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The Hierarchical Taxonomy of Psychopathology (HiTOP)
is an empirical, dimensional model of psychological symp-
toms and functioning. Its goals are to augment the use and
address the limitations of traditional diagnoses, such as ar-
bitrary thresholds of severity, within-disorder heterogeneity,
and low reliability. HITOP has made inroads to addressing
these problems, but its prognostic validity is uncertain. The
present study sought to test the prediction of long-term
outcomes in psychotic disorders was improved when the
HiTOP dimensional approach was considered along with
traditional (ie, DSM) diagnoses. We analyzed data from
the Suffolk County Mental Health Project (/V = 316), an
epidemiologic study of a first-admission psychosis cohort
followed for 20 years. We compared S5 diagnostic groups
(schizophrenia/schizoaffective, bipolar disorder with psy-
chosis, major depressive disorder with psychosis, substance-
induced psychosis, and other psychoses) and 5 dimensions
derived from the HiITOP thought disorder spectrum (reality
distortion, disorganization, inexpressivity, avolition, and
functional impairment). Both nosologies predicted a signif-
icant amount of variance in most outcomes. However, ex-
cept for cognitive functioning, HITOP showed consistently
greater predictive power across outcomes—it explained
1.7-fold more variance than diagnoses in psychiatric and
physical health outcomes, 2.1-fold more variance in com-
munity functioning, and 3.4-fold more variance in neural
responses. Even when controlling for diagnosis, HITOP
dimensions incrementally predicted almost all outcomes.
These findings support a shift away from the exclusive use
of categorical diagnoses and toward the incorporation of
HiTOP dimensions for better prognostication and linkage
with neurobiology.

Key words:  nosology/DSM/schizophrenia/psychotic
disorders/thought disorder/classification

Introduction

Traditional diagnostic taxonomies, such as those put
forth in the Diagnostic and Statistical Manual (DSM)!
and International Classification of Diseases,> have en-
abled advances in psychiatry, providing a common lan-
guage for researchers, clinicians, and policymakers (eg,
ref.?). However, diagnoses defined in these traditional tax-
onomies have some limitations. First, many are heteroge-
neous.** For example, 2 individuals with a schizophrenia
diagnosis can have completely non-overlapping symptom
profiles. Associations with symptom dimensions are ob-
scured in analyses of the diagnostic category.®’ Second,
data consistently indicate that psychotic disorders lie on
a continuum from healthy cognitive processes to frank
psychosis. Discrete boundaries of categorical diagnoses
are arbitrary.® ! Third, owing to arbitrary boundaries,
the reliabilities of psychotic disorder diagnoses are only
modest,'*!? limiting their informativeness.

The Hierarchical Taxonomy of Psychopathology
(HiTOP) was developed to address these limitations.'?
The aim of HiTOP is to systematize and facilitate clin-
ical evaluation by taking what clinicians are doing al-
ready and helping to make it most effective. Drawing
on the long history of efforts to identify symptom di-
mensions,'* 1 HiTOP is a fully empirical, quantitative
nosology. The model includes 6-dimensional spectra,
identified through statistical modeling of associations
among symptoms and traits. Psychotic disorders fall on
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the thought disorder spectrum, which is comprised of re-
ality distortion (hallucinations and delusions), disorgan-
ization (formal thought disorder and bizarre behavior),
inexpressivity (blunted facial expressions and alogia),
and avolition (apathy and asociality).'>'”! Functional
impairment cuts across these symptom dimensions and is
assessed separately.?’

