariates to compare (i) patients with and without 

antipsychotic medication, and (ii) patients with and without lithium medication. Last, we 

explored the relationship between cerebellar size and medication load using a partial 

correlation analysis controlled for age, sex, ICV and site. The medication load score was 

computed following a method described elsewhere (39).

All statistical analyses were performed using SPSS 20.0. Interpretations of statistical 

significance were made if p < 0.05 after Bonferroni correction for multiple testing was 

applied.

RESULTS

Demographic and clinical characteristics

Considering the following groups: healthy controls, BPI patients without psychotic features, 

BPI patients with psychotic features and patients with schizophrenia, there was no 

significant statistical difference between mean ages and sex ratio in these groups. Others 

demographic and clinical characteristics are described and compared in Table 1.

Laidi et al. Page 6

Acta Psychiatr Scand. Author manuscript; available in PMC 2016 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Cerebellar volume comparison between healthy subjects, BPI patients and patients with 
schizophrenia

In this first analysis, we considered patients recruited in France (n = 112). We compared 

healthy controls (n = 52), patients with BPI (n = 28), regardless of psychotic features, and 

patients with schizophrenia (n = 32).

We found a significant difference between the three groups for left and right cerebellar 

cortical volumes and no significant difference in white matter volumes (Table 2).

The contrast analysis for cerebellar right and left cortex yielded significant (Bonferroni 

corrected) decreases in both volumes for patients with schizophrenia compared to patients 

with BPI and healthy subjects. Volume of cerebellar cortex and white matter were not 

statistically different, when comparing healthy controls and BPI patients. Results are 

summarized in Table 3.

When considering cerebellar global volume (including left and right cerebellar cortex and 

white matter), cerebellum was smaller in patients with schizophrenia compared to patients 

with BPI (p = 0.022) and healthy subjects (p = 0.020) after Bonferroni correction.

Cerebellar volume comparison between bipolar patients without psychotic features and 
bipolar patients with psychotic features

A second analysis was then performed, including BPI patients with and without psychotic 

features recruited in France (n = 28), Germany (n = 40) and USA (n = 47). We sought to 

compare BPI patients with psychotic features (n = 53) and BPI patients without psychotic 

features (n = 62). We did not find any significant difference between the two groups for 

right cerebellar cortex (p = 0.48), right cerebellar white matter (p = 0.33), left cerebellar 

cortex (p = 0.42) and left cerebellar white matter (p = 0.41).

Supplementary analyses: influence of potential confounding factors

We performed the two analyses while removing separately 21 patients with history of 

alcohol abuse or dependence, 4 patients with cysts of posterior fossa and 5 patients with 

schizo-affective disorder, which didn’t change our results.

As considering ICV as a covariate remain controversial (40), we performed the analyses 

without considering ICV. All previously significant results remained significant.

Age of onset did not appear to influence cerebellar volume in BPI patients: we did not find 

any statistical difference in cerebellar volume (considering age, ICV, sex and site as 

covariates) when comparing early onset BPI patients to later onset patients.

We performed an ANCOVA considering sex, age, ICV and site as covariates to study the 

influence of treatments on cerebellar size.

When comparing BPI patients with (n = 42) and without (n = 73) lithium medication, we 

found no difference in the volume of left cerebellar cortex (p = 0.75), left cerebellar white 
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matter (p = 0.80), right cerebellar cortex (p = 0.94) and right cerebellar white matter (p = 

0.61).

When comparing BPI patients with (n = 53) and without (n = 62) antipsychotic treatment, 

we found no difference in the volume of left cerebellar cortex (p = 0.33), left cerebellar 

white matter (p = 0.50), right cerebellar cortex (p = 0.18) and right cerebellar white matter 

(p = 0.68).

Last, we found no correlation (correlation coefficient (CC) calculated with a partial 

correlation analysis) between medication load (when controlling for age, sex, site and ICV) 

and the volume of left cerebellar cortex (CC = −0.29; p = 0.76), left cerebellar white matter 

(CC = −0.61; p =0.52), right cerebellar cortex (CC = −0.24; p = 0.80) and right cerebellar 

white matter (CC = −0.09; p = 0.34).

