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Abstract

Structural and physiological frontal brain system deficits in patients with schizophrenia are reviewed quantitatively.
We report effect sizes from studies since 1980 that used structural (CT, MRI), and functional (PET) neuroimaging
methods. We found both literatures to be distinguished by heterogeneity whereby most patients show normative
frontal function and structure, a minority shows diminished values and some patients demonstrate augmented
function and structure rather than deficit. The average magnitude of difference between patients and controls is
generally too modest to support the idea that frontal brain dysfunction is a necessary component of schizophrenia.
This modesty is most apparent in average effects obtained for frontal brain voMrse—<.36), left frontal brain

volume M = —.16), frontal resting metabolism, and blood floM & —.64). Effect sizes of this magnitude imply

that schizophrenia and control distributions overlap by as much as 88% and no less than about 60% on frontal brain
measures. It is only when behavioral measures are employed as activation tasks during frontal blood flow and
metabolism studies, that average effect sizes rise in magnitude to indicate patient—control distribution overlaps that
are less than 50%. Overall, the findings are hard to incorporate within single disease models that propose major
involvement of the frontal system, at least at the degree of resolution obtained with current imaging technology.
(JINS 1999,5, 556-566.)
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INTRODUCTION less, the availability ofn vivo anatomic techniques during

Over th t two decad id f bioloai a’ﬂqe 1970s such as computerized tomography (CT) and more
ver the past two decades, evidence Irom neuroblologic ecently, magnetic resonance (MRI) and positron emission
studies has revived interest in schizophrenia as a disea

.§8mography (PET) have been applied to the problem of find-

that arises, at least in part, from the frontal lobes of the bra|r-1n ; -
' S ) ing evidence of abnormal frontal structure and physiology
(Franzen & Ingvar, 1975; Levin, 1984; Randolph etal., 19935, the illness (Raz & Raz, 1990; Sedvall, 1992; Weinberger

Seidman, 1983; Tgylor, 1995; Weinberger, 1.984’ 1.988)' T.haét al., 1986). But to what extent is the prefrontal brain sys-
is, frontal-executive problems observed in patients Wlthtem really defective in schizophrenia?

schizophrenia and in patients with frontal lobe damage in- The accumulated literature has generated support for the

clude poor planning, aspontaneity, mental rigidity, and Mfrontal-executive hypothesis in schizophrenia in the form

paired social judgment (Benson & Miller, 1997; Damasio of statistically significant patient and control group differ-

& Anderson, 1993; Stuss etal., 1997; Stuss & Bensan, 1984t3nce:s. This evidence has been reviewed by several research-

1986). While the phenomenologic similarity between SOMe, .o (e.g., Berman et al., 1986; Goldman-Rakic & Selemon,

features of patients with schizophrenia and of patients witl1997. McKenna & Chua, 1995; Randolph et al., 1993; Ve-
prefrontal injury is circumstantial evidence of prefrontal dys'lakouylis & Pantelis 1996). The,se reviews howéver d;) not
function in the former case, itis not direct and certainly not .. .- ihe magnitu,de of frontal deficit in a,\ccumulat,ed cT
conclusive evidence (Weinberger et al., 1991). NevertheMRl, and PET studies of patients with schizophrenia. That
is, traditional narrative reviews conflate statistically signif-
icant group differences with evidence for frontal dysfunc-

) ) ) tion and do not give due consideration to the magnitude of
Reprint requests to: Konstantine K. Zakzanis, Department of Psychol- hdi h Ith h . - h
ogy, University of Toronto, 1265 Military Trail, Toronto, Ontario M1C 1A4, such differences. Thus, although some interpretations of the

Canada. E-mail: zakzanis@scar.utoronto.ca literature suggest frontal impairment in many patients, the
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strength and consistency of this evidence has not been eval: What is the average magnitude of difference between pa-
uated and synthesized quantitatively. tients and healthy controls?

Estimates of deficit magnitude require the quantitative
methods of research synthesis provided by meta-analysis
(Zakzanis, 1998a). For example, the magnitude, in stan-
dard deviation units, of schizophrenia—control group differ-
ences in neurocognitive function was addressed recently in
a quantitative review of the published literature (see Hein-
richs & Zakzanis, 1998). We found a moderately large and}. Do activation challenge studies yield larger effects than
reliable impairment of Wisconsin Card Sorting Test (WCST;  resting studies?