The HiTOP model of psychotic disorders offers a
number of advantages. First, it decomposes heteroge-
neous diagnoses into the component dimensions listed
above. Second, patients can be reliably rated along these
dimensions.'®!"” Third, this approach recognizes the con-
tinuum between normality, schizotypy, and psychotic
disorders.?'*> Fourth, DSM diagnostic criteria conflate
symptoms and their functional consequences, whereas
HiTOP characterizes these separately. This allows for the
characterization of symptoms independent of impair-
ment, which is important in tracking illness course and
treatment response. %24

Nevertheless, a clinically useful nosology needs to
demonstrate prognostic validity. Prognostic validity
was a major benchmark in neo-Kraepelinian move-
ment that led to DSM-III. In particular, Robin and
Guze® spotlight validation by follow-up studies, and
Goodwin and Guze? went as far as to say “diagnosis
is prognosis.” Currently, the prognostic validity of
HiTOP is unclear, as few investigations directly com-
pared it to the DSM. In one study, symptom dimen-
sions of people with psychotic experiences explained
more variance than diagnoses in service use, behavior
requiring arrest or involuntary hospitalization, and oc-
cupational and social functioning.’’” HiTOP has also
been shown to be more closely aligned with neurobi-
ological characteristics. An investigation of patients
with psychosis reported that neurobiological subtypes,
derived from multiple indicators of brain functioning,
align much more closely with symptom dimensions
than with diagnoses.” Although these studies suggest
that HITOP may provide a useful description of psy-
chotic disorders, both were cross-sectional, and thus
HiTOP’s prognostic validity remains unknown.

The current study attempted to test whether the ad-
dition of the HiTOP dimensions to DSM diagnoses
aided in the predictive power in an epidemiologic
sample of psychotic disorders ascertained at first ad-
mission and followed for 20 years. We sought to ex-
tend prior research by considering a wide range of
outcomes, including illness remission and recovery,
aspects of community functioning, physical health,
cognitive performance, and neural functioning, all
of which are important for evaluating the validity
of a diagnostic system.?® We hypothesized that, as in
prior research,>?” HiITOP would have greater predic-
tive power than DSM, indicating that dimensions can
augment categorical diagnoses in the prediction of
outcomes.
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Methods

Participants

Data were drawn from the Suffolk County Mental
Health Project, a longitudinal study of first-admission
psychosis.!'?3 Between 1989 and 1995, individuals
were recruited from the 12 inpatient facilities in Suffolk
County, New York (response rate 72%). The Stony Brook
University Committee on Research Involving Human
Subjects and review boards of participating hospitals
approved the protocol annually. Written consent was
obtained from all study participants. For those who
were minors at baseline, child’s assent and parental per-
mission were obtained. Eligibility criteria included resi-
dence in Suffolk County, age between 15 and 60, ability
to speak English, IQ > 70, first admission within the past
6 months, current psychosis, and no apparent medical eti-
ology for psychotic symptoms.

Altogether, 628 participants met inclusion criteria.
Follow-up interviews were conducted at multiple points,
including 6 months and 20 years after baseline admission.
Predictors in these analyses are based on data obtained
at the 6-month point, as diagnosis of schizophrenia re-
quires 6 months of illness. Of the 469 patients who com-
pleted the 6-month follow-up, 316 were reassessed at Year
20 and constitute the analysis sample. Others were not
assessed because 50 died, 47 were lost to follow-up, and
56 refused. Table 1 contains demographic information
and descriptive statistics for all the measures used in the
current study.

Predictors

Diagnoses. DSM-IV diagnoses were made by the con-
sensus of study psychiatrists at the 6-month follow-up
using all information accumulated over time: Structured
Clinical Interview Diagnostic (SCID)* interviews
with participants, interviews with participants’ signif-
icant others, medical records, and behavioral ratings
by masters-level interviewers, as described in Bromet
et al."! Diagnoses were grouped into 5 categories to en-
sure adequate sizes within each category: schizophrenia/
schizoaffective/schizophreniform  disorders,  bipolar
disorder with psychotic features, major depressive dis-
order with psychotic features, substance-induced psy-
chosis, and other psychoses (brief reactive psychosis,
delusional disorder, and psychosis NOS) (Bipolar dis-
order with psychosis, major depressive disorder with
psychosis, and substance-induced psychosis were each
an individual DSM-IV diagnosis. The schizophrenia
group was comprised of individuals with either a schiz-
ophrenia (N = 75), schizoaffective bipolar type (N = 14),
schizoaffective depressed (N = 13), or schizophreniform
diagnosis (N = 9). The former groups are small and chal-
lenging to analyze independently. Fortunately, previous
research on this sample found that these groups are quite
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similar with regard to outcomes and combining them
does not increase heterogeneity vis-a-vis prognosis.*?
Finally, the other psychoses group has substantial heter-
ogeneity. Subdivision of this group into individual diag-
noses would render them unfit for analyses due to small
sizes. However, previous work in this cohort found that
these 5 categories offer an effective representation of psy-
chotic disorder diagnoses.!!**).

