Word count: 3,031
Tables:2

Figures:1

Frontal lobe Volumesin Schizophrenia: Effects of Stage and Duration of IlIness

Preethi Premkumar, Veena Kumafi Dominic Fannon, Philip J. C8rrTonmoy Sharnfa

®Department of Psychology, PO78, Institute of Psgirij King's College London, London, UK
PDepartment of Psychology, University of Wales, Ssem UK

‘Clinical Neuroscience Research Centre, Dartforaht KEK

*Corresponding author
Preethi Premkumar
Department of Psychology
Institute of Psychiatry

De Crespigny Park
London SE5 8AF

Tel: +44 207 848 0233
Fax: +44 207 848 0860

E.mail: Preethi.premkumar@iop.kcl.ac.uk



Abstract

While the changes in the volume of the temporat labd its sub-regions over the course of illness
have been studied in patients with schizophresia,dtudies have examined changes in the frontal
lobe between the first episode and the chronigestédg this study, we focussed on the effect of
iliness stage and duration of illness on the volawikontal lobe regions, though we examined
several other regions to establish the specifmiitgny effects observed for this region. We
compared the volumes of brain regions among 3édpsode schizophrenia patients, 49 chronic
schizophrenia patients, 18 healthy controls matcbedverage, to the first-episode patients and 21
healthy controls matched, on average, to the chneaiients. Logarithmic regression analyses
examined the relationships between the duratiolnelss and the brain regional volumes in the
patient group. The results showed that chroniepts had smaller prefrontal cortical grey matter
volumes, but larger premotor cortical volumes coragdo first-episode patients and matched
healthy controls; they also had smaller parietagta grey matter volumes and larger putamen and
lateral ventricles. There was a significant expuiad relation between the duration of iliness émel
volumes of these regions. The exponential relaigygests that the prefrontal cortex, premotor
cortex, parieto-occipital cortex and putamen asesptible to change as the disorder persists. The
larger volumes of the premotor cortices in the nfroelative to the first-episode patients mayeetfl

a compensatory mechanism of the premotor cortésviolg loss of function of the prefrontal cortex.
Alternately, the enlargement of the premotor cortey be secondary to that of the putamen, since
brain enlargement in schizophrenia has been typiogborted in the basal ganglia as a result of

antipsychotic medication.
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Introduction

The idea that schizophrenia is a progressive #l@ssociated with a neurodegenerative
process has existed since the illness was firstritbesl (Kraepelin, 1899/1989; 1919/1971).
However, the validity of this concept remains cowérsial, since there is evidence that both
supports and appears inconsistent with this iddasence of clear neuropathologic changes
consistent with a neurodegenerative process (Pakkgn1993; Selemon et al, 1998;
Weinberger & McClure, 2002), along with the fachttlschizophrenia is characterized by
abnormalities of brain structure that are presemhfthe early stages of the illness (Copolov et
al, 2000) are among the lines of evidence that@uppbe hypothesis that schizophrenia is
instead a neurodevelopmental process (Weinberddc@lure, 2002). It is, however, still
uncertain as to whether structural abnormalitiessgatic or progressive (Harrison, 1999;

Stevens, 1991; Woods, 1998).

The evidence for whether ventricular enlargemestasic or progressive is contradictory.
Some longitudinal studies have demonstrated preyesentricular enlargement (DeLisi et al,
1998; 2004; 1997; 1995; Leiberman et al, 2001; Mdlath et al, 2001; Nair et al, 1997; Saijo et
al, 2001), whereas others failed to detect progragdames et al, 2002; Jaskiw et al, 1994) or
detected progression only in a subpopulation afistupatients (Nair et al, 1997; Puri et al,
2001). Delisi et al (2004) observed that ventac@nlargement was greater during the second
half of a ten-year follow-up. Particular change$irain morphology may shed light on the
neurodevelopmental versus neurodegenerative délvaieds, 1998). Woods et al (1998; 1996)

found that the frontal intracranial volume was #igantly smaller and the brain tissue-to-cranial



volume ratio was lower in chronic schizophrenidgyds than healthy controls. It was inferred
that while the decrease in frontal intracranialwvoé was due to a pathological process that
occurred before brain growth was complete, the iggized reduction in brain volume to cranial
volume ratio was due to a process that affecteavtiede cerebrum after brain growth was
complete. Gur et al (1998) reported greater rednch temporal lobe volume in first-episode
than previously-treated patients over a 2.5 yedoge However, DeLisi and Hoff (2005) failed

to find a decrease in temporal lobe volume infagisode patients over a ten-year period.