Heaton et al., 1993) and word fluency (Benton & Hamsher,5
1989) performance in schizophrenia samples. The average
magnitude of effect size, however, suggested that a substan-
tial proportion of any given schizophrenia sample, perhap@. Are there relations between frontal brain system impair-
50%, will be indistinguishable from healthy controls. This ~ mentand clinical and demographic attributes of patients
may reflect the recent surge of evidence that has found a and controls?

subgroup of patients with schizophrenia that produce nor-

mal results on a variety of neuropsychological tests (e.g., Hence, the goal of this review was to evaluate the valid-
Heaton & Palmer, 1998: Heinrichs & Awad, 1993: Hein- ity of the frontal-executive hypothesis of schizophrenia by
richs et al., 1997; Palmer et al., 1997). Yet cognitive testgletermining the consistency, strength, and sensitivity of struc-
are relatively indirect measures of frontal brain system in{tural and functional neuroimaging findings.

tegrity (Freedman, 1984; Lezak, 1995; Shallice & Burgess,

1991), and it is important to characterize further the mMagMETHODS

nitude of impairment of the frontal system in schizophrenia

with neuroimaging measures that are indeed more direct i
dicators of frontal brain system function and structure.

Accordingly, we conducted a quantitative review of the We employed standard meta-analytic techniques to our re-
imaging literature using meta-analytic methodology. Neuroview of the neuroimaging literature in schizophrenia (see
imaging methods considered for our review included struc-Cooper & Hedges, 1994; Hedges & Olkin, 1985; Rosenthal,
tural MRI and CT, which are noninvasive techniques for1991, 1995). In addition to solving problems with tradi-
measuring the anatomy of the brain. MRI allows for an im-tional narrative reviews (see Wolf, 1986), meta-analysis pro-
age of higher resolution than CT but both have been appliedlides tools for the analysis of magnitude. Magnitude can be
to measuring frontal brain area and volume in schizophreindexed with the effect size estimalethat is meant to re-
nia (see Frackowiak, 1997; Kertesz, 1994; Nasrallah & Wein{flect the degree to which the dependent variable is present
berger, 1986). Spectroscopic and functional MRI remain inin the sample group or the degree to which the null hypoth-
their infancy as research tools in schizophrenia and theressis is false (Cohen, 1988). In mathematical teris,the
fore this literature was not reviewed because of an insuffi-difference between patient and control means calibrated in
cient number of primary studies of the frontal lobes inpooled standard deviation units. Eligible research studies
schizophrenia. Also reviewed were functional neuroimag-comprising a common dependent variable and statistics that
ing findings that offer the advantage of physiological rathercan be transformed into effect sizes are viewed as a popu-
than structural anatomical imaging of the frontal area (seéation to be systematically sampled and surveyed. Individ-
Frackowiak, 1997; Thatcher, 1994). The most frequently in-ual study results (typically means and standard deviations
dexed aspects of physiological function in schizophrenia infrom each group) and moderator variables (e.g., education,
clude glucose metabolism and blood flow as measured witlduration of disease, percent male, age) are then abstracted,
PET and rCBF by xenon inhalation which were all trackedquantified and coded, and assembled into a database, which
in our literature review. We did not review single photon is statistically analyzed (Lipsey & Wilson, 1993). The main
emission computed tomography (SPECT) studies of the fronstatistic presented in a meta-analysis is the mean effect size,
tal lobes in schizophrenia because of the poorer resolutiowhich is meant to reflect the average individual effect size
obtained with this instrumentation (see Ketonen & Berg,across the sample of studies included in the synthesis. Mod-
1997). Primary studies utilizing fO]PET instrumentation erator variables are then correlated to the effect size in or-
were also not collected as this method of radiology has yetler to tease out relationships of participant characteristics
to be quantitatively applied to schizophrenia research.  that may influence the magnitude of the size of effect be-

Several broad questions were formulated to guide outween the groups being compared. Moreover, the effect size
analyses: can then be transformed into a nonoverlap percentage (

using Cohen’s (1988) idealized distributions that can be used
1. Does neuroimaging data provide reliable evidence of fronto indicate potential clinical markers for a disease and hence,
tal cerebral impairment in schizophrenia? aid in the differential diagnosis of neurologic and psychiat-

Do structural and functional neuroimaging measures of
the frontal system vary in their sensitivity to schizo-
phrenic illness and to what extent do technical differ-
ences between scanners and methods vary with effect
sizes?

Is there more involvement from left frontal cortex than
right or bilateral areas?

