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Abstract

Objective—Growing evidence indicates that non-clinical psychotic-like experiences occur in
otherwise healthy individuals, suggesting that psychosis may occur on a continuum. However,
little is know about how the diathesis for formal psychosis maps on to individuals at the non-
clinical side of this continuum. Our current understanding of the pathophysiology of schizophrenia
implicates certain key factors such as early developmental abnormalities and fronto-striatal
dysfunction. To date, no studies have examined these core factors in the context of non-clinical
psychosis.

Method—A total of 221 young adults were assessed for distressing attenuated positive symptoms
(DAPS), dermatoglyphic asymmetries (a marker of early developmental insult), and procedural
memory (a proxy for fronto-striatal function).

Results—Participants reporting DAPS (n=16; 7.2%) and no-DAPS (n=205; 92.7%) were split
into two groups. The DAPS group showed significantly elevated depression, elevated
dermatoglyphic asymmetries, and a pattern of procedural learning consistent with other studies
with formally psychotic patients.

Conclusion—The results indicate that the non-clinical side of the psychosis continuum also
shares key vulnerability factors implicated in schizophrenia, suggesting that both early
developmental disruption and abnormalities in fronto-striatal function are core aspects underlying
the disorder.

Keywords

dermatoglyphic asymmetries; prenatal; procedural learning; non-clinical psychosis; fronto-striatal
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INTRODUCTION

Accumulating evidence shows that symptoms of non-clinical psychosis (e.g., fleeting
auditory hallucinations) are commonly experienced by otherwise healthy individuals (1, 2)
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and suggests that psychosis may occur as a continuous phenotype. However, to date, it
remains unclear how the non-clinical side of the continuum is linked to formal psychosis,
and if it reflects an underlying continuum of putative markers as well.

Two core factors widely implicated in the etiology of formal psychosis include an early
developmental insult and abnormalities in fronto-striatal functioning. Although these signs
of vulnerability are key factors in leading etiological models (3-5), to date we have little
conception if and how they present on the non-clinical side of the psychosis continuum.
Understanding which factors are unique and shared along the continuum may highlight
variables crucial to the onset of psychosis. Further, this knowledge is integral to
understanding the full continuum of vulnerability, particularly in a population without
serious confounds such as years of illness or neurotoxicity, and may help to elucidate our
conceptions of Axis-1 psychotic disorders such as schizophrenia.

Signs of developmental dysfunction have been of interest to researchers since early
conceptualizations of schizophrenia (6), and several aspects unique to these signs may shed
light on a continuum of vulnerability among individuals reporting symptoms of non-clinical
psychasis. Minor physical anomalies (MPAs), particularly in the face, hands and feet,
appear to reflect disruptions in early fetal development (7). Within this context,
dermatoglyphics (the epidermal ridge patterns that form on the fingerprints and palms
during prenatal development) are of particular interest. Although dermatoglyphics are not
usually included in the construct of MPAs (8), evidence suggests that they are in the same
family, as both physical features and fingerprints develop out of the same fetal ectodermal
tissue, and both MPAs and dermatoglyphics are enduring reflections of an early prenatal
environment (8, 9). It has been reliably demonstrated that schizophrenia patients have more
dermatoglyphic asymmetries than healthy controls (10). Dermatoglyphics are excellent
candidates for investigating non-clinical psychosis, in contrast to other indices of
developmental upset (e.g., dichotomous obstetric complication-type events), because the
slight aberrations in the symmetry of fingerprints occurs on a continuum, and in a
continuous fashion across the normal population (11). They are also not prone to a recall
bias associated with self-reports of pregnancy complications. Further, the timing of
epidermal ridge formation limits potential contributing factors to the early prenatal period,
when the outer layer of the embryo (i.e., ectoderm) forms both the skin and the central
nervous system (CNS) (8). Finally, dermatoglyphics are excellent for understanding early
developmental disruption in non-clinical psychosis because similar markers have been
observed in other populations at the lower end of the spectrum including schizotypal and
prodromal samples (12, 13).

