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Background: This study investigated the clinical and diminished alpha-band power (e.g., lacono 1982; Itil et al
biological concomitants of electroencephalogram power1972, 1974; Miyauchi et al 1990; Sponheim et al 1994).
abnormalities in schizophrenia. Nonetheless, the significance of EEG power abnormalities
Methods: We examined the power characteristics ofto schizophrenia is unclear. Electroencephalogram anom-
r_esting electroencephalograms in 112 schizophrenic paalies are not a medication phenomenon. Researchers have
tients. Also collected were measures of psychotic symgound EEG anomalies in medication-free (Merrin and
tomatology, brain morphology, ocular motor functioning, Floyd 1996; Miyauchi et al 1996) and neuroleptic naive
electrodermal activity, and nailfold plexus visibility. Sev- Nagase et al 1996; Omori et al 1995) schizophrenic
enty-eight nonschizophrenic psychosis patients (e'g".mQE}%‘atients Electroencephalogram power abnormalities of
disorder patients with psychosis) and 107 nonpsychiatri . S : . .

schizophrenic patients are relatively independent of cur-

control subjects were included for comparison. L
. . . rent (Fenton et al 1980) and past medication status (Gattaz
Results: Schizophrenic patients whose electroencephalo-

grams were characterized by augmented Iow-frequencGt al 1992), as well as type (Sponheim et al 1994) and
power and diminished alpha-band power had more r189_&osage (Kahn et al 1993; Omori et al 1992) of medication.

ative symptoms, larger third ventricles, larger frontal AIS0, augmented low-frequency power and diminished
horns of the lateral ventricles, increased cortical sulci @lPha-band power appear to be unrelated to chronicity in
widths, and greater ocular motor dysfunction comparedschizophrenia (Sponheim et al 1994). Although evidence
with schizophrenic patients without these electroencephaindicates EEG power abnormalities are not due to treat-
logram characteristics. In nonschizophrenic psychosisment or the duration of schizophrenia, low-frequency and
patients, augmented low-frequency and diminished alphaalpha-band power abnormalities are not specific to the
band powers failed to be associated with any clinical or disorder (for a review, see Williamson and Kaye 1989).
biological indices. For instance, patients with bipolar disorder exhibit similar
Conclusions:Results suggest that clinical and biological EEG anomalies (Clementz et al 1994). To determine the
concomitants of low-frequency and alpha-band powersignificance of EEG power abnormalities to schizophre-
ggtri‘r?gft‘ﬁgt';rz ;2 nsggIg??hharﬁa%?ca;ﬁdu?rgﬁtzl Foebrga:jﬁ/ss f'Sggnia, this study examined clinical and biological character-
. ) \ _ 1 istics of schizophrenic patients who exhibit augmented
tion. Biol Psychiatry 2000,48:1088-1097 #D00 Soci- |, frequency power and diminished alpha-band power.

ety of Biological Psychiatry We also studied clinical and biological features of non-

Key Words: Schizophrenia, electroencephalogram, pSy_sch|zophren|c psychosis patients to determine whether the

chosis, symptomatology, brain morphology, ocular motor&gmﬁcance of EI.EG power anomalies is similar for a
function variety of psychotic patients.

Several studies have demonstrated that schizophrenic

patients with augmented low-frequency EEG power show

Introduction more negative syr_nptomatology (Fenton et gl _1980; Gattaz
_ _ _ . et al 1992; Omori et al 1992). The association between
nce the 1970s, investigators have reliably shownjow-frequency power and negative symptoms has been
\Xlectroencephalograms (EEGs) of schizophrenic pafound in middle-aged (Fenton et al 1980) and elderly
tients to contain augmented low-frequency power andschizophrenic patients (Omori et al 1992), as well as
subjects on medications (Omori et al 1992) and off
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and Floyd 1991, 1996; Omori et al 1992). There is little Table 1. Characteristics of Subjects
evidence that EEG power abnormalities are related to

Percent Age

thought disorganization, delusions, or hallucinations inpjagnostic group N female  Mean sD
schizophrenia. , :

Although some studies suggest that schizophrenic a§ChIZOphrenIC
_ 9 ggest r PAreNIC Pa- gt episode 54 24 22.6 5.01
tients with EEG power abnormalities have additional chronic 58 12 28.6 4.36
biological anomalies, evidence is too scant to provide amonschizophrenic psychosis
understanding of the biological significance of power Bipolar ' 33 39 24.5 6.47
abnormalities. Studies have shown delta power to be Maor depressive 29 31 24.4 524

iated with the area of the third cerebral ventricl Other psychosfs 16 3 8.1 12.22

associa &onpsychiatric control 107 45 31.6 1431

(Takeuchi et al 1994), glucose metabolism in frontal brain
regions (AIper et al 1998; Guich et al 1989), and abnor- a7 paranoid psychosis, 8 schizophreniform, 1 schizoaffective.

