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Consistent with reports of cerebellar structural, func-
tional, and neurochemical anomalies in schizophrenia, 
robust cerebellar-dependent delay eyeblink condition-
ing (dEBC) deficits have been observed in the disorder. 
Impaired dEBC is also present in schizotypal personal-
ity disorder, an intermediate phenotype of schizophrenia. 
The present work sought to determine whether dEBC 
deficits exist in nonpsychotic first-degree relatives of indi-
viduals with schizophrenia. A single-cue tone dEBC para-
digm consisting of 10 blocks with 10 trials each (9 paired 
and 1 unpaired trials) was used to examine the functional 
integrity of cerebellar circuitry in schizophrenia partici-
pants, individuals with a first-degree relative diagnosed 
with schizophrenia, and healthy controls with no first-
degree relatives diagnosed with schizophrenia. The con-
ditioned stimulus (a 400 ms tone) coterminated with the 
unconditioned stimulus (a 50 ms air puff to the left eye) 
on paired trials. One relative and 2 healthy controls were 
removed from further analysis due to declining condi-
tioned response rates, leaving 18 schizophrenia partici-
pants, 17 first-degree relatives, and 16 healthy controls. 
Electromyographic data were subsequently analyzed 
using growth curve models in hierarchical linear regres-
sion. Acquisition of dEBC conditioned responses was 
significantly impaired in schizophrenia and first-degree 
relative groups compared with controls. This finding that 
cerebellar-mediated associative learning deficits are pres-
ent in first-degree relatives of individuals with schizo-
phrenia provides evidence that dEBC abnormalities in 
schizophrenia may not be due to medication or course of 
illness effects. Instead, the present results are consistent 
with models of schizophrenia positing cerebellar-cortical 
circuit abnormalities and suggest that cerebellar abnor-
malities represent a risk marker for the disorder.
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Introduction

Motor abnormalities have long been observed in schizo-
phrenia, even from its earliest conceptualization.1 The 
cerebellum has historically been identified as an integral 
structure for coordinated movement and motor learning, 
and accumulating evidence points to an important role 
in nonmotor psychological processes as well—including 
cognition.2–5 Motor dysmetria is commonly observed 
subsequent to cerebellar lesions. However, consistent 
with evidence of cerebellar contributions to nonmotor 
processes, cerebellar lesions can also result in cognitive 
and behavioral symptoms, including impaired visuospa-
tial memory, blunted affect or disinhibited, contextually 
inappropriate behavior, impaired executive function, and 
inattention.6,7 These symptoms are remarkably similar to 
those observed in schizophrenia, contributing to theo-
retical evidence that the cerebellum may play a role in the 
disorder.

Empirical evidence of cerebellar dysfunction in 
schizophrenia has been revealed through postmortem and 
neuroimaging studies, which report reduced cerebellar 
volume in chronic,8–11 neuroleptic-naïve,12 adolescent,13 
first-episode,14–16 and childhood-onset17 schizophrenia (but 
for exceptions see Cahn and colleagues18 and Levitt and 
colleagues19). Postmortem studies report reduced size and 
density of Purkinje cells in schizophrenia.20–22 Functional 
neuroimaging studies have found abnormal cerebellar 
blood flow at rest8,23,24 and during cognitive tasks25–27 in 
schizophrenia patients. Finally, cerebellar abnormalities 
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are associated with clinical symptoms, cognitive deficits, 
and outcome measures in schizophrenia.10,28–30 For 
example, deficits in working memory and mental flexibility 
correlate with cerebellar volume,31 and fronto-cerebellar 
metabolic abnormalities are associated with anhedonia and 
ambivalence.32 Moreover, increased connectivity between 
frontal-parietal and cerebellar regions predicts better 
cognitive performance in controls and schizophrenia, and 
schizophrenia patients with improved connectivity have 
fewer disorganization symptoms.33