Cognitive deficits, occurring early in childhood among individuals who later develop
psychosis as adults, are believed to be a core feature and reflective of brain pathology
underlying psychosis (14). Consistent with what has been reliably observed in patients with
schizophrenia, several studies have found that individuals reporting symptoms of non-
clinical psychosis show lower 1Q scores than controls (15-17). However, to date, there has
been little research aimed at understanding specific cognitive processes in non-clinical
psychosis and there have been no studies examining procedural learning. Procedural
learning, in contrast to declarative (knowledge based) learning, is when the quality of speed
of a task performance increases as a function of the amount of practice, while the subject is
not required to consciously remember any facts (18). Several early studies have indicated
that schizophrenia patients show some degree of impairment in procedural learning (19, 20),
and this process is highly relevant to the study of psychosis, as it is believed to reflect
fronto-striatal function (21, 22). Within the context of understanding vulnerability in
individuals reporting non-clinical psychosis, fronto-striatal processing is highly relevant, as
dysregulation is implicated in dopamine hypothesis of schizophrenia, and has been observed
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in a venue of lower spectrum populations including groups with schizotypal personality
disorder (23), as well as the prodrome (24).

Aims of the study

In the present study, 221 non-clinical young adults were assessed for distressing attenuated
positive symptoms, and administered clinical scales as well as dermatoglyphic and
procedural learning assessments to test the hypothesis that when compared to a group
showing low levels of non-clinical psychosis, those individuals showing high levels of non-
clinical psychosis would also exhibit elevated symptoms and vulnerability factors key to
etiological conceptions of formal psychosis.

MATERIAL AND METHODS

Participants

Participants were recruited at the University of Colorado Boulder’s Adolescent
Development and Preventive Treatment (ADAPT) research program. All participants were
young adults (aged 18 and older) in the University of Colorado Boulder’s human subject
recruitment pool (consisting of students and community members from the general
population), and there were no exclusion criteria. The protocol and informed consent
procedures were approved by the University Institutional Review Board. See Table 1 for
demographic characteristics of the sample.

Clinical Symptoms

Symptoms of non-clinical psychosis were assessed with the Prodromal Questionnaire-Brief
(PQ-B) (25, 26), a 21-dichotomous item self-report questionnaire comprised of attenuated
positive symptoms items, each with an accompanying weighted impact scale (“When this
happens, | feel frightened, concerned, or it causes problems for me”) ranging from 1-5 (r0-
strongly agree). Using the most conservative approach, participants scoring a five on the
distress scale (strongly agree), were considered as having experienced a definite experience.
To accurately reflect this strategy, the term “distressing attenuated positive symptoms”
(DAPS) is used to refer to symptoms of non-clinical psychosis endorsed in this sample. The
total PQB score was calculated using the sum of the endorsed 21 items (range 0-21).
Subjects were asked to indicate experiences in the past month, and asked to not include
experiences that occurred only while under the influence of alcohol, drugs, or medications
that were not prescribed. This instrument has been used in recent studies to examine
attenuated positive symptoms in healthy populations (27, 28). The participants also
completed the Beck Depression Inventory (BDI), a widely used and well-validated, measure
of depression that contains 21 items (29).

Pursuit Rotor

We used a computerized version of the pursuit rotor task (Life Science Associates, New
York, New York) that has been validated and used in other studies with schizophrenia
samples as well as with college age populations (30, 31). Participants were instructed to
follow a moving target around a rectangular track with a mouse held in their preferred hand.
Each trial lasted 20 seconds with a five-second interval between trials. Subjects were given
three blocks of three trials each, interspersed with 20 minutes rest periods after each block.
Employing a widely used titration strategy (30, 32), the initial level of performance for each
participant was equated during practice trials, and speed of the target stimulus was
subsequently adjusted so that each subject reached a criterion of being able to maintain
contact with the target 20%— 25% of the time.
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Dermatoglyphics

