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Abstract

Smooth pursuit eye tracking deficits are a promising intermediate phenotype for schizophrenia and 

possibly for psychotic disorders more broadly. The Bipolar-Schizophrenia Network on 

Intermediate Phenotypes (B-SNIP) consortium investigated the severity and familiality of 

different pursuit parameters across psychotic disorders. Probands with schizophrenia (N=265), 

schizoaffective disorder (N=178), psychotic bipolar disorder (N=231), their first-degree relatives 

(N=306, N=217, N=273, respectively) and healthy controls (N=305) performed pursuit tracking 

tasks designed to evaluate sensorimotor and cognitive/predictive aspects of pursuit. Probands from 

all diagnostic groups were impaired on all pursuit measures of interest compared to controls 

(p<0.001). Schizophrenia probands were more impaired than other proband groups on both early 

pursuit gain and predictive gain. Relatives with and without enhanced psychosis spectrum 

personality traits were impaired on initial eye acceleration, the most direct sensorimotor pursuit 

measure, but not on pursuit gain measures. This suggests that alterations in early sensorimotor 

function may track susceptibility to psychosis even in the absence of psychosis related personality 

traits. There were no differences in pursuit measures between relatives of the three proband 

groups. Familiality estimates of pursuit deficits indicate that early pursuit gain was more familial 

than predictive gain, which has been the most widely used measure in previous family studies of 

psychotic disorders. Thus, while disease-related factors may induce significant impairments of 

pursuit gain, especially in schizophrenia, the pattern of deficits in relatives and their familiality 

estimates suggest that alterations in sensorimotor function at pursuit onset may indicate increased 

susceptibility across psychotic disorders.
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pursuit eye movements; familiality

1. Introduction

Pursuit eye tracking deficits represent a well-established intermediate phenotype for 

schizophrenia reflecting an impaired ability to visually track slowly moving objects 

(Diefendorf and Dodge, 1908; Holzman, 1992; Thaker, 2008). Available evidence from 

small sample studies indicates that pursuit deficits are also present in schizoaffective and 

psychotic bipolar disorder, suggesting that they may represent a common neurophysiological 

intermediate phenotype across psychotic disorders (Blackwood et al., 2007; Flechtner et al., 

2002; Ivleva et al., 2014; Kathmann et al., 2003; Lencer et al., 2011; Lencer et al., 2004b; 

Sweeney et al., 1999). The model of pursuit deficits as intermediate phenotypes for 

psychosis is supported by preliminary studies indicating that pursuit deficits are observed in 

unaffected relatives of both patients with schizophrenia and psychotic affective disorders 

(Blackwood et al., 1996; Calkins et al., 2008; Clementz et al., 1990; Kathmann et al., 2003; 

Lencer et al., 2003; Rosenberg et al., 1997).

Pursuit deficits can result from a range of disturbances in neural circuitry throughout the 

brain involving motion sensitive visual area V5, parietal and frontal areas supporting 

sensorimotor transformation, and subcortical areas involved in motor control (Berman et al., 
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1999; Ilg and Thier, 2008; Lencer et al., 2004a; Sharpe, 2008). In psychotic disorders, 

impairments in sensorimotor systems that provide the transformation of visual motion 

signals into oculomotor commands have been suggested to underlie pursuit disturbances 

(Chen et al., 1999; Clementz and McDowell, 1994; Lencer et al., 2010; Slaghuis et al., 2007; 

Sweeney et al., 1999). Sensorimotor measures include initial eye acceleration in response to 

the onset of a visual target movement, and early integration of visual feedback about 

performance accuracy before predictive pursuit maintenance is established.

Deficits of sustained pursuit maintenance when tracking targets moving back and forth 

across the field of view have been most widely investigated in psychotic disorders, 

especially in genetic association and family studies (Arolt et al., 1996; Calkins et al., 2008; 

Haraldsson et al., 2009; Rybakowski et al., 2001; Wonodi et al., 2011). During sustained 

pursuit maintenance, cognitive factors including prediction of target motion become more 

prominent components of pursuit drive relative to sensorimotor processes (Barnes, 2008; 

Becker and Fuchs, 1985). Sustained pursuit maintenance deficits in schizophrenia have 

therefore been considered to represent impaired integration of higher-order predictive 

mechanisms (Levy et al., 2010; Thaker et al., 1999; Thaker et al., 1998).