Our recent studies also indicate performance deficits 
in schizophrenia on a number of tasks linked to cerebel-
lar function,34–36 most notably delay eyeblink condition-
ing (dEBC).37–40 Importantly, we have found significant 
dEBC associative learning deficits in schizotypal person-
ality disorder.40 This finding is consistent with reports of 
cerebellar white and gray matter abnormalities in individ-
uals at high genetic risk for schizophrenia.41 First-degree 
relatives of individuals with schizophrenia have also 
been found to have structural and functional cerebellar 
abnormalities. For example, the developmental trajectory 
of the cerebellum is altered in relatives of individuals 
diagnosed with schizophrenia.42 Functional connectivity 
of cerebellum to areas including hippocampus, inferior 
frontal gyrus, and insula are also significantly reduced in 
schizophrenia and sibling relatives compared with con-
trols.43 Taken together, the foregoing evidence suggests 
that cerebellar abnormalities may serve as risk markers 
for schizophrenia.

dEBC provides a well-validated method to investigate 
the function of the cerebellum and related structures. 
In dEBC, a conditioned stimulus (ie, a tone) becomes 
associated with an unconditioned stimulus (ie, an air 
puff) after repeated paired presentations. Subjects dem-
onstrate learning when an eyeblink (the conditioned 
response) occurs prior to the onset of the unconditioned 
stimulus. The neural circuits that underlie dEBC—where 
onset of the conditioned stimulus precedes that of the 
unconditioned stimulus, but they coterminate—are well 
characterized, and extensive evidence indicates that the 
cerebellum is essential to both the development and the 
manifestation of the eyeblink conditioned response.44,45 
While additional cortical and subcortical brain areas 
modulate dEBC acquisition and response latency (ie, 
hippocampus, medial septum, and frontal cortex [see 
Christian and Thompson46 for review]), convincing evi-
dence suggests that the cerebellum is the essential site 
of neuroplasticity underlying expression of the eyeblink 
conditioned response.47 Therefore, dEBC presents a use-
ful method to assess the functional integrity of the cer-
ebellum and related brain circuits.

This study set out to determine the extent to which 
cerebellar abnormalities may represent risk markers for 
schizophrenia by studying dEBC in nonpsychotic first-
degree relatives of individuals with the disorder. The pri-
mary hypothesis was that schizophrenia and first-degree 

relative groups would show impaired dEBC compared 
with healthy comparison subjects.

Methods

Participants

Participants were 18 individuals (5 female) diagnosed 
with either schizophrenia (n = 14) or schizoaffective dis-
order (n = 4; schizophrenia group), 18 individuals (11 
female) with a first-degree relative diagnosed with schizo-
phrenia or schizoaffective disorder (first-degree relative 
group), and 18 control participants (10 female) with no 
personal or family history of schizophrenia spectrum 
diagnoses (control group). With the exception of 1 par-
ticipant with schizophrenia who had a relative that was 
also included in the study, no other participants in the 
study were related to each other. The patient sample 
was recruited through outpatient and inpatient units at 
community and state hospitals. Healthy controls were 
recruited using fliers posted in the community and from 
newspaper advertisements. First-degree relatives were 
recruited using contact information obtained from a 
larger sample of schizophrenia patients who were will-
ing to provide such information. The Family Interview 
for Genetic Studies48 was used to ascertain whether there 
were probable schizophrenia spectrum diagnoses in rela-
tives of potential control participants. If  a probable diag-
nosis was identified for a first-degree relative within the 
potential control participant’s family, the participant 
was excluded in cases where the diagnosis of the prob-
able family member with the disorder could not be ruled 
out through an in-person diagnostic interview, eg, the 
probable family member with schizophrenia or schizoaf-
fective disorder did not wish to participate in the study. 
The potential control participant’s group assignment was 
changed to first-degree relative if  the relative was deter-
mined to meet diagnostic criteria for schizophrenia or 
schizoaffective disorder.

Of the 18 participants per group recruited for each 
study, data for 2 controls and 1 relative were excluded 
from the analysis because their data did not fit a positive 
linear growth model. (See data analysis section below for 
complete explanation).

Table  1 shows demographic, clinical, and medication 
information for the remaining 51 participants. The mean 
age of schizophrenia participants, controls, and relatives 
did not differ (F(2,48) = 0.022, P = .98), and sex was 
not significantly different across groups (χ2(2) = 4.17,  
P = .13). Education level was available for all except for 
3 participants (1 in each group) and was found to differ 
across groups, F(2,45) = 11.31, P < .001. Bonferroni cor-
rected comparisons showed that controls had more edu-
cation than both the relative and schizophrenia groups.