HiTOP Dimensions. Consistent with the HITOP model,
symptoms and functional consequences were rated sep-
arately. For equivalence with diagnoses, we focused on
5 dimensions that comprise the thought disorder spec-
trum and its consequences. These HiTOP dimensions
can be measured by widely available scales.!*** In the cur-
rent study, 4 dimensions—reality distortion, disorgani-
zation, inexpressivity, and avolition—were derived by a
factor analysis of the Scale for the Assessment of Positive
Symptoms (SAPS)* and Scale for the Assessment of
Negative Symptoms (SANS).» As detailed in Kotov
et al,'® rather than using global ratings scores from the
SAPS and SANS, individual items were used as a pool of
symptoms to derive these empirical dimensions from an
exploratory factor analysis. We compared the reliability
and validity of resulting factor solutions. A 4-factor
model showed high reliability and validity, and more
complex models did not improve on it. These 4 dimen-
sions were replicable in 5 waves of data, internally con-
sistent, stable across assessments, and showed strong
discriminant validity. The fifth dimension, functional im-
pairment, was assessed by the global rating of the Quality
of Life scale (QLS), a semi-structured interview.* This
item summarizes all data gathered in the interview and
captures adjustment in work and relationships based on
participant’s education and social background. It is rated
from 1 (markedly impaired) to 5 (very good).

Outcomes

Psychiatric Outcomes.  These included recovery and full
symptom remission. Recovery status at the 20-year fol-
low-up was defined according to the criteria of Liberman
and colleagues,’” which included ratings of 4 or less on
multiple items from the Brief Psychiatric Rating Scale™®
as well as ratings of 2 or more on items assessing occupa-
tional and social functioning from the QLS.*® Remission
status at the 20-year follow-up was defined according to
Andreasen and colleagues’ criteria,” in which ratings of
mild or less on all global items of the SAPS and SANS
are considered evidence of remission.

Community Functioning. ~ This category of outcomes
included educational attainment, employment, role
functioning, residential independence, use of public as-
sistance, social functioning, and global disability at the
20-year follow-up. We operationalized educational at-
tainment as any college, and employment as full- or part-
time paid work or school. Role functioning was assessed
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with the QLS level of accomplishment item, which is a
rating of participants’ performance in their roles during
the past month. This rating is made on a scale from 0 (at-
tempted no rule functioning) to 6 (very good functioning).
Residential independence was rated for the 20-year in-
terval as 0 = participant never lived independently (ie,
lived with relatives or in institutional settings), 1 = some-
time lived independently, and 2 = always lived independ-
ently (ie, in participant’s own household). Use of public
assistance was coded from sources of income as 0 = no
and 1 = yes (eg, SSI, SSD, welfare, rent supplements, and
food stamps). Social functioning was quantified through
a composite of 3 interpersonal relations items from the
QLS: social activity, sociosexual relations, and relation-
ships with friends. The composite score ranged from 1
(worst functioning) to 17 (best).** Global disability was
assessed with the 12-item self-report version of the World
Health Organization Disability Assessment Schedule 2.0
(WHO-DAS) measuring basic physical, psychological,
and social functions, with a total score ranging from 0
(no difficulty with any function assessed) to 100 (extreme
difficulty/cannot do any function assessed).*!
Physical Health. We focused on 2 conditions that are
particularly prevalent in psychotic disorders: diabetes and
hypertension.*>* Participants were interviewed about di-
agnosis and treatment of these disorders. Self-report was
corroborated by medical records where available.
Neural Functioning.  Neural functioning was assessed
using event-related potential components that show con-
sistent, robust abnormalities in psychotic disorders: mis-
match negativity (MMN)* and auditory P3a.** Both of
these components are passive measures of neural func-
tioning as oppose to more conscious, volitional measures
related to task performance (eg, P3b).*® We focused on
ERP outcomes because of the clear practical and meth-
odological advantages over other neural measures (eg,
less expensive than MRI; less invasive than PET¥) as well
as potential statistical benefits, such as increased statis-
tical power and high reliability.*®

