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Abstract

Diffusion weighted imaging (DWI) has been extensively used to study the microarchitecture of 

white matter in schizophrenia. However, popular DWI-derived measures such as fractional 

anisotropy (FA) may be sensitive to many types of pathologies, and thus the interpretation of 

reported differences in these measures remains difficult. Combining DWI with magnetization 

transfer ratio (MTR) - a putative measure of white matter myelination - can help us reveal the 

underlying mechanisms. Previous findings hypothesized that MTR differences in schizophrenia 

are associated with free water concentrations, which also affect the DWIs. In this study we use a 

recently proposed DWI-derived method called free-water imaging to assess this hypothesis. We 

have reanalysed data from a previous study by using a fiber-based analysis of free-water imaging, 

providing a free-water fraction, as well as mean diffusivity and FA corrected for free-water, in 

addition to MTR along twelve major white matter fiber bundles in 40 schizophrenia patients and 

40 healthy controls. We tested for group differences in each fiber bundle and for each measure 

separately and computed correlations between the MTR and the DWI-derived measures separately 

for both groups. Significant higher average MTR values in patients were found for the right 

uncinate fasciculus, the right arcuate fasciculus and the right inferior-frontal occipital fasciculus. 

No significant results were found for the other measures. No significant differences in correlations 
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were found between MTR and the DWI-derived measures. The results suggest that MTR and free-

water imaging measures can be considered complementary, promoting the acquisition of MTR in 

addition to DWI to identify group differences, as well as to better understand the underlying 

mechanisms in schizophrenia.
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INTRODUCTION

Although the etiology of schizophrenia is still unknown there is compelling evidence that 

white matter in the brain is implicated (Flynn et al., 2003; Friston and Frith, 1995; Hulshoff 

Pol et al., 2004; Kubicki et al., 2005a; Shenton et al., 2001; Voineskos et al., 2010). 

Magnetic resonance imaging (MRI) techniques such as diffusion weighted imaging (DWI) 

(Le Bihan and Breton, 1985; Stejskal E.O. and J.E., 1965) --- or when a tensor is used to 

model the diffusion profile of the water molecules, referred to as diffusion tensor imaging 

(DTI) (Basser, 1995) --- have been extensively used to study schizophrenia, with varying 

results. These differences in results may be due to differences in patient populations, MRI 

field strengths, MRI acquisition sequences used, and/or analysis techniques, but most likely 

are a result of a combination of these factors (Kubicki et al., 2013).

Although differences in the diffusion profile are reported for virtually all brain regions, the 

overall consensus is that these differences are most prominent in fiber bundles connecting to 

the fronto-temporal parts of the brain (Shenton et al., 2010). To compare diffusion profiles 

between subjects, a number of scalar measures have been introduced to describe certain 

aspects of the diffusion profile. These include fractional anisotropy (FA) (Basser and 

Pierpaoli, 1996) and mean diffusivity (MD), which represent the two most frequently 

measures used. Using these methods reductions in FA and increases in MD in patients with 

schizophrenia have been reported in several studies (Ellison-Wright et al., 2014; Kubicki et 

al., 2013; Shenton et al., 2010). However, the interpretation of reported differences in FA 

and MD is complicated because there are a number of possible underlying mechanisms that 

may be responsible. For instance, differences in fiber directionality, level of myelination and 

axonal diameter and, importantly, the degree of partial volume between different tissue 

types, will all result in differences in FA as well as MD (De Santis et al., 2014).