"Meta-analysis
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ric disease (see Zakzanis, 1998a; Zakzanis et al., 1999pased search using thisychinfoand Medline databases.
The U statistic represents the degree of nonoverlap associFhe key words used in the database search were “schizo-
ated withd and the distribution of scores between groupsphrenia” with independent matched searches with the key
(Cohen, 1988). As in our previous review (see Heinrichs &word(s) “PET,” “positron emission tomography,” “MRI,”
Zakzanis, 1998), we converted thestatistic to represent “magnetic resonance,” “CT,” “computed tomography,”
the degree of overlap by subtracting the nonoverlap fromfCAT,” “computed axial tomography,” “NMRI,” “nuclear
100. Where appropriate, this hypothetical overlap statistienagnetic resonance,” “functional magnetic resonahce
(OL%; overlap percentage) will be mentioned to aid inter-“brain metabolism,” “blood flow,” “neuropathology,”
pretation of the data. Accordingly, the OL% statistic used‘neuroimaging,” “imaging,” “executive,” “frontal lobes,”
here represents the degree of overlap between patients withrefrontal cortex,” and “frontal-executive.” The studies
schizophrenia and normal control participants in the distrilocated by the computer search were limited to published
butions of structural and physiological measures of the fronEnglish written studies and dissertations. Studies were ob-
tal lobes. tained at two large Canadian Universities and through in-
Finally, it should be noted that statistical analysis of meta-erlibrary loan.
analytic studies is not entirely uncontroversial (see Hunter
& Schmidt, 1990). A problem with any meta-analytic re-
view of the literature is that primary studies vary in sample
size, and that independent variables are not uncorrelatedrticles were included if they met the following criteria:
As Van Horn and McManus (1992) did, we have used a corpublication between 1980 and 1997; research designs with
relational analysis to assess the independent effects of mod-control group comprising healthy participants; study sta-
erator variables, and have made no attempt to weight thastics convertible to effect sizeét(e.g., means, standard de-
various studies according to their sample sizes. In so doingiations, F, t, X; see Wolf, 1986). Pre-1980 articles were
we are also aware of the problem emphasized by Huntemot gathered in keeping with the introduction and use of
and Schmidt (1990, p. 86) that in examining meta-analytianore systematic and reliable diagnostic criteria for schizo-
data for effects of moderator variables the crucial characphrenia (e.g., DSM-III) that roughly corresponded to this
teristic is the number of studies and not the number of pareut-off criterion. If these criteria were met, the article was
ticipants, which paradoxically can sometimes mean that theithen assessed for two further criteria. First, patients with
statistical power is surprisingly low, despite apparently largeschizophrenia must have met diagnostic criteria for either
participant numbers (Van Horn & McManus, 1992). In usingthe Diagnostic and Statistical Manual of Mental Disorders
univariate and multivariate analysis of studies we have fol{DSM-III or later) or the International Classification of Dis-
lowed Van Horn and McManus (1992) in not attempting toeases (ICD-9 or 10) classification systems, and have satis-
take any account of the differing sample sizes in studiesfied these criteria on the basis of a structured clinical
since despite the concerns of Hedges and Olkin (1985), wimterview. Second, the researcher(s) must have been blind
have also accepted the argument of Hunter and Schmidb the diagnosis (i.e., either schizophrenia or normal con-
(1990; p. 408) that such problems pale into insignificancerol) when reading the scans. This stipulation was made to
in comparison with the problems posed by low power inensure that the quality of the neuroimaging evaluation in
such studies. In assessing the potential effects of moderateach study was held relatively constant and did not influ-
variables we have therefore used unweighted population egnce the findings (see Damasio & Damasio, 1989). If the
timates from individual studies (see Van Horn & McManus, research article met the above criteria, its content vari-
1990). able(s) was included in our review. In the case of separately
published studies that used the same participant samples,
the decision rule was adopted to treat these studies as a sin-
gle study with multiple independent variables (see Hedges
We began our review of the literature by conducting a man& Olkin, 1985). Thed statistic (Cohen, 1988) was calcu-
ual search through the volumes of pertinent journals for dated for each comparison as the difference between schizo-
topic year by year as recommended by Cooper and Hedggshrenia and control group means normalized by the pooled
(1994). This was done with every issue for the following standard deviation. Effect sizes were derived whenever
journals:American Journal of PsychiatpArchives of Gen- means and standard deviations were reported. Effect sizes
eral Psychiatry Biological PsychiatryBrain; British Jour- ~ were also calculated from inferential statistics based on for-
nal of Psychiatry Journal of Abnormal Psychology; Journal mulas provided by Wolf (1986) when primary studies did
of Nervous and Mental Diseas#ournal of the International not report central tendency and dispersion data. Effect sizes
Neuropsychological SocietjNeuropsychologyNeuropsy- were not derived fronp values.
chiatry, Neuropsychology, and Behavioral Neurolpgy  Forty-eight studies published between 1980 and 1997 met
Neuropsychopharmacologysychiatry ResearghSchizo-  criteria for inclusion in the present analysis. Sample size
phrenia Bulletin Schizophrenia Researcho reduce the like-  data of the study set are shown in Table 1. The table indi-
lihood that bias was involved in the manual search outcomeates how many studies were utilized in each of the meta-
we also located potential studies by conducting a computeainalyses, as well as the number of effect sizes that were

