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IMPORTANCE Schizophrenia and bipolar disorder are severe and complex brain disorders

characterized by substantial clinical and biological heterogeneity. However, case-control

studies often ignore such heterogeneity through their focus on the average patient, which

may be the core reason for a lack of robust biomarkers indicative of an individual’s treatment

response and outcome.

OBJECTIVES To investigate the degree to which case-control analyses disguise interindividual

differences in brain structure among patients with schizophrenia and bipolar disorder and to

map the brain alterations linked to these disorders at the level of individual patients.

DESIGN, SETTING, AND PARTICIPANTS This study used cross-sectional, T1-weightedmagnetic

resonance imaging data from participants recruited for the Thematically Organized Psychosis

study fromOctober 27, 2004, to October 17, 2012. Data were reanalyzed in 2017 and 2018.

Patients were recruited from inpatient and outpatient clinics in the Oslo area of Norway,

and healthy individuals from the same catchment area were drawn from the national

population registry.

MAIN OUTCOMES ANDMEASURES Interindividual differences in brain structure among

patients with schizophrenia and bipolar disorder. Voxel-basedmorphometry maps were

computed, which were used for normative modeling to map the range of interindividual

differences in brain structure.

RESULTS This study included 218 patients with schizophrenia spectrum disorders (mean [SD]

age, 30 [9.3] years; 126 [57.8%]male), of whom 163 had schizophrenia (mean [SD] age,

31 [8.7] years; 105 [64.4%]male) and 190 had bipolar disorder (mean [SD] age, 34 [11.3]

years; 79 [41.6%]male), and 256 healthy individuals (mean [SD] age, 34 [9.5] years;

140 [54.7%]male). At the level of the individual, deviations from the normative model were

frequent in both disorders but highly heterogeneous. Overlap of more than 2% among

patients was observed in only a few loci, primarily in frontal, temporal, and cerebellar regions.

The proportion of alterations was associated with diagnosis and cognitive and clinical

characteristics within clinical groups. Patients with schizophrenia, on average, had

significantly reduced gray matter in frontal regions, cerebellum, and temporal cortex. In

patients with bipolar disorder, mean deviations were primarily present in cerebellar regions.

CONCLUSIONS AND RELEVANCE This study found that group-level differences disguised

biological heterogeneity and interindividual differences among patients with the same

diagnosis. This finding suggests that the idea of the average patient is a noninformative

construct in psychiatry that falls apart whenmapping abnormalities at the level of the

individual patient. This study presents a workable route toward precisionmedicine

in psychiatry.
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B
iological markers that objectively indicate someone’s

medical status have been identified for many dis-

eases; for example, in oncology, these biomarkers

revolutionized cancer diagnosis and treatment.1 In addition,

in psychiatry, such prospects inspired a quest for the identi-

fication of biomarkers for health and disorder,2-4 using, for

example, candidate gene approaches.5 However, the com-

plex etiologic and biologicalmechanisms ofmental disorders

and a fundamental reliance on symptom-based diagnoses

havehinderedprogress.Psychiatry isnowthe lastareaofmedi-

cine in which diseases are diagnosed solely on the basis of

symptoms, and biomarkers to assist treatment remain to be

developed. To bring precision medicine to psychiatry, large-

scale international initiatives work toward stratifyingmental

disorders into biologically more homogeneous subtypes

based on the integration ofmany levels of information across

multiple dimensions of functioning.4,6

Themost significant obstacle toward finding accurate and

reliable biomarkers in mental disorders is their extreme

heterogeneity7basedoncurrentpsychiatric nosology.Hetero-

geneity can be observed on at least 3 levels: (1) heterogeneity

as a consequence of different symptom profiles that are clas-

sified under the same disorder (clinical heterogeneity),

(2) heterogeneity induced by different biological predisposi-

tions converging on the same symptoms (biological hetero-

geneity), and (3) different environmental events that cause (or

prevent) the same symptoms (environmental heteroge-

neity). Case-control designs, which assume that patient and

control groups aredistinct entities, areoverwhelminglydomi-

nant in psychiatry but are limited to detecting group differ-

ences that essentially describe an average patient. They

neglect interindividual differences,whichare crucial formap-

ping the heterogeneous disease phenotype at the level of the

individual.8 Schizophrenia and bipolar disorder are excellent

examples of highly heterogeneousmental disorders.9,10They

have been linked to multiple brain systems and neural pro-

cesses, which become perturbed throughout development

through complex interactions between the individual’s

genetic architecture andenvironmental stressors.9,11Bothdis-

ordershavebeen linked to transdiagnostic impairments in the

dopamine system.12However, because these conclusions are

based on group-level comparisons, they provide limited in-

formation about disease mechanisms in individual patients.