One way to increase the specificity of DWI measures is to compare them with other imaging 

contrasts (Kubicki et al., 2005c). In previous studies, DWI measurements were combined 

with magnetization transfer imaging (de Weijer et al., 2011; de Weijer et al., 2013; Kubicki 

et al., 2005b; Mandl et al., 2013b; Mandl et al., 2010; Palaniyappan et al., 2013; van den 

Heuvel et al., 2010), which measures the amount of signal that is transferred from 

macromolecules (including myelin) to the water molecules in the free water pool 

(Henkelman et al., 2001; Laule et al., 2007; Wolff and Balaban, 1994). Magnetization 

transfer ratio (MTR), a measure derived from the magnetization transfer images, is a 

putative measure of myelination because in white matter the myelin molecules form a large 
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fraction of the macromolecules present. Since both FA and MTR are (amongst others) 

sensitive to myelin content, combining both imaging contrasts can help us to understand 

better the underlying mechanisms. Many studies used MTR to study white matter in 

schizophrenia albeit with varying results. Several studies reported on lower MTR values in 

schizophrenia (Bohner et al., 2012; Du et al., 2013; Foong et al., 2000; Kubicki et al., 

2005b; Palaniyappan et al., 2013; Price et al., 2010), one study reported no differences 

(Antosik-Biernacka et al., 2006) while other studies reported on higher MTR signal in 

schizophrenia (de Weijer et al., 2011; de Weijer et al., 2013; Mandl et al., 2013b; Mandl et 

al., 2010). Of particular relevance here, in our previous study (Mandl et al., 2010) we 

combined MTR and FA with a focus on prefrontal fiber bundles, i.e., left and right uncinate 

fasciculus and the genu of the corpus callosum. These three fiber bundles were reconstructed 

using fiber tracking (Jones, 2008; Mori et al., 1999) and FA, MD and MTR values were 

measured along the reconstructed fiber bundles. The main finding was a statistically 

significantly higher MTR along the right uncinate fasciculus in schizophrenia patients, 

which was not accompanied by a higher FA. Since the MTR changes did not overlap with 

the FA changes, and since MTR is sensitive, but not specific to myelin changes, we 

speculated that the increased MTR finding is not related to myelin changes. It is also known 

that MTR is influenced by other mechanisms such as changes in T1 relaxation time, and 

modulation of neuroinflammation (Laule et al., 2007). Accordingly, we speculated that this 

higher MTR may reflect differences in the free water pool (e.g., water in the extracellular 

space) between groups. Our rationale was that an increase in free water in patients with 

schizophrenia would lead to prolonged T1 relaxation times (Kalus et al., 2005), which could 

then explain the measured increase in MTR.

Here, our goal was to further test the hypothesis that differences in bulk water contribute to 

the observed increased MTR by incorporating free-water imaging, which is a recently 

proposed post processing method that operates on DWI data and can estimate the fractional 

volume of free water in each voxel (Pasternak et al., 2009). In line with our hypothesis, a 

previous free-water study in schizophrenia found that there was an increase in the volume of 

the extracellular space in schizophrenia patients following their first psychotic episode 

(Pasternak et al., 2012). For this reason we reanalyzed the data from Mandl et al. (Mandl et 

al., 2010) to obtain free-water measures, and we added nine more major fiber bundles (Boos 

et al., 2013) (Figure 1A) to the three bundles tested earlier. By combining the measures we 

tested whether differences in free water concentrations could indeed be an alternative 

explanation for the higher MTR values measured in patients with schizophrenia.

MATERIALS AND METHODS

Subjects

Forty patients with schizophrenia and 40 healthy participants, matched for age, gender, 

handedness and parental education participated in this study. The healthy participants were 

recruited by means of local newspaper advertisements. The study was approved by the 

medical ethics committee for research in humans (METC) of the University Medical Center 

Utrecht, the Netherlands. All subjects participated after written informed consent was 

obtained. All participants underwent extensive psychiatric assessment procedures using the 
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Comprehensive Assessment of Symptoms and History (CASH) (Andreasen et al., 1992). 