Study Inclusion Criteria

Literature Search
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Table 1. Sample size statistics for frontal-executive studies lateral portion of area 10 and otherwise surrounded by area
in schizophrenia 9, and finally area 32 in the mesial surface of the frontal
lobe which forms an anterior cap to the cingulate gyrus, were

Index N.studies N.d  SchizN — Con.N  51yavsincluded in defined measures of frontal lobe volume
Structural imaging in primary studies. Our effects sizes are thus based on these
(MRl and CT) 22 33 761 658 cytoarchitectonic divisions of the frontal lobe. Effect size
Functional imaging analysis and comparison of Brodmann areas 4, 6, 8, 11 and
(PET) 26 46 537 427 24 was not possible due to an insufficient number of studies

Total 48 79 1298 1085 that reported detailed regional anatomical data.

N. studies= number of studied\. d = number of effect sizes; Schikl = Pos,ltron emission tomeraphy f'”d'”_gs that were gath-
number of patients with schizophrenia; Cdw.= number of control ~ €red included cerebral blood flow studies that reflect the
participants. measurement of regional cerebral blood flow during con-
tinuous inhalation of ¥°C]O,. Frontal activity was calcu-
lated in primary studies from cerebral blood flow after
incorporated into each calculated mean effect size. The nunadditional measurements of the oxygen extraction fraction
ber of patients with schizophrenia and normal controls for(i.e., the percentage of the available blood oxygen extracted
each meta-analysis is also included. In total, neuroimaginguring its passage through the brain vasculature usually
results from 1,298 patients with schizophrenia, and 1,08%neasured after inhalation of{C]0,). Also gathered were
normal healthy controls were recorded across meta-analysestudies of regional blood volume, which is indexed by a cor-
rection for the percentage of any cerebral region that con-
tains blood rather than brain (see Sawle, 1995). Finally,
glucose metabolism studies were also gathered. These stud-
Recorded variables for each article used in our meta-analysiss measured frontal activation after intravenous injection
included the full study reference, any moderator variable®f 2-[*®F]fluoro-2-deoxy-D-glucose (FDG) which is me-
reported (e.g., age, percent male, percent on medication, otebolized by hexokinase to FDG-6-phosphate. For the vary-
set age, duration of illness, education, and the number ahg PET procedures, at-rest and activated study conditions
hospitalizations for patients with schizophrenia only; alsowere recorded separately. Activation procedures utilized in
the type of neuroimaging equipment along with the proceprimary studies included the WCST, the continuous perfor-
dural outline—for example, T/IT2, length of cut, number mance test (Spreen & Strauss, 1998), somatosensory stim-
of cuts, angle of cut (i.e., sagittal or coronal). These studylation, smooth pursuit tracking, and motoric tracking of a
characteristics were used to describe the study set retrievegeometric figure—all tasks with relative sensitivity to
and treated uniformly for moderator variable analysis. frontal-executive dysfunction. Anatomic boundaries had to
For the structural imaging data, MRI and CT effect sizesfall within the rostral cerebral region superior to the Syl-
were calculated for both bilateral frontal lobe volume andvian fissure and anterior to the Rolandic fissure with the
left frontal volume. Left frontal volumes were gathered in inclusion of dorsolateral prefrontal cortex to be included in
keeping with Suddath et al.'s (1990) finding of left hemi- our review. Again, measures of frontal lobe function were
sphere pathologic involvement in 14 of 15 monozygotic twinconfined to Brodmann areas 44, 45, 47, 9, 10, 46, and 32.
pairs discordant for schizophrenia. We defined the frontaBecause of differences in test measures and indices, the PET
lobes to refer to the rostral cerebral region superior to thdindings are presented as a range as well as independently
Sylvian fissure and anterior to the Rolandic fissure (Bensonn order to parse out which PET procedures are most sen-
& Miller, 1997; Damasio, 1991; Damasio & Anderson, 1993; sitive to indexing frontal brain system integrity in schizo-
Stuss, 1996; Stuss & Benson, 1986). Studies were includeghrenia. It can further be argued that the varying PET
if the anatomic boundaries of the frontal lobe measuremenprocedures are qualitatively dissimilar and should therefore
fell within or were consistent with our definition. In prac- not be treated as common dependent variables (see Sawle,
tice, frontal lobe measurement varied with respect to the in1995).
clusion or exclusion of basilar—orbital, or primary motor Descriptive data available for demographic and clinical
and/or supplementary motor strip areas. In each case howariables are presented in Table 2. The table reflects patient
ever, the dorsolateral prefrontal cortex was always includedamples for both structural and functional studies that are
in the measurement of the lobe and thus, in the comparisotypically male (78%) who were first diagnosed with schizo-
to healthy normal controls. That is, in keeping with Brod- phrenia at the age of 22. The modal patient was approxi-
mann’s (1909, 1925) cytoarchitectonic divisions, areas 44mately 33 years of age, and had been admitted to hospital
45, and 47 that correspond roughly to the pars opercularigpur times on average. Most patients have had 12 years of
pars triangularis, and pars orbitalis, respectively, areas 9 arfdrmal education. Finally the average patient was typically
10 which constitute parallel bands occupying the frontopo-medicated and ill for 9 years. Note that the percent of patients
lar area in the superior and middle frontal gyri, area 46 whichwith schizophrenia on medication presented in Table 2 is
can be found on the anterior dorsolateral surface in the inmore informative than the CPZ equivalent daily dose be-
ferior portion of the middle frontal gyrus above the mostcause of infrequent neuroleptic dose reporting in the pub-

