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Abstract  Categorical diagnosis, a pillar of the medical model, has not worked well 
in psychiatry where most diagnoses are still exclusively symptom based. Uncertainty 
continues about whether categories or dimensions work better for the assessment 
and treatment of idiopathic psychoses. The Bipolar Schizophrenia Network for 
Intermediate Phenotypes (B-SNIP) examined multiple cognitive and electrophysi-
ological biomarkers across a large transdiagnostic psychosis data set. None of the 
variables supported neurobiological distinctiveness for conventional clinical psy-
chosis diagnoses but showed a continuum of severity. Using numerical taxonomy of 
these data, B-SNIP identified three biological subtypes (Biotypes) agnostic to DSM 
diagnoses. Biotype-1 is characterized by reduced physiological response to salient 
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stimuli, while Biotype-2 showed accentuated intrinsic (background or ongoing) 
neural activity and the worst inhibition. Biotype-3 cases are like healthy persons on 
many laboratory measures. These Biotypes differed in imaging and other electro-
physiological measures not included in subgroup creation, illustrating external vali-
dation. The Biotypes solution also replicated in an independent sample of psychosis 
cases. Biotypes are differentiable by clinical characteristics, leading to a feasible 
algorithm for Biotype estimates. Identifying Biotypes may aid treatment selection 
and outcome prediction. As an example, preliminary cross-sectional B-SNIP data 
suggest that Biotype-1 cases may have physiological features that predict a more 
favorable response to clozapine. While psychosis Biotypes reveal physiological het-
erogeneity across cases with similar clinical characteristics, data also suggest a 
dimensional vulnerability for serious psychopathology that cuts across diagnostic 
boundaries. Both categorical and dimensional diagnostic approaches should be con-
sidered within idiopathic psychosis for optimum diagnosis, care, and research.
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A patient calls their doctor about some niggling complaint or grave ailment. The 
medical staff ask questions, collect basic bodily information (e.g., height, weight, 
heart rate, and blood pressure), do a physical exam, and perhaps order laboratory 
tests like blood draws, an MRI, or maybe electroencephalography. At each step, the 
clinicians speculate about what is wrong. They have diagnostic hypotheses, includ-
ing ones they consider more or less likely; the latter are called rule-outs. After pon-
dering all the information, the medical team has the best guess they label a diagnosis.

This is not merely an intellectual exercise. The process of medical diagnosis 
provides the rational basis for treatment prescription. The patient hopes the medical 
team can devise a successful treatment plan, and the ailment disappears. The diag-
nosis may have a known etiology and pathology. However, a diagnosis does not 
guarantee a known cause or effective treatment, and a known etiology does not 
ensure a cure. Alternatively, the availability of an effective treatment does not 
require a known cause.

1 � The Medical Model and Psychiatry

Every medical specialty walks this familiar diagnostic path. Psychiatry, at least con-
ceptually, is no different from every other branch of medicine, with its diagnoses 
formalized in the DSM and ICD manuals. Those compendia are the field’s best 
diagnostic guesses based on expert consensus (Horwitz 2021). The current diagnos-
tic systems for psychiatry are categorical, meaning one either does or does not have 
a specific diagnosis. Pure categorical systems assume qualitative differences 
between health and disease (you are healthy or not) and between conditions (you 
have this diagnosis, not that diagnosis).

Across the range of medical conditions, however, diagnosis is less specific than 
it sounds, undeniably less precise than most clinicians and patients hope. Not all 
diagnoses across all of medicine are like Huntington’s disease (an autosomal domi-
nant mutation of the Huntingtin gene). There are many reasons for ambiguity. For 
instance, two patients with the same or very similar clinical presentations may have 
different pathologies and need different treatments. In this case, multiple causes 
yield similar clinical pictures, which is called etiological heterogeneity. Alternatively, 
two patients with different presentations may need the same treatment. This is when 
the same etiology yields different clinical pictures, called variable expressivity. 
Finally, unknown to the clinician, a patient could have two or more conditions 
simultaneously, with independent or interacting causes. For example, a person 
could qualify for both a major depression and a psychoactive substance use disor-
der. The clinician might attempt to decipher if one diagnosis (e.g., the depression) 
accounts for the other (e.g., the substance use), or vice versa, but there is no prohibi-
tion in nature against an organism carrying multiple etiologically different ailments 
simultaneously. These and other issues complicate medical diagnosis. Of course, 
etiological heterogeneity, variable expressivity, and concurrent conditions are just 
conjectures without evidence.
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Psychiatry is considered rugged terrain for the so-called “medical model,” 
although psychiatry’s transition to this method was once considered a foregone con-
clusion (Guze 1992). The basic assumptions of this approach are simple: illnesses 
come in different forms that reflect cause, pathophysiology, population distribution, 
optimal treatments, and outcomes (Guze 1992; Zhang et al. 2023). For psychiatry, 
because the brain is the affected organ, this means using neuroscience as part of a 
larger biological context to understand specific deviations in brain functioning that 
undergird clinical conditions. In the early 1900s, psychiatry appeared primed to 
become a medical model discipline—neurosyphilis progressed from clinical syn-
drome to disease with a specific cause (the Treponema pallidum bacterium). Forty 
years passed from identifying neurosyphilis’ cause to the availability of penicillin as 
an effective treatment. Unfortunately, no matter how protracted, the hope that this 
success initiated a new age for psychiatric disease identification and treatment 
developments has yet to materialize in an uncomplicated form (Keshavan et  al. 
2013; Harrington 2019). As a result, most psychiatric maladies remain idiopathic, 
meaning their causes are unknown, their etiology is a mystery. So far, the medical 
model methodology has not evolved in psychiatry.

2 � Psychiatry’s Commitment to Clinical Features 
for Diagnosis

Throughout its history general medicine also struggled with caverns of uncertainty 
and nosological confusion. Some of these lacunae were filled after decades, some-
times centuries, of wandering in the darkness. For instance, morbid edema, or 
dropsy, was once considered a legitimate medical diagnosis with certain, nonspe-
cific treatment indications (Estes 1993). But clinicians made additional observa-
tions about dropsy that changed their understanding and approach. Consider this 
article from the 1837 New England Journal of Medicine:

You must be made aware that dropsy is to be considered as the prominent symptom of some 
morbid condition of the body. It is not an idiopathic disease, but is the result of some 
unwonted action, into the nature of which, before you search for your remedy, you must 
carefully inquire. To obtain a relief from the discharge of the fluid is of course an object of 
anxious consideration, but beyond this you must ascertain what has been the predisposing, 
what the executing cause, whether any other remedy may not be more effectual, whether the 
constitution of the individual is such that you may prescribe an agent which, when it does 
not produce good effects, may become the source of mischief, and, indeed, be more detri-
mental than the disease which you undertake to cure by it. (Sigmond 1837)

The same reasoning probably applies to the evaluation and treatment of serious 
psychiatric conditions with psychosis as a prominent clinical feature. Just substitute 
“psychosis” for “dropsy,” “brain” for “body,” and “delusions and hallucinations” for 
“the discharge of the fluid.” More precisely, the passage hints at psychiatry’s main 
impediment to implementing a medical model approach—the exclusive reliance on 
signs and symptoms for diagnosis. Even a medical clinic operator in remote Eagle, 
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Alaska considered this a limitation. In John McPhee’s (1977) “Coming into the 
Country,” Elva Scott, who ran such an establishment out of her kitchen in the middle 
of the last century, said: “We don’t have laboratory tests. We treat on symptoms.”

The remainder of this document uses the above insightful passage from 1837 on 
dropsy as a motivating influence, in combination with what we learned from the 
Bipolar-Schizophrenia Network for Intermediate Phenotypes (B-SNIP) project. 
Our transparent title discloses that the theme is whether categories or dimensions 
seem most useful for treatment selection when diagnosing patients with an idio-
pathic psychosis. The second part of the title reveals that B-SNIP’s outcomes influ-
enced our conclusions concerning this issue.

3 � Early B-SNIP Hypotheses for Parsing 
Psychosis-Related Neurobiology

B-SNIP is a consortium of scientists spread across multiple academic centers 
(Tamminga et al. 2014, 2017). From its inception in 2008, the goal was to assemble 
neurobiological support for clinically defined, idiopathic psychosis diagnoses. It is 
believed that better etiological or physiological understanding paves the road to 
targeted and better treatments and improved standard of care (National Research 
Council 2011). From early in the project, and influenced by Craddock and Owen 
(2010), B-SNIP had two main questions germane to this journey.