Patients met the DSM-IV criteria for schizophrenia. “Age of onset of illness” was defined 

here as the age at which the patients experienced psychotic symptoms for the first time, as 

obtained from the CASH interview, and Schedule for Affective Disorder and Schizophrenia 

Lifetime version (SADS-L) assessed by two independent raters. Diagnostic consensus was 

achieved in the presence of a psychiatrist. “Duration of illness” was defined as time between 

age of onset of illness and age at the time of the MRI scan. All healthy participants met 

Research Diagnostic Criteria for “never mentally ill” and had no first-degree family member 

with a mental illness or second-degree relatives with a psychotic disorder. Drug use was 

assessed with the Composite International Diagnostic Interview (CIDI). Four patients and 

one healthy participant met criteria for drug abuse, one patient met criteria for drug 

dependency. Drugs used included cannabis (in all 6 subjects) and others (3).

All patients were receiving typical, or atypical antipsychotic medication at the time of the 

scan. A table from the Dutch National Health Service (Commissie Farmaceutische Hulp van 

het College voor Zorgverzekeringen, 2002) was used to calculate the cumulative dosage of 

typical antipsychotics during the scan interval and to derive the haloperidol equivalents. For 

atypical antipsychotics the respective pharmaceutical companies suggested how to convert 

dosage into haloperidol equivalents (clozapine, 40:1; olanzapine, 2.5:1; risperidone, 1:1, 

sulpiride, 170:1; quetiapine, 50:1; and sertindole, 2:1). See Table 1 for demographics.

Image acquisition

Magnetic resonance imaging (MRI) scans were obtained on a 1.5 Tesla Intera Achieva 

Philips System using a six-element SENSE receiver head-coil at the University Medical 

Center Utrecht. For each subject a high-resolution T1-weighted scan (for anatomical 

reference), DWI scans, and an MTR scan were acquired. First, a whole head three-

dimensional T1-weighted coronal spoiled-gradient echo scan was acquired (256 × 256 

matrix; TE = 4.6 ms; TR = 30 ms; flip angle = 30 degrees; 160-180 contiguous slices; 1 × 1 

× 1.2 mm3 voxels; FOV = 256 mm / 70%; parallel imaging applied in both phase-encoding 

directions with SENSE-factor = 1.5). For computation of FA, white matter fiber tract 

reconstruction as well as the free-water measures, we acquired two repetitions of a 

transverse DWI scan (32 diffusion-weighted volumes with different non-collinear diffusion 

directions with b-factor = 1000 s/mm2 and 8 diffusion-unweighted volumes with b-factor = 

0 s/mm2; parallel imaging SENSE factor 2.5; flip angle 90 degrees; 60 slices of 2.5 mm; no 

slice gap; 96 × 96 acquisition matrix; reconstruction matrix 128 × 128; FOV 240 mm; TE = 

88 ms; TR = 9822 ms; no cardiac gating; total scan duration 296 s). The MTR was 

computed on the basis of a three-dimensional magnetization transfer scan comprised of two 

volumes (transverse; 60 slices of 2.5 mm; 128 × 128 acquisition matrix; FOV 240 mm; flip 

angle 8 degrees; TE = 3.7 ms; TR = 37.5 ms SENSE factor 2.5). For the second volume an 

additional off-resonance prepulse was applied (frequency offset 1100 Hz; 620 degrees; 

three-lobe sync-shaped; total scan duration 394 s).

Image processing

The two DWI scans were simultaneously realigned and corrected for possible gradient 

induced distortions (Andersson and Skare, 2002). To compute MTR, the second volume of 
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the magnetization transfer scan was rigidly aligned with the first volume using the ANIMAL 

software package (Collins et al., 1995). Mutual information was used as a similarity metric. 

MTR was computed on the image with the magnetization prepulse, Im, and the image 

without magnetization prepulse, I0, using the equation: MTR = (I0-Im)/I0 ×100. The MTR is 

expressed as a percentage where 0% represents no signal reduction and 100% represents 

total signal reduction due to magnetization transfer.