Recorded Variables

https://doi.org/10.1017/51355617799566101 Published online by Cambridge University Press


https://doi.org/10.1017/S1355617799566101

560 K.K. Zakzanis and R.W. Heinrichs

Table 2. Descriptive statistics for structural and functional studies in schizophrenia

Imaging methodology variable Mdn M SD Range N

Structural imaging (MRl and CT)
Age 29.7 315 7.6 23/39.1 22
Onset age 21.0 21.3 1.5 1928.9 5
Duration of illness (years) 6.8 7.7 4.5 116.8 12
Hospitalizations 5.0 5.2 1.4 3.8.1 5
Percent male 68.8 69.8 29.2 ?1@0.0 19
Percentage on medication 100.0 74.8 41.0 /100.0 7
CPZ eq. daily dose in mg 3375 3375 4773 /816.0 2

Functional imaging (PET and rCBF)
Age 29.6 30.5 48 23/89.2 26
Onset age 24.3 24.7 2.7 2120.0 5
Duration of illness (years) 8.1 8.2 3.9 216.1 12
Hospitalizations 3.9 3.9 1.0 34.6 2
Percent male 81.8 81.0 17.8 33100.0 24
Percentage on medication 41.0 42.6 445 /00D.0 23
CPZ eq. daily dose in mg 0.0 91.2 2344 0e4.0 11

Mdn = median valueM = mean valueSD = standard deviatioyl = number of times variable was
reported.

lished literature. In addition, clozapine, and respiridonelateral) overlap between patients and healthy controls ac-
dosages are not convertible into CPZ doses. All antipsyeording to Cohen’s (1988) idealized population distributions.
chotic medication, however, is reflected in the binary med-That is, using CIMRI left frontal measurement as an ex-
ication variable. None of the sample patient descriptive oample, approximately 75% of patients with schizophrenia
demographic variables differed significantly between struc-display left frontal structures that are indistinguishable from
tural and functional studies. normal control values.

To address the issue of improved imaging spatial resolu- In terms of possible moderator variables, there were no
tion over time and its possible effect on the magnitude ofsignificant product-moment correlations between basic scan-
the effect size, we computed an unweighted multiple regresaing (e.g., T1 or T2, type of scanner, length of cut) and clin-
sion with date of publication as a covariant, which provedical variables (medicateds nonmedicated, age, onset age,
to be insignificant. We also analyzed, however, the differ-duration of iliness, percent male) and the structural imaging
ent imaging techniques separately, rather teanmasse  effect sizes. Moreover, a two-tailed independent sample
using Pearson product-moment correlations. We found a sigest of effects from MRI TdersusT2 tissue imaging char-
nificant relation between PET effects and date of publica-acteristics did not reach a statistically significant differ-
tion (r = .40p < .05), but no such relation for the CT and ence. Further, a comparison of sagittatsuscoronal cuts
MRI effects. using a similar statistical comparison did not reveal a sig-

nificant difference in obtained effects.

RESULTS . .
Functional Imaging
Structural Imaging The mean effect sizes from 26 PET studies are shown in

) ) Table 3 for resting and activated conditions. These studies
Mean effect size values for frontal brain volume and left

frontal brain volume from CT and MRI studies are included Taple 3. Summary of evidence of frontal brain system deficits
in Table 3. There were 10 CT and 12 MRI studies with cor-in schizophrenia
responding mean effect sizes 6f0.62 (OL% = 62) and