Recent studies measuring both sensorimotor components and predictive pursuit indicate that 

sensorimotor deficits may be more pronounced than predictive pursuit deficits in patients 

with psychotic disorders (Lencer et al., 2011; Lencer et al., 2010; Lencer et al., 2008). 

Further, we recently demonstrated different associations of sensorimotor and sustained 

pursuit maintenance impairments with genes regulating dopamine and glutamate systems in 

psychotic disorders (Lencer et al., 2014).

To date, the relative impairment of different pursuit measures and their utility as 

intermediate phenotypes across psychotic disorders is unclear. Previous large family studies 

of psychotic disorders have focused on antisaccades, another eye movement measure that is 

independent from pursuit (Radant et al., 2010; Reilly et al., 2014). The present study 

addressed the question of whether different pursuit deficits and their familiality are 

generalized across psychotic disorders or specific to schizophrenia. Secondly, we evaluated 

the severity and familiality of impairments in sensorimotor function and predictive 

maintenance pursuit.

2. Material and methods

2.1 Subjects

Smooth pursuit measures were assessed in probands with schizophrenia (N=265), 

schizoaffective disorder (N=178), bipolar disorder with psychotic features (N=231), their 

first-degree relatives (N=306, N=217, N=273, respectively) and healthy controls (N=305) 

studied by the Bipolar-Schizophrenia Network on Intermediate Phenotypes (B-SNIP) 

consortium (Table 1). Details of recruitment and evaluation procedures have been described 

previously (Tamminga et al., 2013). DNA genotypes (GWAS) are currently available in 

80% of cases. The PREST program (http://utstat.toronto.edu/sun/Software/Prest/) was used 

to identify and exclude individuals who were not related in the manner reported by study 

participants. In all participants, diagnoses were made by a consensus process at each 
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consortium site using all available clinical information and the Structured Clinical Interview 

for DSM IV (First et al., 1995). Current symptoms and cognitive status were assessed using 

standard scales, see Table 1 (and Table 1S in supplemental material). Relatives without a 

psychotic disorder and healthy controls were administered the Structured Interview for 

DSM-IV Personality (SID-P) (Pfohl, 1997) to assess personality traits and disorders. A 

diagnosis of elevated psychosis spectrum personality traits was defined as meeting full or 

within one criteria of a Cluster A (psychosis spectrum) Axis-II diagnosis.

Inclusion criteria for all subjects included (1) age 15-65; (2) WRAT reading score ≥ 60 

(Wilkinson et al., 2006); (3) no history of neurologic disorder; (4) minimum of 20/40 acuity 

(with our without correction), (5) no history of substance abuse within the last month or 

substance dependence within the last three months, and negative urine toxicology on 

assessment day. Inclusion criteria for control subjects additionally included: (1) no personal 

or family history (first-degree) of psychotic or bipolar disorders; (2) no history of recurrent 

mood disorder; and (3) no history of psychosis spectrum personality traits as defined above. 

The study was approved by institutional review boards at each study site, and written 

informed consent was obtained prior to study participation.

2.2 Eye movement testing

Smooth pursuit testing took place in a darkened room (∼2 Lux) using identical stimuli and 

recording devices across sites (Eyelink II, SR Research Ltd., Ontario/Canada, sampling rate 

500 Hz). Participants were seated 60 cm from a 22-inch CRT monitor (1360 × 768 

resolution; 150 Hz refresh rate) with their heads stabilized with a chin and forehead restraint. 

Participants were instructed to follow the target, a red cross in a box covering 0.5°, with 

their eyes as precisely as possible. To assess initial eye acceleration and early eye velocity 

under feedback control which both reflect visual sensorimotor function during pursuit, 32 

foveo-petal step-ramps (Rashbass, 1961) starting from central position were presented 

(Figure 1A, see also supplemental material). Step size was 2.4° to either right or left 

appearing in randomized order followed immediately by a target sweep moving at a constant 

velocity of 18.7°/s in the opposite direction, designed so that the target crossed the central 

position after 133ms, close to the time of pursuit initiation, without eliciting an initial catch-

up saccade. To assess predictive pursuit maintenance we used a triangular waveform with 

target sweeps, also at a constant velocity of 18.7°/s in the horizontal plane (+/- 12°), Figure 

1B. Forty-eight sweeps with continuously visible targets were used for analyses. 