Fiber tracking and fiber bundle selection

In the first step, all possible tracts in each brain were reconstructed individually in native 

DWI space using the single tensor fiber tracking algorithm implemented in the UKF 

Tractography library (Malcolm et al., 2010), which is part of the Slicer 3D software package 

(http://www.slicer.org), with the following parameter settings: 2 seed-points per voxel, 

minimum FA (corrected for free water volume) = 0.15, step size 1 mm, using the simple 

tensor model + free water model. The free water fractional volume (FW) was estimated 

along the reconstructed tracts and used to compute the corresponding FA and MD values 

corrected for free water (hereafter denoted as FAc and MDc) (Baumgartner et al., 2012). To 

calculate MTR values along the tracts, the MTR image I0 was rigidly transformed to 

spatially align with the diffusion unweighted (b = 0 s/mm2) volume of the DWI scan using 

mutual information as similarity metric.

For each subject a nonlinear transformation was computed using the ANIMAL software 

package that spatially aligns the subject’s T1-weighted scan with a T1-weighted model 

brain. This nonlinear transformation was used at a later stage to warp the reconstructed tracts 

into model space. The selection of the twelve major fiber bundles for each subject was done 

using a multiple ROI fiber selection procedure as described in detail in (Boos et al., 2013).

A so-called average fiber (Mandl et al., 2010) was then computed for each individual fiber 

bundle from each subject. Figure 1B shows the 12 model average fibers that were defined 

previously (Boos et al., 2013), and that we used in the current study to compute the average 

fiber bundles. Note that the current analysis differs from the original analysis (Mandl et al., 

2010) (e.g. different FA threshold, selection ROIs, fiber-tracking algorithm) and therefore 

the FA, MD and MTR values for the uncinate fasciculi and the genu of the corpus callosum 

may differ from the originally reported values.

Statistical analysis

To determine group differences (patients with schizophrenia versus healthy controls) we 

used a general linear model (GLM) with FW, FAc, MDc and MTR as dependent variables 

and group label, age, gender and handedness as independent variables.

In previous studies higher MTR signals in patients with schizophrenia (de Weijer et al., 

2011; de Weijer et al., 2013; Mandl et al., 2013b; Mandl et al., 2010) were reported. If these 

group differences in MTR signal predominantly reflect differences in free water, as was 

hypothesized previously (Mandl et al., 2010), then we would expect a higher positive 

correlation between the MTR signal and the FW signal measured in patients compared with 

healthy controls. If, on the other hand, the differences in MTR actually reflect a change in 
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myelin content, then a higher positive correlation between FAc and MTR for patients would 

be expected compared to healthy controls, as well as a higher negative correlation between 

MDc and MTR. However, we note that a further complicating factor is that other types of 

macromolecules may influence the MTR signal as well and that it is estimated that the 

fraction of myelin forms at most 50% of the macromolecules present in white matter 

(MacKay et al., 2006). If these other types of macromolecules are responsible for the 

measured increases in MTR in patients, then the relation between these differences and 

differences in DWI-derived measures is not clear beforehand.

To investigate these three possible explanations for fiber bundles in which a significant 

group difference was previously found, we first computed the residuals of four GLMs with 

age, gender and handedness as independent variables and MTR, FW, FAc and MDc as 

dependent variables.

Next, we computed the (partial) spearman rank correlation between the MTR residuals and 

the residuals for DWI-derived measures separately for patients with schizophrenia and 

healthy controls. Finally, the Fisher’s z transformation was used to determine if there was a 

significant difference in correlation strengths (i.e., correlations between MTR and the 

separate DWI-derived measures) between the two groups.

RESULTS

Using the fiber-based analysis we found statistically significantly higher MTR values for 

schizophrenia patients in the right uncinate fasciculus, the right inferior fronto-occipital 

fasciculus and the right arcuate fasciculus (See Figure 2). The results for all fiber bundles 

are shown in Table 2. Note that the right uncinate finding is not a new finding but one that 

was already reported in the previous study.

