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Background and Hypothesis: Schizotypy is a well-
established phenotype for psychosis proneness and risk. Yet,
its genetic underpinnings and relations to genetic bases of
the schizophrenia spectrum are not well understood owing
to conflicting findings. In a deep phenotyping approach,
we hypothesized that genetic markers of risk for and to
schizophrenia are differentially associated with (trait-
level) dimensions of schizotypy and (state-level) prodromal
symptoms. Study Design: In 367 (130 male, 237 female)
psychiatrically healthy young adults, we assessed multiple
schizotypy instruments (OLIFE, SPQ-B, Multidimensional
Schizotypy Scales), aggregated into composite scores, and
a measure of prodromal symptoms (PQ-16). Those were
tested for direct and interactive associations with the poly-
genic risk score (PRS) for schizophrenia and a novel PRS
for resilience to schizophrenia. Study Results: Both prod-
romal symptom number (rho = 0.16, p_ = .018) and dis-
tress (rho = 0.14, p = .027) were positively related to the
schizophrenia PRS. Positive schizotypy showed a similar
association but did not remain significant after correction
(rho =0.11, p__=.082). Schizophrenia PRS and dis-
organized schizotypy had a negative interactive effect on
prodromal symptom distress (b = —0.10, p_ = .048). The
resilience score did not show any significant associations
with any of the measures. Conclusions: These results fur-
ther support the idea of a (partially) shared genetic basis
of schizophrenia and nonclinical, predominantly positive

expressions of the psychosis spectrum but also indicate rel-
evant distinctions between the 2, possibly related to other
modulating factors or general (transdiagnostic) psycho-
pathological risk. In line with previous findings, effects
seem to be more robust for state- than trait-level markers,
but these may also be influencing each other.

Key words: deep phenotyping/distress/genetics/polygenic
risk score (PRS)/prodromal symptoms/schizophrenia/sch
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Introduction

Schizotypy as a personality trait has been proposed as a
phenotypic indicator of psychosis proneness.!* As such,
it has established itself as a widely used dimensional
marker of psychosis risk.’ Its dimensional structure lends
itself to approaches to define and investigate psychosis
on a spectrum or continuum,®’ with an ongoing debate
on how this continuum should be conceptualized.®® The
commonly used self-report inventories for schizotypy
usually follow a 3-factor approach (positive, negative, and
disorganized schizotypy), which parallels the 3-factor
structure of schizophrenia as well as psychotic-like ex-
periences (PLE), a commonly used phenotype in high-
risk and early intervention research on psychosis.! '3
In addition, findings relating schizotypy to cognitive
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performance and brain imaging parameters have lent fur-
ther support for its use as a dimensional marker across
the schizophrenia spectrum.'+!7

The genetics of schizotypy have, in recent years, be-
come a more intensive topic of research.!® Following
some initial studies showing an overlap of schizophrenia
and schizotypy at the level of single risk variants and
genes (eg,'”?), subsequent studies have attempted to un-
derstand the overlap with the polygenic architecture of
schizophrenia. In particular, several studies have correl-
ated polygenic risk scores (PRS), ie, aggregates of mul-
tiple single nucleotide polymorphisms across the genome,
with subclinical phenotypes. Several studies of PRS for
schizophrenia and PLEs (across adult, adolescent, and
childhood cohorts) have produced negative findings for
such correlations (eg,?'?*), although there are also some
positive findings (eg, ).

As for schizotypy, there is some evidence for an overlap
with polygenic risk for schizophrenia, but findings have
not been entirely consistent. An initial large general pop-
ulation study by Docherty and colleagues found an as-
sociation of the Schizophrenia Personality Questionnaire
(brief version, SPQ-B) scores with schizophrenia PRS, in
particular in males, where schizophrenia PRS was associ-
ated with negative schizotypy traits.*® Similarly, van Os et
al. reported a correlation of interview-based schizotypy
scores with schizophrenia PRS, which was significant for
the total score as well as positive and negative schizotypy
subscales, but also for PLE scores derived from CAPE.*
Ahangari et al. showed an association of schizophrenia
PRS with interview-rated schizotypy/negative symptom
dimensions, both in cohorts with prior psychosis as well
as healthy subjects.® In contrast, a large recent associa-
tion analysis of our group analyzing schizotypy and its
facets (based on SPQ-B scores) in relation to schizo-
phrenia PRS did not identify associations across 2 large
cohorts.** Two most recent studies have re-addressed the
issue to add novel insights into the problem: Tiego and
colleagues used multiple schizotypy inventories for deep
phenotyping and showed significant positive correlations
of schizophrenia PRS with delusional experiences and re-
duced social interest but not the main schizotypy facets
from standard schizotypy questionnaires.* Mas-Bermejo
and colleagues did not detect a significant association
between either schizotypy (assessed with the Wisconsin
Schizotypy Scales (WSS)) or PLEs (CAPE) in healthy
nonclinical subjects, but only for a motor subscale of a
clinical high-risk status interview.*