Additionally, blocks of either 9.7°/s or 26.6°/s sweeps (30% of trials) and sweeps with 

intervals of target blanking (100-500ms) were interspersed occasionally to enhance 

engagement but were not included in analyses. Calibration trials were presented between 

blocks of trials for offline recalibration.

An automated program using MatLab (The MathWorks Inc., Natick, USA) was developed 

for analyses. Eye position data was filtered (30 Hz Gaussian filter) before eye velocity was 

calculated with central median differentiation of 9ms (Sprenger et al., 2011). Saccades 

occurring during pursuit, e.g. catch-up saccades, and blinks were removed and treated as 

missing values before conducting pursuit measurements. Individual position and overlaid 

velocity traces were checked by visual inspection. In step-ramp tasks, initial eye acceleration 
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was computed by linear regression (RobustFit® in MatLab) of eye velocity in a 100ms time 

window beginning after eye velocity exceeded a noise threshold defined as 3.2 standard 

deviations above mean resting eye velocity from 200ms before to 100ms after ramp-onset 

(Carl and Gellman, 1987; Lencer et al., 2004b). To assess early maintenance pursuit gain 

under visual feedback control, median eye velocity relative to target velocity was computed 

in an interval 350-550ms after ramp onset in the step-ramp condition (Figure 1A). In the 

repetitive triangular wave target sweeps, median eye velocity was determined in intervals 

300 to 840ms after reversal of target direction to compute predictive maintenance pursuit 

gain, Figure 1B (also see supplemental material).

2.3 Statistical analyses

Prior to analysis, each eye movement measure was standardized using a normative 

regression approach and z-score transformation using age, race, and sex as covariates (Table 

1). This was done to remove variance in data related to demographic parameters from all 

groups in a similar way, and to facilitate comparison of the magnitude of deficits across the 

different groups and pursuit measures. Extremely low scores (i.e. outliers) were truncated to 

z-score = −4.0 before statistical analysis (16 datasets were truncated for predictive 

maintenance gain (3%), 2 datasets for eye acceleration and 3 datasets for early maintenance 

gain). There were no significant interactions between subject group and B-SNIP site for any 

pursuit measure.

We used fixed effects one-way analyses of variance (ANOVA) and the least significant 

difference post-hoc procedure for pairwise group comparisons. Additionally, Pearson's 

correlations of pursuit measures with clinical ratings, BACS z-scores, exposure to different 

types of medication and chlorpromazine equivalents were determined.

Familiality was estimated using a maximum likelihood method in the Sequential Oligogenic 

Linkage Analysis Routines (SOLAR) software (v4.3.1; (Almasy and Blangero, 1998)) using 

an ascertainment bias correction since families were recruited through the identification of a 

psychotic proband rather than as a representative community sample (Beaty and Liang, 

1987). Familiality was determined using a maximum likelihood ratio test of a model in 

which phenotypic variation explained by family membership was compared to one in which 

it was not. Here, the term familiality indicates the degree of within family correlation in the 

pursuit phenotypes, while heritability remains to be established in genetic association 

studies.

3. Results

3.1 Pursuit alterations across all proband and relative groups

Groups differed on all three pursuit measures. Initial eye acceleration was decreased in all 

three proband groups (F(3,963)=23.6, p<0.001) and all three relative groups (F(3,1092)=5.79, 

p=0.001) compared to controls. While initial eye acceleration was more reduced in probands 

than relatives (F(5,1447)=9.4, p<0.001) there were no differences of initial eye acceleration 

between the three proband groups or between the three relative groups (Figure 2A).
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Early maintenance gain (F(3,970)=33.1, p<0.001) and predictive maintenance gain 

(F(3,975)=21.3, p<0.001) were decreased in all three proband groups compared to healthy 

controls. Early maintenance gain was lower in schizophrenia than both schizoaffective and 

bipolar disorder and predictive maintenance gain was lower in schizophrenia than 

schizoaffective but not bipolar disorder (Figures 2B and 2C). Neither gain measure differed 

from healthy controls in any relative group.