Application of the Fisher’s z transformation revealed no statistically significant group 

differences for correlations between MTR and the diffusion-derived measures in patients 

with schizophrenia and healthy controls. Here the maximum z value of 1.1 (two-sided, ρ1 

(patients) = −0.47, ρ2 (controls) = −0.25, n1 = n2 = 40, p = 0.27) was found between MTR 

and MDc in the right uncinate fasciculus.

DISCUSSION

We compared white matter integrity in 12 fibers between schizophrenia and healthy controls 

using diffusion tensor imaging and magnetic transfer imaging. We find increased MTR 

values in the uncinate and arcuate fasciculus in patients with schizophrenia. However, we 

find no statistically significant differences for FAc, MDc or FW. Although in the patients 

with schizophrenia there were trend level increases in the MDc (splenium of the corpus 

callosum), decreases in the FAc (genu of the corpus callosum and the right cingulum) and 

increases in FW (the left uncinate fasciculus and the right inferior longitudinal fasciculus), 

these results did not survive conservative Bonferroni correction for multiple testing.

The increase in MTR in schizophrenia is compatible with findings reported previously in 

studies that were conducted by our group in different schizophrenia cohorts and with 
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different scanner strengths (1.5 and 3 tesla) (de Weijer et al., 2011; de Weijer et al., 2013; 

Mandl et al., 2013b). The fact that significant group differences were found in MTR but not 

in the diffusion derived measures suggests that MTR is a more sensitive measure for 

distinguishing between the groups. Moreover, the consistency of these findings across 

studies from our group suggests that these MTR increases are robust and, for example, may 

be useful in automatic classification methods for the early detection of disease (Mandl et al., 

2013a).

We did not find significant changes in FA values in the patients. Regarding FA values, the 

results from previous studies from our group were not equivocal. In a study by De Weijer et 

al. (de Weijer et al., 2011), significantly lower FA values were reported in patients for the 

arcuate fasciculi. In contrast, in a study conducted by Boos et al. (Boos et al., 2013), similar 

analysis methods were used, but no statistically significantly lower FA values were reported 

for patients, and only a statistically significant negative correlation was reported between FA 

and the PANSS score on negative symptoms for the uncinate fasciculi. It could be argued 

that effects of cumulative medication, duration of illness or educational level obscure 

possible group differences in FA, MD or Free Water content. Therefore we added these 

three factors as covariates in a post hoc analysis but the addition of these covariates did not 

change the nature of our findings.

There are a number of possible explanations for the differences in FA findings between 

studies. One possible explanation may lie in differences in the populations studied. For 

instance the mean duration of illness for the population studied by de Weijer et al. was 13.6 

years, while the mean duration of illness for the population studied by Boos et al was 4.1 

years, and it was 2.1 years for the population in the current study. Results from other studies 

utilizing fiber based analysis also indicate that FA reductions are progressive and that they 

are not always detectable in the early (or even prodromal) stage of the disease (Peters et al., 

2010).

However, results from schizophrenia studies that utilized voxel based analysis frequently 

report significantly lower FA values in schizophrenia patients with a short illness duration 

(Peters et al., 2010). More recent studies that use tract-based spatial statistics (Smith et al., 

2006) reveal a similar pattern (Clemm von Hohenberg et al., 2013; Douaud et al., 2007; 

Freitag et al., 2013; Fujino et al., 2014; Guo et al., 2012; Holleran et al., 2013; Jeong et al., 

2009; Karlsgodt et al., 2009; Karlsgodt et al., 2008; Lee et al., 2013; Liu et al., 2013). Of 

note, none of the aforementioned studies corrected the FA measure for free-water 

contamination, and it is likely that such correction would decrease the extent of lower FA 

values, as demonstrated by Pasternak et al. (Pasternak et al., 2012). In our study the patients 

were scanned on a 1.5T magnet, which has lower SNR than 3T or higher magnetic fields. 

This may be another reason for the lack of diffusion MRI findings, as reviews suggest that 

there are more findings in 3T studies than in 1.5T (Fitzsimmons et al., 2013).