—0.14 (OL%= 90) respectively. A two-tailed independent 'ndex Md SD N = 95%C.l

samplet test on CTversusMRI effects revealed a signifi- Erontal brain volume —0.36 0.46 22 —0.55-0.17
cant differencet(21) = —3.50,p < .005] indicating that  Left frontal brain volume ~ —0.16 0.18 11 —0.27/—0.05
more accurate neuroanatomic measures (i.e., MRI) assodPositron emission atrest ~ —0.64 0.62 21 —0.91/—0.38

ate with smaller effect sizes. Moreover, statistical comparPositron emission activated —1.13 0.61 9 —1.53/-0.73
ison of left frontal and bilateral frontal effects did not reach Left frontal positron emission—0.50 0.61 16 —0.80/—0.21
ignifican indicating n rt for the i hat the lef

>19 cance, indicat g no support for the dea that the e[Md:mean effect sizeSD = standard deviation of effect sizB;= num-

frontal r_egion is preferentially affected in schizophrenia. Th_eoer of studies; 95% C.k= 95% confidence interval in which bounds of
effect sizes correspond to 75% (left frontal) and 90% (bi-estimate within which effect size will fall 95% of the time.
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Table 4. Frontal brain functional imaging activation studies of schizophrenia

Study Activation task d Overlap
Volkow et al. (1986) Tracking a geometric figure —2.09 17%
Berman et al. (1986) Wisconsin Card Sorting Test —1.68 25%

Weinberger et al. (1986) Wisconsin Card Sorting Test —1.78 23%
Weinberger et al. (1988) Wisconsin Card Sorting Test —0.89 49%
Cohen et al. (1987) Continuous Performance Test-0.28 80%
Buchsbaum et al. (1990)  Continuous Performance Test 0.57 63%
Buchsbaum et al. (1992)  Continuous Performance Test 1.27 36%
Volkow et al. (1987) Smooth pursuit tracking —0.93 47%
Ebert et al. (1993) Somatosensory stimulation —0.69 58%

Note Studies by Berman et al. (1986), Weinberger et al. (1986, 1988) and Ebert et al. (1993)
measured cerebral blood flow and the remaining studies measured glucose metabolism. Stud-
ies by Weinberger et al. (1986, 1988) and Buchsbaum (1990) studied unmedicated patients
and the remaining studies studied medicated patients.

