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ARTICLE INFO ABSTRACT

Keywords: There is accruing evidence of spontaneous dyskinesia in individuals with schizophrenia that is independent of
Schizophrenia medication exposure. Dyskinetic motor behavior is also present in individuals who are at high risk of schizo-
Psychosis phrenia and appears to have prognostic value for the development of psychosis. Nonetheless, it remains unclear
Dyskinesia

whether dyskinesia is present in first-degree relatives of individuals with schizophrenia and thus associated with
genetic liability for schizophrenia (i.e., an endophenotype), or whether the motor abnormality is a biomarker
specific to the disease state spectrum. There is also limited information about links between dyskinesia and
clinically relevant phenomena such as symptoms and cognition. Because dyskinesia marking genetic liability is
likely to be subtle, we used sensitive instrument-based measurement of handwriting fluency to quantify dys-
kinesia in medicated individuals with schizophrenia or schizoaffective disorder, unaffected first-degree biolo-
gical relatives of individuals with schizophrenia and schizoaffective disorder, and control participants. Results
indicated that medicated individuals with schizophrenia or schizoaffective disorder exhibited more dyskinesia
than both relatives and controls, with no difference between relatives and controls. Dyskinesia in individuals
with schizophrenia or schizoaffective disorder was unrelated to current antipsychotic medication dosage, but
associated with worse working memory function and greater positive formal thought disorder. These results
provide evidence that dyskinesia is not associated with unexpressed genetic liability for schizophrenia.

Basal ganglia

First-degree biological relatives
Endophenotype

Genetic liability

1. Introduction affecting dopamine dysregulation (Caligiuri and Lohr, 1994; Pappa and

Dazzan, 2009). Several studies have documented the presence of dys-

Among several types of aberrant movements (e.g., neurological soft
signs, abnormal gestures, catatonia), spontaneous dyskinesias are of
particular relevance to schizophrenia because of their potential as
prognostic indicators for later development of psychosis (van Harten
et al., 2017) and the shared potential mechanism of dopamine dysre-
gulation common to both dyskinesia and psychosis (Alexander et al.,
1990; Howes and Kapur, 2009). “Spontaneous” distinguishes these in-
voluntary ballistic, jerking, or slow/writhing movements from motor
behavior associated with antipsychotic medication side effects (e.g.,
tardive dyskinesia), and instead, speaks to the role these characteristic
movements may play in reflecting underlying pathological processes

kinesia in individuals with schizophrenia who are antipsychotic-naive
(Caligiuri and Lohr, 1994; Pappa and Dazzan, 2009), and dyskinesia has
been shown to be predictive of conversion to psychosis in individuals at
ultrahigh risk of psychosis (Callaway et al., 2014; Mittal and Walker,
2007). However, it is unclear whether dyskinesia is specific to in-
dividuals expressing at least some degree of psychosis spectrum
symptomatology or if it is also present in unaffected family members, in
which case dyskinesia may represent unexpressed genetic liability (i.e.,
an endophenotype). A meta-analysis of six studies examining dyskinesia
in first-degree relatives versus controls reported a small but significant
effect (Koning et al., 2008), though many of the original studies
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Group demographics and cognitive and symptom indices. Unless otherwise noted, values are calculated for the entire sample for each group. Means of global SANS
total and IQ estimate were derived from 47 individuals with schizophrenia or schizoaffective disorder. Mean chlorpromazine (CPZ) equivalent dosage (mg) was
derived from the 40 individuals with schizophrenia or schizoaffective disorder with complete medication information. SPQ mean was derived from 39 relatives.

Schizophrenia/Schizoaffective Disorder (n = 48)

Relative (n = 43) Control (n = 45)

Mean age (SD) 41.02 (11.49)

Number male (%) 33 (68.80)
Mean IQ (SD) 96.00 (13.33)
Mean global SANS total (SD) 8.49 (4.38)
Mean global SAPS total (SD) 6.63 (3.91)

Mean SPQ total (SD)

Mean CPZ equivalent (SD) 510.00 (360.06)

45.86 (10.96)
18 (41.86)
110.51 (13.99)

44.93 (11.53)
24 (53.33)
108.67 (14.82)

9.69 (8.76) 10.16 (9.55)

reported no group difference (e.g., Tarbox and Pogue-Geile, 2006). In
the present study we used an instrumental assessment to yield sensitive
characterization of dyskinesia in first-degree biological relatives of in-
dividuals with schizophrenia or schizoaffective disorder in an attempt
to better determine whether this motor sign is present in individuals
who carry genetic liability for psychotic disorders and are generally
beyond the typical age of onset for schizophrenia.