First, there is evidence for continua of severity on both neurobiological and symp-
tom features of relevance to psychosis. There is also a cognitive performance 
range across all humans, which is one of Craddock and Owen’s (2010) “domains 
of psychopathology.” A psychosis diagnosis is not required to capture this cogni-
tion dimension. Nevertheless, schizophrenia-like cases tend to fall at the deficit/
severe and bipolar disorder-like cases at the surplus/mild ends of those distribu-
tions. B-SNIP wanted to know, given an idiopathic psychosis, if deficient cogni-
tion is a core feature of a schizophrenia diagnosis, as is often assumed 
(McCutcheon et al. 2023). If not, perhaps cognitive performance is more like a 
modifying feature across all psychosis rather than central to any specific clini-
cally defined subgroup. This question was related to considering psychosis a 
“spectrum” that gradually shades from normal to subsyndromal to mild and 
severe clinical manifestations.

Second, Craddock and Owen (2010) postulated etiological factors at more basic 
levels of analysis (etiological “hits”), including genetic and neurobiological sys-
tems variations, all of which could be influenced by environmental and stochas-
tic events. Some of these factors will necessarily affect where an individual falls 
along the domains of psychopathology. Other factors, however, could influence 
the specific clinical expression of psychosis given how they act on neuroana-
tomical and neurofunctional systems. There might be deviations in neurobiology 
that predispose to schizophrenia- or bipolar-like presentations. B-SNIP wanted 
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to know if the multiple variations for where a person falls along the domains of 
psychopathology, combined with specific etiological hits, may cause the jumble 
of clinical manifestations observed across psychosis cases, even though there are 
discrete disease entities. This question addressed the possibility of etiological 
specificity within idiopathic psychosis, even if that specificity is distributed 
against a pleiomorphic psychopathology background.

4 � B-SNIP Approach

The B-SNIP group assumed that there were three keys to successfully addressing 
the above questions. First, it was crucial to collect psychosis samples of sufficient 
size across DSM diagnosis (what is called transdiagnostic assessment) to capture 
representative clinical and neurobiological heterogeneity. Small samples probably 
account for inconsistent results in the psychosis literature, and almost certainly 
insufficiently capture hard-to-classify cases. Transdiagnostic assessment was neces-
sary to evaluate specificity of any findings to individual DSM psychosis diagnoses.

This is different from the recent approach of, for instance, large genetics consor-
tia (Singh et al. 2022; Trubetskoy et al. 2022). Those international efforts, that used 
to do things differently (Cross-Disorder Group of the Psychiatric Genomics et al. 
2013), performed case-control comparisons for schizophrenia alone and then 
inferred, or at least strongly suggested, specificity of genetic findings to that diagno-
sis without comparison to other psychosis subgroups (e.g., schizoaffective disorder 
or bipolar disorder with psychosis). They then took the additional step of building 
schizophrenia specific models of, for instance, hippocampal functioning (Guo et al. 
2023) without evaluating the model’s specificity across psychosis diagnoses. Their 
conclusions may be accurate, but it is impossible to know without transdiagnostic 
comparisons. The single diagnosis approach is not new and not unique to genetics; 
it has dominated and perhaps compromised psychosis research across measurement 
domains for years.

Second, psychosis relevant factors must be quantified at multiple levels of analy-
sis using multiple approaches. At the very least, it was important to canvas neuro-
cognitive and neuro-physiological correlates of psychosis. Deviations in psychosis 
cover at least those territories, and limiting probes to only one area would almost 
certainly yield an incomplete, and perhaps a completely inaccurate, geography of 
psychosis neurobiology. Therefore, we performed dense phenotyping across multi-
ple levels of analysis (molecular measures, structural and functional brain imaging, 
psychophysiology, cognition, symptom assessments, social functioning evalua-
tions, environmental factors). This approach has the best hope of evaluating whether 
DSM psychosis diagnoses approximate biological reality.

B-SNIP emphasized so-called neurobiological “endophenotypes” (see Thaker 
2008), a term applied by Irving Gottesman to biomarkers that capture inherited 
predisposition (Gottesman and Gould 2003). The core of B-SNIP’s biomarker bat-
tery had the dual purpose of understanding neurobiology and familial liability for 
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idiopathic psychosis. In the late 2000s, B-SNIP’s core measures were the most 
researched endophenotypes for addressing those issues. Emphasizing an intermedi-
ate level of neurobiological deviation also promoted shortening the logical distance 
between genes and clinical phenotypes. Findings could be probed and verified via 
associations with more molecular and more clinical and sociodemographic mea-
sures, developing and strengthening knowledge of the complex causal network, a 
common approach in quality biological research (Wilson 1998).

Third, B-SNIP assumed biofactors (i.e., multiple statistically integrated bio-
markers), rather than biomarkers considered individually, would best capture 
psychosis-relevant features. Any single measure probably fails to precisely define 
any psychiatric disease. Given the state of knowledge, it is unrealistic to assume a 
single measure adequately assesses any brain function (e.g., auditory sensory regis-
tration, target detection, context updating in working memory, behavioral inhibi-
tion; behavioral response speed). Single measures of complex constructs are often 
used in experimental psychopathology and psychiatry, but this approach in psycho-
sis biomarkers research was easily modified. B-SNIP statistically integrated multi-
ple individual measures to assess brain functions of interest, enhancing 
signal-to-noise (e.g., antisaccade response latency and prosaccade latency both 
index speed of visual orienting; the auditory ERP N100 response during the paired-
stimuli task is assessing a highly similar neural response as the N100 response dur-
ing the auditory oddball task).

5 � Central B-SNIP Biomarker Battery

Fair warning—this section is a detour. It provides summary information about mea-
surements that anchor B-SNIP’s main taxonomic analyses (see Clementz et al. 2022 
for complete details). They are the tasks and paradigms from which came dependent 
variables defining an intermediate location in the multilevel analysis hierarchy. 
They range from more cognitive to more physiological in nature. For those already 
familiar with the design, or those less interested in individual contours, skip to the 
next section’s presentation of B-SNIP’s fundamental DSM psychosis topography.

Brief Assessment of Cognition in Schizophrenia (BACS)  BACS covers multiple 
cognitive domains (Verbal Memory, Processing Speed, Reasoning and Problem 
Solving, Working Memory; Keefe et al. 2004, 2006, 2008) and provides an excel-
lent measure of psychosis-related cognitive performance (Hill et  al. 2013; 
Hochberger et al. 2016). Statistical integration over the subtests yielded one BACS 
biofactor.

Stop Signal Task (SST)  The SST measures efficiency and adequacy of cognitive 
control when response preparation and the subsequent movement requirement are 
conflicted (Lipszyc and Schachar 2010). Subjects see a “Go” cue to the left or right 
of central fixation. On a minority of trials, a “Stop” signal is presented. Participants 
are instructed to respond to the Go cue as quickly as possible unless they encounter 
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the Stop signal. Psychosis cases on average respond more slowly and make more 
errors (Ethridge et al. 2014; Gotra et al. 2020). Statistical integration over reaction 
time and error variables yielded one SST bio-factor.

Pro- and Antisaccade Tasks  Prosaccades (looking at a visual cue) assess the speed 
of visual orienting, with psychosis cases having highly variable responses, from 
slower to faster than normal (Clementz et al. 1994; Clementz 1996; McDowell and 
Clementz 2001; Reilly et al. 2005). Subjects are simply asked to look quickly and 
accurately at a newly appearing visual stimulus. Alternatively, antisaccades assess 
at least two abilities: (i) inhibitory control, because the visual stimulus and required 
response location are incompatible and (ii) goal maintenance, because subjects 
must remember the response requirement over time (Hallett and Adams 1980; 
McDowell and Clementz 2001; Ethridge et al. 2009). Subjects look as quickly and 
accurately as possible to the mirror image location of a peripheral cue (same ampli-
tude, opposite direction). On average, psychosis cases have delayed reaction times 
and increased error rates (Reilly et al. 2014; Huang et al. 2022). Statistical integra-
tion over saccade latency and percentage of error response variables yielded two 
saccade bio-factors, one for speed of visual orienting and one for antisaccade 
performance.

EEG During Auditory Paired-Stimuli and Oddball Paradigms  Neurophysiological 
brain responses to repetitive auditory stimuli (paired-stimuli task, used to measure 
what is sometimes called “p50 gating”; Freedman et al. 1987) and predetermined 
auditory targets randomly interspersed with nontarget auditory events (called an 
“oddball task”; Polich 2007) are commonly encountered in psychopathology 
research (Thaker 2008). These paradigms assess the neural dynamics of preparation 
for and recovery from auditory sensory activations, neural responses to stimulus 
salience, and neural differentiation of relevant from irrelevant auditory stimuli.