The longitudinal course of the frontal lobe in gdphrenia has been examined by four
published studies using a regions of interest agggrgBachmann et al, 2004; Dickey et al, 2004;
Gur et al, 1998; (Molina et al, 2004). Three ofsthstudies examined the longitudinal course of
frontal lobe volume (Bachmann et al, 2004; Dickegle2004) while one study compared
frontal lobe volumes of first-episode and chrasgbizophrenia patients (Molina et al, 2004).
Bachmann et al (2004) reported significant decreaskeft and right frontal lobe volumes in 14
first-episode patients over a 14-month period, &/klr et al (1998) observed greater left than
right hemisphere reduction in the frontal lobe thsthizophrenia patients over a 2.5 year period.
Furthermore, the left hemispheric reduction wasigein first-episode patients than previously-
treated patients. Dickey et al (2004) failed tsarlve a change in prefrontal volumes in 12
schizophrenia patients over a 1.5 year follow-upgage The follow-up interval may be a
critical factor in longitudinal studies with sigidént changes detected in studies only with 1.5
year or longer follow up. Molina et al (2004) coangd schizophrenia patients from two illness

stages. A volumetric decrease in prefrontal cof®dxC) grey matter, while absent in first-



episode patients, was present in short-term arghterm chronic schizophrenia patients. The
present study compared brain regional volume ireptt with first-episode schizophrenia,
chronic schizophrenia and healthy controls thaeweatched, on average, to patients at each
illness stage. Although our focus was on the fblabe, we examined the volumes of a large
number of brain regions of interest. We also itigased the relationship between duration of
illness (Dol) and frontal lobe volume. We hypotlzed, based on the findings of Molina et al.
(2004), that (a) chronic patients would have sméltain volumes compared with first-episode
patients, and (b) there would be an exponentiatioel between Dol and brain volume across the

patient groups.

M ethods

2.1 Participants

Two studies were conducted to examine brain stractifferences between individuals
with schizophrenia and healthy controls. The sitsidy comprised 34 first-episode (FE) patients
with schizophrenia as determined by the Struct@igdcal Interview for DSM-1 (Spitzer et al,
1995) and 18 healthy controls (findings from thatiort have been included in previous
publications, Ettinger et al, 2002; Fannon et @0® Sumich et al, 2002). Diagnosis of
schizophrenia in all first-episode cases was rdigoad after 1 year. Ten patients were
antipsychotic naive, 17 were receiving conventi@mipsychotics and seven were receiving
atypical antipsychotics. None of the patients had more than 12 weeks of antipsychotic
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medication. The second study comprised 49 patigitihsa DSM-IV diagnosis of schizophrenia
and 21 healthy controls. Patients were inclutidftey had been receiving treatment with
conventional antipsychotics for at least 28 daysrgo admission to the study and were aged 18-
65 years. The description of the sample as hastimgnic schizophrenia was based on the
patients having a Dol greater than 3 years (range33 years). Exclusion criteria (for both
studies) were a positive urine drug screen tesphal consumption in the 24 hours prior to
scanning. Exclusion criteria for controls, in dadi to those applied to the patients, were
presence of a personal history of an axis discaddra family history of psychosis warranted
exclusion. Diagnostic assessment using the ndefatersion of the Structured Clinical
Interview for DSM-1V (SCID) (First et al, 1996b) weeperformed by research psychiatrists on

controls.

2.2 Image acquisition

MRI scans were acquired at the Maudsley Hospitahdon using a 1.5-T G.E. Signa
system. A series of sagittal and axial scout viesse acquired to correct for head tilt and to
localize imaging coordinates. For participantsrfrine first-episode study, the following
sequence was used: repetition time (TR) 11.3 radbsds, time to inversion (TI) 300
milliseconds, echo time (TE) _ 2.2 millisecondg fingle _ 20°, number of excitations (NEX)
1, producing 124 1.5-mm thick axial slices covetriing entire brain.. For participants in the
chronic study, the following sequence was used£13% ms, TE = 5 ms, flip angle 35°, matrix =

256 x 256 x 124).