Diagnostic status for the schizophrenia group was 
determined using the Structured Clinical Interview 
for Diagnostic and Statistical Manual of  Mental 
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Disorders-IV Axis I  Disorders (SCID-I)49 sections for 
mood disorders, psychotic disorders, and substance 
abuse disorders, as well as chart review. Kappa interrater 
reliability in our lab has been 0.95 for schizophrenia vs 
mood disordered, or other diagnoses in patients who have 
been prescreened for showing psychosis. Participants in 
the relative group were evaluated using the SCID-II for 
Axis II disorders50 and the SCID-I. Control participants 
were interviewed using the nonpatient version of 
SCID-I51 sections for mood, psychotic, and substance 
abuse and the SCID II to exclude psychiatric disorders. 
Participants with schizophrenia underwent symptom 
assessment using the Positive and Negative Syndrome 
Scale (PANSS).52 All assessments occurred within 
30 days of  dEBC testing, and all but 4 occurred within 
7 days of  testing (M = 5.6 days; SD = 6.6). The average 
PANSS total score indicated that the patient group 
as a whole fell in the mildly-to-moderately ill range  
(M = 61.3, SD = 11.8; see table 2).53

Exclusion criteria for all participants included a his-
tory of neurological or cardiovascular disease, clinically 
documented hearing loss, head injury resulting in loss of 
consciousness, electroconvulsive therapy, diagnosis of 
alcohol or other substance dependence within 3 months, 
and intelligence quotient (IQ) below 70. Control partici-
pants were excluded if  they had a history of psychotic or 
mood disorder. Recruiting for this study occurred within 
the context of a larger effort in which approximately 30% 
of participants interviewed as potential controls were 
excluded using these criteria. Of the remaining 70%, 
approximately 8% were enrolled as first-degree relatives 
based on information obtained during interviews. Family 

members were not excluded for a diagnosis of schizo-
typal personality disorder (n = 1), schizoid personality 
disorder (n = 1), depression (n = 2), dysthymia (n = 1), 
or past alcohol or other substance dependence (n = 6), 
because these disorders may reflect expression of risk 
factors also associated with schizophrenia. Ten schizo-
phrenia patients met criteria for past alcohol or other 
substance dependence. The Indiana University Human 
Subjects Institutional Review Board approved all study 
procedures, and written informed consent was obtained 
from all participants.

Eyeblink Conditioning Procedure

Participants completed a single-cue tone dEBC task. The 
conditioned stimulus was a 400 ms, 1000 Hz (80 dB sound 

Table 1. Demographic, Clinical, and Medication Information

Schizophrenia Relatives Controls

Age (y); M (SD) 36.0 (12) 35.9 (13) 36.8 (13)
Education Levela; M (SD) 3.2 (1) 3.1 (1) 4.5 (1)
Sex (M:F) 13:5 7:10 7:9
PANSS total score; M (SD) 61 (12) — —
 Positive; M (SD) 17 (5) — —
 Negative; M (SD) 15 (4) — —
 General; M (SD) 30 (7) — —
Past alcohol dependenceb 7 3 0
Past drug dependencec 8 3 0
Psychotropic medication
 No medication 2 16 18
 Atypical antipsychotic 13 0 0
 Typical antipsychotic 3 0 0
 Anticonvulsant 2 0 0
 Antidepressant 7 2 0
 Anticholinergic 6 0 0

Note: PANSS, Positive and Negative Syndrome Scale.
aEducation level included self-report data on completion of grade school (1), junior high school (2), high school (3), some college (4), 
bachelor’s degree (5), master’s degree (6), and doctoral degree (7).
bFive schizophrenia patients and 1 relative met criteria for both past alcohol and other drug dependence.
cOther drug dependence included cannabis (n = 5 schizophrenia, n = 3 relatives) and cocaine (n = 4 schizophrenia).