Traditionally, studies of dyskinesia have employed examiner- or
observer-based rating or coding methods of assessing this motor be-
havior. However, these methods are subjective, and the ordinal ratings
often used in these rating systems fail to capture the temporal dynamics
and variability of motor behavior that can only be characterized
through instrumentation. The emergence of instrument-based assess-
ments of motor dysfunction has yielded techniques that are efficient,
more reliable, and capture the dynamics of motor behavior through a
time series of data points (see van Harten et al., 2017 for review).
Importantly, instrument-based measurement has been shown to have
greater sensitivity than traditional methods for detecting dyskinesia
(Dean et al., 2004; Cortese et al., 2005; Koning et al., 2011). Therefore,
we employed an instrumental measurement of dyskinesia in the present
study in order to sensitively probe for dyskinesia in unaffected relatives.
The one published study that used instrumental assessment to examine
dyskinesia in first-degree relatives of individuals with psychosis re-
ported a significantly higher incidence of dyskinesia in relatives than
controls (Koning et al., 2011). The current study is unique in that (1) we
examined dyskinesia across the full spectrum of liability to psychosis
(individuals with psychotic disorders, first-degree relatives, and con-
trols) using sensitive instrumental measurement and (2) we used a
different instrumental measurement of dyskinesia than Koning et al.
(2011), which is commercially available and highly sensitive, thus
setting the stage for easier replication and comparison of results of the
current study with future related studies.

Broadly speaking, dyskinesia is believed to be instantiated by basal
ganglia dysfunction (Alexander et al., 1990; Obeso et al., 2014), with
striatal hyperdopaminergia as a possible contributing mechanism
(Alexander et al., 1990). This is of particular interest in light of long-
standing theories of schizophrenia involving dopamine dysregulation,
including striatal hyperdopaminergia (see Howes and Kapur, 2009 for
review).

In addition to investigating dyskinesia in first-degree relatives, this
study also aimed to capitalize on the quantitative and continuous
measurement of dyskinesia afforded by instrumental measurement to
examine the relationship between dyskinesia and working memory.
Shared neural circuitry and neurotransmitters between the cognitive
and motor systems provides a broad rationale for examining the link
between these variables. Specifically, in addition to their role in motor
control, the basal ganglia are also connected to higher-order cortical
areas and are believed to contribute to cognitive functioning
(Obeso et al, 2014), likely mediated by striatal dopamine
(Nieoullon, 2002). Indeed, significant relationships have been reported
between different domains of motor behavior and cognitive function in
the schizophrenia spectrum (D'Reaux et al., 2000; Mittal et al., 2010;
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Silver and Shlomo, 2001; Snitz et al., 1999). Working memory dys-
function has been reported in first-degree relatives and is a candidate
endophenotype (Conklin et al., 2000; Gottesman and Gould, 2003; Park
and Gooding, 2014), and recent models of working memory implicate
both striatal and prefrontal dopamine (Cools and D'Esposito, 2011)
consistent with a possible common neural substrate contributing to
both working memory dysfunction and dyskinesia in schizophrenia.
Thus, we sought to examine the relationship between dyskinesia and
working memory in individuals with schizophrenia and schizoaffective
disorder and first-degree relatives.