For the typical paired stimuli task, subjects passively listen to many auditory 
stimuli pairs with a short (500  ms) interval between the two stimuli and a long 
(8–10 s) interval between the pairs. This task ostensibly probes the ability to detect 
stimulus relevance (or reject stimulus irrelevance), a deficit in some psychosis cases 
(Adler et al. 1982; Freedman et al. 1987; Hamm et al. 2012, 2014). For a typical 
auditory oddball task, subjects listen to hundreds of auditory stimuli occurring 
every 1–1.5 s. Most of the stimuli are the same (e.g., 1000-Hz tones), and are called 
“standards.’ Some of the stimuli, randomly interspersed with the standards, are dif-
ferent (e.g., 1500-Hz tones), and are called ‘targets.’ Targets elicit a different brain 
response from the standards, with the most prominent the so-called p300 (a positive 
voltage waveform in the event-related brain potential most prominent over central 
parietal lobe sensors occurring 300–400 ms after stimulus onset). The p300 mea-
sures updating of information in working (or available) memory, a function that is 
deficient in many psychiatric conditions, including psychosis (Linden 2005; Polich 
2007; Ethridge et al. 2012, 2015; Lundin et al. 2018; Parker et al. 2021).

Electroencephalography (EEG) data are quantified in multiple ways. The most 
common approach is to estimate neural responding from one or a few EEG sensors 
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at a limited number of time points. From B-SNIP’s perspective, this approach 
unnecessarily restricts the rich EEG-recorded neural activity data that is distributed 
across the brain and unfolds in complex ways over time. Instead, B-SNIP maxi-
mizes the use of available information using many sensors and time points, with 
brain responses extracted from the temporal and frequency domains. Scoring data 
in the temporal domain yields information on the strength of brain signals in voltage 
units. These signals are typically used to measure event-related brain potentials 
(ERPs) at specific time points (50, 100, 200, or 300 ms after stimulus onset). Scoring 
in the frequency domain yields information on brain signals in particular frequency 
ranges (e.g., delta, theta, alpha, beta, and gamma); this information also can be 
quantified as a function of time (e.g., gamma activity in the first 100 msec after 
stimulus onset). Extracting both voltage and frequency provides more information 
on complex brain responses than is possible using either quantification approach 
alone. In B-SNIP’s latest iteration, statistical integration over EEG/ERP variables 
yielded four ERP magnitude biofactors and three intrinsic (background or nonspe-
cific) activity biofactors.

6 � DSM Psychosis Diagnoses as the Gold Standard

The initial B-SNIP goal was to identify neurobiological features (i) shared across or 
(ii) distinctive to the major DSM psychosis diagnosis categories (schizophrenia, 
schizoaffective disorder, bipolar disorder with psychosis). B-SNIP collected large 
numbers of patients, so any measures meeting those characteristics would be obvi-
ous. Over 13  years, using DSM-IV diagnoses, B-SNIP recruited more than 700 
schizophrenia, 500 schizoaffective disorder, and 700 bipolar disorder cases, plus 
more than 900 people from the community without serious psychiatric conditions to 
serve as an anchor. We paid participants for the many hours over multiple days they 
spent providing hundreds of measures; nevertheless, the only way to justly compen-
sate them is if B-SNIP products improve the standard of care.

The best currently published statement on the main outcomes is in Clementz 
et al. (2022). Participants came from two separate samples collected at least 5 years 
apart, with n > 900 in each sample. There were a few interesting results. First, every 
part of the data analysis path exhibited high repeatability. Second, the DSM psycho-
sis diagnoses outcomes were highly similar between samples. Both outcomes are 
attractive and important because they highlight the analysis approach is structurally 
sound and that DSM-IV psychosis cases have a common pattern of deviations in 
relation to each other and the community sample.

The conclusions from DSM diagnosis comparisons are straightforward—because 
there is not much to tell. Despite remarkable consistencies between samples, 
DSM-IV schizophrenia, schizoaffective disorder, and bipolar disorder with psycho-
sis did not seem to define obviously distinct neurobiological entities. Figure 1 shows 
the patterns across the main bio-factor classes as a function of DSM psychosis 
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diagnosis, which describe a neurobiological continuum (schizophrenia < schizoaf-
fective disorder < bipolar disorder < community sample), with considerable group 
overlap.

There are three noteworthy features of Fig. 1. First, consistent with the published 
literature, psychosis cases have deficient values on cognition and ERP amplitudes 
(values below the mean of healthy persons). Second, the magnitudes of the between-
psychosis group differences are modest. For cognition measures, schizophrenia and 
bipolar psychosis cases differ by less than 0.5 standard deviation units, with 
schizoaffective cases halfway between. For ERP amplitudes, the differences are 
more modest, and no psychosis group has a greater than 0.5 standard deviation 
separation from the healthy mean. Curiously, despite interest in intrinsic activity as 
a psychosis, perhaps a schizophrenia-specific, biomarker (Spencer 2014), there is 
little evidence such is the case in the complete B-SNIP sample when DSM diagno-
ses are the gold standards. Third, when using all bio-factors simultaneously to 
improve DSM group separations, the schizophrenia to bipolar disorder separation 
increases to about 0.90 standard deviation units, again with schizoaffective cases 
halfway between. This is a modest improvement over cognition alone. It seems 
unlikely even this amount of biomarker data which reveals no specificity to a DSM 
diagnosis, and takes days to collect and weeks to quantify, can improve treatment 
selection and outcome predictions for DSM diagnosis.

Fig. 1  DSM Diagnoses. Left Plot: Glass effect sizes (y-axis) of the main bio-factor domains 
(x-axis) as a function of DSM psychosis diagnosis. The community sample is represented by the 
zero line. The Cognition Measures are an average of BACS, antisaccade, and stop signal variables, 
Motor Reaction Time is speed of responding to saccade targets, ERP Amplitudes are an average of 
measures indexing strength of neural response to auditory stimuli, and Intrinsic Brain Activity is 
an average of measures capturing nonspecific brain activity (not locked to processing of any stimu-
lus). Right Plot: The outcome of a discriminant analyses to maximize group separation using all 
bio-factors. There was one significant function that differentiated the groups. The plot shows the 
proportion of cases within each group (y-axis) as a function of their standardized discriminant 
function scores (x-axis). SZ schizophrenia, SAD schizoaffective disorder, and BDP bipolar disor-
der with psychosis, HC community sample. (Adapted from Clementz et al. 2022)
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7 � The Psychosis Spectrum

Before COVID, B-SNIP had annual in-person meetings to review the previous 
year’s work, what it meant, and routes to pursue in the next year and beyond. In 
addition to being wonderful bonding occasions, those gatherings stimulated the 
group’s most inventive discussions. In 2013, we were at the Institute of Living in 
Hartford staring at Fig. 1 data for B-SNIP1, the first iteration of our project. The 
undeniable conclusion was that the main DSM psychosis diagnoses described a 
severity continuum. That fact formed the backdrop for Craddock and Owens’ (2010) 
domains of psychopathology. The extraordinary outcome was that not a single vari-
able supported the thesis that DSM psychosis diagnoses capture neurobiological 
distinctiveness. And this was not just true of Fig. 1 variables but extended to all 
measures in the database, including assessments of brain structure and function (Lui 
et al. 2015; Ivleva et al. 2017, 2020; Zhang et al. 2020; Guimond et al. 2021; Kelly 
et al. 2021; Xiao et al. 2022). At about this same time, former NIMH Director, Dr. 
Thomas Insel, succinctly concluded: “Biology never read that book [the DSM]” 
(Belluck and Carey 2013).

The B-SNIP archive includes measures of basic sensory processing, sensorimo-
tor performance, inhibitory control, target detection, memory functions, general 
executive control abilities, and brain imaging. That is expansive terrain. But perhaps 
B-SNIP used the wrong laboratory measures to address diagnostic specificity, 
although measures were selected for their demonstrated success. Apparently, 
though, B-SNIP is not the only consortium struggling to detect the unique substruc-
tures of DSM diagnoses. The Psychiatric Genomics Consortium concluded that 
genetic data “strongly suggest that our [current] diagnostic categories do not define 
pathophysiological entities” (Sullivan et al. 2018, p. 25).

Dimensions describe the overwhelming majority of variance in psychological 
and psychiatric phenotypes (Haslam et al. 2020). For idiopathic psychosis, this was 
the unmistakable conclusion of everyone in that Institute of Living conference 
room. That deduction was clearly illustrated by an analysis pursued with Robert 
Gibbons, the Blum-Riese Professor of Statistics at the University of Chicago 
(Tamminga et al. 2021). The core of Dr. Gibbons’ approach was the observation that 
deficient cognition captured the majority of B-SNIP’s severity continuum. Cognitive 
performance is linked to many characteristics, including symptom severity and the 
structural and functional integrity of the brain (Green et al. 2000, 2004; Lui et al. 
2010; McTeague et al. 2016; Zhang et al. 2018; Zhu et al. 2019). Such associations 
across multiple measurement domains in psychosis research specifically and psy-
chopathology research generally inspired the theory of one transdiagnostic dimen-
sion accounting for a broad vulnerability to serious psychiatric syndromes (Goldberg 
2015; McTeague et al. 2017; Caspi and Moffitt 2018).