malities in visual- and auditory-evoked potentials (Mori-

hisa et al 1983) in individuals with schizophrenia. Dimin- semistructured interview (the Present State Examination [PSE],
ished alpha power in schizophrenia has been associatéth edition; Wing et al 1974) by a trained psychiatrist or clinical
with evoked potential abnormalities (Morihisa et al 1983), psychologist. Because all subjects were recruited 1980-1986,
subcortical metabolism (Alper et al 1998), and high |eve|sdiagnqses were origirjally assign(_ed according to DSM-III criteria
of noradrenaline in cerebral spinal fluid (Kemali et al (American Psychiatric Association 1980), after a consensus

1990). Changes in alpha peak frequency have been tied §29n°sis was reached by two or more clinicians who had
enlargement of the lateral cerebral ventricles (Karson et arewewed a patient's data across all time points (first-episode
;Batients) and from all sources including hospital records (first-

1988). One study identified remitted schizophrenic pa'episode and chronic patients). For this report, DSM-IV (Ameri-

tients who were electrodermal responders to have lowegan psychiatric Association 1994) consensus diagnoses were
alpha frequencies and more beta activity than electrodeimade by reviewing all interview, symptom checklist, course, and
mal nonresponders (lacono 1982). functioning data from which original diagnoses were made.

To investigate the clinical and biological features of Patients were excluded if they had a history of substance
schizophrenic patients with EEG power abnormalities, wedependence or head trauma or showed evidence of a neurologic
examined the resting EEGs of a large sample of schizodisorder (including tardive dyskinesia) or mental retardation
phrenic patients. Psychotic symptoms were studied adQ < 60). Written consent was obtained from each subject after
possible clinical concomitants of EEG power abnormali-the procedures of the study were explained. (For additional
ties, and brain morphology, ocular motor functioning, g;?;gai'gggc)oncemmg the diagnostic approach, see lacono and
electrpdermal actlv!ty, and na.IIfOId pleXUS.VISIbIIIty We.re First-episode schizophrenic and first-episode nonschizo-
examined as poss'ple b|olog|cal C_O”COm'tamS- Prevlouf)hrenic psychosis patients were referred through a community-
work has shown schizophrenic subjects to be abnormal oRjige network consisting of all psychiatric hospitals and commu-
these selected biological variables (Clementz et al 1992;ity mental health centers in Vancouver, Canada, and referrals
lacono 1985; lacono et al 1992, 1999; Sponheim et afrom private practice psychiatrists and general practice physi-
1994). Nonschizophrenic psychosis (e.g., bipolar disordetians who agreed to assist in the study. An attempt was made to
with psychotic features) and nonpsychiatric control sub-+ecruit all persons, between the ages of 16 and 54, who
jects were studied for comparison. If associations betweegxperienced their first episode of psychosis during a 2.5-year
EEG power abnormalities and clinical or biological char-Period. To be included in the study, subjects had to be experi-
acteristics are unique to schizophrenia, it would sugges?nc'n_g their first emser of d!sorder anq haye haIIucmaﬂon_s,
that abnormal brain electrical activity reflects aspects off€Usions, or grossly disorganized behavior (i.e., be psychotic;
neuropathology in schizophrenia not shared with 0the|for afgll Ilstlng of criteria, see lacono apql Beiser 1989). Of 318