To elicit duration and frequency MMN, participants
heard tones while completing a picture-word matching
task (see Donaldson et al® for task and processing de-
tails). To elicit the auditory P3a, participants completed
an auditory 3-stimulus oddball task, and amplitude and
latency was calculated for each (see Perlman et al* for
task and processing details) (Although Perlman and
colleagues used P3 amplitudes derived from temporal-
spatial principal components analysis, we used standard
amplitudes in the current analysis.).
Cognitive Functioning. The neuropsychological battery
at the 20 year follow-up included the Controlled Oral
Word Association Test,’! Verbal Paired Associates and
Visual Reconstruction from the Wechsler Memory Scale-
Revised (immediate and delay trials from both scales),
Symbol-Digit Modalities, Letter-Number Sequencing,
and Vocabulary from the Wechsler Adult Intelligence
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Scale-R,* Trails A and B,>* and the Stroop Test.> Given
the strong relationship among several of these measures,
we computed a composite score consistent with prior re-
search®® using a similar procedure as reported in Jonas
et al.’” We first removed redundancies and then con-
ducted an exploratory factor analysis. Trait estimates
from the first unrotated factor were used as a composite
factor score.

Attrition

As can be seen in table 1, individuals with data at the
20-year follow-up were younger and more likely to iden-
tify as White. At the 20-year follow-up, some participants
were interviewed in their homes or over the phone. For
these individuals, data on neural and neuropsychological
function were not obtained. As a result, sample sizes for
these outcomes are smaller than those of psychiatric out-
comes, community functioning, and physical health.

Data Analysis

First, we examined associations of the 5 DSM diagnostic
categories and 5 HiITOP dimensions with outcomes. Next,
we fit 2 hierarchical regression model for each outcome.
The 5 HiTOP dimensions entered as a block in Step 1,
and DSM diagnoses entered as a block in Step 2 (Four,
instead of 5, dummy coded variables were entered into
the regressions because the fifth was perfectly collinear
with the rest.). Then, the order of blocks was reversed.
Logistic regression was used for dichotomous outcomes,
and linear regression was used for continuous outcomes.
These analyses assessed the predictive power of each no-
sology (R? of Step 1) and incremental validity over the
other nosology (AR? of Step 2).

Results

Associations Among Individual Dimensions, Diagnoses,
and Outcomes

Table 2 reports the zero-order correlations for diagnoses
and dimensions with outcomes (see supplementary table 1
for correlations among outcomes). Sixth-month diagnoses
and dimensions were correlated, but not so strongly as to
be redundant. Specifically, a diagnosis of schizophrenia
was associated with elevations on all symptom scales, and
low functioning. The bipolar group showed the opposite
pattern, and the other diagnostic groups were near the
sample mean on all dimensions. For the majority of out-
comes, all 5 HITOP dimensions showed significant effects
in the same direction as diagnosis. In contrast, the associ-
ations of diagnoses were largely limited to schizophrenia
and bipolar disorder, with worse outcomes in the former
and better outcomes in the latter. Several 20-year out-
comes showed a more specific pattern: hypertension was
predicted only by reality distortion and disorganization,
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greater P3a amplitude by lower avolition and better func-
tioning, and longer P3a latency by avolition.