included both glucose metabolism and blood flow methodspatient—control differences in frontal metabolism and blood
Note that no significant differences were found betweerflow diminish as a function of illness chronicity and pro-
methods in terms of average effect sizes and the studies wepartion of male patients in the study sample. In other words,
therefore compiled into a single functional imaging data sethypofrontal physiological deficits are maximal in more
The mean effect size from resting state PET studie0$4, acutely ill patient samples that also have more balanced gen-
indicating that schizophrenia patients as a group have loweter composition. Frontal physiological function in schizo-
frontal physiological activity than healthy controls. This ef- phrenia approximates normal values increasingly when more
fect also corresponds to approximately 60% overlap inchronic samples with a high proportion of male partici-
patient—normal control distributions. When activation taskspants constitute the basis for comparison with controls.
such as the WCST or the Continuous Performance Test were Reduced frontal activity and disease progression has not
used during the scanning procedure the mean effect size wagen found to be a function of long-term use of neuroleptic
—1.13, which corresponds to approximately 40% schizopharmacotherapy (see Berman et al., 1986; also see Spohn
phrenia—control group distribution overlap. & Strauss, 1989). Although we were able to extract CPZ
As can be seen from the tables, there is almost a twofol@quivalent daily dosages and percentage on medication vari-
increase in the magnitude of effect when participants unables, the available literature did not include a “years on
dergoing metabolism or blood flow scans engage in cognimedication” variable that would allow us to test directly this
tive activity instead of maintaining a resting condition. It is finding. Moreover, in keeping with the significant correla-
also apparent, however, in view of the standard deviatiortion between hypofrontal activity and the percentage of
and confidence intervals, that heterogeneity of effects ignales, future research is needed to compare male and fe-
present. Positron emission and blood flow studies using aanale participants on PET measures of hypofrontal activity.
tivation tasks yielded effects that ranged fron0.57 to ~ The present data imply more severe hypofrontal deficit in
—2.09. Further, the same activation tasks seem to produaaen than women with schizophrenia, and this does not seem
highly variable effects in different studies (e.g., WCST, to be a function of increased neuroleptic dosages and dura-
—.89/—1.78; Continuous Performance Test28/—1.27). tion of usage in men with the iliness (also see Goldman
Moreover, given the large obtained effect on PET duringet al., 1996).
the tracking of a geometric figureV( effect= 2.09), there
is little evidence to suggest that the WCST is an optimal
activation task i effect across studies 1.45) in compar- DISCUSSION
ison to tracking figures, Continuous Performanbedffect  The results of this quantitative review suggest that research-
across studies 0.71), smooth pursuit trackindW effect= ers may have overestimated the importance of the frontal
0.93), or somatosensory stimulatiod gffect= 0.69). brain region in the pathophysiology and behavior of schizo-
Moderator variable analysis of the functional imaging re-phrenia. The neuroimaging literature provides reliable
sults revealed two significant product-moment correla-evidence of frontal deficit in schizophrenia—control com-
tions. First, a significant relationship was found betweenparisons. The average magnitude of difference between
duration of illness and the functional imaging effects schizophrenia and healthy controls, however, is generally
[r(12) = —0.73,p < .01, two-tailed]. Second, a significant too weak to support the idea that frontal brain dysfunction
relationship was found between the percentage of male pais a necessary component of a unitary schizophrenic iliness.
ticipants in patient study samples and the neuroimaging effhis weakness is most apparent in average effects obtained
fects[r(24) = —0.42,p < .05, two-tailed]. Therefore, for frontal brain volume 1 = —.36), left frontal brain vol-
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ume M = —.16), frontal resting metabolism and blood flow to the primary pathology. For example, overall brain vol-
(M= —.64). Effect sizes of this magnitude imply that schizo-ume reductions are less prevalent in early stage Alzhei-
phrenia and control distributions overlap by as much as 88%ner’s disease than volume reductions of a specific structure,
and no less than about 60% on structural and functional medhe hippocampus (Seab et al., 1988; Zakzanis, 1998b). Pre-
sures of the frontal lobes. Moreover, there is evidence thasumably, this reflects the primary locus of pathology in the
newer and more accurate technology in the form of maghippocampus and other specific structures and the less di-
netic resonance neuroimaging yields smaller effect sizes thamect relation of this focal pathology to general changes in
an earlier literature based on CT scanning. It is only wherbrain volume. Accordingly, focal frontal system dysfunc-
behavioral measures are employed as activation tasks duien may be slightly elevated in schizophrenic illness, but
ing frontal blood flow and metabolism studies, that averageas a weak byproduct, with no causal link to the essential
effect sizes rise in magnitude to indicate patient—control disand still undiscovered pathology.
tribution overlaps that are less than 50 percent. The magni- A second way of understanding the magnitude of frontal
tude of effects based on PET, however, is related in part teffects in schizophrenia is to say that frontal disturbance is
illness duration and to gender composition of patient saman important but transitory feature of the illness. Theories
ples. The largest frontal physiological effects seem to occulike the recent neural diathesis—stress models described by
in acutely ill female schizophrenia patients. Walker and Diforio (1997) and Weinberger (1987) argue that
The finding that neuroimaging paradigms that incorpo-frontal dysfunction is maximal in early phases of the iliness
rate behavioral requirements are more sensitive than resas age-linked surges in stress hormones potentiate dopa-
ing scans to schizophrenic illness is consistent with themine activity in the limbic system and overwhelm frontal
literature on neurocognitive deficits in schizophrenia (seeaegulation to cause positive symptoms. Frontal involve-
Heinrichs & Zakzanis, 1998). Behavioral measures of pument, however, is not obligatory in Walker and Diforio’s
tative executive functions like card sorting and phonemicview. Hormonal and dopamine-related regulatory failures
word generation are consistently more sensitive than starmmay also occur in the hippocampus or may be due to peri-
dard structural or functional neuroimaging measures to th@atal insults that are “unmasked” by maturing brain sys-
presence of schizophrenia (e.g., Raz & Raz, 1990). At théems. This kind of analysis is congruent with our findings
same time, it is important to note that the neuroanatomiof modest and variable frontal effects and of a relation be-
specificity of the most widely used behavioral measures igween reduced frontal activity and duration of illness. Thus,
questionable. Both the WCST and word fluency measuretransitory frontal dysfunction may be one aspect of one path-
are influenced by disturbances in nonfrontal regions (Anway that can lead to schizophrenia.
derson et al., 1991; Corcoran & Upton, 1993; Heaton et al., Finally, it is clear that the average magnitude of differ-
1993; Heinrichs, 1990; Stuss et al., 1998). Moreover, WCSTence between patients with schizophrenia and healthy con-
effect sizes may be tied to general intellectual ability in thistrols on neurobiological measures is generally too modest
population (Heinrichs & Zakzanis, 1998). This neuroana-to support the idea that frontal brain dysfunction is a nec-
tomical nonspecificity of “frontal” tasks and the effective- essary component of a unitary illness model of schizophre-
ness of general attentional and perceptual tasks in activatingia. Hence, a third way of understanding our findings is to
frontal cortex, makes it difficult to use the behavioral find- argue that a frontal variant of schizophrenia exists in some
ings to support the idea of a selective frontal brain contri-unknown proportion within a heterogeneous patient popu-
bution to the illness. lation. It follows that there may be many subtypes of schizo-
It appears that the neuropsychological profile of patientphrenia and that each subtype reflects a different cluster of
with schizophrenia is consistent with a diffuse dysfunctionneurobiologic alterations (see Carpenter et al., 1993; Hein-
that may or may not include the frontal cortex. The evi-richs, 1993; Liddle & Barnes, 1990). That is, schizophre-
dence suggests that the illness involves a very broadly baseti, as currently defined, may be an umbrella term for several
cognitive impairment with maximal deficit in aspects of ver- different diseases, only one of which has pronounced in-
bal memory, language, and possibly, in interhemispheriazolvement of the frontal brain region (see Heinrichs, in
transfer skill (Cullum et al., 1990; Heinrichs & Zakzanis, press). Other variants may focus primarily on temporal—
1998; Palmer et al., 1997; Randolph et al., 1993; Saykirhippocampal dysfunction, while still other variants may ap-
et al., 1991, 1994). This broad impairment implicates nupear neuropsychologically normal, perhaps reflecting phasic
merous neuroanatomic structures and echoes recent specieurotransmitter changes that are not captured by standard
lations about the pathophysiology of schizophrenia thatognitive tests (see Heaton & Palmer, 1998; Heinrichs &
emphasize multiple neural sites, systems and putative cirAwad, 1993; Heinrichs et al., 1997; Palmer et al., 1997). In
cuits (Adler et al., 1998; Andreasen et al., 1998; Gray, 1998)tesearching such a typology, it will be important to identify
In light of these considerations, there are basically threg¢he subtypes clearly and to ensure sample sizes that are large
ways of understanding the very moderate prevalence oénough to detect their existence.
frontal-executive deficit in schizophrenia. First, it is possi- In conclusion, we addressed the strength and consistency
ble to hold that such deficit is secondary, peripheral, ratheof published research on the frontal-executive system in pa-
than central to the illness. That is, most diseases have péients with schizophrenia in our quantitative review. This
ripheral features that are tied only modestly and indirectlyliterature has accumulated in support of the hypothesis that
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schizophrenia is a neurological disorder with a core deficit leptic treatment, attention, and mental efféuichives of General