Dermatoglyphic asymmetry was assessed for homologous fingers of the right and left hands
of the participants. Fingerprints were obtained by utilizing digital scans of the actual hand
from a high-definition photo scanner (Epson Perfection V500 Photo Scanner).
Dermatoglyphics were rated by coders utilizing Adobe Photoshop (CS3), which allowed
high-level zoom/enlargement and demarcation. Because of this technology, the prints were
of very high quality, and consequently it was not necessary to code partial prints or use
subjects with missing fingers due to poor print quality. Employing a widely-adopted
procedure described by Holt (11), the number of dermal ridges crossing a line drawn
between the center of the pattern and the triradius of each fingerprint was counted for all
fingers on both hands. The number of ridges on each finger of the left hand was subtracted
from the number of ridges on the homologous finger of the right. The total ridge count
asymmetry score was calculated by summing the absolute values of the differences observed
for each homologous finger pair, and taking the mean for each participant (i.e., the total
discrepant ridge count divided by five). Five raters, blind to all clinical and procedural
memory test information, coded the participant’s prints. Raters trained by practicing on sets
of handprints for a one-month period, and continued until intra-class correlation coefficients
(ICCs) > .80. Quality was periodically assessed by a gold standard rater (D.D.); a print from
every 20 participants was coded again, and reliability for the rescored/original prints
exceeded .90.

Data Analyses

Independent t-tests and chi-square tests were employed to examine differences in continuous
and categorical demographic variables (respectively) between groups. Independent t-tests
were also used to examine group differences in symptoms and dermatoglyphic asymmetries.
If necessary, results were adjusted for inequalities of variance as tested by Levene’s test. To
test for procedural learning, a series of 3 (trial blocks) x 2 (diagnostic group) mixed repeated
measures ANOVA was conducted. Bivariate correlations were used to check for any
potential associations between the vulnerability markers. One-tailed tests were employed for
directional hypotheses (i.e., group differences in clinical symptoms, dermatoglyphic
asymmetries, and procedural learning), and two-tailed tests were employed in all other cases
(i.e., comparisons of demographic variables between groups, comparisons between groups
on rotation speed for the pursuit rotor task, exploratory analyses examining correlations
between vulnerability characteristics and between domains of symptoms for the entire
sample).

RESULTS

Of the 221 participating young adults, a total of 16 (7.3%) reported at least one DAPS over
the past one month (indexed by a score of five on the weighted scale) and 205 (92.7%) did
not. Based on these results, the participants were split into DAPS and no-DAPS groups.
There were no significant differences between the groups on demographic characteristics
including gender, age, and parental education. Please see Table 1 for a demographic
breakdown of the participants in the DAPS and no-DAPS group. Kolmogorov-Smirnov tests
revealed that distributions of target dermatoglyphic and procedural learning variables were
normal and as a result, analyses were conducted with parametric statistics. Consistent with
other recent studies utilizing the PQ-B (26), the distribution of PQ-B total scale was non-
normally distributed, with skewness of 1.05 (SE = .16) and kurtosis of .83 (SE = .32); this
was also the case for the BDI total with skewness of 1.72 (SE = .16) and kurtosis of 4.05
(SE =.32).
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Clinical Symptoms

An independent t-test indicated that the DAPS group (mean = 8.68, SD = 3.84) endorsed a
significantly higher level of items on PQB total scale, 219) = -5.02, p</= .01, when
compared to the no-DAPS group (mean = 4.01, SD = 3.05). The most commonly endorsed
items were: “Do you find yourself feeling mistrustful or suspicious of other people?’(2.7%),
“Do people sometimes find it hard to understand what you are saying?’ (1.4%), “Do you
worry at times that something may be wrong with your mind?” (1.8%), “Have you had the
sense that some person or force is around you, although you couldn’t see anyone?’ (.9%),
“Do you have difficulty getting your point across, because you ramble or go off the track a
lot when you talk?’ (.9%), *“ Have you ever felt that you don’t exist, the world does not exist,
or that you are dead?’ (.9%), and “Have you seen unusual things like flashes, flames,
blinding light, or geometric figures?’ (.9%).