. potential subjects, 94 refused to participate, 31 could not be
mental disorders. located in time to recruit them, 18 were not psychotic, 15
withdrew from the study before their EEGs could be recorded,
and 28 patients were excluded due to data collection problems or
Methods and Materials unavailability of artifact-free EEGs. At the time of EEG testing,
. first-episode schizophrenic and nonschizophrenic psychosis pa-
Subjects tients were clinically stable and almost all had been recently
The subject sample consisted of 112 schizophrenic patients (Sdospitalized. Eighty-three percent of first-episode schizophrenic
first episode and 58 chronic), 78 nonschizophrenic first-episodgatients and 85% of first-episode nonschizophrenic psychosis
psychosis patients (33 bipolar, 29 major depressive, and 16 othgratients were on medications.
psychosis), and 107 nonpsychiatric control subjects. Table 1 Chronic schizophrenic patients were recruited from an extended-
summarizes the characteristics of the subjects. All subjects gaveare mental institution and affiliated board-and-care homes in the
written informed consent to be in the study. Patients received &ancouver area. If after reviewing interview and hospital infor-
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mation clinicians concluded at a case conference that patientslly contaminated the EEG. To remove these eye movements, the
met DSM criteria for chronic schizophrenia, they were includedEOG signal was mathematically subtracted from the EEG ac-
in the study. Of 65 chronic schizophrenic subjects, the EEGs otording to the method of Gratton et al (1983). Lastly, EEG
seven patients were excluded due to recording errors or a lack afegments were visually inspected, and those identified as con-
artifact-free data. Of the remaining 58 patients, 29 were residindaining high-frequency artifacts were excluded from analyses.
on a male inpatient ward and 29 were recruited from board-andAll subjects with less than 32 sec of artifact-free data were
care homes. Chronic schizophrenic patients were characterizezkcluded from analyses. In prior research, we have found that
by an early age of onset (mean 18.7 years, SD= 3.39), reliable EEG power values can be obtained from nonpsychiatric
extended histories of schizophrenia (mear.9 years, SD= control subjects and schizophrenic subjects using 32-sec epochs

4.23), and many months of hospitalization (mear23, SD = (Lund et al 1995; Sponheim 1993). These previous analyses
26.90). Ninety-eight percent of the chronic schizophrenic pa-+evealed internal consistencies Cronbach 1951) above .83 for
tients were on medications. all frequency bands except delta, which had an internal consis-

Nonpsychiatric control subjects were volunteers recruitedtency of .61 for schizophrenic patients and .77 for nonpsychiatric
from family practice clinics in low income neighborhoods, control subjects.
employment centers, community centers, and vocational col- For each subject’s data, fast-Fourier transforms were com-
leges. Nonpsychiatric subjects were excluded if they reported puted on every artifact-free segment using a Hanning window
history of mental health treatment in either themselves or theiwith 100% taper length, and frequency spectra were averaged
first-degree relatives. Nonpsychiatric subjects were free of drugacross segments within each scalp location. Square roots of EEG
or alcohol dependence and any chronic physical illnesses. power values were computed; divided into delta (1-3 Hz), theta
(3.125-8 Hz), alpha (8.125-13 Hz), beta 1 (13.125-20 Hz), beta

2 (20.125-25 Hz), and beta 3 (25.125-30 Hz) power bands; and
EEG Apparatus and Procedure divided by the total spectrum area.

Subjects were seated in a darkened room and presented binau-
rally with 55-dB (sound pressure level) white noise over head-
phones. Subjects were instructed to close their eyes, sit still, an@‘ssessmem of Symptomatology
relax for several minutes while their “brain waves” were re- Psychosis (delusion and hallucinations), Disorganization (formal
corded. Gold electrodes referenced to linked ears were used thought disorder), and Negative Symptom scores were rationally
record EEGs from three central scalp locations (Cz, C3, and C4)lerived using items from the PSE intake interview and the
and Ag-AgCl electrodes above and below the right eye regisguidlines of Andreasen (1981, 1983) and Andreasen et al. (1995).
tered ocular movements. All electrode connections had impedThe Psychosis score was the total number of symptoms endorsed
ances below 5 Q. out of eight hallucinations and 27 delusions. The Disorganization
The EEG was recorded with a 35-Hz, half-amplitude, low-passscore referred to the number on a five-point scale that was
filter and a 1-sec time constant and stored on reel-to-reel tapderived from ratings of neologisms and idiosyncratic use of
with a Vetter (Vetron Technology, Rebersburg, PA) Model A language (PSE no. 135), incoherence of speech (PSE no. 136),
recorder. To ensure that the power of the frequency spectrurand pressure of speech (PSE no. 131). A score of 0 meant all
could be accurately determined, a calibration pulse was recordesymptoms were rated as not present, a score of 2 meant that more
with the EEG. The EEG data were digitized through 0.1-Hzthan one symptom was rated as present in a fairly severe degree,
high-pass and 40-Hz low-pass filters (24 dB/octave) at a rate ond a score of 4 meant more than one symptom was rated as
256 Hz. The digitized EEG for each subject was divided into 21being present in a very severe degree. The Negative Symptom
8-sec segments. A digital high-pass autoregressive filter (filterscore referred to the number on a five-point scale that was
parameter= .975; Coppola 1979) was applied to reduce low- derived from two affective flattening symptoms (PSE nos. 128
frequency artifacts. and 129), four alogia symptoms (PSE nos. 130, 133, 134, and
138), two avolition/apathy symptoms (PSE nos. 108 and 110),
. two anhedonia/asociality symptoms (PSE nos. 21 and 28), and
EEG Analysis two attentional impairment symptoms (PSE nos. 102 and 114). A
Procedures were implemented to reduce the contributions odcore of 0 meant all symptoms were rated as not present, a score
bioelectric artifacts to the data. Although subjects were advisef 2 meant that more than one symptom was rated as present in
to keep their eyes closed and not talk during the EEG recordingsa fairly severe degree, and a score of 4 meant that more than two
these instructions were not necessarily followed. From an audigymptoms were rated as being present in a very severe degree.
track of the session recorded with the EEG, times when subjects
spoke were identified and these EEG segments were eIiminateg .
from analyses. By inspecting digitized electro-oculogram (EOG) rain Morphology Assessment
records, occasions were identified when some subjects, count@&rocedures for computed tomography scanning and measure-
to instructions, opened their eyes (as indicated by the presence afent of brain morphology are detailed elsewhere (lacono et al
blinks) during EEG recording. Electroencephalogram segment4988). Scanning for all subjects was accomplished using a
were rejected if they contained blink events greater thani0  high-resolution, third generation, total body scanner. Thirteen to
in amplitude and were from 285 to 340 msec in duration. Whenl16 cross-sections of the brain, each 8 mm thick, were obtained.
subjects kept their eyes closed, rolling eye movements occasior-ateral ventricle size was indexed by calculating the ventricle-
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to-brain ratio (i.e., lateral ventricle area divided by the total brainconductance responding, and frequent nonspecific electrodermal
area and multiplied by 100). The size of the frontal horns of thefluctuations.