This experiment addressed the question of whether dyskinesia is an
endophenotype or a biomarker that is specific to the disease state not
expressed in first-degree relatives. The presence of dyskinesia in un-
affected first-degree relatives would provide converging evidence of
dyskinesia as a candidate endophenotype, which in turn could highlight
genes of interest for further investigation (Gottesman and Gould, 2003).
Indeed, given that dyskinesia stems from dysregulation within circum-
scribed basal ganglia circuits (Alexander et al., 1990; Obeso et al., 2014)
it may be less polygenic in origin and therefore provide somewhat direct
implications for select genetic loci (see Gottesman and Gould, 2003 for
discussion). Alternatively, evidence of dyskinesia as a disease state-spe-
cific biomarker would inform our understanding of the pathophysiology
for the development of psychosis as compared to genetic liability for the
condition, and dovetail with the hypothesis that the origin of psychosis
centers on motor-relevant circuitry (Howes and Kapur, 2009).

2. Methods
2.1. Participants

There were 136 total participants. Forty-eight were individuals
meeting DSM-IV criteria for schizophrenia or schizoaffective disorder,
43 were first-degree biological relatives (8 parents, 33 siblings, and 2
offspring), and 45 were control participants (see Table 1 for demo-
graphic characteristics of the sample). Diagnoses were determined
through review of clinical research assessments that incorporated
structured interviews (described below) and were carried out by ad-
vanced clinical psychology graduate students or postdoctoral re-
searchers in consultation with doctoral level clinical psychologists, and
required consensus agreement on all diagnoses by two reviewers.
Control participants denied family history of psychotic disorders and
had no current or past Axis I mood or psychotic disorders, and all
participants were free of current alcohol or drug dependence. Relatives
were excluded for any suspected Axis I psychotic disorder. Individuals
with schizophrenia or schizoaffective disorder who were taking anti-
Parkinsonian medications were excluded. Forty-two individuals with
schizophrenia or schizoaffective disorder were taking atypical anti-
psychotics, three were taking conventional antipsychotics, two were
taking both, and one participant was unmedicated. Chlorpromazine
equivalent dosages were computed for participants with complete
medication information (Andreasen et al., 2010), and duration of illness
was computed using participants’ ages and ages of onset.
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2.2. Procedures

2.2.1. Clinical and cognitive assessment

All procedures were approved by the Minneapolis VA Health Care
System and University of Minnesota IRBs which monitored the ethical
conduct of the study, and were in accordance with the Declaration of
Helsinki. Participant recruitment strategies are described in detail
elsewhere (Docherty and Sponheim, 2008); data were collected as part
of a larger study of individuals with psychotic disorders and their first-
degree biological relatives. Twenty-six of the first-degree relatives were
related to 14 patients in the sample. After obtaining full written con-
sent, all participants were administered the Structured Clinical Inter-
view for DSM-IV Axis I Disorders (SCID-I; First et al., 1994), as well as
the Schizotypal Personality Questionnaire (SPQ; Raine, 1991), and the
Vocabulary and Block Design subtests of the Wechsler Adult In-
telligence Scale (WAIS-III) to yield an estimate of IQ (Wechsler, 1997).
A subset of participants (n = 32 individuals with schizophrenia or
schizoaffective disorder, n = 33 controls, and all relatives) were ad-
ministered the Digit Span subtest of the WAIS-III to assess working
memory. Individuals with schizophrenia or schizoaffective disorder
were additionally assessed with the Scale for the Assessment of Nega-
tive Symptoms (SANS) (Andreasen, 1981) and the Scale for the As-
sessment of Positive Symptoms (SAPS) (Andreasen, 1983).

2.2.2. Handwriting assessment

Handwriting movements were recorded on a Wacom Intuos 3
9” x 12” (active area of 22.9 cm X 30.5 cm) digitizing tablet (Wacom,
Saitama, Japan) connected to a desktop computer. Pen movements
were sampled using MovAlyzeR software (Neuroscript, LLC http://
www.neuroscriptsoftware.com/ Tempe, AZ, USA) with settings of 100
samples/second resulting in spatial sensitivity of 0.01 cm. Using a non-
inking pen, participants completed a cursive handwriting task in three
different size conditions (1 cm, 2 cm, and 4 cm). Specifically, partici-
pants wrote “lleellee” in cursive (see Fig. 1), and each participant
completed five trials in each size condition. For some participants, trials
were discarded due to having too few strokes or inadvertent interrup-
tions affecting the trials; however, every participant produced a
minimum of three acceptable trials. The first eight strokes of each trial
(i.e., “llee” ) were subjected to subsequent analyses. Blocks of five trials
per condition were performed in random order. Participants began the
trial when audibly prompted by the experimenter. For each trial, re-
cordings began at the moment the pen came in contact with the tablet
and ended after 15s. Trials having false starts and stops were re-ad-
ministered. The total duration of the handwriting assessment was less
than 10 min.