Table 2. Parameter Estimates for the Hierarchical Linear 
Modeling Growth Curve Model for Percentage of Conditioned 
Responses

Value (SE) df t Value P Value

R2 = 0.75
Intercept 48.9 (5.6) 456 8.71 .000
 SZ–HC −12.8 (7.7) 48 −1.66 .103
 Rel–HC −13.1 (7.8) 48 −1.67 .101
Slope 4.4 (0.6) 456 7.50 .000
 SZ–HC −2.0 (0.8) 456 −2.54 .012*
 Rel–HC −2.4 (0.8) 456 −2.95 .003*

Note: SZ = schizophrenia, Rel = relatives, HC = healthy controls.
*Indicates significance at P < .0125.



1004

A. R. Bolbecker et al

pressure level) tone, which, on paired trials, coterminated 
with a 50 ms air puff to the eye, the unconditioned stimulus. 
Subjects were presented with 8 unconditioned stimulus-
alone trials (intertrial interval = 15 s), followed by 10 blocks 
of conditioning trials (mean intertrial interval  =  15 s; 
range = 10–20 s). Each trial block consisted of 9 paired trials, 
in which the tone and air puff were presented together, and 
1 tone-alone trial. To maintain the participants’ attention 
throughout the experiment, neutral photographs selected 
from the International Affective Picture System54 were 
presented (2-s duration) between each trial, and participants 
rated the pleasantness of the images by pressing a response 
pad button. In addition, participants were observed via a 
closed circuit monitor to ensure that their eyes remained 
open. The experiment was briefly suspended if signs of 
fatigue were observed so that the examiner could interact 
with the participant.

Procedure

Two bipolar eletromyographic electrodes (4 mm Ag/Ag–Cl)  
were placed within 1 cm below the left eyelid, centered 
under the pupil, and placed 1 cm apart. These recorded 
eyeblinks from the orbicularis palpebrarum muscle of the 
eye. A  ground electrode was placed on the forehead. The 
inside corner of the left eye was presented with an uncon-
ditioned stimulus air puff (50 ms, 10 lb psi at source) deliv-
ered via copper tubing (fused to the rim of lens-less glasses) 
connected to a regulator delivering air via plastic tubing  
(120 in.). The conditioned stimulus tone was delivered via ear 
inserts (E-A-RLINK—Aearo Company Auditory Systems). 
Electromyographic recordings were made continuously  
(2.5 KHz A/D rate; high-pass filter  =  1 Hz; low-pass  
filter = 500 Hz; gain = 1000) throughout the experiment and 
stored offline.

Data Processing

Continuous data files for each subject were divided into 
1086 ms epochs starting 500 ms prior to conditioned stim-
ulus onset. After a 28 Hz (6 dB/octave) high-pass filter 
was applied, the data were rectified and smoothed using 
a 41-point Gaussian weighted moving average. Data were 
entered into DataMunch, a Matlab computer program 
purposely written for EBC data analysis37,39,40,55–58 for 
further analysis of the 90 paired trials. Alpha responses, 
which are reflexive, nonassociative orienting electromyo-
graphic responses to the tone conditioned stimulus, were 
assessed between 25 and 100 ms after conditioned stimu-
lus onset. On a subject-by-subject basis, responses were 
recorded as blinks if  the amplitude exceeded five stan-
dard deviations above the baseline (baseline window for 
each trial = 125 ms prior to conditioned stimulus onset). 
The analysis incorporated a “bad trial” window that was 
used to exclude trials where electromyogram activity 
was increased immediately before (−75 ms) and shortly 

after conditioned stimulus onset (+25 ms). If  a partici-
pant exhibits electromyographic blink activity during 
this interval, it is unlikely that a conditioned response 
can be emitted immediately thereafter. That is, spontane-
ous blinks occurring during this “bad trial” window may 
interfere with the subsequent execution of a conditioned 
response. Blinks recorded in this window are considered 
spontaneous blinks because they occur too early in ref-
erence to conditioned stimulus onset to be considered 
either tone related or conditioning related. Accordingly, 
the number of “bad trials” can be used as a rough index 
of spontaneous blink rate. The average number of “bad  
trials” rejected from analysis did not differ between 
groups, F(2,48) = 1.27, P = .29.

Conditioned responses were recorded if  the blink 
occurred between 100 and 350 ms after conditioned stim-
ulus onset, which corresponded to a period beginning 
250 ms before the onset of the unconditioned stimulus. 
The onset latency was calculated as the point in time 
when the conditioned response exceeded 0.5 SD from the 
baseline.