Another possible explanation for the lack of FA findings in our study may be found in the 

relatively mild negative symptoms reported for the current patient population. In a recent 

study Voineskos and colleagues showed that schizophrenia patients with more severe 

negative symptoms (with a mean negative PANSS score of 20) showed significantly lower 
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FA and higher MD values than healthy controls for the left inferior longitudinal fasciculus, 

the left uncinate fasciculus and the right arcuate fasciculus (Voineskos et al., 2013). In 

contrast, schizophrenia patients with lower negative symptoms (mean negative PANSS 

score 14) showed no FA or MD differences compared to healthy controls. The mean 

negative PANSS score of the patient population in the current study is 15.6, which could 

explain the absence of any significant results for the diffusion-derived measures.

Maximal differences in FW between patients with schizophrenia and healthy controls are 

expected near the psychotic episode and close to the onset of the disease, and are then 

expected to decrease due to the use of antipsychotic medication (Pasternak et al., 2012). This 

could explain why no significantly higher FW values were found in patients with 

schizophrenia compared to healthy controls in the current study. All 40 patients have been 

using antipsychotic medication and the mean duration of illness was 25 months.

We hypothesized that if significantly higher MTR values found in patients were directly 

related to higher amounts of free water or to higher levels of myelination, then stronger 

correlations (as compared to healthy controls) should be measured in patients between MTR 

and FW, and MTR and FA (and MD), respectively. However, no significant group 

differences in correlation strength between MTR and the three diffusion-derived measures 

were found for the fiber bundles that showed a significantly higher MTR for patients. 

Moreover, the fact that the non-significant higher levels of FW in patients in the left 

uncinate fasciculus and (to a lesser extent) in the right inferior longitudinal fasciculus were 

not accompanied by similar differences in MTR values further complicates the interpretation 

of the results. These results therefore provide no further support for either of the two 

proposed interpretations (i.e., increased MTR reflecting more free water or more myelin).

This absence of support may of course be due to a lack of statistical power. Post hoc power 

calculation (Hoenig and Heisey, 2001) suggests that at least equally sized groups of 122 

subjects are needed to reach a (two-sided) significantly different correlation between MTR 

and MDc for schizophrenia patients compared to healthy controls in the right uncinate 

fasciculus (the tract for which we found the largest non-significant effect). Alternatively this 

absence of support suggests that MTR might be a complimentary measure to diffusion MRI, 

since it is sensitive to changes that do not significantly affect the diffusion MRI signal. 

Indeed, studies that compared MTR with the myelin water fraction (the fraction of water 

molecules between the myelin bilayer) show that in healthy tissue, MTR and myelin water 

fraction are not correlated and in fact provide complementary information (MacKay et al., 

2006). Myelin water fraction measurements are considered to be a more direct measure of 

myelination, and the lack of association with MTR is a further indication that the measured 

higher MTR values in patients are not an indication of higher myelin concentrations.

Including myelin water fraction measurements in future studies could help to understand 

better mechanism(s) underlying the higher MTR values found in patients. Another 

interesting option is to include diffusion weighted MR spectroscopy (DW-MRS) (Du et al., 

2013; Du and Ongur, 2013). This type of MR acquisition does not only provide information 

on metabolite concentrations but also on the diffusion profiles of these metabolites. DW-

MRS can give us more detailed information on the microstructure because, in contrast to 
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water, various different metabolites reside in different tissue compartments (e.g., 

intracellular versus extracellular). Especially of interest is the combination of ultra-high field 

(7 tesla) DW-MRS (Ronen et al., 2013) and tract-based MRS (Mandl et al., 2011) because 

this combination allows for a detailed study of various metabolite diffusion profiles in a 

particular fiber bundle (e.g., the arcuate fasciculus).