lateral ventricles was measured by computing the frontal horn—

to—brain ratio (i.e., frontal horn area divided by total brain area
and multipli_ed by 1_00). A traveling microscope was used _to Nailfold Plexus Visibility Assessment
measure third ventricle width at the widest point where contin-

uous ventricle walls could be discerned, and cortical atrophyMaricq’s Scale for Plexus Visualization was used to quantify the
ratings were made on a three-point scale anchored at each levésibility of the capillary plexus at the base of the nailfolds (for
by exemplars (1, no visible sulci; 2, visible but not extensive & detailed overview of this assessment, see Clementz et al 1992).
sulci; 3, sulci clearly visible and extensive). For each index thePlexus visibility refers to the degree to which the capillaries at
scan that maximally revealed the ventricle area of interest waghe base of the nailfold can be visualized on each finger with the
selected for measurement, with the exception being cortica@id of a low-power stereo microscope. Visualization scores were
atrophy ratings, which were made from the scan three above thassigned without knowledge of diagnosis and according to a
scan that maximally revealed the lateral ventricles. nine-point scale anchored by reference photographs; 0 repre-
sented no visible plexus, 4 was extensive plexus visibility, and
. halfpoints were given for intermediate visibilities. The Jg®f
Assessment of Ocular Motor Functioning ratings summed across all fingers was used to compute the
Ocular motor functioning was assessed by having subjects tracflexus visibility score. The intraclass test-retest reliability of
a moving dot with their eyes while their head was immobilized nailfold plexus visibility ratings on a subset of these subjects was
(lacono et al 1992). The dot was driven by a sine wave generatogreater than .95 over an interval of 9 months (Clementz et al
horizontally traversing 20° of visual arc, at a frequency of .4 Hz 1992).

for 20 cycles. Ag—AgCl electrodes attached to the outer canthi of

both eyes with an earlobe ground were used to record ocular

motion. Both eye-tracking and target signals were digitized and

corrected for phase differences. The root-mean-square differenq@aglts

between the signals was calculated for the best 16 consecutive

cycles of eye tracking. The median root-mean-square error of thBecause previous analyses (Sponheim et al 1994) failed to
16 cycles was used as the dependent measure. Thedbthe  produce a recording site effect (Cz—C3-C4) for group
root-mean-square error values was computed to correct foglifferences in EEG power values, analyses were limited to

positive skew in their distribution. data collected from site Cz. Electroencephalogram power
bands were corrected for age using linear coefficients
Electrodermal Activity Assessment derived from nonpsychiatric control group data. Factor

The electrodermal activity of subjects was assessed during th@n@lyses of EEG power bands were carried out to identify
presentation of two sound effects and two series of 0.5-sec¢OMMON SOUrces of variance in the dependent variables.
1000-Hz tones with 40-msec rise and fall times (for details, seéAnalyses of schizophrenic, nonschizophrenic psychosis,
lacono et al 1999). One tone series consisted of eight tones at 8nd nonpsychiatric groups identified two factors with
dB, and the other series contained 12 tones at 105 dB. Scorasigenvalues exceeding 1. The two factors accounted for
were calculated for each subject on a single factor identifiedhearly three quarters of the power band variance in each
through a principal components analysis (varimax rotation) Ofsubject group (variance accounted for: schizophrenia

number of skin conductance responses, log-transformed skir7'5% nonschizophrenic psychosis72%, and nonpsychi-
conductance response amplitude to the first stimulus, log-trans-, . '