Although both groups showed subclinical levels of depression, there were notable group
differences on the Beck Depression scale. Specifically, an independent t-test indicated that
the DAPS group (mean = 20.5, SD = 11.79) showed significant elevations on the BDI when
compared to the no-DAPS group (mean = 7.64, SD = 6.59), £219) = -4.30, p</= .01 (see
Table 1 for group means and standard deviations). It should be noted that the results for
group differences on PQB-Total and BDI scales remained the same when non-parametric
tests were employed.

Prenatal Disruption: Dermatoglyphic Asymmetry

Discrepancy scores for each participant were calculated using the absolute value of the right
finger ridge count minus the left finger ridge count for each participant’s five homologous
pairs. The mean ridge count discrepancy (the average of each participant’s five discrepancy
scores) was used as an index of overall asymmetry. An independent sample t-test showed
significant group differences, 219)=-2.01, p </= .05, where the no-DAPS group (mean =
3.15, SD = 1.30) reported significantly fewer asymmetries (ridge discrepancies) than the
DAPS group (mean = 3.65, SD = .95). Figure 1 shows an example of a highly discrepant
ridge count between a pair of corresponding fingerprints.

Procedural Learning: Pursuit Rotor

As noted, the participants were titrated, so that each individual reached a criterion of being
able to maintain contact with the target approximately 20%— 25% of the time. Each of the
subjects was able to meet this criterion. Analyses of the subjects’ eventual target rotation
speed revealed that the DAPS group started with a trend towards a lower rate of rotation
than the no-DAPS group, 1219) = 1.68, p </=.10. Following the titration process,
participants began three trial blocks at 0, 20, and 40 minutes, each consisting of three 20-
second trials (separated by 5-second rest intervals). Procedural learning was computed by
calculating the mean of the three trials during each block, to yield a single index of
performance for each block.

A 2 (group) x 3 (mean score trial block) mixed repeated measures ANOVA with percent
time on target as the dependent variable was conducted. Results revealed a significant main
effect for group A1,217)=4.62, p </= .05, indicating that the DAPS group performed
significantly poorer than the no-DAPS group (despite the trend towards slower target speed).
There was a significant effect for trial block A2,217)=133.05, p </=.01, and post-hoc
repeated measures t-tests conducted for both the separate groups indicated statistically
significant changes between each trial block (p < .01), indicating that both groups improved
on the task over time. The interaction effect did not approach significance indicating that
while the DAPS group performed consistently more poorly, both groups showed evidence of
procedural learning (Figure 2 illustrates performance by group, across the trial blocks).
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Correlations Between Vulnerability Characteristics

Bivariate correlations were used to examine potential interrelationships between
vulnerability and symptom measures among the entire. There was no significant relationship
between the dermatoglyphic asymmetry score and performance on the procedural memory
task for any trial block. BDI scores were not associated with dermatoglyphic or pursuit rotor
variables. However, BDI was significantly associated with both total PQB score (r= .53, p
< /=.01) and weighted impact total (r= .63, p</=.01).

DISCUSSION

Consistent with recent reports (33), the present findings suggest that symptoms of non-
clinical psychosis are common in young adults. Taken together, the results of this study
suggest that early developmental and core cognitive deficits characterizing key points in
diathesis-stress conceptualizations of psychosis are also present on the non-clinical side of
the psychosis spectrum. To our knowledge, the current study is the first to examine
dermatoglyphics and procedural learning in a sample of participants reporting psychotic-like
experiences. The findings show that among this large group of young adults, those reporting
DAPS showed elevated dermatoglyphic asymmetries and a pattern of procedural learning
uniquely distinct from controls, and consistent with studies of patients with formal psychosis
(22, 30, 34).