Direct Comparison of Predictive Power Between
HiTOP Dimensions and DSM Diagnoses

Table 3 (Step 1) shows predictive power of HITOP dimen-
sions together and DSM diagnoses together. Both HITOP
and DSM explained a significant amount of variance in
most outcomes. However, only HiTOP predicted diabetes
and neural responses. HITOP showed consistently higher
predictive power across outcomes, except for the predic-
tion of cognitive functioning. It explained 1.7-fold more
variance than DSM in psychiatric and physical health
outcomes; 2.1-fold more variance in community func-
tioning; and 3.4-fold more variance in neural responses.

We formally tested incremental validity of the 2 sys-
tems in Step 2 of regression models (table 3). As can be
seen in figure 1, HITOP dimensions predicted all out-
comes except hypertension, MMN, and P3a latency even
when controlling for diagnosis. Conversely, after dimen-
sions were controlled, diagnoses predicted psychiatric,
cognitive, and some functional outcomes, but not educa-
tional attainment, employment, social functioning, phys-
ical health, or neural responses.

Discussion

The HiTOP model is hypothesized to be a more infor-
mative classification of psychotic disorders, but data on
its prognostic validity is limited. We performed the first
test of whether HITOP dimensions complemented DSM
diagnoses in prediction. Overall, HITOP dimensions out-
performed DSM diagnoses in predicting psychiatric and
physical outcomes, community functioning, and neural
functioning 20 years later, with 1.7-fold to 3.4-fold im-
provement in predictive power. Cognitive functioning was
the sole exception, as it was predicted somewhat better
by DSM diagnoses than HiTOP. This suggests specificity
in the predictive advantage of HiITOP dimensions. Both
systems contributed uniquely to prediction of outcomes,
except educational attainment, employment, social func-
tioning, diabetes, and neural functioning, where diagnoses
did not improve prediction above dimensions. Taken to-
gether, the present results indicate that dimensional de-
scription of patients can improve prognostication when
used in conjunction with DSM diagnosis. Our findings
support a shift in diagnosis of psychotic disorders from
exclusively categorical to one with both dimensions and
categories.

The current findings are consistent with previous
cross-sectional work comparing dimensions and
categories in accounting for biotypes, functional im-
pairments, and service use in psychotic disorders.>?
The present study extends prior research to predic-
tion and a broader range of outcomes, namely illness
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Fig. 1. Total R? for DSM diagnoses (Step 1) and HITOP measures (Step 2) as predictors for psychiatric outcomes, physical health
outcomes, neural functioning, and cognitive functioning. Asterisks denote significant AR? when HiTOP dimensions were added to the

models.

course, physical health, cognitive functioning, and
neural functioning. This research has implications
for clinical practice. Prognosis in psychotic disorders
is challenging, especially with first-episode patients.*®
A HiTOP-based assessment can help to forecast out-
comes such as long-term recovery. This also can help
to guide interventions, with more extensive services
provided to patients at risk of poor outcomes. Also,
given racial/ethnic and gender disparities associated
with traditional diagnoses,® ' dimensional assess-
ments can help determine whether these disparities re-
flect diagnostic biases or true demographic differences
in symptom prevalences. This is a promising direction
for future research.

Among HiTOP dimensions, negative symptoms and
functional impairments were the strongest predictors of
many outcomes. This is consistent with previous litera-
ture reporting that negative symptoms have stronger re-
lationships with functional and neurocognitive outcomes
than positive symptoms.®*® This is also consistent with
findings that negative, but not positive, symptoms, track
with P3a amplitude® and with findings of more robust
associations between negative (vs positive symptoms)
and diabetes.®® However, positive symptoms were most
informative in prediction of hypertension and MMN du-
ration. This illustrates that although the predictive power
was modest for these health and neural indicators, in-
creased predictive specificity can be gained through em-
pirical phenotypes such as HITOP.
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A potential concern with dimensional approaches is
their feasibility in clinical research and practice. A di-
agnosis is a single categorical descriptor and far simpler
than a profile on 5 dimensions. However, the diagnostic
process can be labor-intensive. The present study required
multiple interviews with the patient, an informant, and a
review of medical records; psychiatrists studied the data
in consensus meetings to arrive at a diagnosis. In contrast,
dimensional ratings were made by a single master’s level
clinician. Raters were trained and supervised by senior
study staff, but in the current study, dimensional ratings
were far less labor-intensive than diagnoses. It is likely
that neither dimensional ratings nor diagnoses will be as
predictive in applied settings as they were in our research
protocol. Nevertheless, dimensional assessments done
by carefully trained para-professionals or psychiatric
staff (eg, psychiatric nurses and social workers) may be
a feasible and informative addition to a psychiatrist’s di-
agnosis in applied settings. Billing is facilitated by a cross-
walk that translates HITOP dimensions into diagnostic
codes (https://hitop.unt.edu/clinical-tools/billing-hitop).