DISCUSSION

Our results provide evidence of cortical and global cerebellar volume reductions in patients 

with schizophrenia compared to patients with BPI and healthy controls. We found no 

cerebellar volume differences between BPI patients and healthy controls and no influence of 

psychotic features on cerebellar size among BPI patients, using an automated segmentation 

process in a relatively large international sample.

We found significant reductions in the cerebellar cortex volume in patients with 

schizophrenia compared to BPI patients and healthy controls. A wide range of cortical and 

sub-cortical regions has been implicated in the pathophysiology of schizophrenia. 

Interestingly, the cerebellum is widely connected to other brain regions found to be reduced 

in volume in patients with schizophrenia. Such cortical reductions may be related to the 

malfunction between cerebellum and other brain regions such as prefrontal cortex which are 

connected through the cortical-cerebellar-thalamic-cortical circuit. This dysconnectivity has 

been evidenced in structural and functional studies (41, 42).

It is noteworthy that we found a reduction of the cerebellar cortex but not of cerebellar white 

matter volume in patients with schizophrenia. This result is in accordance with those of 

neuropathological studies describing a decrease in linear density and decreased size of 

Purkinje cells in cerebellar cortex in patients with schizophrenia (43, 44). Eastwood et al., 

(45) provided evidence for synaptic pathology in the cerebellar cortex of patients with 

schizophrenia. The authors measured the expression of three synaptic proteins distributed in 

Purkinje and granule cells (synaptophysin, complexin I and complexin II) in the cerebellum 

of patients with schizophrenia, which was reduced compared to healthy controls. Moreover, 

in his review Andreasen et al., (1) underlined this evidence of an imbalance in the Purkinje 

cell inhibitory input to the deep nuclei which could explain cognitive impairment in 

schizophrenia.

The volume of the cerebellum in patients with schizophrenia has been extensively studied in 

volumetric MRI studies. Nine studies (46, 47, 48, 49, 50, 51, 41, 52, 53) showed vermal, 

hemispheric or global cerebellar size reductions in patients with schizophrenia (including 

first episode patients) compared to healthy controls. Five studies (54, 55, 56, 57, 58) yielded 
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no significant differences whereas one study (59) reported vermal increase in patients with 

schizophrenia compared to controls. Different reasons could explain these inconsistent 

findings. Most of the studies used relatively small sample size which reduces the probability 

that statistically significant results reflect a true effect (60). In addition, the authors often 

used manual, semi-automated ROI methods or less frequently Voxel-based morphometry 

(VBM) to assess cerebellar size. Manual and semi-automated segmentation can be applied 

only on small samples and are dependent on the evaluator. VBM was not originally designed 

for cerebellum and may be impeded by the surrounding cerebral tissue (35).

Cerebellar modifications have been investigated in bipolar disorder to a lesser extent. One 

study (17) showed smaller left and right cerebellum in the patient group, four studies 

showed size differences in the vermal area (12, 14, 15, 18) and one (13) showed no 

significant volume modification.

To our knowledge, only two studies tried to compare cerebellar size in patients with bipolar 

disorder and schizophrenia. In both cases, various sub-cortical structures were assessed 

instead of just focusing on the cerebellum, which has an influence on alpha-risk. Rimol et 

al., (23) found a decrease of the left and right cerebellar cortex volume when comparing 

patients with schizophrenia and patients with bipolar disorder with healthy controls. 

However the influence of history of alcohol abuse or dependence, which could be a 

confounding factor (61), or psychotic features in bipolar patients. In a voxel-based-

morphometry (VBM) study, McDonald et al., (62) compared patients with bipolar disorder 

with psychotic features and patients with schizophrenia without alcohol abuse or 

dependence within the 12 months prior to assessment and found a global cerebellar cortical 

reduction in patients with schizophrenia but no reduction in bipolar patients.

We did not find any reduction of cerebellar volume in bipolar patients whether they had 

experienced psychotic symptoms during mood episodes or not, despite a relatively large 

sample size. This suggests that cerebellar cortex volume reductions may be specific to 

schizophrenia rather than an overlapping feature between the two disorders. Furthermore, 

this suggests a different role for the cerebellum between bipolar disorder and schizophrenia.