: ric = 71%). Coefficients of congruence (Wrigley and
formed mean skin conductance level calculated as the average h 1955) f he f b 96
the individual levels measured at the onset of each stimulus, euhaus ) for the factors were above . across

log-transformed frequency of nonspecific fluctuations during the9"OUPS, indicating that the covariant structures of power
tone series, and a categoric index of response status (responde@nds were similar for schizophrenic, nonschizophrenic
responded to at least one tone; nonresponder, responded to nopgychosis, and nonpsychiatric groups. Subject groups
of the tones). To achieve an overall index of electrodermalwere combined and a factor analysis of these data identi-
activation deviance, the absolute value of factor scores minus thifed two factors with eigenvalues greater than 1. The two
nonpsychiatric control group mean was computed (Ficken 1991)actors accounted for 73% of the variance in the power
The use of such a score is consistent with findings indicating thap 5,45, After varimax rotation, the first factor was inter-
psychotic patients tend to be either electrodermally hypo- or reted as a beta factor because beta 1, beta 2, and beta 3

hyperresponsive in habituation studies. For instance, lacono et ands had stron ositive loadinas on the factor. The
(1999) have noted that elevated rates of electrodermal nonre- 9P 9 )

sponding have been consistently observed in schizophrenia arﬁ?cond .facto.r \_N‘f’ls interpreted as an aug_ment'ed—low-
mood disorder, and psychotic patients who are electrodermdf€duencies-diminished-alpha (LFA) factor, since it had

responders appear to be hyperaroused. This hyperarousal $rong positive loadings of delta and theta bands and a
evidenced by elevated skin conductance levels, high rates of skigtrong negative loading of the alpha band. Figure 1 depicts
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Figure 1. Factor loadings of electroencephalogram power bandsigure 2. Factor score means for schizophrenic (FE Sz, first-

on beta and augmented-low-frequencies-diminished-alpha (LFAgpisode fi = 54]; Chronic SZ, chronicri = 58]), nonschizo-

factors. Factors were identified by a factor analysis with varimaxphrenic psychosis (MD, major depressives 29]; BP, bipolar

rotation using data from schizophrenic, nonschizophrenic psyin = 33]; Other Psy, other psychosis £ 16]), and nonpsychi-

chosis, and nonpsychiatric subjects=t 297). atric (h = 107) groups on beta and augmented-low-frequencies-
diminished-alpha (LFA) factors.

the factor loadings of EEG power bantdvedication

effects were examined by performing comparisons within group. For schizophrenic subgroups and nonschizo-
diagnostic categories of individuals on and off a particularphreniC psychosis subgroups, analyses of beta and LFA
drug. These tests failed to yield a single Medication Status, oo scores failed to yield any effects involving Group or

or Medication Status-by-Diagnosis effect, indicating thatGender, thus indicating that EEG factor scores did not
medication status was unrelated to scores on beta and LFA\¢er among schizophrenic subgroups (i.e., first-episode

factors. and chronic) or among nonschizophrenic psychosis sub-
groups (i.e., bipolar, major depressive, and other

Comparisons of Diagnostic Groups on EEG psychosis).

Factors To determine whether there were differences between

Two analyses of variances (ANOVAs) were carried out toSchizophrenic, nonschizophrenic psychosis, and nonpsy-

determine whether subgroups within the schizophreni€hiatric groups on EEG factor scores, ANOVAs were
and nonschizophrenic psychosis groups exhibited differcarried out using beta and LFA factor scores as dependent

ences on EEG factor scores. Between-subjects effectériables. Each ANOVA included Group (schizophrenic,
were Group (for schizophrenic patients: chronic and first-"onschizophrenic psychosis, and nonpsychiatric), Gender,

episode; for nonschizophrenic psychosis patients: majofnd the interaction of Group and Gender as between-
depressive, bipolar, and other psychosis), Gender (ma@ubjects effects. Analyses yielded a Group main effect for
and female), and the interaction of Group and Gender-FA factor score F(1,291) = 7.00, p = .001] and a

Figure 2 depicts means of EEG factor scores as a functioffrOUP-Py-Gender effect for beta factor scof¢Z,291) =
4.83, p = .009]. Follow-upt tests revealed that both