2.3 Measurement of brain regions

Stereological measurements using the software, MBS (Barta et al, 1997), followed
existing criteria for the following brain regionsiaterest (ROIs): whole brain, cortical grey
matter, lateral ventricles and temporal lobe (Degisal, 1995), hippocampus (Stephanis et al,
1999), thalamus (Portas et al, 1998), putamen arebellum. The measurement of the putamen
was performed in the coronal and axial views, ttoting coronal view was mainly used for the
rating since the ROI was present across more nuaflstices compared to the axial view,
thereby allowing greater precision. The putames s&parated from the caudate nucleus by the
internal capsule and separated from the claustrone mentrally by the external capsule. On the
coronal slices before the appearance of the glphllisius, the most distinct appearance of the
internal capsule was used as a guide to determékast horizontal line of pixels to be counted
for that slice. In the more ventral slices, thegfs in the putamen that were contiguous with the
temporal pole were excluded from the measureméné cerebellum was seen as a distinct
structure consisting of four lobes that were sepdaram the cerebral cortex and brain stem. The
cortex itself was divided into 4 sub-regions basedaytoarchitectonic boundaries: prefrontal,
premotor, sensorimotor and parieto-occipital R@l¢der et al, 1994). Separate total and grey
matter ROIs for cortical sub-regions led to 17 RCRatings were performed by researchers,
including one of the authors (P.P.), blind to map@ant diagnosis. The raters were trained in
rating ROIs on 10 random scans from the two studmi an inter-rater reliability 0.9 was

achieved.

2.4 Satistical analysis



Due to the lack of homogeneity of variance betwberfour participant groups, we
performed non-parametric Kruskal-Wallis H testsdge and education. Chi-square tests were

performed for gender and handedness.

To test the hypothesis that brain volume is lowethronic schizophrenia compared with
first-episode schizophrenia and healthy controks performed a multivariate analysis of
variance (MANOVA; Wilks’ F) on 15 regions. To teshether the slope of the difference
between FE and CH patients differed significantbnf that of the difference between FE and
CH controls, we specified an interaction term: (jegrant type: patient versus control) by
(illness stage: first-episode versus chronic). e|eneity of variance meant that Wilcoxon

Signed Ranks test was performed for hippocampugpatamen.

The relation between Dol and brain regional volumas tested using a logarithmic
regression analysis because it was expected thiat \wlume change over time would not be

linear (Molina et al, 2004) and because of varidmeterogeneity in Dol between patient groups.

All statistical analyses were performed using ttegiSical Package for Social Sciences,

version 10.1.3.



Results

As expected and shown in Table 1, CH patients antrals were older than FE patients

and controls. Patients had fewer years in edut#tian controls (Table 1).

Tables 1 and 2 about here

3.1 Brain region comparisons

The participant type-by-illness stage interactiaswignificant (F = 2.98, df = 15,108,
=0.001). Patients and controls differed in bradiume; and in turn, first-episode patients
differed from chronic patients. The effect was sg®@st in the grey matter of prefrontal cortex as
shown in Table 2. Post hoc Scheffe tests revahbdhe difference in PFC grey matter volume
was greater between patient groups than betwedrotgnoups. The CH patients had smaller
volumes than FE patients (mean difference = 1357, = 2.54, 95% C.I., 20.97 to 6.56), FE
controls (mean difference = 17.47, S.E. = 3.14, @&% 26.37 to 8.57) and CH controls (mean
difference = 10.57, S.E. = 2.97, 95% C.I., 18.99.tH). This pattern was also seen in total
prefrontal cortex, with CH patients having smallelumes than FE patients (mean difference =
13.43, S.E. =4.21,95% C.I.,, 25.35to 1.5), FEiae (mean difference = 20.54, S.E. = 5.19,
95% C.I., 35.27 to 5.81) and CH controls (mearedéiice = 14.43, S.E. = 4.91, 95% C.I.,
28.36 to 0.49). Post hoc analyses for grey maftparieto-occipital cortex also revealed a
similar pattern of CH patients having smaller voasithan the other 3 groups: CH patients vs.
FE patients (mean difference = 18.22, S.E. =98% C.1., 33.06 to 3.38), CH patients vs. FE

controls (mean difference = 36.24, S.E. = 6.46, 945% 54.57 to 17.92) and CH patients vs.
9



CH controls (mean difference = 23.72, S. E. = 6962p C.I., 41.06 to 6.38). No significant

differences were observed between FE patients Brzbhtrols in the volumes of these regions.