There is an ongoing debate within the similarities and differences between schizophrenia 

and bipolar disorder, in terms of pathophysiology, etiology and clinical features. Although 

there is evidence for shared features between these two disabling conditions (26), 

neuroimaging studies (23) enlightened only partially overlapping brain alterations in 

schizophrenia and bipolar disorder. Our study provides strong evidence of different 

morphological alterations of cerebellum in these two conditions.

Cognitive impairments are considered as a core feature of schizophrenia (63). It is now 

established that the cerebellum is involved in cognition (3); Andreasen et al., (1) introduced 

the “dysmetria of thought concept” which suggests an impaired coordination of mental 

processes leading to discoordinated language and disordered thought in schizophrenia. 

Cognitive impairments have been described to a lesser extent in bipolar disorder, may be 

dependent of the considered clinical subtype of bipolar disorder and appear after onset of the 

disease (64, 24).
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Cognitive impairments suggest that the nature of cerebellar dysfunction may be different in 

schizophrenia compared to bipolar disorder. This is in accordance with a cerebellar cortical 

volume reduction specific to schizophrenia.

Another hypothesis to explain such a difference may be that patients with bipolar disorder 

may exhibit more subtle changes in the morphology of the cerebellum. Fully automated 

segmentation of the cerebellum and volumetric measurement could be not specific enough 

to highlight differences with healthy controls and between psychotic and non-psychotic 

bipolar disorder. Moreover, a growing body of evidence, mostly using diffusion weighted 

imaging, suggests that bipolar disorder is associated with white matter abnormalities. Thus, 

future microstructural assessment of the cerebellar white matter using diffusion MRI rather 

than assessment of the cerebellar white matter volume may be helpful to understand the 

involvement of a cerebellar dysfunction in bipolar disorder. Further, functional imaging 

studies (9) may be more effective to underline cerebellar changes in bipolar patients. Finally, 

studying the grey matter loss in cerebellum over time could also help define cerebellar 

changes in bipolar disorder through the course of the illness (65).

Furthermore, exploration of cerebellar anatomy in psychosis may benefit from recent 

software developments allowing cerebellar parcellation estimated by intrinsic functional 

connectivity (http://surfer.nmr.mgh.harvard.edu). In addition, diffusion weighted MRI can 

be used to study cortico-cerebellar interactions such as cerebellar projections to the 

prefrontal cortex (66). This method could also be applied across the psychotic dimension to 

compare patients with schizophrenia, bipolar patients and healthy controls to study the 

cortico-cerebellar-thalamic circuit.

We found no influence of lithium, antipsychotic medication or medication load on cerebellar 

size. These results are in accordance with the existing literature (67).

Several strengths support our study. First, we constituted a large multicenter sample which 

gave us good statistical power, thus avoiding overestimation of effect sizes (68). This also 

allowed us to study the influence of psychotic features on cerebellar size. Second, alcohol 

dependence was controlled in our sample. Chronic consumption of alcohol is well known to 

affect the cerebellum (69) and can lead to its size reduction (70, 61). This appears to be a 

confounding factor since patients with bipolar disorder have increased risk of alcohol 

dependence as compared with healthy controls (19). To our knowledge, no study tried to 

specifically compare the difference in cerebellar volume between patients with 

schizophrenia and bipolar patients when controlling alcohol abuse or dependence, which has 

a major impact on cerebellar size. Third, whereas most similar studies used manual tracing, 

we chose a fully automated segmentation method in order to avoid evaluator bias. Finally, 

the majority of volumetric studies considered vermis and cerebellar hemispheres instead of 

cortical and white matter volumes.

Several limits should be considered before interpreting our results. First, our study is cross-

sectional and interpretations of our results must be done accordingly. Second, we were not 

able to investigate cerebellar volume differences in the same analysis, because patients with 

schizophrenia were only included in France.
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In conclusion, our study shows that cortical cerebellar volume and global cerebellar volume 

are significantly smaller in patients with schizophrenia compared to bipolar patients and 

healthy controls. We did not find any influence of psychotic features on cerebellar size in 

patients with bipolar disorder. These results suggest that cerebellar abnormalities are more 

subtle in bipolar disorder than in schizophrenia and that cerebellar cortical size reduction 

may be specific to schizophrenia.
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Significant outcomes

• Cortical volume of cerebellum is smaller in patients with schizophrenia, 

compared to bipolar patients and healthy controls.