In the present study, we sought to use deep phenotyping
with multiple schizotypy instruments augmented by
self-report assessment of prodromal symptoms in a non-
clinical young adult cohort to test the hypothesis of an
association with polygenic risk for schizophrenia. This
approach combines the deep phenotyping approach of
Tiego and colleagues* with an additional state-related
prodromal symptom phenotype. Second, we evaluate the
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differential association of positive, negative, and disor-
ganized schizotypy from 3 schizotypy inventories to iden-
tify variations in association strengths (or lack thereof).
Third, in addition to testing our phenotypes against pol-
ygenic risk for schizophrenia, we also test them against a
recently developed polygenic score for resilience to schizo-
phrenia’: this novel molecular genetics approach focuses
on genomic markers related to modifying penetrance of
risk loci and mechanisms of relevance to resilience, thus
providing complementary genetic information. While
schizotypy is often referred to as a phenotypic expression
of schizophrenia risk, in nonclinical individuals, it also
constitutes a healthy variation in cognition, emotion, and
behavior and might also include compensatory or protec-
tive qualities that prevent exacerbation.!*” Genetic under-
pinnings of such qualities might be reflected in variance
in markers constituting the resilience PRS.

Finally, we also tested sex and IQ as possible moder-
ators, as well as interaction terms of schizotypy facets,
based on recent brain imaging studies® showing that
the interaction of schizotypy facets might explain dis-
proportionately large effects on neural intermediaries of
genotype—phenotype links. More importantly, however,
we also use this to address the conundrum of potential
protection provided by particular schizotypy facets being
combined with the absence or low expression of others —
in particular, high positive schizotypy with low negative/
disorganized schizotypy, a profile sometimes termed “be-
nign schizotypy™’ (or individuals described as “happy
or “healthy schizotypes,”** based on their relatively low
levels of psychopathology / subjective distress*’#' and po-
tentially higher resilience to stress.’’+

Methods

Study Cohort

We included a total of n =367 psychiatrically healthy
subjects (130 male, 237 female; mean age 23.85 years,
SD 3.79) in this study. Participants consisted mostly of
university students (80%) but also included salaried em-
ployees (11%), individuals in school or apprenticeship
(7%) and other forms of occupation (2%).

All study participants gave written informed consent
to study protocols approved by the Ethics Committee of
the Medical School of the Philipps-Universitit Marburg
(protocols 61/18, 79/18) in accordance with the current
version of the Declaration of Helsinki. The cohort over-
laps mostly with a study sample we analyzed for psy-
chometric aspects of schizotypy and related traits.!>#
Inclusion criteria for this study were age 18-40, ability to
provide informed consent, as well as Central European
descent; exclusion criteria were current or past psychi-
atric disorders, current or past substance dependence,
current or past psychiatric treatments, psychotropic drug
use, central nervous neurological disorders, uncontrolled
medical illness (eg, untreated hypertension or diabetes),



or learning disability (conceptualized as 1Q below 80).
We screened subjects for the absence of psychiatric his-
tory using the German SCID-I screening inventory.*
Ratings on the German MWT-B* test were used to es-
timate IQ in order to exclude learning disability*<¢ and
to test IQ as a possible moderator (mean 1Q = 116.46,
SD =14.12, range = 92-142). All subjects were native
German speakers.

Phenotyping

Subject phenotyping was accomplished using an online
platform (SoSci Survey?’;), to which participants received
individualized access and where responses to self-report
questionnaires were recorded digitally.