Gibbons evaluated relationships between cognitive performance and other mea-
surement domains across B-SNIP1 psychosis cases (n  =  711), their relatives 
(n = 883), and healthy persons (n = 278). Those domains included: (i) structural 
MRI (397 Freesurfer variables characterizing cortical volume, surface area, and 
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thickness across multiple regions) and (ii) neuropsychological-psychophysiology 
measurements (20 neuropsychological measures that were not part of the main cog-
nition dimension, EEG/ERP, and ocular motor measures). Gibbons computed the 
subject-level relationships between cognitive performance and all those individual 
variables simultaneously to evaluate if they all fit a single function.

Figure 2 shows the plots averaged over variables within MRI and neuropsychology-
psychophysiology domains. These plots have three interesting features. First, psy-
chosis cases span the cognitive range but the overwhelming majority of broadly 
recruited healthy subjects occupy only the upper three quintiles. Second, the func-
tions are statistically equivalent for probands, relatives, and healthy subjects. 
Finally, most measures were captured by the overall functions in Fig. 2: (i) 95.5% 
of MRI measures and 65% of neuropsychology-psychophysiology measures fit this 
function. The only logical conclusion is that most measurements of key psychosis-
related extraclinical features capture a transdiagnostic neurocognition continuum.

8 � Categories of Psychosis?

What would Guze think? Would he forego belief in the assumed existence and 
importance of categorical entities in psychiatry (Guze 1992)? The above data appear 
to reject, or at least mortally harm, the categorical thesis for the main psychosis 
diagnoses. Similar outcomes buttress critiques of categorical diagnostic systems 
throughout psychiatry. At some point, as any good neo-Popperian would agree 
(Lakatos 1978), one must surrender a failing programme. When considered across 
multiple levels of analysis, the DSM programme for psychosis is at the very least 
struggling.

The perpetuation of medical model-type classification in the face of contradic-
tory evidence agitates impatience with DSM-type psychoses diagnostics specifi-
cally and across psychiatry generally. Psychiatry might be surrendering the benefits 
of laboratory tests because the medical model diagnostic approach for psychopa-
thology is wrong. Perhaps, there are no discrete psychosis categories (Esterberg and 
Compton 2009). Maybe laboratory tests or biomarkers fail to differentiate discrete 
diagnoses because there are no such differentiations to make. The lack of clear 
demarcation between health and serious psychiatric conditions, and between condi-
tions is, at the very least, awkward (Kendell and Jablensky 2003).

Clinicians might consider evaluating patients on quantitative measures shading 
from normal through subsyndromal to pathological levels of severity, rather than 
using fictive categories. The premise of dimensional approaches is that certain traits, 
symptoms, cognitive domains, or physiological parameters lie on measurable spec-
tra independent of either pathology (because healthy people also fall on the dimen-
sions) or current specific clinical diagnoses. B-SNIP outcomes using DSM diagnoses 
as the gold standard support this view. Heckers et  al. (2013) even described an 
attractive model for psychosis presentations (see their Fig. 1) that includes assess-
ments of delusions, hallucinations, disorganized speech, psychomotor behavior, 
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Fig. 2  Overall structural MRI (top plot) and cognition and neurophysiology (bottom plot) stan-
dard scores as a function of cognitive performance. The cognitive dimension is plotting in quintiles 
by different subject groups (healthy in blue, probands in orange, relatives of probands in yellow). 
When considering all measures in a set, all groups show declines in both MRI and neurophysiol-
ogy and cognition from high to low cognitive performance levels. (From Tamminga et al. 2020)

negative symptoms, cognition, depression, and mania. We might have added a spoke 
for social functioning to Heckers’ psychosis assessment wheels. Kotov et al. (2020) 
statistically derived a “psychosis superspectrum” which may capture meaningful 
variance across genetics, environmental and psychopathology risk, neurobiology, 
treatment response, and outcome variables.
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The assumption is that evaluating such dimensions will improve treatments that 
target domains of relevance for individual patients and is perhaps where biomarkers 
can have their best impact. Tailoring treatments for individual patients to the most 
relevant of the many possible ills, dysfunctions, and abnormalities that may befall 
the person seeking psychiatric care is unquestionably a laudable goal (Keshavan 
and Clementz 2023; Zhang et al. 2023). In medicine outside of psychiatry, there are 
dimensional scales used for treatment targeting (e.g., blood pressure for hyperten-
sion, lipoprotein profile for cholesterol, ejection fraction in heart failure, blood glu-
cose level for diabetes, and pathologist ratings of tissue biopsies). Those laboratory 
measures have the benefit of being easily obtained and described to the patient, 
providing an index for evaluating a treatment’s effectiveness and determining when 
the patient is “cured.” Based on hope and evidence, the dimensional approach for 
psychiatry is worth careful consideration.

9 � Critiques of Categories in Psychiatry

Numerous slings and arrows pierce the armaments of the psychiatric establish-
ment’s categorical fortress. Critics decry the overlap of symptoms between different 
diagnoses, heterogeneity of clinical pictures within the same diagnosis, the high 
rates of psychiatric comorbidity, marginal reliability and stability, and the lack of 
external validators (Insel et  al. 2010; Cuthbert and Insel 2013; Goldberg 2015; 
Guloksuz and van Os 2017, 2021; Hengartner and Lehmann 2017). They highlight 
that sophisticated and unimpeachable statistical analyses of complex and extensive 
clinical characteristics only reveal dimensional structure (Krueger et al. 2018; Kotov 
et al. 2020). Such analyses, which start at the level of clinical features, expose no 
evidence for cuts or points of rarity in the distribution of those integrated clinical 
distributions.

Many areas of clinical medicine outside of psychiatry, however, are also subject 
to these same critiques. Should psychiatry be concerned about the overlapping 
symptoms issue? Abdominal pain, cough, edema, fatigue, fever, and nausea — we 
could go on — are common complaints in general clinical medical practice and are 
features of multiple diseases and syndromes. How about heterogeneity of clinical 
presentations within a diagnosis? In typically insightful fashion, Wakefield (2022) 
addressed this critique:

Just to take a simple example all too close at hand: upon searching, I get a list of 16 possible 
COVID-19 symptoms … if any two or more of them is considered cause for inferring pos-
sible disease … there are 65,519 symptom profiles, many non-overlapping. (p. 13)

Wakefield (2022) also addressed the high rates of comorbidity criticism:

… about 77% of older individuals have two or more chronic physical disorders at any one 
time …. Given the high level of interaction and integration among psychological modules, 
dysfunction in one module could tend to cause unusual behavior or even dysfunction in 
another linked module, even though “pure” one-module dysfunctions are also possi-
ble. (p. 13)

B. A. Clementz et al.



699

For at least some idiopathic psychoses, there is overwhelming evidence that the 
troubling clinical manifestations are the end stage of a neurodevelopmental trajec-
tory (Weinberger 1996; Insel 2010). Psychosis symptoms are not the disease, but 
the result of a condition to which the brain, the relevant organ system, is no longer 
able to adapt. Considered in this context, it is not unusual for persons with one 
chronic condition to accumulate other conditions over time. Alzheimer’s, 
Huntington’s, and Parkinson’s diseases start with circumscribed lesions, but the 
pathology extends to include considerable expanse of brain territory. Those inva-
sions cause the accumulation of behavioral, cognitive, and emotional deviations that 
were not part of the presentation precipitating the initial diagnosis.

It is worrying when different clinicians see the same patient but disagree on the 
diagnosis. But it is often overlooked that the theoretical validity of a diagnosis is the 
square root of reliability. Even rater agreement of 0.50 means a 0.71 ceiling on 
validity, not a terrible start when bootstrapping a diagnostic definition. Nevertheless, 
psychiatry should expect and achieve better. There are also multiple chronic medi-
cal conditions where clinical pictures wax and wane (e.g., multiple sclerosis, lupus 
erythematosus, Parkinson’s, Alzheimer’s, neurosyphilis), sometimes as part of the 
natural course and sometimes because of treatments’ wavering efficacies.

So, are the above critiques fatal flaws of medical model-type, categorical systems 
for classifying all psychiatric conditions? The conclusion in most clinical medicine 
is not that complications eliminate the possibility of disease categories. Medical 
nosology evolves, with that evolution not necessarily eliminating, but rearranging, 
diagnostic criteria.

Progressions in syndrome or disease definitions are not just shuffling deck chairs 
on the Titanic. Familiar and commonly invoked historical instances of previously 
embraced diagnoses include dropsy, as mentioned above, and pyrexia (see Clementz 
2022, for a brief analogy to psychosis). There are other examples of diagnostic evo-
lution. For instance, seizures are a nonspecific and sometimes troubling indicator of 
neurological dysfunction, with multiple manifestations that can be rated from mild 
to severe (O’Donoghue et al. 1996), and often carry deleterious social and occupa-
tional consequences (O’Sullivan 2015, 2018, 2021). Knowledge of seizure etiology 
has improved from crude understanding and accompanying horrific treatments to 
the current ability to diagnose specific lesions and conditions with various treatment 
indications (Penfield 1977; Dittrich 2016; Espay et al. 2018). Diagnosis and treat-
ment of seizures was modified by the upgrading of etiological knowledge. The tra-
ditional approach to cancer diagnosis and treatment is no longer tenable (Begg et al. 
2013). An organ system affected by a tumor is an organizing principle now super-
seded in sophistication by the tumor’s molecular profile independent of the tumor’s 
bodily location. The conclusion from these instances was not that categories in epi-
lepsy or cancer diagnoses were invented but that nosological refinements were 
required to improve treatment targeting and standard-of-care.