1 See Sponheim et al (1994) for details regarding analyses of covariation betwee%Chlzop_hremC patlentSt(217) = .3'47' p= '001] and
EEG power bands. Alpha dropout and the appearance of other frequencies isBONSchizophrenic psychosis patienfd83) = 3.59,p <

common phenomenon in the EEG (for a review, see Niedermeyer 1999). H iatr ;
Research suggests that alpha and low-frequency activity are generated bg)Ol] had_ hlgher LFA SC_OreS _than nonpSyChlam_C SUbJeCt.S’
well-defined networks of pyramidal cells in layers IV and V of the cortex. The but no difference was identified between schizophrenic

generation of alpha is dependent on the integrity of anatomically and function- P ; P
ally distinct thalamic—cortical circuits in which the reticular nucleus of the and nonsch|zophren|c pSyChOSIS groups for LFA factor

thalamus serves as a pace maker for cortical pyramidal neurons. PathologisCcores {(188) = —.25,p > .05]. Follow-upt tests for the

low-frequency activity results from thalamic or midbrain reticular formation _hyvo ; i
lesions, and more generally from partial deafferentation of the cerebral cortexGroup by Gender effect showed that female schlzophrenlc

through white matter pathology. Excess low frequency and diminished alphapatients had lower beta scores (me-an—.418, SD =
power noted in schizophrenic patients is consistent with subcortical disruptio Fatp ;

of thalamic—cortical circuits. See Steriade et al 1990 and Steriade 1999 fonro'94) than female nonpSyChlamC SUbJECtS [mean318,
reviews of the cellular basis of cerebral rhythmic electrical activity. SD = 1.16; t(66) = =251, p = .015] and female
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nonschizophrenic psychosis patients (mear201, SD= LFA Score and Group. When group comparisons yielded
1.09; t(45) = —2.03,p = .048]. Beta scores for male effects involving LFA Score, follow-up tests were con-

schizophrenic patients (mean .029, SD= 0.97) did not  ducted to detail the nature of the effect. Table 2 presents
differ from those of nonpsychiatric males [mean—.189,  means, SDs, and comparisons of high and low LFA Score
SD = 0.84;1(149) = 1.41,p > .05] or nonschizophrenic subjects on indices of symptomatology, brain morphology,

psychosis males [mean —.078, SD= 0.97;1(141) =  and other biological features.

0.64,p > .095]. To ascertain whether schizophrenic patients with aug-
mented low-frequency power and diminished alpha-band

Clinical and Biological Concomitants of EEG power presented with distinct symptoms, we carried out

Abnormalities analyses of symptomatology indices in schizophrenic and

nonschizophrenic psychosis groups. A multivariate

To _examme_the cI_|n|caI aqd biological characteristics OfANOVA (MANOVA) of Psychosis, Disorganization, and
schizophrenic patients with augmented low-frequency,

power and diminished alpha-band power, subjects Wergl_egative Symptom  scores for_ schizophrenic subjects
split into two groups defined by LFA factor scores. yielded an LFA Score effect [Wilks. = 91 F(3,94) =
Because both schizophrenic and nonschizophrenic psﬁ‘w’ p = .028] and a Group effect [Wilka. = .89,
chosis groups exhibited EEG power abnormalities, thé:(3'94_) = 3.96,p :_'010]' F(-)Ilow-u.p analyse.s.revealed
median LFA factor score for all patients (.1541) was useothat h'gh LFA schizophrenic subjects exhl_b|ted more
to divide the subjects of each diagnostic category into higH"e_g""t'Ve symptomatqlogy than low LFA subjects. First-
LFA and low LFA groups. High and low LFA groups were epsogie sc'hlzophrenlc patients had higher scores than
then compared on collateral indices to determine whethefhronic patients on the Psychosi(1,96) = 6.20,p =
patients with augmented low-frequency power and dimin-014] and Negative Symptonfr(1,96) = 7.73,p = .010]
ished alpha-band power (i.e., high LFA group) differed'”d'_ces- In the_ no.nschlzophremc psychosis group.mt_JItl-
from patients who did not exhibit these EEG characterisVariate and univariate analyses of symptomatology indices
tics (i.e., low LFA group). failed to yield any effects involving LFA Score.