We used 3 different complementary self-report inven-
tories to characterize each individual for their schizotypy
traits, as detailed in our previous study!'?: the Schizotypal
Personality Questionnaire-Brief version (SPQ-B),*#4 the
Oxford-Liverpool Inventory of Feelings and Experiences
(OLIFE),*>' and the Multidimensional Schizotypy
Scales (MSS).5>3 Based on the standardized values of
each instrument’s subscores, we additionally calculated
“meta-level” composite scores for the positive, negative,
and disorganized schizotypy domains, as well as a total
schizotypy score.

For assessment of prodromal symptoms, we applied
the Prodromal Questionnaire (PQ-16) with 16 items
characterizing both occurrence and associated distress of
PLE.*

DNA Extraction, Genome-Wide Genotyping and
Imputation

DNA was extracted from whole blood samples using
standard procedures. Genome-wide genotyping was
conducted using Illumina’s Infinium Global Screening
Array-24 BeadChip (GSA, customized to include addi-
tional markers with relevance to psychiatric disorders;
San Diego, CA, USA). Standard quality control proced-
ures (eg, sample call rate > 0.98; variant call rate > 0.98;
Minor Allele Frequency (MAF)>0.01; removal of
variants deviating from Hardy-Weinberg equilibrium
(P < 1e-06); checking for sex mismatches and heterozy-
gosity outlier) were carried out using the PLINK soft-
ware package.”> Genotypes of the samples were phased
using Eagle (v. 2.4.1) and imputed using Minimac (v. 4)
with 1000 Genomes Project Phase 3 data as a reference
panel.’*® Variants that showed a low imputation accu-
racy (R><0.6) were excluded from the calculation of
PRS.

Calculation of PRS and Outlier Detection

PRS was computed by using summary statistics from the
respective genome-wide association studies (GWAS) of the
Psychiatric Genomics Consortium® and Hess et al.**% (see
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previous work for more details®'), as the sum of the risk al-
leles (common variants with MAF > 1%) weighed by their
effect estimates. For the schizophrenia PRS we used the
genome-wide significant P-value threshold (P =5 x 10%).
As for the schizophrenia resilience PRS, no genome-wide
significant variants were identified, we chose the threshold
that best discriminated between cases and controls in the
original GWAS (P = .3). In an initial sample of 371 par-
ticipants, we identified 2 pairs of cryptic relatives with
pi-hat > 0.125 and randomly excluded 1 person of each
pair. Further, to control for genetic heterogeneity due to
population structure, the first 8 multidimensional scaling
(MDS) components based on pairwise identity-by-state
distance matrix were computed in PLINK v1.90b6.24 and
included as covariates in all analyses. Based on this, 2 par-
ticipants were identified as genetic outliers with a distance
from the mean of >6 SD in the ancestry components
and excluded from the analyses, resulting in a final study
sample of n = 367 participants.

Statistical Analysis

Statistical analyses were performed in R®? (version 4.2.0),
RStudio® (version 2023.09.0 + 463), and jamovi® (ver-
sion 2.3.21.0). To analyze (partial) bivariate associ-
ations between polygenic risk and resilience scores and
schizotypy and PLE measures, we ran partial nonlinear
(Spearman’s rho) correlation analyses. To test for interac-
tion effects (between schizotypy facets, between PRS and
schizotypy facets and between PRS and sex and 1Q), we
specified and tested linear regression models, including
the 2 main effects and the interaction term. In all ana-
lyses, sex and the first 8 ancestry components were in-
cluded as covariates. For interaction analyses, continuous
variables have been mean-centered and standardized. As
schizotypy and PLE facets within one instrument as well
as across instruments are typically correlated, we applied
false discovery rate (FDR) correction for multiple com-
parisons, as it is an established method for the correc-
tion of multiple comparisons but less conservative than
family-wise-error-correction. We have applied FDR cor-
rection using the R function p.adjust, which was imple-
mented in the stats package.

Results

Association Analyses

Composite scores (see figure 1): We found a significant
positive association between PQ-16 Total and PQ-16
Distress Total and the PRS for schizophrenia. We also
found a nominally significant positive association be-
tween the Positive Schizotypy Composite score and the
schizophrenia PRS, which was, however, reduced to a
trend after FDR correction. There was no significant
association between the resilience PRS and any of the
scores.
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Fig. 1. Correlations (Spearman’s rho) of schizotypy meta-scores
(derived from combining MSS, SPQ-B, and OLIFE measures)
and prodromal symptoms (PQ-16) with PRS for schizophrenia
and resilience to schizophrenia, respectively. All correlations

are partialized for sex and MDS components c1-c8 and FDR-
corrected (in brackets) for the respective number of comparisons
(*)Nominally significant, *Significant after FDR correction.