Fig. 1. Examples of “lleellee” written by two individuals with schizophrenia,
one with low average normalized jerk (ANJ; top sample) and another with
higher ANJ (bottom sample).
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2.2.3. Data analysis

Data processing and analysis were performed with MovAlyzeR
software using previously reported procedures (Caligiuri et al., 2015).
In general, pen movement data in both X and Y coordinates were low
pass filtered at 8 Hz using a sinusoidal transition band of from 3.5 to
12.5 Hz following procedures by Teulings and Maarse (1984). Subse-
quently, the first, second, and third time derivatives (i.e., velocity, ac-
celeration, and jerk, respectively) were calculated. Movements were
then segmented into successive up and down strokes. As in Dean et al.
(2013), fluidity of movement was quantified via average normalized
jerk (ANJ), an established index of movement smoothness (Hogan and
Flash, 1987). ANJ was calculated from the following formula:
V(0.5 x Z(jerk(t)®) x duration® / length?) after Teulings et al. (1997).
This method normalizes jerk amplitudes for changes in stroke size and
duration (Kitazawa et al., 1993) and results in a unit-free value. ANJ is
then averaged across strokes and trials. Increased acceleration peaks
during movement (i.e., changes in acceleration; jerk) result from irre-
gular activation and timing of the agonist and antagonist muscles in-
volved in a movement (Teulings et al., 1997), and therefore higher ANJ
values reflect dysfluent movement, or dyskinesia (Caligiuri et al., 2015;
2010; Dean et al., 2013; Teulings et al., 1997).

3. Results
3.1. Sample characteristics

One-way ANOVAs revealed no significant group effects for age or
number of trials in each size condition (all p values > 0.05). A Pearson
chi-square test revealed that gender differed significantly between
groups (x2(2) = 6.72, p = 0.04). As a result, gender was included as a
between subjects factor in the statistical analysis of ANJ. See Table 1 for
demographic variables and cognitive and symptom indices for the
sample.

3.2. Dyskinetic movement (ANJ) in schizophrenia and schizoaffective
disorder

Visual inspection of the data for all 3 size conditions revealed a
logarithmic distribution, both for the entire sample (n = 136) and for
each group separately. A log base 10 transformation of the data was
therefore conducted, and statistical analyses were performed using
these transformed ANJ values (subsequently referred to as “ANJ” and
“ANJ values”). ANJ values were analyzed using a repeated measures
ANOVA with size condition as the within subjects factor (3 levels: 1 cm,
2 cm, and 4 cm) and group (3 levels: individuals with schizophrenia or
schizoaffective disorder, relatives, and controls) and gender (2 levels:
male and female) as the between subjects factors. There were sig-
nificant main effects of group (F(2,130) = 5.50, p = 0.005, partial eta
squared = 0.08) and gender (F(1,130) = 5.96, p = 0.02, partial eta
squared = 0.04) (ANJ was larger in males compared to females). The
group X gender interaction was not significant (F(2,130) = 0.81,
p = 0.45). There were no significant within subjects effects or interac-
tions (main effect of size: F(2,260) = 1.97, p = 0.14; size X group in-
teraction: F(4,260) = 0.68, p = 0.61; size X gender interaction: F
(2,260) = 0.39, p = 0.68; size x group x gender interaction: F
(4,260) = 0.13, p = 0.97). Three post-hoc pairwise comparisons of the
estimated marginal means for ANJ values for each group controlling for
gender and collapsed across size condition revealed significantly
greater ANJ for individuals with schizophrenia or schizoaffective dis-
order (mean = 1.38, SE = 0.04) compared to both controls
(mean = 1.23, SE =0.03) (mean difference = 0.15, SE = 0.05,
p = 0.003) and relatives (mean = 1.25, SE = 0.04) (mean differ-
ence = 0.13, SE = 0.05, p = 0.01) (see Fig. 2). Both of these statistical
tests survive Bonferroni correction for multiple comparisons
(p < 0.017). The difference between relatives and controls was not
significant (p > 0.05). Supplementary Table 1 shows observed mean
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Fig. 2. Estimated marginal means of log transformed ANJ values for each group
(error bars represent standard error) are depicted, with significant post-hoc
differences between groups indicated. (SCZ: individuals with schizophrenia or
schizoaffective disorder; REL: first-degree biological relatives; CON: non-psy-
chiatric controls) (¢ indicates p < 0.017).