This study aimed to quantify the brain structural hetero-

geneity in adults with schizophrenia and bipolar disorder by

mappingregionalbrainalterationsat the levelof individualpar-

ticipants.Wehypothesizedthatgroup-leveldifferencesonlyrep-

resent a small part of the neurobiological abnormalities that

characterize these disorders and that highly individual devia-

tions from the normcomprise the bulk of these abnormalities.

To test this hypothesis, we used a normative modeling

approach thatmaps interindividual differences in reference to

the healthy range. A normative model can be understood as a

statistical model that maps demographic or behavioral vari-

ables toaquantitativebrain readout.13Similar togrowthcharts

used in somatic medicine, in which a child’s height is com-

paredwith thenormativedistribution forheight at aparticular

age, a normative model can be used to characterize individu-

als in reference to a normative brain structure at a particular

age.13,14Using this approach, we provide a route toward preci-

sion medicine in psychiatry in that we provide quantitative

estimates of the heterogeneity among patients with schizo-

phrenia and bipolar disorder by investigating the degree of

spatialoverlapindeviationsfromthenormativemodelandchart

the heterogeneity in alterations of brain structure across these

disorders and at the level of the individual patient.

Methods

Participants

All participants were recruited as part of the Thematically

Organized Psychosis study from October 27, 2004, to Octo-

ber 17, 2012. Data were reanalyzed in 2017 and 2018. Patients

were recruited frominpatientandoutpatient clinics in theOslo

area of Norway. Patients (aged 18-65 years) understood and

spoke a Scandinavian language, hadnohistory of severehead

trauma, and had an IQ above 70. Patients were assessed

by trained physicians or clinical psychologists.15 Psychiatric

diagnosis was established using the Structured Clinical

Interview for DSM-IV Axis I Disorders.16 Healthy individuals

were randomlysampled fromnational registries ifneither they

nor their relativeshadapsychiatric or alcohol or substanceuse

disorder or any cannabisuseduring thepast 3months.All par-

ticipants completedaneuropsychological test battery, includ-

ing verbal learning and memory, processing speed, working

memory, and executive functioning. Written informed con-

sent was obtained from all participants. Magnetic resonance

imaging as well as cognitive and clinical data were deidenti-

fied. The study was approved by the Regional Committee for

Medical Research Ethics and the Norwegian Data Inspec-

torate. More details and a description of magnetic resonance

imaging acquisition andprocessing are given in the eMethods

in the Supplement.

NormativeModeling

We estimated a normative brain aging model by using gauss-

ianprocess regression to predict regional gray andwhitemat-

ter volumes across the brain from age and sex using voxel-

based morphometry–derived gray and white matter maps.

Key Points

Question Is the focus on the average patient disguising

interindividual differences among patients with mental disorders?

Findings In this study of magnetic resonance imaging data from

218 patients with schizophrenia spectrum disorders and 256

healthy control individuals, mapping of interindividual differences

in brain structure revealed that only a few brain loci had the same

abnormalities in more than 2% of patients with the same disorder

despite robust group-level differences in multiple brain regions

between patients and control individuals.

Meaning These findings suggest that the idea of the average

patient is a noninformative construct that falls apart when

mapping interindividual differences and provide a framework

toward precisionmedicine in psychiatry.
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Tosupplement this analysis and tocharacterizevolumetricdif-

ferences more precisely, we also estimated normative mod-

els using Freesurfer-derived cortical thickness and pial area

measures (eMethods in the Supplement). To avoid overfit-

ting in the normative models, it is crucial to estimate perfor-

mance out of sample. Therefore, we estimated the normative

range for this model in healthy individuals under 10-fold

cross-validation, then applied themodel trainedonall data to

patients. Normative models were estimated using gaussian

process regression,17 yielding coherent measures of predic-

tive confidence in addition to point estimates. Suchmeasure-

ment was important because we used this uncertainty mea-

sure to quantify the deviation of each patient from the group

mean at each brain locus. Thus, we were able to statistically

quantify deviations from the normative model with regional

specificity by computing a z score for each voxel that re-

flected the difference between the predicted volume and the

truevolumenormalizedby theuncertaintyof theprediction.13

Weestimatedmeandeviations fromthenormativemodel

in healthy individuals, patientswith bipolar disorder, andpa-

tients with schizophrenia using Permutation Analysis of

Linear Models (PALM) on the normative deviation maps,18

which allows for permutation-based inference using t tests.