As expected, there was a gain increase from early to predictive maintenance pursuit in all 

groups (task: F(6,1760)=61.1, p<0.001) with a larger gain improvement in all proband groups 

than in both healthy controls and all relative groups which did not differ (taskxgroup: 

F(6,1760)=18.8, p<0.001), see Table 3S and 4S in supplemental material.

Neither initial acceleration nor any gain measure was robustly associated with clinical 

ratings, exposure to different types of medication or chlorpromazine equivalents except for 

schizoaffective disorder. In this group, the number of psychotropic medications and 

chlorpromazine equivalents accounted for approximately 10% of variance in pursuit 

measures (Table 2S in supplemental material for full presentation of clinical correlations). 

Furthermore, none of pursuit measures accounted for more than 10% of the variance in 

BACS z-scores (r<0.31) in any group, indicating a relative independence of pursuit deficits 

from general cognitive deficits.

3.2 Pursuit alterations in subgroups of relatives and familiality of pursuit measures

For planned follow-up analyses, relatives were divided into subgroups: (1) those with a 

psychotic disorder, (2) those with elevated psychosis spectrum personality traits, and (3) 

those without either of these traits. The proportions of each relative subgroup did not differ 

between diagnostic groups (Table 1), and relative subgroups were first examined pooled 

across diagnostic groups. Initial eye acceleration was comparably decreased in all relative 

subgroups compared to healthy controls (F(3,1079)=6.4, p=0.001, Figure 3). There were no 

differences between relative subgroups and controls for early maintenance gain and 

predictive maintenance gain.

Familiality estimates of early pursuit maintenance gain across diagnostic groups were higher 

than for predictive pursuit maintenance gain, for more details see Table 2. Early pursuit 

maintenance gain was also the only measure that was significantly familial in all three 

groups.

4. Discussion

There were several novel findings from this large family study. First, smooth pursuit 

performance was impaired in probands and their first-degree relatives across psychotic 

disorders. Second, alterations of both sensorimotor and predictive pursuit measures were 

present in all three proband groups, with more severe impairments in schizophrenia than in 

both other proband groups for pursuit gain. This suggests that these traits have a relative 

diagnostic specificity in affected individuals. Third, among first-degree relatives, initial eye 

acceleration, the most direct indicator of sensorimotor function, was the only pursuit 

measure that was impaired compared to healthy controls. Further, this pattern was noted 
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irrespective of whether elevated psychosis spectrum personality traits were present or not. 

Additionally, early pursuit gain deficits were more familial than predictive pursuit deficits. 

Thus, reduced maintenance gain appears to be a useful biomarker for discriminating 

psychotic illnesses and patients from controls, while sensorimotor measures obtained near 

the point of pursuit initiation may have advantages by virtue of greater familiality and 

significant abnormality in unaffected relatives.

4.1 Pursuit impairments in probands

The findings of reduced initial eye acceleration and pursuit gain in all proband groups that 

were relatively independent of clinical ratings, cognitive impairment and medication status 

are in line with previous reports from smaller sample studies indicating pursuit deficits as 

trait markers across psychotic disorders (Flechtner et al., 2002; Ivleva et al., 2014; Lencer et 

al., 2010; Lencer et al., 2004b; Sweeney et al., 1999). The observation of more severe 

impairments of pursuit maintenance in schizophrenia than in schizoaffective and psychotic 

bipolar disorders has not been reported previously. In our previous study on untreated first-

episode psychosis, psychotic bipolar patients had poorer pursuit gain than schizophrenia 

patients (Lencer et al., 2010). This implies that group differences in gain impairment may 

increase over the course of illness, perhaps due to specific illness-related factors in 

schizophrenia. Also, the greater statistical power in the present large-sample study may have 

revealed more subtle differences between disorders that were not detected with previous 

samples.

The current finding of reduced initial eye acceleration across proband groups is in line with 

the previous report of reduced initial eye velocity in first-episode patients across psychotic 

disorders (Lencer et al., 2010). Similar impairments of pursuit initiation in first-episode and 

chronically ill patients, and their impairments in relatives, are consistent with the 

interpretation that impaired pursuit initiation is a relatively robust intermediate phenotype.