Single scores (see table 1): We found a nominally
significant negative association between the OLIFE
Introvertive Anhedonia score (negative schizotypy) and
the PRS for schizophrenia, which was, however, reduced
to a trend finding after FDR correction. There were no
significant findings between the schizophrenia PRS and
any of the other scores or between the resilience PRS and
any of the scores.

Analysis of Interaction Effects Between Schizotypy Facets

We tested whether interactions of schizotypy facet com-
posites were associated with polygenic risk and resilience
scores. None of the interaction terms (Positive X Negative,
Positive X Disorganized, Negative X Disorganized)
showed any significant association with any of the PRS.
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Analysis of Interaction Effects of Schizotypy
Facets X PRS on PLE

We further tested if the association between the PRS
for schizophrenia and state-level PLE occurrence and
distress was dependent on trait-level schizotypy com-
posite scores. We found one significant negative in-
teraction effect between PRS for schizophrenia and
the disorganized composite score, predicting PLE dis-
tress (F(12,354) = 18.22, P <.001; R*>=0.39; interac-
tion effect estimate b = —=0.102, P =.004 (p_ = .043)).
Specifically, this shows an inverse relationship between
PRS for schizophrenia and PLE distress, dependent
on the level of disorganized schizotypy: a positive as-
sociation in below-average disorganized schizotypy, yet
a negative association in above-average disorganized
schizotypy (see figure 2).

Analysis of Interaction Effects of PRS
Schizophrenia X PRS SZ Resilience

To test the potential influence of PRS SZ resilience on
the association between the PRS SZ and schizotypy
and PLE expressions, we also ran exploratory interac-
tion analyses between the 2 PRS, set up as the previous
interaction models. While we find no effect on PLE
occurrence (F(12,354) =1.07, P =.387; R*=0.03) or
distress (F(12, 354) =1.22, P=.365; R*=0.04), the
interaction effect is significant for the composite neg-
ative scale (F(12,354) =2.38, P =.006; R*>=0.07; in-
teraction effect estimate b = 0.32, P = .027), but not
for the positive (F(12,354) = 1.16, P = .313; R>*=0.04)
or disorganized (F(12,354) = 1.22, P = .270; R> = 0.04)
composite scores. The same pattern also shows when
testing the singular instrument scores with a sig-
nificant effect for OLIFE Introvertive Anhedonia
(F(12,354) = 2.41, P = .005; R*>=0.08; interaction ef-
fect estimate b = 0 11, P =.048), and trends for MSS
negative (F(12,354) = 2 79, P =.001; R*>=0.09; inter-
action effect estimate » = 0.10, P = .070) and SPQ-B
Interpersonal (F(12,354) =1.85, P =.039; R>=0.06;
interaction effect estimate » = 0.11, P =.058). In all
models, post hoc analyses reveal that there is a stronger
negative association between PRS schizophrenia and
negative schizotypy under the lowest PRS SZ resilience
scores (see figure 3).

Analysis of Interaction Effects of Sex X PRS

Sex was not a significant moderator between schizo-
phrenia risk or resilience PRS and the composite schizo-
typy or PLE facets in any of the tested models.

Analysis of Interaction Effects of IQ X PRS

In none of the models did we find 1Q to be a signifi-
cant moderator between schizophrenia risk or resilience
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Table 1. Correlations of Schizotypy Scores (MSS, SPQ-B, and OLIFE Sum/Overall Scores and Subscores) With PRS for Schizophrenia

and Resilience to Schizophrenia

Schizotypy Measure

PRS Schizophrenia PRS SZ Resilience

MSS Positive rho
MSS Negative glo
MSS Disorganized gho
MSS Sum II;ho
OLIFE Unusual Experiences l}{)ho
OLIFE Introvertive Anhedonia gho
OLIFE Cognitive Disorganization ﬁl(é)mr)
OLIFE Impulsive Nonconformity glo
OLIFE Total 510
SPQ-B Cognitive Perceptual rI;lo
SPQ-B Interpersonal glo
SPQ-B Disorganized 510
SPQ-B Total rzlo