PALM was used to create a map of z values for each of these

groups. We established the threshold for those maps using

z = ±2.6 (ie, P < .005) to make them comparable with indi-

vidual maps of deviation, explained below. Furthermore, we

determined multiple comparison–corrected, threshold-free,

cluster-enhanced and modality-corrected differences

between the groups. The threshold for individual deviation

mapswasestablishedat |z|>2.6 (ie,P < .005), andextremeposi-

tiveandextremenegativedeviations fromthenormativemodel

weredefinedbasedon this threshold.Wechose touse a single

fixed threshold for statistical significance for each partici-

pant individually because it simplifies the comparison across

individuals relative to the alternative approach of controlling

the falsediscovery rate (FDR) separately for eachparticipant.13

Specifically, although FDR controls for multiple compari-

sons, this process is at the expense of estimating a separate

threshold for each participant. Therefore, it is insensitive to

an overall shift in deviations from the normative model for 1

individual. In other words, an individual with small reduc-

tions in graymatter across the entire cortexmay seem tohave

normal findings using an FDR thresholding procedure be-

cause the overall distribution of deviation is shifted for this

individual. However, we also performed the analyses again

controlling the FDR at the individual participant level using

the Benjamini andHochberg procedure.19 These analyses are

reported in the eMethods in the Supplement and led to iden-

tical conclusions. All extremedeviationswere combined into

scores that represented the percentage of extreme positive

and negative deviating voxels for each participant, expressed

relative to the total number of intracerebral voxels.We tested

for associations betweendiagnosis and those scoresusing a χ2

test, corrected formultiple comparisonsusing theBonferroni-

Holmmethod.20To assess the extent of those extremedevia-

tions spatially, we created individualized maps and calcu-

lated the voxelwise overlap among individuals from the same

groups. The overlap for the clinically less homogenous group

of patientswith schizophrenia spectrumdisorder are given in

the eResults in the Supplement. Finally, we tested for asso-

ciationsbetween thepercentageof extremelydeviatingvoxels

andage, diseaseduration, andcognitiveperformance.Wecor-

rected for the number of regressions (n = 12) within each dis-

order and modality using the Bonferroni-Holm method.20

A corrected threshold P < .05 was considered to be statisti-

cally significant. All analyses were performed with Python

software, version 3.6 (Python Software Foundation). We

performed additional checks to eliminate the possibility of

nuisance effects of scanner artifacts (eg, headmotion),medi-

cation, and substance abuse confounding our results

(eResults in the Supplement).

Results

A total of 218 participants with schizophrenia spectrumdisor-

derswere included (mean [SD] age, 30 [9.3] years; 126 [57.8%]

male), of whom 163 had pure schizophrenia (mean [SD]

age, 31 [8.7] years; 105 [64.4%]male) and 190 had bipolar dis-

order(mean[SD]age, 34 [11.3]years;79[41.6%]male).Thestudy

also included 256 healthy individuals (mean [SD] age, 34 [9.5]

years; 140 [54.7%]male) (eTable 1 in the Supplement).

NormativeModel

In Figure 1, we depict a spatial representation of the voxel-

wise normative model, which was characterized by a global

gray matter decrease from 20 to 70 years of age, particularly

in the frontal and cerebellar regions, with the largest de-

creaseprimarily in the frontal areas for bothwomenandmen.

In contrast, the normativemodel ofwhitematterwas charac-

terized by decreases and increases across the adult lifetime

for both women andmen.

Mean Deviations Compared Across Patients

and Healthy Individuals

Figure2 showsmeangroupdifferenceswith respect to thenor-

mative model among healthy individuals (under cross-

validation), patients with schizophrenia, and thosewith bipo-

lar disorder in gray andwhite matter, corrected for modalities

andmultiplecomparisons. Ingraymatter,patientswithschizo-

phreniahadgreatermeannegativedeviations thandidhealthy

individuals in frontal, temporal, and cerebellar regions; mean

deviationswerealsomorenegative inpatientswithschizophre-

nia than in patients with bipolar disorder and were localized

primarily in fontal brain regions. Inwhitematter,we observed

differences comparable to those described for graymatter.