4.2 Pursuit impairments in relatives and their familiality

The examination of relatives along with their index probands provides an approach for 

separating familial and illness-related biomarkers (Gottesman and Gould, 2003). The 

majority of earlier small sample family studies showing impaired pursuit maintenance in 

relatives have not differentiated between relatives with and without psychosis spectrum 

traits (Calkins et al., 2008). Only a very few studies reported impaired pursuit maintenance 

compared to controls not only in spectrum-relatives of schizophrenia probands but also in 

non-spectrum relatives (Clementz et al., 1990; Hong et al., 2006; Lencer et al., 2003; Ross et 

al., 2002). Despite our large study sample, we did not find pursuit maintenance impairments 

in relative subgroups which might be due to a greater representativeness of our sample or 

due to specific characteristics of the pursuit tasks we used (see below).

For the first time, we report here altered initial eye acceleration in relatives of psychotic 

probands. This effects was similar across relatives from different diagnostic categories 

(Figure 2A). More detailed analysis in relative subgroups showed that this measure of 

sensorimotor function was even impaired in relatives without psychosis spectrum traits 

suggesting that pursuit initiation abnormalities may track increased vulnerability to 
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psychosis compared to controls independently of the expression of subthreshold psychosis 

spectrum traits (Figure 3).

The findings of higher familiality estimates for sensorimotor measures, notably early 

maintenance gain, than for predictive maintenance gain, which has been most commonly 

used in previous family studies of pursuit tracking in psychotic disorders, underline the 

potential value of deficits in sensorimotor function as an intermediate phenotype. A 

relatively low familiality estimate for sustained maintenance pursuit has previously been 

reported in schizophrenia (Hong et al., 2006). Lower familiality estimates for predictive than 

early maintenance gain highlight the potential of sensorimotor vs. predictive pursuit 

impairments for family genetic research. Further, the pattern of findings suggest that 

preserved predictive components of pursuit in relatives may support pursuit maintenance 

despite their impairments in sensorimotor aspects of pursuit.

4.3 Implications for alterations in sensorimotor networks

Initial eye acceleration represents the most direct indicator of the ability to use visual motion 

information for early pursuit drive as processing of visual feedback and cognitive predictive 

mechanisms play a less important role in immediate pursuit initiation. Impaired use of early 

visual motion information for sensorimotor transformation in all proband and relative 

subgroups together with high familiality of early pursuit gain deficits suggest specific 

abnormalities in the processing of visual motion information in extrastriate cortex or in its 

visuo-motor transformation in parietal or frontal association cortex. In line with this 

hypothesis, fMRI and EEG studies have suggested an altered transfer of visual motion 

information from extrastriate cortex to parietal and frontal eye fields in patients with 

psychotic disorders (Chen et al., 2008; Lencer et al., 2011; Wang et al., 2010). These 

findings are broadly consistent with models proposing that visual information processing 

deficits represent a core feature of psychotic disorders (Butler et al., 2007; Yoon et al., 

2013).

The observation that relatives did not show deficits of pursuit gain in contrast to probands 

suggests that with our tasks relatives were able to compensate for dysfunctions seen with 

initial eye acceleration when visual feedback and cognitive components, i.e. mechanisms of 

prediction and anticipation, were integrated to pursuit drive. This is consistent with our 

recent study showing that even patients can track very fast moving targets up to 32°/s as 

well as controls in conditions optimizing predictive influences and minimizing demands for 

ongoing sensorimotor transformation, while pursuit maintenance was severely impaired in 

patients with less predictable ramp targets (Lencer et al., 2010). There is evidence from 

functional imaging studies in schizophrenia for increased activation of dorsolateral 

prefrontal cortex and frontal eye fields that are known for coding predictive signals (Lencer 

et al., 2011; Nagel et al., 2007). This is consistent with a capacity in patients to recruit 

resources needed to compensate for sensorimotor deficits.