Why did medical diagnostics in the above cases advance standard of care while 
psychiatry is perpetually mired in conceptual debate? This is a complex and multi-
ply determined question, but one issue deserves special consideration. Examples of 
evolution in medical diagnostics, as illustrated by the dropsy quote from 1837, at 
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least raise the possibility that exclusive reliance on signs and symptoms is problem-
atic for psychiatry.

In other medical realms, more mature and terraced understanding of mechanisms 
revealed how different syndromes and diseases yield superficially similar forms. 
Reaching mechanistic knowledge was tough without embracing etiological hetero-
geneity and variable expressivity of clinical pictures. The outcome of the DSM-II to 
DSM-III transition was a major event in the history of psychiatry (Horwitz 2021). 
But even contemporary diagnostic criteria still rely solely on clinical features, unte-
thered from etiological or pathophysiological knowledge. Other branches of medi-
cine reveal that “diagnoses based primarily on symptoms and signs has proven to be 
useful only up to a point” (Guze 1992, p. 45). Of course, unless there is evidence, it 
is only conjecture that a different approach can help identify psychosis categories 
linked to neurobiology. Robins and Guze (1970) selected schizophrenia to illustrate 
their classical validity approach. If there was a region of psychiatry where evidence 
for categories await discovery, its most serious conditions seemed like a decent 
place to start.

10 � Psychosis Biotypes

How does a seasoned and responsible scientific team proceed when their primary 
thesis is refuted? One option is retirement. Another option is to consider the differ-
ence between a scientific hypothesis as stated in words and constructs used to test 
that hypothesis. Theories and associated hypotheses are subject to nuance and mod-
ification, just like medical diagnoses. The trick is knowing when there is substance 
behind modifying a theory versus maintaining a failing idea despite overwhelming 
and inarguable evidence to the contrary (Lakatos 1978). The former is part of a 
legitimate scientific enterprise.

A primary assumption of B-SNIP’s initial hypothesis was that DSM psychosis 
diagnoses estimate neurobiological entities. This issue was a matter of considerable 
debate for years, with arguments intensifying during the development of DSM-5 
(Wexler 1992; Hyman 2010). What if this critical auxiliary hypothesis was wrong? 
If it was wrong, how could we know? What was the line beyond which signs and 
symptoms hinder the search for neurobiologically differentiable subgroups among 
idiopathic psychosis cases (e.g., Guze 1992)?

B-SNIP modified their approach by defining Guze’s “up to a point” as presence 
of an idiopathic psychosis, regardless of the diagnosis. This meant qualifying for a 
psychosis of unknown cause under DSM’s so-called Criterion A list, but other 
approaches could be used (e.g., Gibbons et  al. 2022). B-SNIP then searched for 
neurobiologically homologous subgroups using all psychosis cases and variance 
across laboratory measures from the central biomarker battery. If cases neatly orga-
nized themselves into subgroups by cognition and physiology, then DSM diagnoses 
were the impediment. Figure 3 provides a pictorial representation of the strategy.
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A key issue is how to meaningfully parse psychosis-relevant biomarker variance. 
There are many options, but B-SNIP selected a numerical taxonomy method called 
k-means clustering of bio-factors. This method forms groups of cases defined by 
their centroids (or center of mass) in the multiple bio-factor space, with all cases in 
a group being as close to their respective centroid as possible.

A source of worry for the B-SNIP crew was that most numerical taxonomy 
approaches, including k-means, yield a solution regardless of the true state of nature. 
The analytical team took numerous approaches to inoculate the outcomes against 
this critique from themselves and others. The details appear in Clementz et  al. 
(2022), including an extensive supplementary methods and results. Multiple inde-
pendent approaches quantitatively or quasi-quantitatively established that three psy-
chosis subgroups best captured neurobiological variance among the bio-factors. 
B-SNIP1 had at least one first-degree biological relative for every psychosis case, 

Fig. 3  Psychosis is a characteristic of schizophrenia, schizoaffective disorder, and bipolar disor-
der with psychosis, all pathophysiologically complex diagnoses. These clinical diagnoses were not 
distinguishable by B-SNIP’s extensive biomarker panel. Psychosis subjects, therefore, were com-
bined into a single group, independent of DSM diagnosis, and biomarker variables were used to 
define subgroups with shared neurobiological variance. Numerical taxonomy (the prism) identified 
subgroups, called Biotypes-1, -2, and -3. The groups had distinctive neurobiological characteris-
tics, including on variables not used in their definition (called external validators). Neural charac-
teristics as they segregate in these groups could be the basis for distinct molecular and therapeutic 
targets. (From Supplement in Clementz et al. 2016)
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and those relatives showed the same biofactor patterns as the cases to whom they 
were related (Clementz et al. 2016). Replication is always the best test of any out-
come, and the three-subgroup solution repeated with high similarity (r = 0.95) using 
an independent sample of psychosis cases and community volunteers. The classifi-
cation solutions also cross validated, as demonstrated by taking the algorithm cal-
culated in the initial sample and applying it to the replication sample and vice versa; 
cases were sorted into the same subgroups with about 90% accuracy. Additionally, 
the B-SNIP team externally validated differences between the psychosis subgroups 
using measures not included in subgroup creation (Hudgens-Haney et  al. 2017, 
2018; Ivleva et al. 2017; Reininghaus et al. 2019; Guimond et al. 2021; Kelly et al. 
2021; Clementz et al. 2022; Xiao et al. 2022); that work continues.

Figure 4 displays the same cases from Fig. 1 by their bio-factor-derived sub-
groups rather than by their DSM diagnosis. The B-SNIP PIs inspected a similar 
figure in that Institute of Living conference room back in 2013. In comparison to the 
DSM outcome, this solution was captivating. A flurry of animated discussions 
included contemplating subgroup names. The most conservative approach was to 
forgo descriptive terms, like “Kraepelinian psychosis.” After pondering numerous 
impractical alternatives, Carol Tamminga suggested “Biotypes,” for “biologically 
distinctive types.” In biology, “Biotype” refers to organisms sharing underlying 
defining features, like physiology or constitutional characteristics. We learned later 
that Andreasen (1987) was the first to use “Biotype” in the schizophrenia literature 
to juxtapose biology and clinical phenomenology. Given the limited understanding 
of these newly derived subgroups, “psychosis Biotypes” (capitalized because they 
are entities, not a general concept) offered a decent balance between providing a 
label and reification.

There are five noteworthy conclusions to draw from the Biotypes solution. They 
all at least inspire questions about assumed knowledge concerning idiopathic psy-
chosis. First, a dramatically different and replicable outcome from the DSM 
approach addresses previous inconsistencies in the literature. With cases sorted by 
Biotype, all biofactors appear uniquely interesting. Sometimes, this meant subgroup 
values below, sometimes above, and sometimes the same as the comparison sample. 
All such outcomes had been variously reported for DSM psychosis diagnoses. This 
illustrates the importance of using samples large and representative versus drawing 
conclusions from those small and unrepresentative. If the differences between 
Figs. 1 and 4 fail to make the point, Biotypes do not recapitulate, or even grossly 
estimate, DSM psychosis diagnoses (Fig. 5). The only possible exception is that 
bipolar disorder cases occur with higher frequency in Biotype-3, but over 50% of 
that neurobiological subgroup is still composed of schizophrenia and schizoaffec-
tive cases.

Of related relevance, and second in the conclusions list, Biotype-3 cases are like 
the comparison sample on all biofactors, even though they qualified for an idio-
pathic psychosis. If any neurobiological features define Biotype-3, they are not spe-
cifically captured in this plot, a plot based on a generation’s worth of psychosis 
biomarker research using DSM targets. But as Henri Bergson famously said: “The 
eye sees only what the mind is prepared to comprehend.” The neuroscience of 
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Fig. 4  Biotypes. Left Plot: Glass effect sizes (y-axis) of the main bio-factor domains (x-axis) as a 
function of Biotype. The community sample is represented by the zero line. The Cognition 
Measures are an average of BACS, antisaccade, and stop signal variables, Motor Reaction Time is 
speed of responding to saccade targets, ERP Amplitudes are an average of measures indexing 
strength of neural response to auditory stimuli, and Intrinsic Brain Activity is an average of mea-
sures capturing nonspecific brain activity (not locked to processing of any stimulus). Right Plot: 
There were two discriminant functions that differentiated the psychosis Biotype groups. The first 
function on the x-axis captured “Neural Response Magnitude,” and the second function on the 
y-axis captured “Neural Disinhibition”. Frequency polygons show the proportion of cases by 
group at the bottom (Neural Response Magnitude) and right (Neural Disinhibition) of the central 
plot that shows the centroids and standard deviation ellipses by group. BT1  =  Biotype-1, 
BT2 = Biotype-2, BT3 = Biotype-3; HC = community sample. (Adapted from Clementz et al. 2022)

idiopathic psychosis has been dominated by DSM case-control comparisons since 
DSM-III. The field learned a lot but maybe overlooked important factors obscured 
by this approach to subgroup creation. For instance, only after epilepsy diagnosis 
advanced through improved understanding and better technology was it possible to 
identify that functional seizure cases may have unique neural signatures (Bègue 
et al. 2021; Perez et al. 2021; Weber et al. 2022).