The effect was reversed for lateral ventriclesltptemotor cortex and putamen. In the
lateral ventricles, CH patients had larger voluthes FE patients (mean difference = 3.62, S.E.
=1.13, 95% C.I., 0.44 to 6.81), FE controls (mddference = 5.07, S.E. = 1.39, 95% C.I., 1.14
to 9) and CH controls (mean difference = 4.03, $.A.31, 95% C.I., 0.3 to 7.75). The
premotor cortical volume was larger in CH patiemtsy in comparison with FE patients (mean
difference = 18.43, S.E. = 6.09, 95% C.I., 1.173@®71). The mean volumes of the putamen
also suggest that CH patients had larger volume @ other groups and that it was unlikely

that there was a significant difference among therthree groups.
Figure 1 about here
3.2 Relationship between duration of illness and brain volumes in patients

There was a significant log-linear association leetvDol and PFC grey matter’(R
0.22, F =22.86, df =81, P < 0.001), such thatRRE€ grey matter volume decreased more
rapidly during the initial years of illness andwkx down in later years (Figure 1a). In a similar
manner, we found a significant association betwi2elhand grey matter of parieto-occipital
cortex (R=0.11, F = 9.49, df = 81, P = 0.003), total prafed cortex (R= 0.11, F = 9.48p =
0.003), thalamus & 0.10, F = 9.33, df = 8 = 0.003) and cortical grey matter’#0.08, F =
7.27, df = 81p = 0.009) (Figurel, b-e). The direction of thimtin was reversed between Dol
and total premotor cortex {R 0.07, F = 6.14, df = 8= 0.02), Dol and lateral ventricles{R
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0.05, F = 4.14, df = 8 = 0.045), and Dol and putamen?(R0.32, F = 38.13, df = 8p,<

0.001) with the volumes increasing with time (Figaf-g).

Discussion

Our findings support the hypothesis that chroniiepés have smaller brain volumes than
first-episode patients and that there is an expialarlation between Dol and brain volume.
The findings suggest that the volumetric differenbetween first-episode and chronic patients
with schizophrenia is not uniform across differbrdin regions, but is selective to the frontal
lobe, the parieto-occipital cortex and putamen.réMaterestingly, there is an increase in the
premotor cortical volume with duration of illnes#hich suggests that different processes

influencing both volumetric increase and decreaag be occurring concomitantly.

Our findings on PFC grey matter are consistent wigt of Molina et al (2004) in three
respects: (1) PFC grey matter was smaller in cbrpatients compared with first-episode
patients, (2) PFC grey matter was not smaller irp&tents compared with healthy controls, and
(3) the association between Dol and brain voluntesacthe patient groups was exponential.
Our findings on PFC also support an earlier repba greater rate of frontal lobe reduction over
a 2.5 year duration in first-episode patients camegbavith previously-treated patients (Gur et al,

1998).
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A second finding was that the premotor cortex vaagdr in the chronic patients
compared to the first-episode patients and thaethvas an exponential increase in volume with
longer duration of illness. It may be suggest thatpremotor cortex was enlarged secondary to
neuroleptic medication. However, brain enlargenmi@ischizophrenia has been typically
reported in the basal ganglia as a result of neptim medication (Bridle et al, 2002; Chakos et
al, 1994; 1998; Corson et al, 1999; Gur et al, JO®ut, the supplementary motor area (SMA)
sends projections to the basal ganglia and alsouwes projections from the basal ganglia via the
thalamus (Frackowiak et al, 1997). Itis therefpossible that the premotor cortex enlargement
was secondary to that of putamen. Alternatelyyvtilametric increase in the premotor cortex
may reflect an attempt to cope with a volumetrduation of the PFC as the disease develops in

an effort to take over some of the functions of BifeC.

The larger lateral ventricles in the chronic pasesompared to first-episode patients, but
the absence of a difference between their resgebsalthy control groups, complements the
brain volume differences observed in the PFC améfoaoccipital grey matter. This finding is
consistent with evidence for an increase in veul@icvolume over time (DelLisi et al, 1998;
2004; 1997; 1995; Leiberman et al, 2001; Mathaloal ,e2001; Nair et al, 1997; Saijo et al,

2001).

One of the pathogenetic models of schizophrenexpdain MRI findings of progressive
abnormality but the apparent absence of neurodeg@reeschanges from pathological studies is
that of excessive neuronal apoptosis rather thaross. Pathophysiological studies of

schizophrenia have reported the absence of gl{Psikkenberg, 1993; Selemon et al, 1998),
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whereas apoptosis, which is not associated withsiglj can occur as a result of exogenous insult
to the brain (Akbarian et al, 1996; Woods, 1998)loss of neuropil due to excessive synaptic
pruning might also cause decreased brain volumeo(14/dl998). Decreased neuropil and
neuronal size, rather than neuronal loss have btleserved in the hippocampus (Benes et al,
1991). Altered functioning of neurotransmitterghtibe taking place (Deakin & Simpson,
1997b; Gluck et al, 2002). As reviewed by Dealad &impson (1997a), there is an asymmetric
loss of glutamate terminals in the temporal lobé duced GABA function secondary to a loss
of glutamatergic input. They suggest that the teats that degenerate originate in the orbital
frontal cortex that in turn sends afferents togbhkar temporal cortex. These afferents are prone
to degeneration because they may arise from ¢teltshave not undergone normal post-

developmental remodelling (Deakin & Simpson, 1997b)