ExtremeDeviations Compared Across Patients

and Healthy Individuals

In graymatter, patients with schizophrenia had a higher per-

centageof extremenegativedeviations across voxels (0.9%of

voxels) compared with healthy individuals (0.23% of voxels,

P < .001; Wald χ2 = 219.67, P < .001, corrected P<.001) and

patientswithbipolar disorder (0.24%of voxels,P < .001). The

percentage of extreme positive deviations across the groups
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indicated that healthy individuals differed frompatientswith

schizophrenia andbipolar disorder (Wald χ2 = 14.99,P = .001,

corrected P = .004); this finding was associated with a larger

percentageof extremepositivedeviations inhealthy individu-

als (1.08% of voxels) than in patients with bipolar disorder

(0.79%ofvoxels,P = .001) andschizophrenia (0.78%ofvoxels,

P = .001) (Figure 2A-C).

Inwhitematter, patientswith schizophrenia differed from

healthy individuals andpatientswith bipolar disorder in terms

of the percentage of extreme negative deviations (Wald

χ2 = 64.14, P < .001, corrected P<.004), with a larger propor-

tionofextremenegativedeviations inpatientswithschizophre-

nia(0.62%ofvoxels)thaninhealthyindividuals(0.25%ofvoxels,

P < .001) and inpatientswithbipolardisorder (0.41%ofvoxels,

P = .001). Inthepercentageofextremepositivedeviationsacross

groups, healthy individuals differed frompatientswith schizo-

phrenia and bipolar disorder (Wald χ2 = 13.48, P = .001,

corrected P<.004); a higher proportion of extreme positive de-

viations was seen in healthy individuals (1.14% of voxels) than

in those with schizophrenia (0.83% of voxels, P = .003) and

bipolar disorder (0.83% of voxels, P = .001) (Figure 2D-F).

Spatial Extent of ExtremeDeviations Across Patients

and Healthy Individuals

Figure 3 shows that, on average, healthy individuals did not

typically deviate substantially from the normative model.

Although we observed a scattered pattern of positive devia-

tions on the overlap maps, no negative deviation was found

in the mean or in the overlap maps.

Figure4 shows thatpatientswith schizophreniahadmean

negative deviations from the normative model in frontal,

superior parietal, and the cerebellum gray matter as well as

positive deviations in the basal ganglia. The overlapmaps for

individuals with schizophrenia were dominated by extreme

negative deviations in these regions. At least 2% of patients

had extremedeviations in those regions. In addition, inwhite

matter, patientswith schizophrenia hadwidespread extreme

negative deviations from the normative model, with focal

hotspots in frontal, temporal, and cerebellar regions. Thepat-

tern for all patients belonging to the schizophrenia spectrum

(also including patients with schizoaffective and schizo-

phreniformdisorder)was thesameas for the restrictedsetwith

schizophrenia (eFigure 1 in the Supplement).

Figure 5 shows that in patientswith bipolar disorder, there

weremeandeviations in cerebellar, temporal, and thalamic re-

gions.Meaneffects for thedeviationswerenot substantiallyaf-

fectedbyoutliers (eFigure6 in theSupplement).Thedeviations

were predominantly negative, indicating that, typically, these

patients had lower gray matter volume in those regions than

estimated tobenormativeby themodel.Theoverlapmapscor-

respondedonlymarginallywiththispattern;however, inthetha-

lamicregion,morethan2%ofthepatientshadextremenegative

values.Weobservedpositivedeviationsinthecaudate,whichwas

supported by the overlap maps. In white matter, we observed

negativedeviations, inparticular inthebrainstem,temporal,and

frontalregions.Thedistributionacrossindividualsisshownusing

histogramsof thepercentageofdeviatingvoxels in eFigure2 in

the Supplement and examples of individuals with extensive

deviations in eFigure 3 and eFigure 4 in the Supplement.