The third curious conclusion from Figs. 4 and 5 is that Biotype-1 and Biotype-2 
have roughly similar percentages of DSM psychosis diagnoses among their mem-
berships. More than half of bipolar disorder cases are evenly split between 
Biotypes-1 and -2. Cognitive deficit is restricted to these two Biotypes and effec-
tively absent from Biotype-3. This means that a nontrivial proportion of bipolar 
disorder cases are carrying cognitive deficits of the same magnitude as schizophre-
nia and schizoaffective cases and that about a third of both schizophrenia and 
schizoaffective cases are missing the cognitive deviations thought to characterize 
those conditions (McCutcheon et al. 2023). It is also possible that in the absence of 
psychosis, Biotype-3 cases would have even better cognition (Hochberger et  al. 
2018), making them super cognitive performers compared to community volun-
teers. Appraisal of constitutionally expected cognitive performance is not the way 
such evaluations are typically used in psychosis research and practice. Perhaps that 
should change.

The fourth conclusion relates to the undeniable ubiquity of a cognitive perfor-
mance dimension when the analysis method is meant to produce such an outcome. 
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Fig. 5  Percent of cases conditioning on an initial group classification. The left plot shows the 
percent of cases with a particular DSM diagnosis across Biotypes, and the right plot shows the 
percent of cases with a particular Biotype across DSM diagnoses (e.g., the values within the black 
SZ line sum to 100; the values within the blue BT1 line sum to 100). BT1  =  Biotype-1, 
BT2 = Biotype-2, BT3 = Biotype-3, SZ =  schizophrenia, SAD =  schizoaffective disorder, and 
BDP = bipolar disorder with psychosis. (Adapted from Clementz et al. 2023)

The right half of Fig. 4 shows the canonical discriminant function dimensions that 
simplify visual presentation of the multiple biofactors distinguishing Biotypes. The 
discriminant analysis eases, but does not exactly recapitulate, the location of cases 
in hyperdimensional biofactor space. But the computations provide a direct com-
parison to the DSM discriminant analysis solution presented in the right half of 
Fig. 1 and reveal a 2–2.75 standard deviation separation between Biotype centroids 
in Cartesian space. The first dimension, on the x-axis, is labelled “neural magnitude 
response” because of its primary contributions from strength of ERP/EEG neural 
responses combined with general cognitive functioning—lower scores on this 
dimension mean deficient ability to generate a robust EEG/ERP signal and lower 
cognition scores. There is a clear continuum from Biotype-1 at the deficit end to 
Biotype-3 and healthy community volunteers at the surplus end—this contrasts with 
clear differentiations of Biotypes-1 and -2 and Biotype-3 and healthy persons when 
biofactors are considered individually. There is obviously a difference between 
using measures individually and a statistical approach that creates an efficient and 
integrated solution.
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The fifth and most striking conclusion from Fig. 4 is the dramatic differences 
between Biotypes-1 and -2 on measures of brain physiology. Biotype-1 is character-
ized by low physiological activity across ERP and EEG measurements, while 
Biotype-2 has near normal ERP amplitudes but accentuated intrinsic (background 
or ongoing) neural activity. These deviations span paradigms, quantification 
approaches, ERP components with different neural source configurations and func-
tional purposes (e.g., auditory and visual n100, auditory p300, auditory and visual 
steady-state stimulation), and different methods for quantifying intrinsic brain 
activity (voltage and frequency across rest periods between stimuli, during 5 min of 
unstructured EEG recording, and neural activity not locked to stimuli presentation 
during ERP tasks—so-called induced activity). They are also consistent during 
complex cognitive tasks and during efforts to drive auditory and visual systems 
(Hudgens-Haney et al. 2017, 2018; Clementz et al. 2022). Biotype-2’s accentuated 
neural activity is paired with more inhibition failures (Clementz et al. 2022), which 
makes for a nice cohesive story. These patterns capture stable differences between 
Biotype-1 and -2 cases in the absence of efforts to specifically modify those physi-
ologies (Clementz et al. 2022).

In an analysis described in the DSM section, Robert Gibbons showed that an 
overwhelming percentage of structural MRI and cognition-psychophysiology vari-
ables fit and are apparently explained by an overall cognition dimension. Such an 
all-encompassing outcome may yield the impression there is no remaining mean-
ingful variance to explain. As it happens, the ways this assumption are false compli-
ments noteworthy knowledge of brain structural and functional deviations in 
idiopathic psychosis.

Gibbons exposed two complimentary findings for structural MRI measures. 
Variables statistically deviating from the primary cognition dimension include most 
measures of hippocampus on the one hand and brain space enlargements and/or 
lesions on the other (e.g., all ventricular volumes, white matter signal abnormalities, 
overall CSF). The entire hippocampal complex bilaterally shows a more devastating 
decline over cognitive performance than all other brain measures. The hippocampal 
complex is central to neurodevelopmental models of psychosis, so this outcome 
nicely compliments that literature (Tamminga et al. 2010; Jirsaraie et al. 2018; Guo 
et al. 2019). The distribution of brain space-lesion measures is shown in Fig. 6 and 
illustrate a discontinuity within psychosis cases at the deficit end of cognition. 
B-SNIP genetics data confirm the temporal horns of the lateral ventricles have a 
specific genome-wide significant hit with Neurexin 1 (NRXN1; Alliey-Rodriguez 
et al. 2019). NRXN1 supports synapse formation, and its complete deletion is asso-
ciated with psychosis and autism (Duong et al. 2012; Schaaf et al. 2012). Perhaps 
the hippocampal complex and adjacent structural alterations are critical for index-
ing the specific etiology of a psychosis subgroup, an outcome only visible via analy-
ses sidestepping DSM diagnoses.

Gibbons also revealed two complimentary findings within the psychophysiology 
variable set. Intrinsic brain activity, which captures a dramatic difference between 
Biotype-1 and Biotype-2 physiologies, deviates from the overall cognitive dimen-
sion (left half of Fig. 7). Healthy subjects with high cognitive performance have 
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notably and substantially lower intrinsic activity than the other groups (blue arrow). 
Alternatively, ERP magnitudes to salient stimuli specifically index Biotype-1, and 
they track with the overall cognition function for probands and relatives but not for 
healthy people (right half of Fig. 7; black arrow). Healthy persons, but not probands 
and relatives, maintain ERP magnitudes across their cognition range. Signal fidelity 
is always a function of (i) background neural activity against which the signal-
specific neural response is generated, and (ii) signal strength to salient stimuli. Even 
when psychosis cases generate a robust neural response to salient stimuli, their 
signal-to-noise (ERP magnitude/intrinsic activity) is lower than normal. This is also 
true for healthy persons in the middle range of cognitive performance because their 
background noise is higher than for their high cognitive performance compatriots. 
Signal-to-noise becomes especially dire in psychosis as cognition declines because 
background noise is higher than normal, and signals related to information process-
ing are severely diminished.

Apparently, multimodal assessments are necessary to appreciate both the ubiq-
uity of a cognitive performance dimension regardless of psychiatric status and that 
there are distinct psychosis-related deviations not captured by that dimension. There 
are measures of brain structure and function that deviate from the canonical pattern, 
what the B-SNIP crew calls “bio-indicators,” that may index diseases within what is 
now idiopathic psychosis. Bio-indicators are superimposed on the cognition 

Fig. 6  MRI measures that deviate from the BANCC pattern. Brain space volumes are plotted by 
cognitive ability (in quintiles) and subject group (healthy in blue, probands in orange, relatives of 
probands in yellow). Brain space measures, like ventricular volume, are a set of variables that do 
not follow the overall pattern displayed in Fig. 11, with especially probands showing a marked 
deviation from the canonical pattern at the deficit end of cognitive ability. (From Tamminga 
et al. 2020)
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Fig. 7  EEG measures that deviate from the BANCC pattern. Intrinsic EEG activity (left plot) and 
ERP magnitudes like N100 and P300 (right plot) are displayed as a function of cognitive ability 
quintiles and subject group (healthy in blue, probands in orange, relatives of probands in yellow). 
Intrinsic activity does not follow the canonical pattern of Fig. 11 for any group; ERP magnitude 
does not follow this pattern for healthy persons, meaning they are able to generate ample ERP 
responses independent of cognitive ability, giving them an advantage in signal-to-noise ratio over 
a broader range of cognitive abilities. At the high end of cognitive ability, healthy persons have a 
decided signal-to-noise advantage given their very low intrinsic activities (blue arrow) in combina-
tion with robust neural responses to salient stimuli (black arrow). (From Tamminga et al. 2020)

dimension common to all humans and may parse specific etiologies from a 
multivariate-polygenic background. These outcomes are at least consistent with 
Craddock and Owen’s (2010) formulation of domains of psychopathology and the 
concept of additional etiological hits superimposed on those dimensions.