In conclusion, the present study provides eviddaca difference in brain volume
between patients at two different stages of schieaga over and above that in healthy controls.
It shows that this difference is not uniform acrtéss brain, but that it is pronounced in the
frontal and parieto-occipital and basal gangligioas and directly related to the Dol. An
interesting finding of a larger premotor corticalume at a later stage of illness draws our

attention to the potentiating effect of neurolephiags.
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Table 1. Demogr aphic char acteristics of participants.

FE patients  FE-matched CH patients CH-matched
controls controls

(n=34) (n8)1 (n = 49) (n=21) e df
tAge, yrs - mean (SD) 23.71 (4.96) 25%84) 40.12 (10.24) 36.19 (11.27) 56.07* 3
FEducation, yrs - mean (SD) 12.06 (1.79) 0661.66) 12.88 (2.68) 14.86 (3.10) 35.08* 3
tGender (% male) 70.60 66.70 65.30 71.40 0.40 3
tHandedness (% right-handed) 91.20 88.88 93.90 100 2.38 3
8Dol (months) 7.79 (7.65) - 169.90 (112.03) - -10.10*  48.64

tKruskal-Wallis test performed:;;f test performedit-test assuming unequal variance; FE first-epis@dechronic

* p<0.05
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Table2. Means (S.D.) for region of interest volumes (cubic cm) in fir st-episode patients, chronic patients and matched healthy

controls

FE Patient FE Control CH patient CH control
Brain region (n=34) (n=18) (n =49) (n=21) Univariate F
Whole brain 836.62 (72.18) 903.86 (92.76)0.86 (125.87) 855.76 (115.95) 0.003

Cortical grey matter 463.64 (44.33) 502.46 (BY.220.06 (72.21)  460.96 (59.42)  2.85

Total lateral ventricle  9.83(5.28) 38(3.28) 13.46 (5.51) 9.43 (4.61) 6.35*

Total PFC 110.93 (15.36) 118.05 (18.7487.51(19.63)  111.94(21.94)  5.25*

Grey matter of PFC  70.95 (10.42)  74.66 (38.857.19 (11.45) 67.76 (10.36) 11.49*

Total premotor cortex 155.40 (17.05) 165.91%2%. 173.83 (32.75) 160.97 (28.27) 8.18*

Grey matter of PMC ~ 75.23(14.32)  82.68 (4}.6 81.25(18.51) 80.26 (16.49)  2.23
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Total SMC 221.37 (30.31) 225.54 (39.87)6.28 (37.38)  223.21(30.12)  0.20

Grey matter of SMC 104.75 (23.44)  100.51 (16.@%.07 (20.90) 93.31(20.81) 0.94

Total POC 231.65 (28.64) 269.79 (33.67) 223.83 (35.6 248.28 (44.24) 0.07

Grey matter of POC  147.12 (20.65) 165.14 (19.64@8.90 (25.27)  152.61 (25.27)  4.92*

Total temporal lobe  101.49 (16.03) 112.68 (1Y B®.57 (21.52) 99.23 (19.34) 0.82

Grey matter of T.lobe 72.16 (10.67) 82.0B.(8) 66.62 (12.94) 66.09 (13.97) 0.01
Cerebellum 101.26 (10.04) 107.68 (13.2D3.14 (16.55)  100.20 (11.56)  1.93
Thalamus 11.91 (1.35) 12.57 (1.28).90 (1.52) 11.07 (1.22) 0.74
Hippocampu$ 4.39 (0.50) 5.04 (0.45) 3.97 (0.92 4.63 (0.57) -1.29

Putamef 5.13(0.90)  4.44 (0.68) 7.41 6.8 592 (1.16)  -5.80*
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4Wilcoxon Signed Ranks test performed due to hetveiy of variance; PFC: Prefrontal cortex; PMGerRotor cortex; POC:

Parieto-occipital cortex; SMC: Supplementary-matortex; T.lobe: Temporal lobe

*p<0.05
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Figure 1. Plot of duration of illness (in months) and volume of brain regions of interest (in

cubic cm) with logarithmic fit line
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