ANJ values for each group for each condition.

3.3. Exploratory analyses: cognitive and clinical correlates of dyskinetic
movement

For individuals with schizophrenia or schizoaffective disorder, there
was a significant negative correlation between Digit Span scaled score
and ANJ in the 2 cm condition (r(30) = —0.35, p < 0.05) (see Fig. 3),
indicating that patients with higher ANJ in the 2 cm condition tended to
have worse working memory function as measured by the Digit Span
subtest of the WAIS-III. There were no significant correlations between
Digit Span and ANJ in any size condition in relatives (all p va-
lues > 0.05; see Supplementary Table 2 for r and p values for all
working memory correlations).

Exploratory analyses were carried out to test for associations of ANJ
in all 3 size conditions for individuals with schizophrenia or schi-
zoaffective disorder with the reality distortion and positive formal
thought disorder dimensions of the SAPS and the negative symptoms
dimension of the SANS (based on the factor analysis conducted by

Digit Span scaled score

64 o o o

T I T T
1.20 1.40 1.60 1.80

log(ANJ) 2¢m condition

T
1.00

Fig. 3. Scatterplot of ANJ and working memory values in individuals with
schizophrenia or schizoaffective disorder is depicted with fitted regression line
(r(30) = —0.35, p < 0.05).
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Table 2
The statistics investigating possible relationships between ANJ and antipsychotic
medication dosage.

Correlation with Chlorpromazine Equivalents

r df p value
log10(ANJ) 1 cm —0.06 38 0.73
log10(ANJ) 2cm 0.21 38 0.20
log10(ANJ) 4 cm 0.07 38 0.65

Andreasen et al., 1995). There was a correlation between ANJ in the
4 cm condition and the positive formal thought disorder dimension of
the SAPS (r(46) = 0.33, p = 0.02), indicating that individuals with
schizophrenia or schizoaffective disorder with more dysfluent hand-
writing in the 4 cm condition were more symptomatic in the domain of
positive formal thought disorder. No other symptom correlations were
statistically significant.

Additional exploratory analyses were conducted examining the re-
lationship between SPQ factor scores (cognitive-perceptual, social-in-
terpersonal, and disorganization; Calkins et al., 2004) and ANJ in all
size conditions in relatives and controls. In relatives, ANJ in the 2cm
condition was significantly correlated with the social-interpersonal
factor of the SPQ (r(37) = —0.34, p = 0.04). In controls, ANJ in the
2 cm condition was significantly correlated with the cognitive-percep-
tual factor of the SPQ (r(43) = —0.30, p = 0.045). For both correla-
tions, increased schizotypal symptoms were associated with decreased
ANJ.

3.4. Testing the relationship between ANJ and chlorpromagzine equivalent
dosages and duration of illness

There were no significant correlations between chlorpromazine
equivalent dosages and ANJ in any size condition (all p values > 0.05)
(see Table 2). Duration of illness, which we used as a proxy estimation
of the length of antipsychotic treatment, was significantly correlated
with ANJ in the 4 cm size condition (r(46) = 0.35, p = 0.01) (p va-
lues > 0.05 for the 1 cm and 2 cm size conditions).