11 � Clinical Implications of Psychosis Biotypes

Biotypes are mixtures of DSM diagnoses, and the patterns of their neurobiological 
deviations are obscured by the traditional clinically defined diagnoses. Possibly 
essential practical differences between these approaches are illustrated by three 
complementary bits of evidence. The first bit is related to clinical differentiators of 
psychosis Biotypes. The first step in every medical evaluation is thorough descrip-
tion of clinical presentation, during which clinicians generate diagnostic hypotheses 
based on interview and observations. In some settings, like Elva Scott’s Alaskan 
kitchen and many rural community mental health centers, access to high technology 
diagnostic equipment is limited. To be widely practically useful, 
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neurobiologically-derive psychosis Biotypes must be differentiated by easily rat-
able clinical characteristics, at least to a first approximation. Again, with Robert 
Gibbons, B-SNIP tested whether efficient clinical characterization of psychosis 
Biotypes is possible, a true attempt at a bottom-up (really, middle-up) derivation of 
unique clinical classifiers.

Gibbons and his University of Chicago collaborator Ishanu Chattopadhyay’s 
ensemble decision tree model expertise paid dividends (Clementz et al. 2023). They 
discovered that the sensitivities, specificities, and areas under the curve for efficient 
clinical differentiations of psychosis Biotypes are uniformly high (in the 0.80 
range). Only 10–11 clinical ratings are needed to efficiently assign a case to a 
Biotype. The top clinical characteristics for differentiating psychosis Biotypes, in 
order of importance, are difficulty in abstract thinking, social functioning, concep-
tual disorganization, severity of hallucinations, stereotyped thinking, suspicious-
ness, unusual thought content, lack of spontaneous speech, and severity of delusions. 
Ratings of social involvement and clinical signs of cognition, thinking, and speech 
deviations are most important for differential Biotype categorization. The conclu-
sion is that anyone can derive a Biotype estimate using a simple clinical assessment.

The associated algorithm (called ADEPT) is adaptive, so the influence of items, 
and the order in which they are assessed, is unique to an individual case. Nevertheless, 
Biotypes-1 and -2 are remarkable for their more abnormal scores in relation to 
Biotype-3, with Biotype-2 the most clinically deviant. The constellation of clinical 
features most important for Biotypes differentiation are not captured by any current 
scale for initial classification or evaluating treatment outcomes. They are combina-
tions of social functioning and traditional positive, negative, and general psychopa-
thology qualities. Typical instruments for tracking clinical outcomes (e.g., PANSS, 
BPRS) may add noise to assessments requiring a different, but empirically derived, 
type of precision.

Biotypes have differentiating clinical characteristics, so diagnosticians in any 
setting can identify neurobiologically defined subgroups to facilitate comparative 
investigations of etiology and clinical utility. Here is where we encounter the second 
and third bits of possibly useful complimentary evidence. The physiological differ-
ences between Biotypes offer specific treatment targets not provided by any other 
currently available scheme for subgrouping psychosis cases. The only way to deter-
mine improved efficacy for treatment selection is to directly compare available 
schemes. This is the heart of the scientific enterprise.

Biotype-1 and -2 cases have equivalently poor signal-to-noise (Hudgens-Haney 
et al. 2017, 2018), the former due to deficient neural responses to salient stimuli and 
the latter due to accentuated intrinsic or background brain activity (Figs. 4 and 7). 
Both types of cases need signal-to-noise adjustments, but the means to achieve that 
end theoretically differ. Medalia et al. (2019) used a sensory training paradigm that 
should specifically enhance ERP magnitudes, and they modestly improved signal 
processing and cognition in a mixed group of schizophrenia participants. The sec-
ond bit of information comes from pilot data where the B-SNIP team slightly modi-
fied Medalia’s case selection approach. They differentiated between Biotype-1 and 
other cases, assuming only Biotype-1 would be affected by an intervention targeting 

B. A. Clementz et al.



709

one of their main physiological deviations. Only 26 participants have so far partici-
pated, but the intermediate results are promising. Figure  8 shows the change in 
neural response magnitudes between baseline and after 16 (midpoint) and 32 (post-
exposure) sensory intervention sessions. Only Biotype-1 cases show an enhance-
ment, while a mixed group of Biotype-2 and -3 cases show essentially no change on 
a function where they need no adjustment. A variation on this sensory training pro-
cedure for Biotype-2 cases may modify their signal-to-noise by reducing intrinsic 
brain activity but have no effect on overall sensory functioning for Biotype-1’s.

The final bit of complimentary information relates to another Biotypes-specific 
treatment target. Clozapine is the most effective antipsychotic drug (Keshavan et al. 
2022), but is underused because of the possible occurrence of troubling side effects 
and sometimes complex administration (Leung et al. 2022). If there was a means to 
identify responsive cases in advance, clozapine could be used more decisively. 
Clozapine’s unique antipsychotic action remains unexplained. However, we know 
that unlike other antipsychotics, clozapine increases alpha and theta electroenceph-
alography power in a resting state (Raymond et al. 2022). These neural oscillation 
frequencies are main components of a B-SNIP bio-factor.

As it happens, B-SNIP has cases off and on clozapine across psychosis Biotypes; 
their patterns of intrinsic activity are displayed in Fig. 9. The largest percentage of 
cases are not taking clozapine, and those cases show the pattern of intrinsic activity 
deviation captured in Fig. 4. Across all psychosis cases, taking clozapine is associ-
ated with higher levels of intrinsic activity, mirroring the literature. The most 
intriguing outcome, however, is that Biotype-1 cases on clozapine are at the level of 
healthy subjects, but Biotype-2 and -3 cases on clozapine are farther from normal. 

Fig. 8  Mismatch negative changes following 16 (V2) and 32 (V3) sensory intervention exposures 
among Biotype-1 (BT1), a mixed group of Biotype-2 and -3 (BT2/3), and HC (healthy commu-
nity) participants. Values above zero indicate enhancement
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Fig. 9  The heads plots show a flattened top-down view of EEG alpha activity recorded from 64 
sensors arranged around the head. Darker blue (Biotype-1) means weaker and darker red 
(Biotype-2) means stronger signals. The bar chart shows intrinsic EEG activity on the y-axis for 
Biotypes-1, −2, and − 3 in relation to healthy level of brain response (at 0 on the y-axis). Biotype 
groups are separated by those off and on clozapine. There is a main effect of drug. Biotype-1 s on 
clozapine are at normal level of intrinsic activity. Biotype-2 s on clozapine are dramatically high 
on intrinsic activity. Biotype-3 s on clozapine are at typical Biotype-2 levels of intrinsic activity 
deviation

These data are not from a treatment trial; subjects were not randomly assigned to 
treatment groups. Nevertheless, this outcome is consistent with the archival litera-
ture, and at least suggests the possibility that Biotype-1 cases may have physiology 
that predicts their uniquely favorable response to clozapine (see Tamminga et al. 
2021). This hypothesis is the subject of an ongoing clinical trial by the B-SNIP team.

12 � Categories or Dimensions of Psychosis?

People outside of psychiatry, including medical professionals in other disciples, are 
surprised that laboratory and biomarker information are not required to make psy-
chiatric diagnoses. They are puzzled that laboratory data are not routinely used to 
inform treatment or track course and outcome. Elva Scott might have thought all of 
psychiatry borders the Yukon Territory. At present, psychiatry’s legitimacy depends 
on the clinician’s observational acumen and a belief in the patient’s report of their 
complaint, free from etiological or any other defining biological knowledge. Except 
for limited physiology or laboratory information supporting, but not diagnostic of, 
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some substance-related and neurocognitive disorders, a psychiatric clinician may 
use laboratory tests to eliminate but not to rule in a diagnosis. Moreover, even if the 
cause of, for instance, substance-related and neurocognitive disorders is assumed 
(substance ingestion or brain insult/injury), the mechanisms by which any clinical 
features arise from these causes remain enigmatic.