Prevalence rates of DAPS in the current sample (7.3%) are highly consistent with a recent
reports suggesting an overall rate of 5-8% for this phenomenon in the general population
(35, 36). The mean BDI scores were significantly elevated in the DAPS group, which also
appears consistent with other recent reports (37, 38). In addition, BDI scores were associated
with elevated reports of DAPS among the entire sample. Taken together, the results are
consistent with a growing recent body of literature that suggests that non-clinical symptoms
of psychosis appear to be associated with other domains of clinical dysfunction (37-39).
However, epidemiological or prospective longitudinal designs are necessary to determine
any potential causal relationship.

Early developmental disruption, reflecting a complex relationship between genetic and
environmental factors (5), has characterized risk across the psychosis spectrum ranging from
adolescents with schizotypal personality disorder (40), young adults with a prodromal
syndrome (41), and first-episode and chronic populations (42). The present results are
consistent with other investigations finding that symptoms of non-clinical psychosis are
associated with obstetric complications such as maternal infection, and maternal diabetes
(43). However, it is also important to note that the study of early developmental insults is
highly complex, and other studies examining non-clinical psychosis have found that factors
such as paternal age, or preeclampsia or birth season (a proxy for prenatal exposure to viral
infection) have not been found to be associated (43-45). The present findings may be helpful
in narrowing the time window of developmental insult, and implicating brain structures also
in ascendance during the formation of the skin. More specifically, abnormalities in
fingerprints reflect disruption during gestational weeks 14-22 (46), and within this context, it
is important to note that this narrow window represents the second trimester, a critical time
for medial temporal brain structures highly implicated in psychosis (42).

To date, research on the cognitive functioning at the non-clinical end of the psychosis-
spectrum has painted a complex figure. Researchers have observed specific deficits in
receptive language (15), processing speed/executive functioning, motor (47), and verbal
fluency (48). However, studies of expressive language (15), attention, memory, or abstract
reasoning (47) have not found significant differences. It remains highly important to
understand the neuropsychological functioning of this group, as cognitive dysfunction is
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considered a core feature of vulnerability, and therefore may be key to understanding the
etiology of psychosis (14).

Procedural learning does not require conscious recollection; investigators have described
this process as automatic, in that it can occur in the absence of directed attention (49). Early
studies have implicated a procedural memory deficit in schizophrenia (19, 20), but recent
studies have painted a more nuanced picture. Specifically, researchers have observed that
while there are deficits in performance in each trial block (where patients with psychosis
show poorer performance than controls, despite having the benefit of slower stimulus
rotation), the overall slope of learning is consistent across clinical and control groups (22,
30, 34, 50). One interpretation is that while procedural memory is relatively intact (the
patients show the ability to learn), motor deficits (also prevalent in schizophrenia and tied to
fronto-striatal dysregulation) (3) result in an overall poorer task performance. In the present
context, it is noteworthy that deficits on motor procedural learning tasks are linked with
abnormalities in fronto-striatal functioning (19, 20). Taken together, the DAPS group’s
performance in the present study was consistent with the noted larger body of literature,
showing that fronto-striatal dysfunction also occurs at the non-clinical end of a psychosis
continuum. These results are also consistent with an important study that reported structural
and connective abnormalities in components of the basal ganglia circuits in adolescents who
had reported significant psychotic-like experiences (51) and a recent study that observed
dyskinesias in this group as well (28).