4.4 Limitations

There are limitations to this study that need to be considered. First, the representativeness of 

our sample may be limited by the inclusion criteria for probands such as no recent or 
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significant lifetime substance dependence and the presence of a family member willing and 

able to participate. Second, there are other tasks that can be used to assess different 

components of pursuit responses than those used here. Their potential with regard to 

transdiagnostic and familial effects remains to be explored. Third, despite our finding of a 

relative independence of pursuit deficits from current medications, effects of chronic 

medication treatment are potential confounds on performance measures that we cannot fully 

exclude. Fourth, we focused on familiality estimates across rather than between diagnostic 

groups, which reflect familial similarity that may be genetic or environmental in origin. 

Future genetic association studies are needed to assess heritability of the identified 

phenotypic traits.

The findings from this large family sample offer a promising approach for advancing 

pathophysiological models and understanding discrete components of the complex 

multifactorial risk for psychosis across diagnostic categories. While disease related factors 

may induce more severe impairments of pursuit maintenance in probands with schizophrenia 

compared to other psychotic disorders, findings in relatives and familiality estimates suggest 

that measures of sensorimotor function may be promising indicators for indexing 

susceptibility to psychosis in future genetic studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Examples of smooth pursuit stimuli with eye position and eye velocity traces
(A) Foveo-petal step-ramp task for assessment of sensorimotor measures: step size was 2.4° 

followed immediately by a target sweep in opposite direction moving at a constant velocity 

of 18.7°/s. Pursuit initiation started without a catch-up saccade. The slope of the linear 

regression line on eye velocity (green line) was used to calculate initial eye acceleration. (B) 

Triangular wave task for assessment of predictive pursuit. Gray areas in A and B refer to the 

intervals used for calculating eye velocity gain. Note, that saccade were removed from 

velocity traces.
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Figure 2. Measures of smooth pursuit tracking in probands and first-degree relatives
Measures of initial eye acceleration (A), early maintenance gain (B), and predictive 

maintenance gain (C) in probands (Prob) with schizophrenia (SZ), schizoaffective disorder 

(SZAFF) and bipolar disorder (BP) and their first-degree relatives (Rel) compared to healthy 

controls are given as effect sizes relative to performance in healthy controls corrected for 

differences in age, sex and race. For raw values of sensorimotor measures see Table 3S in 

supplemental material.
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Figure 3. Sensorimotor function during smooth pursuit tracking in relative subgroups
Initial eye acceleration in subgroups of first-degree relatives (1) without psychosis spectrum 

personality traits, (2) with elevated psychosis spectrum personality traits and (3) with 

psychotic disorders compared to healthy controls is shown as effect sizes relative to 

performance in healthy controls corrected for differences in age, sex and race. For raw 

values of pursuit measures see Table 3S in supplemental material.

Lencer et al. Page 15

Schizophr Res. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lencer et al. Page 16

T
ab

le
 1

D
em

og
ra

ph
ic

 a
nd

 C
lin

ic
al

 C
ha

ra
ct

er
is

ti
cs P

R
O

B
A

N
D

S
R

E
L

A
T

IV
E

S

C
on

tr
ol

s 
N

=3
05

SZ
 N

=2
65

SZ
A

F
F

 N
=1

78
B

P
 N

=2
31

SZ
 N

=3
14

SZ
A

F
F

 N
=2

27
B

P
 N

=2
74

St
at

is
ti

cs

A
ge

, M
ea

n 
(S

D
)

36
.5

 (
12

.4
)

34
.5

 (
12

.5
)

36
.3

 (
11

.6
)

36
 (

13
.0

)
43

 (
15

.5
)

40
.2

 (
16

.1
)

40
.9

 (
15

.7
)

F (
6 

17
87

)=
13

.7
; p

<
0.

00
1

Se
x 

(%
 M

al
e)

45
%

67
%

40
%

35
%

29
%

31
%

36
%

X
2 (6

)=
11

2.
1;

 p
<

0.
00

1

R
ac

e

%
 C

au
ca

si
a 

n
63

%
46

%
55

%
73

%
55

%
61

%
80

%
X

2 (6
)=

92
.4

; p
<

0.
00

1

%
 A

fr
ic

an
 A

m
er

ic
an

27
%

45
%

40
%

22
%

40
%

24
%

15
%

X
2 (6

)=
85

.7
; p

<
0.