The above presentation suggests some possible reasons for this state-of-affairs 
and approaches that may help resolve this less-than-ideal situation for clinicians, 
but especially for patients. The reasons for this situation may also at least partially 
explain why psychiatry is perpetually immersed in the categories versus dimensions 
debate. Following is a list of issues for the reader’s consideration:

•	 Schizophrenia was changed to a reality distortion diagnosis at the time of DSM-
III, dramatically altering the concept from its historical core of an affect-self-
volition syndrome (Clementz 2023). Hallucinations and delusions are common 
across psychiatric and neurological conditions. They are not so useful for dif-
ferential diagnosis except for determining if a case has a psychosis. Modification 
of the schizophrenia construct had the lingering effect of perpetuating the belief 
that psychosis symptoms—clinically analogous to dropsy, headache, pyrexia, or 
seizures—are the main defining characteristics of a single psychiatric illness.

•	 The effect of this historical modification appears to be that DSM diagnostic cri-
teria for idiopathic psychosis inadvertently created a clinical severity scale rather 
than one based on unique differentiating features. This scale includes a promi-
nent cognition dimension that captures most variables used in psychosis research. 
This is consistent with multiple studies over many levels of analysis, including 
B-SNIP data presented above. One conclusion is that most measures and para-
digms used in psychosis research, traceable to DSM-III’s approach to schizo-
phrenia diagnosis, index a single construct that is part of the human condition. 
This outcome also helped foster the belief that there are no disease categories 
within psychosis. This may be true, but the evidence upon which such conclu-
sions are based appears insufficient for that task. This circumstance may have 
changed recently with DSM-5’s elimination of preference for Schneiderian first-
rank symptoms in schizophrenia diagnosis (Carpenter 2013), but it is too soon 
to know.

•	 Psychosis is a manifestation of the brain failing to adapt to a pathological cir-
cumstance. The difference between psychosis and, for instance, pyrexia 
(Clementz 2022), is that there is a recognized mechanism for fever generation. 
Antipsychotic medications importantly and undeniably helpfully treat reality 
distortions, analogous to fever reducers, but not the historical core features of 
schizophrenia (affect-self-volition disturbances). Richard Wyatt et  al. (1988) 
succinctly summarized a similar position in the very first issue of Schizophrenia 
Research. However, identifying a clear psychosis mechanism independent of any 
specific psychosis diagnosis, would focus clinicians and researchers on a 
troubling clinical manifestation that requires immediate relief, like is the case for 
dropsy or pyrexia. In the meantime, investigators could vigorously search for 
underlying causes of those troubling clinical manifestations, as was so nicely 

Categorical and Dimensional Approaches for Psychiatric Classification and Treatment…



712

outlined in the dropsy quote from 1837. To accomplish this differentiation, the 
field must embrace the difference between a dramatic clinical event and the etiol-
ogy responsible for that event. The B-SNIP team took a step in this direction 
(Stan et al. 2019). There is a specific association between psychosis symptoms 
and cortical thickness in a contiguous cluster of brain regions spanning temporal, 
parietal and inferior frontal lobes — the thinner the cortex in those regions, the 
higher the psychosis symptom scores, independent of a patient’s subgroup mem-
bership. This is a general neurobiological link to severity of psychosis.

•	 B-SNIP demonstrated the possibility of deriving neurobiological subgroups of 
psychosis with unique defining features. It was necessary to bypass DSM psy-
chosis diagnoses to do so. Psychosis Biotypes yield specific etiological possibili-
ties and treatment targets that are not derivable from any other available approach. 
This does not mean B-SNIP fortuitously derived the correct diagnostic model; 
the solution is a function of the variables used and methods applied. The best 
scientists spend their careers believing even their cherished theories are wrong, 
but they might be a little more correct than what people used to think. The 
B-SNIP outcomes yield testable hypotheses in the spirit of Platt’s strong infer-
ence (Platt 1964; Carpenter et al. 1993). David Quammen once wrote that sci-
ence is not about providing answers but asking better questions. That is what we 
have tried to accomplish in this presentation and what B-SNIP have tried to do 
with their work.

•	 Psychosis Biotypes illustrate at the very least physiological heterogeneity. For 
instance, Biotypes-1 and -2 have similar clinical characteristics, but they appar-
ently come by those features via different patterns of brain deviations. They have 
superficially similar signs and symptoms, but B-SNIP was nevertheless able to 
derive a clinical evaluation efficiently differentiating those subgroups. Starting 
with clinical features, rather than neurobiology, did not offer the same level of 
combined neurobiological and clinical specificity. Even negative symptoms are 
not neurobiologically homogeneous (Hudgens-Haney et  al. 2020). Biomarker 
fingerprints of Kraepelin’s “weakening of the wellsprings of volition” are appar-
ently more diverse than is described by clinical definitions alone. It is an empiri-
cal question whether a purely top down or a B-SNIP-like middle-up approach to 
identifying specific types of patients is important for treatment targeting and 
mapping meaningful course and outcome. The B-SNIP team are vigorously eval-
uating this issue.

•	 There is apparently a dimensional vulnerability for serious psychopathology that 
does not respect diagnostic boundaries. Some latent neurocognitive construct 
possesses strong gravitational attraction for capturing components in its orbit. 
Still, the ubiquity and influence of that dimension does not prove a lack of spe-
cific disease categories. For instance, general intelligence is measured with 
excellent psychometric properties. The normal population distribution of general 
intelligence is ideal for statistics, reveals strong polygenic inheritance, and 
predicts other features in dominant Western culture. Intellectual disability is 
defined by scoring beyond an arbitrary cutoff on this intelligence distribution. 
When considering persons below that cutoff as belonging to a syndrome, intel-
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lectual disability appears to be a complex and highly pleiomorphic polygenic 
phenotype (Carpenter et al. 1993; Mitchell 2012). Nevertheless, there are multi-
ple distinct factors (many of them genetic, not necessarily familial) that cause an 
intellectual ability score to fall beyond the arbitrary cut line. The ability to detect 
many of these specific genetic etiologies is a function of improved technology 
(Gilissen et al. 2014). Discontinuity in an overall distribution was not required 
for either the identification or proof of these specific etiologies; they are hidden 
by the smoothed overall intelligence distribution. Improved technology is also 
known to change diagnoses from unknown to specific and treatable in other neu-
rological disorders (O’Sullivan 2018). The polygenic and purely dimensional 
hypothesis for intellectual disability is refuted by the cases with identifiable spe-
cific etiologies. Mark Lenzenweger (2015, 2018), an intellectual descendent of 
Paul Meehl, made a similar and important argument regarding the schizotypy 
construct.

•	 This sounds great for intellectual disability, seizure disorders, and other real 
medical illnesses, but can it possibly apply to idiopathic psychosis? Before their 
identification, cases with 22q11 deletion syndrome (Bassett and Chow 2008; 
Vorstman et al. 2015) or anti-NMDA receptor encephalitis (Dalmau et al. 2019) 
were buried within idiopathic psychosis. Some of us wonder about patients who 
we remember as anti-NMDA-like from years before the awareness generated by 
Susannah Cahalan’s (2012) Brain on Fire. There may be more autoimmune con-
ditions that can account for additional confusing neurological manifestations 
(Dalmau et al. 2017). In B-SNIP psychosis cases, brain space volumes show a 
discontinuity at the deficit end of cognition, as shown in Fig. 6 above. It turns out 
those cases are largely Biotype-1 (80%). Whether this pattern hints at a specific 
etiology for a neurobiologically defined psychosis subtype remains to be veri-
fied. The final answer likely is more complicated than there is only a dimension 
of psychosis (Esterberg and Compton 2009; Guloksuz and van Os 2017, 2021) 
or an all-encompassing p-factor (Caspi and Moffitt 2018).

•	 The B-SNIP outcomes, regardless of their eventual veridicality for psychosis 
diagnosis, required transdiagnostic assessment and probes of at least neuro-
cognitive and neuro-physiological deviations. Disentangling the mechanisms for 
psychosis manifestations and the pathophysiologies underlying disruptions of 
neural systems is probably not a single variable, single domain, or single level of 
analysis problem.

•	 When considering B-SNIP outcomes in the context of an extensive psychosis 
literature, it seems the best conclusion is that categorical and dimensional diag-
nostic approaches have their place within idiopathic psychosis (Fulford and 
Handa 2018). This position reflects the method for determining treatment in the 
rest of medicine. Understanding the mechanism(s) for psychosis symptom devel-
opment and the distinct etiologies creating them will require an integrated and 
open-minded approach. Of course, doing what is best for patients is always the 
primary concern. In 1983, Alex McBirney of the University of Oregon was asked 
to reflect on his main area of scientific investigation, igneous rocks, and its inte-
gration with the newish theory of plate tectonics. Maybe if the psychosis field 
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embraces a spirit of cooperation, it can avoid Dr. McBirney’s acerbic supposition 
about his own discipline:

The increasing awareness of … deficiency … in current literature makes the task of fore-
casting the direction of research for the coming decade an easy one. I predict that our pres-
ent confusion … will rise to undreamed-of levels of sophistication. (McBirney 1983, p. 689)
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