• Psychotic features have no influence on cerebellar size among bipolar I patients.

• Our results support a categorical and non-dimensional approach of 

schizophrenia and bipolar disorder
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Limitations

• The design of our study was cross-sectional

• We were not able to investigate cerebellar volume differences in the same 

analysis, because patients with schizophrenia were only included in France.
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Figure 1. 
Flow-chart

Abreviations:

FR, Subjects recruited in France; GER, Subjects recruited in Germany; USA, Subjects 

recruited in the USA

SZ, patients with schizophrenia; BP, patients with bipolar disorder; BPP, bipolar patients 

with psychotic features;

BPNP, bipolar patients without psychotic features
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Figure 2. 
Fully automated cerebellar segmentation with FreeSurfer - Sagittal and Coronal views

Laidi et al. Page 18

Acta Psychiatr Scand. Author manuscript; available in PMC 2016 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Laidi et al. Page 19

T
ab

le
 1

D
em

og
ra

ph
ic

 a
nd

 c
lin

ic
al

 c
ha

ra
ct

er
is

tic
s 

of
 p

ar
tic

ip
an

ts

P
at

ie
nt

s 
w

it
h 

B
P

I 
w

it
h 

ps
yc

ho
ti

c 
fe

at
ur

es
 (

n 
= 

53
)

P
at

ie
nt

s 
w

it
h 

B
P

I 
w

it
ho

ut
 

ps
yc

ho
ti

c 
fe

at
ur

es
 (

n 
= 

62
)

P
at

ie
nt

s 
w

it
h 

sc
hi

zo
ph

re
ni

a 
(n

=3
2)

*
H

ea
lt

hy
 c

on
tr

ol
s 

(n
 =

 
52

)
A

N
O

V
A

 (
F

)
C

hi
-S

qu
ar

e 
T

es
t 

(χ
2 )

F
is

he
r’

s 
E

xa
ct

 T
es

t (
F

E
)

F
/χ

2  
(d

f)
p 

- 
va

lu
e

M
ea

n 
ag

e 
(s

ta
nd

ar
d 

de
vi

at
io

n)
35

.4
 (

10
.7

)
37

.3
 (

10
.6

)
31

.4
 (

10
.2

)
37

.2
 (

11
.8

)
F

 =
 2

.4
5 

(3
)

0.
06

5

M
al

e 
se

x 
(%

)
25

 (
47

)
26

 (
42

)
21

 (
66

)
21

 (
40

)
χ2

 =
 6

.0
0 

(3
)

0.
11

R
ec

ru
itm

en
t s

ite
 (

nu
m

be
r 

of
 s

ub
je

ct
s)

Fr
an

ce
 (

n 
=

 1
7)

a  
b

U
SA

 (
n 

=
 2

4)
b

G
er

m
an

y 
(n

 =
 1

2)
b

Fr
an

ce
 (

n 
=

 1
1)

a  
b

U
SA

 (
n 

=
 2

3)
b

G
er

m
an

y 
(n

 =
28

)b

Fr
an

ce
 (

n 
=

 3
2)

a
Fr

an
ce

 (
n 

=
 5

2)
a

-
-

M
ea

n 
ag

e 
of

 o
ns

et
 (

st
an

da
rd

 
de

vi
at

io
n)

20
 (

8)
22

 (
8)

22
 (

5)
**

N
A

F
 =

 1
.0

8 
(2

)
0.

34

U
se

 o
f 

an
tip

sy
ch

ot
ic

 (
%

)
31

 (
58

)
22

 (
35

)
32

 (
10

0)
N

A
χ2

=
 3

6.
04

 (
2)

<
 0

.0
01

 *
**

U
se

 o
f 

lit
hi

um
 (

%
)

24
 (

43
)

18
 (

29
)

2 
(6

)
N

A
FE

<
 0

.0
01

U
se

 o
f 

m
oo

d 
st

ab
ili

ze
r 

ot
he

r 
th

an
 

lit
hi

um
 (

%
)

23
 (

43
)

42
 (

68
)

7 
(2

2)
**

N
A

FE
0.