4. Discussion

The main finding of this paper is the normal handwriting fluency in
first-degree relatives of individuals with schizophrenia and schi-
zoaffective disorder measured using instrumental methods. An absence
of handwriting movement dysfluency in unaffected relatives suggests
that dyskinesia is not an endophenotype. These results are consistent
with previous research showing specificity of childhood motor ab-
normalities to individuals who later convert to psychosis compared to
siblings (Walker et al., 1994). These results are also consistent with a
prospective study that revealed that childhood clinical assessments of
unusual movements, which map roughly onto dyskinesia, were pre-
dictive of diagnostic status as an adult affected by schizophrenia, while
childhood clinical assessment of dysfunctional motor coordination,
which maps more onto other domains of motor behavior such as neu-
rological soft signs or cerebellar-mediated motor processes, predicted
status as both an adult affected by schizophrenia and being a biological
relative of an affected individual (Rosso et al., 2000).

The finding that first-degree biological relatives are statistically
indistinguishable from controls on an instrumental measurement of
dyskinesia supports the interpretation of dyskinesia as a biomarker of
schizophrenia rather than an indicator of genetic liability. Interestingly,
increased dyskinesia has also been reported in individuals at ultrahigh
risk of developing psychosis using a very similar task and the same
commercially available handwriting data collection and analysis pro-
gram (Dean et al., 2013), indicating that dyskinesia quantified in this
way is also evident in individuals with attenuated psychotic
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symptomatology (i.e., the ultrahigh risk sample in Dean et al., 2013
displayed prodromal symptoms). This is relevant to the current findings
since the relatives in the present study were essentially unaffected by
even mild levels of symptomatology. Questionnaire-based assessment of
schizotypal traits indicated that the first-degree relatives were no more
likely to have schizophrenia spectrum symptoms than control partici-
pants (see Table 1). Given the hypothesis linking striatal hyperdopa-
minergia and the symptoms of psychosis (see Howes and Kapur, 2009)
and the possible role of striatal hyperdopaminergia in dyskinesia
(Alexander et al., 1990), it is possible that intermediate levels of dys-
kinesia might only be present in first-degree relatives with some ex-
pression of schizotypal traits. Thus, future studies might examine dys-
kinesia in first-degree relative samples displaying a broad range of
schizotypal symptom severity to further explore the relationship of
dyskinesia to genetic liability and intermediate symptom expression.
The significant correlations between SPQ factors and ANJ in relatives
and controls indicating greater ANJ was associated with fewer en-
dorsements of schizotypal characteristics suggests that while elevated
ANJ is evident in individuals at clinical high risk for psychosis, larger
ANJ within unaffected populations (i.e., no elevation in schizotypal
characteristics in the present sample of relatives) does not relate to
subtle manifestations of symptoms. Another possibility is that the
nature of the relationship between ANJ and schizotypal characteristics
is not well represented when schizotypy is largely absent from samples
of biological relatives and healthy comparison subjects.

The lack of increased ANJ in relatives is inconsistent with a previous
report of dyskinesia in first-degree relatives as indexed by force varia-
bility (measured via instrumental assessment) (Koning et al., 2011).
ANJ during handwriting and force variability during constant applica-
tion of pressure are both measures of subtle dyskinesia wherein the
fluidity of these motor behaviors is disrupted by discoordinated and
irregular muscle activity. However, ANJ during handwriting is believed
to result from failure to control the timing and contraction of multiple
muscle groups within the hand and wrist during movement
(Teulings et al., 1997), while maintenance of muscle force steadiness
demands controlled contraction of a single agonist-antagonist pair in
the absence of proprioceptive feedback (see Caligiuri and Lohr, 1994;
Mittal et al., 2011 for discussion). One alternative interpretation of the
current findings, then, is that the current study's lack of increased ANJ
during handwriting in relatives and the higher incidence of increased
force variability during constant pressure exertion in relatives versus
controls reported by Koning et al. (2011) could point to the presence of
dyskinesia in relatives when subjected to more demanding neuromus-
cular control tasks. Future work should therefore aim to use instru-
mental assessments to characterize the fluency of motor functioning
along a spectrum of motor behavior complexity in first-degree relatives
of individuals with schizophrenia.