OverlapmapsusingFDR(eFigure5 intheSupplement)were

slightly sparserbutconsistentwithourmain results. Individual

extremedeviationswithinthedifferentpatientgroupswerelinked

to cognitive performance and disorder duration but not to age

(eTable2intheSupplement).Furthermore,performingtheanaly-

sesagainusingFreesurfer-derivedcorticalthicknessandpialarea

measures produced nearly identical results and showed that

extremedeviationswereprincipallyattributable toathinningof

the cortex in patients with schizophrenia and bipolar disorder

(eFigures 7 and8 in the Supplement).

Discussion

Wemapped the biological heterogeneity of schizophrenia and

bipolardisorder in referencetonormativebrainagingacross the

adult lifespan.Wefoundthat inpatientswithschizophrenia, the

Figure 1. Characterization of the NormativeModel

x = 40x = 0x = –20 x = 20x = –40

Gray matter volumeA

0.2

0.1

0

–0.1

–0.2

x = 40x = 0x = –20 x = 20x = –40

White matter volumeB

Normative model from 20 to 70

years of age. Rate of volume change

for women is shown, which was

virtually identical to that for men.

Scale indicates rate of volume

change.
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frontal regions, the cerebellum, and the temporal cortex

usually (ie, in the average patient) had reduced cortical

volume compared with a healthy lifespan trajectory. For the

average patient with bipolar disorder, this pattern was less

pronounced and primarily present in cerebellar regions. This

finding is in linewith earlier, well-powered group comparison

studies21-25 that reported small to medium effects. Of more

importance, we found that these mean deviations masked

extreme interindividual differences. Only a few brain loci had

extreme deviations inmore than 2% of the patients.

In this study,patientswithschizophreniaandbipolardisor-

derdifferedextremelyonanindividual level; thelackofsubstan-

tialoverlapamongpatients in termsofextremedeviations from

the normativemodel is evidence of the high degree of biologi-

Figure 2. Characterization ofMean Group-Level Deviations From the NormativeModel

x = 40x = 30x = 0x = –20 x = –10 x = 20x = 10x = –40 x = –30

Healthy individuals vs individuals with schizophreniaA

x = 40x = 30x = 0x = –20 x = –10 x = 20x = 10x = –40 x = –30

Individuals with bipolar disorder vs individuals with schizophreniaC

x = 40x = 30x = 0x = –20 x = –10 x = 20x = 10x = –40 x = –30

Healthy individuals vs individuals with bipolar disorderB

0.050

0.038

0.025

0.130

0

Gray matter volume

x = 40x = 30x = 0x = –20 x = –10 x = 20x = 10x = –40 x = –30

Healthy individuals vs individuals with schizophreniaD

x = 40x = 30x = 0x = –20 x = –10 x = 20x = 10x = –40 x = –30

Individuals with bipolar disorder vs individuals with schizophreniaF

x = 40x = 30x = 0x = –20 x = –10 x = 20x = 10x = –40 x = –30

Healthy individuals vs individuals with bipolar disorderE

White matter volume

Themean differences were corrected for modalities andmultiple comparisons.

A-C, In gray matter, healthy individuals had stronger mean negative deviations

than individuals with schizophrenia, especially in the frontal, temporal, and

cerebellar regions; furthermore, individuals with bipolar disorder had stronger

mean negative deviations than healthy individuals in the cerebellum. Patients

with bipolar disorder had weaker mean negative deviations than patients with

schizophrenia in the frontal and temporal brain regions but not in the

cerebellum. D-F, In white matter, the differences were comparable to those

observed in gray matter. Healthy individuals had no regions with significant

deviations in either gray or white matter. Scale indicates corrected P values.
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cal heterogeneity of both disorders. This finding is in linewith

the notion thatmental disorders are complex, with little shar-

ingofcausalbrainstructuraldefect,geneticvariants,orenviron-

mental stressors. Schizophreniawas conceptualized as a poly-

genic disorder half a century ago,26 consistent with published

identificationofgenetic risk factors.27Togetherwithourcurrent

resultsonneuroimaging-basedevidenceofheterogeneity, these

findingscorroboratethatthecategorizationofmentalhealthdis-

orders, as defined using current diagnostic manuals, does not

conformwithbiology3,4,28; suchworkalsoemphasizes theneed

to develop tools for clinical stratification and characterization

spanning conventional diagnostic boundaries, such as in the

ResearchDomain Criteria.4

A previous study29 that used a classic case-control design

did not identify biological signatures for schizophrenia or

bipolardisorder informativeenough for individualizedestima-

tions. In practice, the discriminative capability of candidate

biological signatures is most commonly studied using

multivariatepattern classifiers that integrate a largenumberof

features in a single model. However, in patients with schizo-

phrenia and bipolar disorder, these discriminative patterns

donot identify the diagnostic categorieswith an accuracy that

Figure 3. Characterization of ExtremeDeviations From the NormativeModel in Healthy Control Individuals
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can be considered to be clinically useful, especially in large