0.064 0.005
.230 929
—0.040 0.075
448 157
0.071 —-0.029
179 .580
0.018 0.054
741 .306
0.092 0.024
.082 .656
—-0.147 0.026
.005 (.065) .629
0.088 —0.036
.098 501
0.093 0.029
.079 .590
0.034 —0.003
518 .962
0.079 —-0.057
134 279
—0.000 0.086
.997 .106
—0.005 0.079
917 135
0.013 0.078
799 142

All correlations are partialized for sex and MDS components cl—¢c8; rho = Spearman’s rho; p_ = P-value, FDR-corrected for the respec-

tive number of comparisons.
Abbreviation: SZ, schizophrenia.

PRS and the composite schizotypy or PLE occurrence
or distress.

Discussion

Our study set out to analyze the relation of (trait) schiz-
otypy as well as (state) prodromal symptoms with either
polygenic risk for schizophrenia or polygenic resilience
to schizophrenia in a cohort of psychiatrically healthy
young adults. The 3 major findings of our study relate to
the questions of (a) differential associations of schizotypy
facets with polygenic schizophrenia risk, (b) the relation
of schizotypy as a trait-type marker vs. more state-like
markers (captured with the PQ-16) and their differential
association to genetic risk, and finally (c) the hypothesis
that polygenic risk vs. resilience might differentially link
to schizotypy dimensions. Our study delivers novel in-
sights into these 3 aspects and might help to advance our
understanding of how a (multi)dimensional phenotype
characterizing a spectrum relates to genetic disease risk.
A main finding of our study is that polygenic schizo-
phrenia risk is mainly associated with state-like and (to a
lesser degree) trait-like markers (nominally significant in
our sample, but not significant following FDR correction)

capturing experiences within the positive dimension, but
not negative, disorganized, or overall schizotypy.

This result partially contrasts earlier negative findings
in 2 nonclinical cohorts using the SPQ-B* and a study?*
using the CAPE and WSS, resp., but is in line with a more
recent study showing associations of a “delusional experi-
ences” dimension (derived from multiple inventories ad-
dressing schizotypy/psychosis proneness).’* Considering
the methodological heterogeneity across these studies,
we would argue that subtle yet significant differences in
phenotypes, as shown in a recent study of ours,'> might
account for these differences and actually advance our un-
derstanding of how the wider psychosis spectrum relates
to genetic schizophrenia risk. First, we note that both our
study and the study of Tiego and colleagues®** show an
association with positive dimension phenotypes, in both
cases based on composite scores derived from multiple
inventories rather than a single questionnaire or subscale.
In fact, our follow-up analysis on single schizotypy in-
ventories failed to demonstrate direct associations with
single positive subscales from applied questionnaires.
This may indicate the degree specificity of single instru-
ments, reflecting their respective conceptualization of the
construct of schizotypy and supporting the previously
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disorganized schizotypy.

discussed need for a refinement of schizophrenia spec-
trum phenotypes and a revision of the self-report meas-
ures in use.*!>6 Further studies, including and comparing
the correlates of multiple instruments, might help dissect
sources of variance that can be linked to genetic risk.

Second, the association of schizophrenia risk with
prodromal symptoms, mainly represented as posi-
tive dimension items,”” and (yet only nominally signifi-
cant) with positive (rather than negative, disorganized
or overall) schizotypy is echoed in positive associations
identified in studies linking psychosis-like experiences to
schizophrenia PRS.%?2 This also raises the question of
whether positive dimension characteristics, including and
maybe even especially state-like symptoms and symptom-
like manifestations of psychosis risk, might actually be
more closely associated with the transition into manifest
disease. We further show that the expression of genetic
schizophrenia risk into state-like symptoms may also be
dependent on underlying trait-level (disorganized) schiz-
otypy but seems to be independent of 1Q and sex.

And third, we find evidence for an interactive effect be-
tween risk and resilience polygenic variance for the expres-
sion of schizotypy expressions. Interestingly, other than
the direct associations, this effect is specific to the negative
dimension, both in our aggregated composite score and
the single instruments, hinting at a robust pattern.
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Early on, both Raine®® and Meehl®’ have argued for
different trajectories of schizotypy with different genetic
underpinnings. In fact, Raine’s earlier observations on
studies in the clinical schizophrenia spectrum® and the
findings of both our and 2 recent schizotypy genetics
studies in nonclinical cohorts**3* also need to be con-
sidered in the broader context on which aspects of the
psychosis spectrum they might be related to in particular.
The GWAS on which the schizophrenia PRS is based®
has shown that—as is to be expected for a complex
disorder—a multitude of genes and different pathways
contribute to the overall case—control differences. Yet,
it is unclear how much specificity they bear for a static
schizotypy trait phenotype and how well overall risk vari-
ants identified through case—control studies are able to
reflect dimensional variance.