Among traditional diagnoses, schizophrenia consist-
ently predicted worse outcomes, and bipolar disorder
with psychotic features predicted better outcomes. Major
depressive disorder with psychotic features, substance-
induced psychosis, and other psychoses also forecasted
good outcomes, but these effects were weak and incon-
sistent. This is aligned with extensive research showing
that a schizophrenia diagnosis is an indicator of poor
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prognosis (eg, refs.®*%”) whereas bipolar disorder has the
best outcomes among psychotic disorders.>* Taken to-
gether, this highlights that traditional diagnosis of psy-
chotic disorders offers considerable prognostic validity,
although much of it is concentrated in the distinction
between schizophrenia and bipolar disorder. Other diag-
noses may be more predictive of different outcomes not
considered here (eg, liver cirrhosis).

Jointly, HiTOP dimensions and diagnoses were able
to predict psychiatric outcomes (recovery and remis-
sion) and some facets of community functioning (es-
pecially role and social functioning) quite well. Recent
longitudinal studies of relatively long-term outcomes (eg,
10 years®; 14 years®) have highlighted the importance
of specific symptoms in individuals with psychotic dis-
orders in predicting psychiatric and functional outcomes.
The current work extends these findings by showing that
HiTOP dimensions and DSM diagnoses combined have
even greater predictive power for a wide variety of out-
comes over a 20-year interval. Notably, although HITOP
dimensions can be measured by widely available instru-
ments (eg, refs.!>337%) the HiTOP consortium is devel-
oping measures to specifically assess dimensions included
in the system.”" Thus, moving forward, the consideration
of both HiTOP dimensions and diagnoses together will
aid in long-term predictions.

Several limitations should be noted. First, analyses
were limited to primary diagnosis, and comorbidities,
such as substance abuse, were not considered. However,
prior analyses of this sample found that adding comorbid
diagnoses did not improve predictive power beyond the
primary diagnoses.” Second, only 5 HiTOP dimensions
were included. To equate the number of dimensional
and diagnostic predictors, we restricted analyses to com-
ponents of the thought disorder spectrum, which en-
compasses psychotic disorders. As with any prediction,
unmeasured confounders may be responsible for some of
the predictive power observed in present analyses. Future
research is needed to explicate other risk factors for long-
term outcomes in psychotic disorders. Third, we did not
include treatment among the array of outcomes prima-
rily because it is biased by clinical state (sicker patients
receiving more treatment). Lastly, this cohort is represen-
tative of first admissions with psychosis, but it is limited
to one geographical region. It is important to replicate
these findings in other settings.

Despite these limitations, the current study is the first to
show the advantage using HiITOP dimensions in conjunc-
tion with the DSM diagnoses in predicting some long-
term outcomes in psychotic disorders. Our results suggest
that using both nosologies—DSM categories and HITOP
dimensions—would provide maximum information.
Indeed, although the DSM emphasizes categorical classi-
fication of psychosis, a dimensional assessment has been
provided in Section 3 of DSM-5,” and HiTOP can fur-
ther enhance this assessment. Taken together, the current

Prediction of Outcomes in Psychosis

findings support a shift away from exclusive reliance on
categorical diagnoses and toward incorporating empirical
symptom dimensions in research and clinical practice.

Supplementary Material

Supplementary material is available at Schizophrenia
Bulletin online.
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