A consistent approach was taken toward testing differ- 10 determine whether the brain morphology of subjects
ences between high and low LFA groups on clinical andWith augmented low-frequency power and diminished
biological variable.For each clinical or biological index alpha-band power was different than that of subjects
high and low LFA groups were simultaneously contrastegvithout these EEG power characteristics, we conducted
within first-episode and chronic schizophrenic samples tgnalyses of brain morphology indices in schizophrenic and
determine whether the dependent variable(s) were assodionschizophrenic psychosis patients. A MANOVA of four
ated with the presence of low-frequency and alpha-ban@rain morphology indices in schizophrenic patients
power abnormalities in schizophrenia, and whether the/ielded a main effect for LFA Score [Wilka = .84,
association was related to disorder chronicity. BetweenF(1,74) = 3.75,p = .008]. Follow-up analyses revealed
subjects effects were LFA Score (high and low), Grouphigh LFA schizophrenic subjects had wider third ventri-
(first-episode and chronic), and the interaction of LFAcles, larger frontal horns of the lateral ventricles, and
Score and Group. High and low LFA groups within the larger cortical sulci than low LFA subjects. Multivariate
bipolar, major depressive, and other psychosis groupand univariate analyses of brain morphology indices for
were also compared on the dependent variable(s). Thigonschizophrenic psychosis failed to yield any main or
contrast tested whether the dependent variable(s) weriateraction effects.
associated with the presence of EEG power abnormalities To ascertain whether subjects with augmented low-
in the nonschizophrenic psychosis groups, and whether thigequency power and diminished alpha-band power had
associations were different among major depressive, bipainique ocular motor, electrodermal, or nailfold plexus
lar, and other psychosis patients. Between-subjects effecigsipility features we carried out analyses of the other
were LFA Score (high and low), Group (bipolar, major pig|ogical indices under study. For schizophrenic patients,
depressive, and other psychosis), and the interaction qfigp, | FA first-episode subjects exhibited worse ocular
motor function than low LFA first-episode subjects
2 Depending on the clinical or biological variable under examination, sample size{t(51) = 2.82, p = .007]. Also, high LFA chronic

for the subject groups varied across analyses. In most instances variations igchizophrenic patients had more deviant electrodermal

sample size were modest; however, when more than 20% of the members in

subject group had missing data, a two-way ANOVA (with Availability of Data activity than low LFA chronic patientg([zlg) = 3‘16,p =
and Diagnosis as factors, and LFA factor scores as the dependent variable) wai) . . . .
carried out to determine whether individuals with and without data differed in - 03]- For nonsch|zophren|c pSyChOS|S patients the onIy

their low-frequency and alpha-band powers. Analyses revealed that theeffect was a Group-by-LFA Score interaction for the
availability of data for clinical and biological variables was never a factor that

differentiated groups. electrodermal activation index, but follow-up analyses
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failed to reveal any significant differences between high A brain dysfunction involving frontal cerebral areas
and low LFA groups within the bipolar, major depressive, may also accompany brain wave anomalies in schizophre-
and other psychosis groups. nia. First, the frontal horns of the lateral ventricles were
enlarged in schizophrenic patients with low-frequency and
) ] alpha-band power abnormalities. Second, frontal lobe
Discussion metabolic activity has been associated with low-frequency

Results of this investigation demonstrate that schizoPOWer in schizophrenic patients (Alper et al 1998). Third,

phrenic patients with augmented low-frequency power and€c@use schizophrenic patients with EEG power abnor-
diminished alpha-band power (i.e., high LFA scores) havdnalities in our study had more negative symptoms, and

more negative symptomatology, more deviant brain morlnvestigators have shown negative symptoms in schizo-
phology, worse ocular motor function, and greater elecPhrenia to be associated with metabolic and structural