A major limitation of the current study concerns the interpretability
of the increased ANJ in individuals with schizophrenia or schizoaffec-
tive disorder; we are unable to address the question of the origin of the
dyskinesia demonstrated by these individuals via increased ANJ in this
study given the medication status of the current sample. Our attempts
to examine the relationship between antipsychotic medication and ANJ,
via correlations with chlorpromazine equivalent dosages and duration
of illness, are relevant to report though inadequate for drawing com-
plete conclusions regarding the impact of antipsychotic medication on
ANJ. Given the established link between antipsychotic medication and
motor side effects including dyskinesia the potential confound remains
of concern.

Although exploratory and in need of replication, the associations of
greater dyskinesia with worse symptomatology and working memory in
patients are consistent with some published scientific literature. For
example, the correlation indicating that dyskinesia in individuals with
schizophrenia or schizoaffective disorder predicted worse working
memory function is consistent with the dual cognitive-motor role of
basal ganglia and more specifically the hypothesis that striatal
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dopamine is involved in working memory (see Cools and
D'Esposito, 2011 for review). Interestingly, research has shown poor
working memory function to predict formal thought disorder
(Becker et al., 2012) which is broadly consistent with our finding of
increased positive formal thought disorder in individuals with schizo-
phrenia or schizoaffective disorder who tended to display greater dys-
kinesia. Thus, striatal hyperdopaminergia could be a common element
to dyskinesia, working memory deficits, and formal thought disorder.
Given the limitations of the current study with respect to antipsychotic
medication, replication and additional examination of this possibility
are necessary.

In addition to the limitations already described related to anti-
psychotic medication, there are other limitations to the current study.
One concerns the composition of the relative sample, which comprises
mostly siblings, but also some parents and a few offspring. Prevalence
of dyskinesia has been observed to be positively associated with age in
antipsychotic-naive schizophrenia (Whitty et al., 2009), and there are
data to suggest that incidence of spontaneous dyskinesia in the general
population, though rare, increases with age (Merrill et al.,, 2013).
Therefore, it is possible that additional variance in ANJ was introduced
by including relatives spanning 3 generations. Indeed, it is possible that
a homogenous sibling relative group would have demonstrated even
lower ANJ. Relatedly, another limitation of the current study is the age
of the participants more broadly. Given that prevalence and incidence
of dyskinesia appear to increase with age, research examining dyski-
nesia across groups may benefit from using younger samples than those
reported on in the current study.

There are several productive avenues for further investigation. First,
future work investigating dyskinesia quantified via instrumental as-
sessment across the spectrum of liability to psychosis and the re-
lationship of dyskinesia to clinical and cognitive variables should in-
clude medication-naive individuals with schizophrenia and
schizoaffective disorder. Second, the present study investigated dyski-
nesia using instrumental assessment of handwriting kinematics. As
discussed above, force steadiness is another instrumental method for
assessing dyskinesia, and could be combined with handwriting kine-
matics in future investigations to characterize dyskinesia at multiple
levels within the motor system in first-degree relatives. Finally, future
studies should include first-degree biological relatives with a range of
schizotypal symptom expression, which will provide a clearer picture of
how dyskinesia relates to genetic liability for psychosis and the ex-
pression of intermediate symptomatology.

In conclusion, the main finding of the current study is that first-
degree relatives of individuals with schizophrenia and schizoaffective
disorder did not demonstrate dyskinesia via assessment of movement
fluidity during an instrumental handwriting task, which is consistent
with the conceptualization of dyskinesia as a biomarker of the clinical
disorder and not an unexpressed genetic liability for the condition (i.e.,
not an endophenotype). Possible alternative explanations for an ab-
sence of dyskinesia in relatives include the lack of schizotypal symp-
tomology in our relative sample, or the nature of the motor task we
used to probe for dyskinesia. Dyskinesia appears to be partially asso-
ciated with working memory impairment and greater psychotic symp-
tomatology (i.e., positive formal thought disorder) in individuals with
schizophrenia and schizoaffective disorder. Overall, results are con-
sistent with dyskinesia representing a biomarker of the development
and expression of schizophrenia rather than genetic liability for the
disorder.
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