00
1

U
se

 o
f 

an
tid

ep
re

ss
an

t (
%

)
21

 (
40

)
35

 (
56

)
6 

(1
9)

**
N

A
FE

0.
01

6

H
is

to
ry

 o
f 

al
co

ho
l a

bu
se

 o
r 

de
pe

nd
en

ce
 (

%
)

14
 (

26
)

9 
(1

5)
0 

(0
)

N
A

FE
0.

00
6

Pe
rc

en
ta

ge
s 

ha
ve

 b
ee

n 
ro

un
de

d 
an

d 
m

ay
 n

ot
 to

ta
l 1

00
.

A
bb

re
vi

at
io

ns
: B

PI
, b

ip
ol

ar
 I

 p
at

ie
nt

s;
 d

f,
 d

eg
re

es
 o

f 
fr

ee
do

m

* In
cl

ud
in

g 
5 

pa
tie

nt
s 

w
ith

 s
ch

iz
o-

af
fe

ct
iv

e 
di

so
rd

er

**
N

um
be

r 
of

 m
is

si
ng

 d
at

a 
fo

r 
pa

tie
nt

s 
w

ith
 s

ch
iz

op
hr

en
ia

: M
ea

n 
ag

e 
of

 o
ns

et
: 7

; U
se

 o
f 

m
oo

d 
st

ab
ili

ze
r:

 7
; U

se
 o

f 
an

tid
ep

re
ss

an
t: 

7;
 p

at
ie

nt
s 

w
ith

 s
ch

iz
op

hr
en

ia
 w

er
e 

no
t i

nc
lu

de
d 

in
 s

up
pl

em
en

ta
l a

na
ly

se
s 

on
 m

ed
ic

at
io

n 
ef

fe
ct

s.

**
* Po

st
-h

oc
 T

uk
ey

 te
st

 w
as

 p
er

fo
rm

ed
 a

ft
er

 th
e 

C
hi

-S
qu

ar
e 

te
st

: P
at

ie
nt

s 
w

ith
 s

ch
iz

op
hr

en
ia

 w
er

e 
si

gn
if

ic
an

tly
 u

si
ng

 m
or

e 
an

tip
sy

ch
ot

ic
s 

th
an

 B
PI

 w
ith

 p
sy

ch
ot

ic
 f

ea
tu

re
s 

an
d 

B
PI

 w
ith

ou
t p

sy
ch

ot
ic

 
fe

at
ur

es
.

a Pa
tie

nt
s 

in
cl

ud
ed

 in
 th

e 
fi

rs
t a

na
ly

si
s 

(n
 =

 1
12

):
 c

om
pa

ri
so

n 
be

tw
ee

n 
bi

po
la

r 
pa

tie
nt

s 
(r

eg
ar

dl
es

s 
of

 p
sy

ch
ot

ic
 f

ea
tu

re
s)

, p
at

ie
nt

s 
w

ith
 s

ch
iz

op
hr

en
ia

 a
nd

 h
ea

lth
y 

co
nt

ro
ls

.

b Pa
tie

nt
s 

in
cl

ud
ed

 in
 th

e 
se

co
nd

 a
na

ly
si

s 
(n

 =
 1

15
):

 c
om

pa
ri

so
n 

be
tw

ee
n 

bi
po

la
r 

pa
tie

nt
s 

w
ith

 p
sy

ch
ot

ic
 f

ea
tu

re
s 

an
d 

bi
po

la
r 

pa
tie

nt
s 

w
ith

ou
t p

sy
ch

ot
ic

 f
ea

tu
re

s

Acta Psychiatr Scand. Author manuscript; available in PMC 2016 March 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Laidi et al. Page 20

T
ab

le
 2

E
st

im
at

ed
 m

ea
ns

 (
m

m
3)

 o
f 

ce
re

be
lla

r 
vo

lu
m

e 
in

 p
at

ie
nt

s 
w

ith
 s

ch
iz

op
hr

en
ia

, p
at

ie
nt

s 
w

ith
 b

ip
ol

ar
 I

 d
is

or
de

r 
an

d 
he

al
th

y 
co

nt
ro

ls
. (

Su
bj

ec
ts

 r
ec

ru
ite

d 
at

 

th
e 

Fr
en

ch
 s

ite
)