trodermal deviation than schizophrenic patients withoutrontal lobe anomalies (cf. Buchsbaum and_ngIett 1998;
these EEG power characteristics. Specifically, schizoGur and Pearlson 19.93). Finally, an association between
phrenic patients who exhibited augmented low-frequencyrontal lobe dysfunction and low-frequency and alpha-
and diminished alpha-band power had widened third®@nd power abnormalities is suggested by the positive
ventricles, enlarged frontal horns of the lateral ventricles €lationship between brain wave anomalies and ocular
and increased cortical sulci widths. First-episode schizoMotor dysfunction in first-episode schizophrenia. Schizo-
phrenic patients with high LFA scores showed worsePhrenic patients with ocular motor dysfunction have been
overall eyetracking than low LFA first-episode patients asShown to perform poorly on tasks that tap frontal lobe
measured by root-mean-square error between phase-c(ﬂrbi“ties (Bartfai et al 1985; Katsanis and lacono 1991;
rected target and eye signals. Chronic schizophrenic paSweeney et al 1992), and frontal lobe structures have been
tients with high LFA scores had more deviant electroder-Suggested to play a role in the generation of smooth-
mal activation than low LFA chronic patients. Although Pursuit ocular motion required to perform eye-tracking
nonschizophrenic psychosis patients had EEG power aBasks (Grawe and Levander 1995; Levin 1984; MacAvoy
normalities similar to those of schizophrenic patients, lowand Bruce 1995; Ross et al 1995). Because ocular motor
frequency and alpha-band power were not associated witlysfunction is also a candidate marker for a genetic
psychotic Symptomato|ogy or bio|ogica| features. vulnerability to schizophrenia (Grove et al 1992), the
Perhaps the strongest set of findings from this stud@ssociation between ocular motor dysfunction and brain
points to the presence of structural brain abnormalities ifvave anomalies is consistent with abnormal EEGs resullt-
schizophrenic patients with augmented low-frequencying from a genetically based neuropathology and not an
power and diminished alpha-band power in their EEGsenvironmental pathogen (Sponheim et al 1997). Geneti-
Both subcortical and cortical pathologies are suggested ifally based neuropathology is to be distinguished from
schizophrenic patients with EEG power abnormalities.genetically influenced brain-based vulnerability for
Third ventricle enlargement in schizophrenic patients withschizophrenia. Electroencephalogram power abnormali-
augmented low-frequency power and/or diminished alphaties appear not to reflect genetic vulnerability for schizo-
band power, as demonstrated by our study and Takeuchi ghrenia (Clementz et al 1994; Stassen et al 1999).
al (1994), may indicate that the thalamus plays a role in Taken together, the associations between EEG power
EEG power abnormalities. Since the third ventricle isabnormalities and negative symptoms, third and frontal
bordered on both sides by the medial dorsal thalamidorn ventricular enlargement, and ocular motor dysfunc-
nuclei, enlargement of the third ventricle may reflecttion lend credence to recent hypotheses identifying tha-
structural alterations in these nuclei. Neuropathology relamic and prefrontal cortical involvement in schizophrenia
search has revealed reductions in neuron and glial celle.g., Jones 1997). Researchers have highlighted the likely
numbers and the volume of medial dorsal nuclei inimportance of thalamic—cortical projections from medial
schizophrenic patients (Pakkenberg 1990). More generdorsal nuclei to prefrontal cortical areas in the organized
ally, neuroimaging studies have shown schizophrenig@rocessing of information and suggest that disruption of
patients to have reduced thalamic volumes (Andreasen éhese networks could lead to symptomatology and infor-
al 1994; Buchsbaum et al 1996; Gur et al 1998; Staal et aination-processing deficits evident in schizophrenia (An-
1998) and metabolism (Buchsbaum et al 1996). Becausereasen et al 1994; Jones 1997). Augmented low fre-
EEG power abnormalities failed to be associated withquency and diminished alpha-band power in schizophrenic
brain morphology indices in nonschizophrenic psychosigatients is consistent with dysfunction in thalamic—corti-
patients, the neuropathology underlying deviation in EEGcal circuits (for a review, see Steriade et al 1990). In
power may be different in schizophrenic and nonschizo-addition, the associations between EEG power abnormal-
phrenic psychosis. ities and third ventricle enlargement and frontal lobe
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dysfunction (i.e., poor ocular motor functioning and in- Clementz BA, lacono WG, Ficken J, Beiser M (1992): A family
creased frontal horn of the lateral ventricle size) in our Study of nailfold plexus visibility in psychotic disordeisiol
study are consistent with thalamic—cortical disruption in " sYehiatry31:378-390. _

medial dorsal—prefrontal networks. Medial dorsal-pre-Clementz BA, Sponheim SR, lacono WG, Beiser M (1994):
frontal pathology in schizophrenia is also consistent with Resting EEG in first-episode schizophrenia patients, bipolar

) i . psychosis patients, and their first-degree relati®sycho-
low-frequency and alpha-band anomalies being most evi- physiology31:486—494.

dent over frontal bra"f] regions (Sponheim and Koldaler’coppola R (1979): Isolating low frequency activity in EEG
1997). For future studies to test hypotheses regarding the spectrum analysisElectroencephalogr Clin Neurophysiol
integrity of medial dorsal—prefrontal networks in schizo-  46:224-226.

phrenia, they will need to employ EEG methods and brainCronbach L (1951): Coefficient alpha and the internal structure
imaging measures that allow for more precise localization of tests.Psychometrikdl 6:297-334.

of anomalies in EEG and brain morphology than thoseFenton GW, Fenwick PBC, Dollimore J, Dunn TL, Hirsch SR

used in this study. (198%6E4E4C5; 52§gtral analysis in schizophre@iaJ Psychi-
atry 136:445-455.

Ficken JF (1991): A comprehensive study of electrodermal
activity in first-episode psychotic patients and their relatives.
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