00
1

%
 O

th
er

10
%

9%
5%

5%
5%

5%
5%

X
2 (6

)=
15

.7
; p

=
0.

02

C
og

ni
ti

ve
 A

ss
es

sm
en

ts
, M

ea
n 

(S
D

)

W
R

A
T

 4
1

10
3.

8 
(1

4)
94

.9
 (

16
)

96
.7

 (
14

.9
)

10
1.

6 
(1

3.
6)

97
.5

 (
14

.7
)

98
.9

 (
16

.1
)

10
3 

(1
4.

1)
F (

6 
17

38
)=

13
.6

; p
<

0.
00

1

B
A

C
S2

0.
0 

(1
.0

)
-1

.8
 (

1.
4)

-1
.5

 (
1.

3)
-0

.9
 (

1.
3)

-0
.6

 (
1.

2)
-0

.6
 (

1.
4)

-0
.2

 (
1.

2)
F (

6 
16

82
)=

73
.5

; p
<

0.
00

1

R
el

at
iv

es
' P

sy
ch

ot
ic

 D
is

or
de

rs
 a

nd
 P

sy
ch

os
is

 S
pe

ct
ru

m
 P

er
so

na
lit

y 
T

ra
it

s,
 N

 (
%

)

Ps
yc

ho
tic

 D
is

or
de

r
22

 (
7%

)
27

 (
12

%
)

21
 (

8%
)

n.
s.

Ps
yc

ho
si

s 
Sp

ec
tr

um
 P

er
so

na
lit

y 
T

ra
its

3
47

 (
15

%
)

32
 (

14
%

)
36

 (
13

%
)

n.
s.

N
o 

Ps
yc

ho
si

s 
Sp

ec
tr

um
 P

er
so

na
lit

y 
T

ra
its

23
8 

(7
8%

)
16

5 
(7

4%
)

21
4 

(7
9%

)
n.

s.

1 W
id

e 
R

an
ge

 A
ch

ie
ve

m
en

t T
es

t 4
th

 -
 E

di
tio

n:
 R

ea
di

ng
 (

W
ilk

in
so

n 
et

 a
l.,

 2
00

6)

2 B
ri

ef
 A

ss
es

sm
en

t o
f 

C
og

ni
tio

n 
in

 S
ch

iz
op

hr
en

ia
 (

K
ee

fe
 e

t a
l.,

 2
00

8)
, z

-s
co

re
s 

ar
e 

gi
ve

n

3 as
 d

ef
in

ed
 b

y 
m

ee
tin

g 
fu

ll 
or

 w
ith

in
 o

ne
 c

ri
te

ri
a 

of
 a

 C
lu

st
er

 A
 p

er
so

na
lit

y 
di

so
rd

er
 d

ia
gn

os
is

 (
SI

D
-P

)

Schizophr Res. Author manuscript; available in PMC 2016 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lencer et al. Page 17

Table 2

h2 Estimates (Standard Error) in Individual Diagnostic Groups of the B-SNIP Sample

Initial Eye Acceleration Early Maintenance Gain Predictive Maintenance Gain

SZ Families h2= 0.32 (0.09), p = 4.0*10-4

CI 0.14 - 0.50
h2 = 0.32 (0.09), p = 2.0*10-4

CI 0.14 - 0.50
h2 = 0.17 (0.10), p = 0.04
CI -0.16 - 0.50

SZAFF Families h2 = 0.23 (0.13), p = 0.04
CI -0.03 - 0.49

h2 = 0.45 (0.12), p = 1.0*10-4

CI 0.21 - 0.67
h2 = 0.27 (0.13),p = 0.02
CI 0.02 - 0.53

BP Families h2 = 0.27 (0.12), p = 0.01
CI 0.04 - 0.51

h2 = 0.44 (0.10), p =6.0*10-6

CI 0.24 - 0.64
h2 = 0.25 (0.10), p = 7.0*10-3

CI 0.05 - 0.45

Combined Families h2 = 0.28 (0.07), p = 9.0*10-6

CI 0.14 – 0.42
h2 = 0.40 (0.06), p = 2.0*10-11

CI 0.28 – 0.52
h2 = 0.23 (0.06), p = 9.0*10-5

CI 0.11 – 0.35
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