Also, it has been stressed previously that variation in
schizotypy might not only be related to features directly
relating to the schizophrenia spectrum but also to factors
like resilience or susceptibility to environmental factors, '
and our results also indicate that interaction of risk and
resilience genes can modulate schizotypy levels. In other
words, schizotypy and psychosis proneness phenotypes,
as used today, might contain elements that are closely
related to the schizophrenia spectrum but also those re-
lated (less specifically) to proneness to mental illness
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more generally.! This line of argument is supported, for
example, by twin studies demonstrating the overlap of
schizotypy and general personality features like neurot-
icism,® as well as the mediating role of neuroticism for
the impact of positive schizotypy on psychosocial func-
tioning.® Conversely, the schizophrenia PRS is not only
linked to schizophrenia but also symptoms across diag-
nostic boundaries,” indicative of the overlap with other
disease spectra.

Our study, as well as the other recent cross-sectional
studies on schizotypy genetics, show, however, some sig-
nificant limitations. Even when assuming schizotypy to
be a trait-level marker, these studies fail to incorporate
dynamic factors leading to the emergence of psychopa-
thology, either subclinical or clinical. Social stress, for
example, has been shown to predict the emergence of
psychotic-like features (states) from both positive and neg-
ative schizotypy.”! In addition, there is a developmental
perspective.” Schizotypy in adolescence or childhood,
even if assessed reliably, might indicate less temporally
stable state-type (rather than trait) characteristics and is
differentially associated with later outcomes.”™

Finally, we need to consider the lack of direct asso-
ciations of phenotype measures with the novel PRS for
resilience to schizophrenia.*® This PRS has been con-
structed on the basis of genetic mechanisms or pathways

that modulate the penetrance of genetic and other effects.
The significant interaction between the risk and resilience
PRS in our results reflects this as well: The effect of the
PRS for schizophrenia is dependent on the level of PRS
resilience to schizophrenia—albeit in an unintuitive pat-
tern, as we find a negative association between schizo-
phrenia PRS and negative schizotypy under low resilience
PRS. Both the risk and resilience PRS, to a certain degree,
reflect the diagnosis of schizophrenia, for which the prev-
alence of positive symptoms is prevailing. While through
growing GWAS, many candidate genes for the (overall)
schizophrenia risk could be identified, genetic underpin-
nings of symptom dimensions or patterns are still largely
unknown and might be needed to better disentangle such
associations.

Considering our above discussion on the predictive
value of static trait-like schizotypal features as opposed to
more state-like/fluid characteristics, one might also assume
that the resilience PRS could be more related to biological
processes further downstream, ie, those with importance
to either transition of risk states into manifest disease or
the transition of emerging first-episode symptoms into a
more chronic disease course. This might also explain the
lack of direct association with trait-level features.

Limitations of our study include the sample size, which
is an intermediary to the 2 recent deep phenotyping
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studies,** but considerably smaller than the community
or population-based studies limited to using abbreviated
characterizations of risk traits or states (eg,?>>%). Also,
our focus on a psychiatrically healthy community sample
does not allow inference on subjects with prior or con-
current clinical psychopathology, which needs to be con-
sidered given previous reports of diverging associations
of PRS with subclinical psychosis phenotypes present in
relatives of patients but not controls.?

In conclusion, our study provides evidence linking
prodromal symptoms, which include positive schizotypal
features,'> to polygenic risk for schizophrenia, with ad-
ditional nominally significant association of positive
schizotypy. This lends further support to the notion of
an overlap of schizotypy and schizophrenia on a genetic
level, while there seems to be a large proportion of var-
iance unshared between the 2 constructs, possibly those
related to general psychopathology, transdiagnostic risk,
resilience to mental disorder, and biological factors (eg,
inflammation/immunity) that is relevant to the transition,
onset, or chronification of disease.
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