samples.29-31 The present results suggest that this outcome is

possibly a result of collapsing individual patients with differ-

ent biological signatures into a single diagnostic group. Fur-

thermore, even though the biological stratification of mental

disorders may be useful,3,4,6,32 our results suggest that poten-

tially emerging biological strata are likely smaller than previ-

ously anticipated. Interindividual differences are vast, and

we estimate that those differences will not easily boil down to

reliable and robust biological subtypes of mental disorders.

Publishedstudies33-35 thatcomparedtheestimatedagewith

the true age of a patient have suggested that schizophrenia is

characterizedbyacceleratedbrainagingincontrasttobipolardis-

order.Thepresent resultsare in linewiththosegeneral findings;

however,wealso founddeviations fromthenormativepattern

inpatientswithbipolardisorder.Ofmore importance,wefound

thathighinterindividualdifferenceswereahallmarkforbothdis-

orders in gray andwhitematter; however, themapping of dif-

ferencesatthelevelof theindividualpatient isnotpossibleusing

thebrainageapproachbecauseitreliesexclusivelyongroupcom-

parisons. A point of consideration in this context is that the in-

dividualdeviationsthatweobservedmaybefunctionallyrelated

(eg, concentrated in functionally related brain areas). If so, our

results suggest thatbrainnetworksareunlikely tobeaffected in

Figure 4. Characterization of ExtremeDeviations From the NormativeModel in PatientsWith Schizophrenia
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thesamewayacrosspatients,butdifferentstructuralabnormali-

ties may impair the working of a specific functional network

viadifferentmechanisms,36,37convergingonsimilarsymptoms.

Although testing this hypothesis was beyond the scope of this

study,weareplanningworktocombinefunctionalandstructural

measures to better chart the nature of abnormalities in schizo-

phrenia and bipolar disorder and aim to map the multimodal

heterogeneityofbothdisorders.38-40Thepresentworkisthestart

of a research line that aims to systematicallymap theheteroge-

neityofmentaldisordersacrossbiological readouts in thespirit

of precisionmedicine. A logical next step is to apply clustering

algorithmstothedeviationsfromnormativemodels to findsub-

types, similar toothersubtypingapproaches.41,42However, this

step isbestperformed in larger samples and requires extensive

validation toensure that clusters arepresent in thedataandare

clinicallyrelevant,althoughnormativemodelingcanalsobeused

even if there are no clearly defined subtypes in the data.13,14

Limitations

A limitation of this study is that it does not permit strong infer-

ences about the degree towhich certain confounding variables

may have influenced our findings.We did not find evidence of

confoundingeffectsofmedicationbutfoundminorassociations

between overall image quality and substance abusewith nega-

Figure 5. Characterization of ExtremeDeviations From the NormativeModel in PatientsWith Bipolar Disorder
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tivedeviationsingraymatterforschizophrenia(eTables3-5inthe

Supplement).However, themeasures thatweusedtoassess this

effectarecrude,andourdesigndoesnotpermit inferencesabout

thedirectionofcausality (eg,patientswithgreater severitymay

move more in the scanner and be more prone to drug abuse).

These issues should bemore fully addressed in future studies.

Conclusions

Our results have important implications for case-control

designs in (neuroimaging-based) psychiatric research

because we found little overlap among individual patients

with the same disorder. This finding agrees with the notion

that severe mental disorders are complex, with highly poly-

genic and multifactorial causes; the findings also provide a

step toward a systematic mapping of the heterogeneity

of these disorders. Although the shift from group-level psy-

chiatry toward precision medicine has only just started, on

the basis of these results, it appears that appropriate ways to

incorporate interindividual differences may determine the

success of the transition. Our results suggest that a full

understanding of the biological features underlying schizo-

phrenia and bipolar disorder may not be achieved by study-

ing the average patient but by mapping patients’ individual

pathophysiologic signatures.
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