St
ru

ct
ur

e
Si

de
SZ

B
P

I
H

S
A

N
C

O
V

A

M
 (

C
I 

95
%

)
M

 (
C

I 
95

%
)

M
 (

C
I 

95
%

)
p

df
E

ff
ec

t-
si

ze
 f

or
 d

ia
gn

os
is

, s
ex

, a
ge

, I
C

V
 (

E
ta

-s
qu

ar
ed

 
ef

fe
ct

 s
iz

e)

C
er

eb
el

la
r 

C
or

te
x 

(m
m

3)
L

ef
t

47
61

6 
(4

60
04

 –
 4

92
29

)
51

61
4 

(4
98

16
 –

 5
34

12
)

50
67

8 
(4

94
70

 –
 5

18
85

)
0.

00
3*

2
0.

11
; 0

.2
1;

 0
.3

4;
 0

.0
01

R
ig

ht
49

51
8 

(4
78

17
 –

 5
12

19
)

53
13

6 
(5

12
40

 –
 5

50
32

)
52

47
1 

(5
11

98
 –

 5
37

44
)

0.
00

9*
2

0.
09

; 0
.2

2;
 0

.2
7;

 0
.0

01

C
er

eb
el

la
r 

W
hi

te
 M

at
te

r 
(m

m
3)

L
ef

t
14

84
6 

(1
42

51
 –

 1
54

42
)

15
54

8 
(1

48
85

 –
 1

62
12

)
15

59
0 

(1
51

45
 –

 1
60

36
)

0.
13

1
2

0.
03

; 0
.1

7;
 0

.1
0;

 0
.0

02

R
ig

ht
15

37
9 

(1
47

40
 –

 1
60

19
)

15
66

7 
(1

49
54

 –
 1

63
80

)
15

82
4 

(1
53

45
 –

 1
63

03
)

0.
5

2
0.

01
1;

 0
.2

; 0
.0

6;
 0

.0
08

SZ
, p

at
ie

nt
s 

w
ith

 s
ch

zi
op

hr
en

ia
; B

PI
, p

at
ie

nt
s 

w
ith

 b
ip

ol
ar

 I
 d

is
or

de
r;

 H
S,

 h
ea

lth
y 

su
bj

ec
ts

D
f,

 d
eg

re
es

 o
f 

fr
ee

do
m

M
, m

ea
n 

(m
m

3)
; C

I,
 c

on
fi

de
nc

e 
in

te
rv

al
; A

N
C

O
V

A
 w

ith
 a

ge
, s

ex
 a

nd
 in

tr
ac

ra
ni

al
 v

ol
um

e 
as

 c
ov

ar
ia

te
s.

M
ea

ns
 a

re
 c

al
cu

la
te

d 
w

ith
 f

ol
lo

w
in

g 
co

va
ri

at
es

: I
nt

ra
cr

an
ia

l v
ol

um
e 

=
 1

.5
26

15
2 

an
d 

ag
e 

=
 3

5.
16

41
14

* p 
va

lu
es

 <
 0

,0
5 

al
lo

w
in

g 
co

nt
ra

st
 a

na
ly

se
s 

be
tw

ee
n 

th
e 

th
re

e 
gr

ou
ps

 (
T

ab
le

 3
)

Acta Psychiatr Scand. Author manuscript; available in PMC 2016 March 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Laidi et al. Page 21

Table 3

Contrast analyses of cerebellar size when comparing patients with schizophrenia, patients with bipolar I 

disorder and healthy controls. (Subjects recruited at the French site).

Structure Side SZ vs BPI SZ vs HC HC vs BPI

p p p

Cerebellar Cortex Left 0.005* 0.011* n.s.

Right 0.020* 0.023* n.s.

Cerebellar White Matter Left n.s. n.s. n.s.

Right n.s. n.s. n.s.

SZ, patients with schziophrenia; BPI, patients with bipolar I disorder; HC, healthy controls

n.s.: non significant ANOVA omnibus p values.

*
p values < 0,05 that retained their significance after Bonferroni correction for multiple comparisons
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