in the frontal lobes that manifests itself in disturbed Psychiatry 43, 126-135.

executive-type behavior. Our quantitative syntheses (also séBilder, R.M.,Wu, H., Bogerts, B., Degreef, G., Ashtari, M., Alvir,
Heinrichs & Zakzanis, 1998) shows that the published ev- J:M.J., Snyder, P.J, & Liberman, J.A. (1994). Absence of re-
idence on the integrity of frontal structure and physiology glonal_hemlsp_herlc volume asymmetries in first-episode schizo-
is modest and variable. It is hard to justify the persistent_ phrenia.American Journal of Psychiatyil51, 1437-1447.

. . odmann, K. (1909, 1925Yergleichende Lokalisations Lehre der
emphasis placed on the importance of the frontal lobes in Grosshirninde Leipzig, Germany: J.A. Barth.

schizophrenia in view of our findings. The modest evidence.z ,chanan R\W . Breier. A Kirkpatrick, B., Elkashey, A., Mun-
for frontal deficit in the illness may mean that the frontal ~ ¢o R C. Gillad. F. é(c’arpemer WT. (’1993)_ Structural ab-

system is peripheral to the basic pathophysiology, or essen- normalities in deficit and nondeficit schizophrenfmerican

tial but transitory in contributing to the illness, or essential,  Journal of Psychiatry150, 59—65.

but only for a proportion of patients that have a frontal-type*Buchsbaum, M.S., DelLisi, L.E., Holcomb, K.H., Cappelletti, J.,
variant of schizophrenia. As the resolving power of neuro- King, A.C., Johnson, J., Hazlett, E., Dowling-Zimmermen, S.,
imaging improves and the importance of detailed cellular Post, R.M., Morihisa, J., Carpenter, W., Cohen, R., Pickar, D.,
analysis derived frorpostmortentissue is recognized (e.g., ~ Weinberger, D.R., Margolin, R., & Kessler, R. (1984). Antero-
Akbarian et al., 1993), it may be possible to decide between poste_rior g_radients in C(_arebral glucose use in _schizophrenia and
these hypothetical roles for the frontal brain in the neuro- 2ffective disordershrchives of General Psychiatrgl, 1159—

. . . 1166.
genesis of schizophrenia. *Buchsbaum, M.S., Haier, R.J., Potkin, S.G., & Nuechterlein, K.

(1992). Frontostriatal disorder of cerebral metabolism in never-
medicated schizophrenicarchives of General Psychiatrg9,
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