We note that the inclusion of additional measurements to obtain more information is not 

limited to MRI per se. Given the fact that MTR is also sensitive to inflammation (Laule et 

al., 2007), it would be very interesting to combine MTR and DWI with PET (for instance 

using tracer (R)-11C-(R)-PK11195) to study possible correlations between MTR and 

microglial activation in white matter (Doorduin et al., 2009; Kannan et al., 2007; Monji et 

al., 2013; van Berckel et al., 2008).

In this study we compared FW, FAc, MDc, and MTR measurements in schizophrenia using 

fiber-based analysis. The results show that MTR and free-water imaging derived measures 

are for a large part complementary measures and that MTR is a more sensitive imaging 

contrast than the DWI-derived imaging contrasts in identifying group differences in our 

data. Thus including MTR scans in future studies can provide valuable information despite 

the fact that the relation between MTR and the underlying biological mechanisms are still 

not fully understood.
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Figure 1. 
Twelve major fiber bundles and corresponding model average fiber bundles.

A) The twelve major fiber bundles reconstructed for one single subject.

B) Average model fiber bundles used to compute the mean FAc, MDc MTR and Free water 

signal along the fiber bundles for all subjects. The use of these average model fiber bundles 

allows us to perform a point-by-point comparison between subjects along a fiber bundle. 

gcc=genu of the corpus callosum, scc=splenium of the corpus callosum, ilf=inferior 

longitudinal fasciculus, cin=cingulum bundle, af=arcuate fasciculus, unc=uncinate 

fasciculus, ifo=inferior fronto-occipital fasciculus. The diameter of the model fibers 

represents the variability of the positions of the individual fiber bundles that were used to 

construct the model fiber.
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Figure 2. 
average MTR values for the right uncinate fasciculus, the right arcuate fasciculus and the 

right inferior fronto-occipital fasciculus. MTR values were higher in schizophrenia patients
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Table 1

Demographic data

Patients with
schizophrenia
(N=40)

Healthy
participants
(N=40)

Male/female, no 3 2 7/11

Age, yr † 26.8 (5.8) 28.0 (7.7)

Age, yr range 20-41 18-45

Height, cm † 179.3 (9.2) 182.5 (9.0)

Height, yr range 163-198 167-204

Weight (kg) † 76.3 (13.3) 74.3 (9.1)

Weight, kg range 55-110 57-92

Handedness – right /left /ambidexter, no 37/3/0 35/5/0

Level of education, yr † 10.4 (2.5)* 13.8 (2.2)

Parental level of education, yr † 13.6 (2.7) 13.6 (3.2)

Age at first symptoms, yr † 24.7 (5.6)

Age at first symptoms yr range 16.9-38.4

Duration of illness, mean (sd), months 25.1 (17.4)

Medication at time of the scan ‡¶

 Typical antipsychotics, no 4

   – median (range) Haldol eq. 3.5 (4.7)

 Atypical antipsychotics, no 29

   – median (range) Haldol eq. 7.1 (12)

 No medication at time of scan, no 0

Cumulative medication†§

 Typical antipsychotics no 1

   – mean 106.5

 Atypical antipsychotics no 22

   – mean 6208.4 (6830.9)

 Typical+Atypical antipsychotics no 13

   – mean 10956.2 (9640.3)

PANSS positive symptoms 15.7 (5.6)

PANSS negative symptoms 15.6 (5.7)

PANSS general symptoms 31.0 (7.2)

PANSS total score 62.3 (15.8)

CAN total score 14.4 (7.9)

*
p<0.01

†
values are mean ± SD

‡
in 7 patients medication information was unavailable
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¶
haloperidol, broomperidol, pipamperon, thioridazine, flufenazine, perfenazine, zuclopentixol, penfluridol, pimozide, fluspirilen, largactil and 

flufenazine were considered typical antipsychotic drugs; clozapine, risperidone, olanzapine, and sertindole were considered atypical antipsychotic 
drugs.

§
in 4 patients cumulative medication use was unavailable.
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