A neural developmental diathesis-stress model of schizophrenia suggests that an early
constitutional vulnerability (reflecting genetic and environmental liability factors), later
interacts with environmental triggers and neural development to result in a psychotic
outcome (4). Dysmorphic features, found to be more prevalent in patients with
schizophrenia (10), arise during the formation of the craniofacial region, limbs, and hands,
which critically, co-occurs with the development of the CNS. As such, dermatoglyphic
asymmetries are enduring representations, reflecting developmental disruption to neural
structures widely implicated in psychosis (3). Procedural memory deficits, representing a
fronto-striatal abnormality highly implicated in formal psychosis (3), reflect core pathology
underlying the diathesis of psychosis. Findings that developmental and fronto-striatal
abnormalities are present in a non-clinical sample reporting DAPS support the diathesis-
stress model and elucidate our understanding of constitutional vulnerability. Perhaps, in the
absence of a sufficient diathesis or stressor, the vulnerability in non-clinical populations
contributes to these phenomena. However, it is also important to note that notion of
vulnerability is complex, and involves numerous interrelated and distinct factors including
environmental influences such as social disadvantage (52) and cannabis use (53); this
complexity is evident in the current investigation, as dermatoglyphic and procedural
memory variables were not found associated in this sample.

Overall, the present study adds to our understanding of liability by showing that early
developmental disruption and fronto-striatal dysfunction are core elements of
pathophysiology underlying psychosis, as these signs also characterize the non-clinical end
of a continuum, which is not obfuscated by confounds that come along with studies in
samples with formal psychosis. One significant limitation of the study involves single
indices of developmental disruption and procedural learning. Future work utilizing non-
motor based procedural learning tests can help to elucidate our understanding of both motor
and pure procedural learning contributions to deficits seen in individuals reporting
symptoms of non-clinical psychosis. In addition, future studies should be conducted to
explore factors underlying psychosis risk in a continuous fashion. Further, because the
present study is the first investigation in this area, has a relatively small DAPS group
(limiting ability to detect subtle effects), and does not explicitly test for formal psychotic
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disorders, the present findings should be considered as preliminary until future studies
control for these potential confounds and replicate the results in a larger and unselected
general population sample. However, it is unlikely that a subgroup of formally psychotic
individuals accounted for the observed effect, as no subjects scored in the upper 25% of the
possible attenuated symptom weighted distress score range of 1-5. Finally, it should be
noted that although a recent series of papers has utilized the PQ-B to assess non-clinical

psychosis (27, 28), future studies are necessary to formally validate the measure in this

context. As we continue to map out the psychosis continuum, future studies examining

Su

btypes of non-clinical psychosis and a greater variety of designs (e.g., longitudinal) and

developmental markers are warranted.
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Figure 1. Asymmetrical Dermatoglyphic Patter ns

In this example of an asymmetrical print pair, taken from a non-participant model, the ridge
count between the triradius (meeting of patterns on the periphery of the print) and core
(center of print) for the left finger L3 (A) is markedly higher than that of the respective
homologous right finger R3 (B).
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Figure 2. Pursuit Rotor Task Performance for Groups of Participants Who Report and Who Do
Not Report Distressing Attenuated Positive Symptoms (DAPS)

Although both groups showed indication of procedural learning over three time-spaced
trials, the percentage time on target for participants experiencing a distressing attenuated
positive symptom was significantly less than those participants without such an experience.
Error Bars represent mean standard error.
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Table 1

Demographic and Clinical Characteristics for Participants

No-DAPS DAPS Total Group
Total 205 16 221
Males 110(53.7%) 12(75%) 122
Females 95(46.3%) 4 (25%) 99
Adge (yrs.
M (SD) 19.97 (1.95)  19.63 (1.62) 19.94 1.93
Parental Education (yrs.
M (SD) 15.56 (1.94)  14.68 (2.20)  15.50 (1.96)
Beck Depression Inventory
M (SD) 7.64(6.59)  20.50 (11.79) 8.57 (7.81)
Prodromal Questionnaire-Brief
Total Scale?
M (SD) 401(356)  8.68(3.84) 4.35 (3.77)
Weighted Scale?
M (SD) 9.47 (10.07) 31.75(17.16) 11.09 (12.15)

Note: Distressing Attenuated Positive Symptoms (DAPS)

aTotaI possible PQB scores range from 0-21

bTotaI weighted score range from 0-105
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