Hierarchical Linear Modeling

Electromyographic data were analyzed using growth 
curve models in hierarchical linear modeling (HLM). 
HLM is superior to repeated measures ANOVA because 
it takes into account the dependence of nested (multilevel) 
data. In HLM, the best-fitting line through each individ-
ual’s trajectory is identified while taking into account the 
trajectories of other members of the sample. In this way, 
using multiple iterations, HLM increases the accuracy 
of the fit and decreases measurement error for both the 
population and for each individual. While heterogene-
ity of variance and violations of sphericity are treated as 
nuisance factors to be eliminated in traditional statistical 
approaches, including ANOVA, HLM has fewer assump-
tions than ANOVA and can accommodate unequal vari-
ances. This point is important because heterogeneity of 
variance can be potentially meaningful, and ignoring it 
can obscure significant interaction effects.59

Statistical Analysis

For each individual, the percentage of  conditioned 
re sponses was calculated for each of the 10 blocks of 
the experiment, and the best-fitting line was generated 
for these 10 data points, producing 54 lines—one line 
for each individual initially included in the study. Three 
individuals (2 controls and 1 relative) were then excluded 
from further analysis because they displayed negative 
learning curves, operationally defined as a decrease in 
conditioned responding of more than 20% from the first 
to the last block of the experiment using the fitted val-
ues of the model. (A figure including best-fitting line for 
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all participants, as well as complete parameter estimates 
and significance tests with these 3 outliers included in the 
model, can be found in the online supplementary material.)  
Therefore, 51 participants were included in the final 
analysis.

To model learning curves of conditioned responses, 
we used the lme function of the nlme package60 in R 
3.0 (R Development Core Team, 2009) for growth curve 
modeling in HLM. In this study, HLM accounted for 
the dependency of data within individuals due to the 
repeated measures. Models used maximum likelihood 
estimation, except when testing whether effects should 
be fixed or random, in which case restricted maximum 
likelihood was used as suggested by Singer and Willett.61 
We examined linear and nonlinear forms of change with 
nested model comparisons using the likelihood ratio test. 
Model fit was examined with pseudo-R2,61 which was 
calculated by the squared correlation between the model’s 
fitted and observed values, representing the proportion 
of variance in the outcome explained by the predictors.

After examining various forms of change, we settled 
on linear trajectories with random intercepts and slopes, 
which fit the data well. Linear growth curves were fit to 
each participant’s learning curve across blocks and esti-
mated whether groups differed in two parameters: inter-
cepts and slopes. The intercepts reflected model-fitted 
performance during the first block and tested whether 
groups differed in their initial values at block 1. Slopes 
reflected change across blocks and tested whether groups 
differed in their learning rates.

The intercepts and slopes of the schizophrenia and 
relatives groups were compared with the control group, 
resulting in 4 separate statistical tests of between-group 
differences. Results with P < .05 are reported, but only 
those that survived Bonferroni-corrected alpha levels of 
P < .0125 (P < .05/4 comparisons) are deemed signifi-
cant. The same analysis procedures were then applied to 
each of the following dEBC measures as secondary anal-
yses: conditioned response onset latency, conditioned 
response amplitude, unconditioned response amplitude, 
and unconditioned response peak latency.

Results

Baseline Unconditioned Response Amplitude

In order to rule out blink performance differences between 
groups as a source of differences in percentage of condi-
tioned responses, responses to 8 solitary unconditioned 
stimuli presented prior to the conditioning phase of the 
procedure were analyzed. Neither the average peak uncon-
ditioned response amplitudes (F(2,48) = 0.60, P = .56) nor 
latencies (F(2,48) = 0.93, P = .40) were significantly differ-
ent across diagnostic categories, suggesting that differences 
in conditioned response rates between groups are unlikely 
to be due to deficits in sensorimotor processing or motor 

responding in the schizophrenia and first-degree relative 
groups.

Conditioned Responses

Percentage of Conditioned Responses. The model fit 
the data well, with a pseudo-R2 = 0.75. Individual fit-
ted lines and the average line fit for each group can be 
seen in figure 1, along with the 10 block averages for each 
group. Collapsing across groups, performance improved 
on average as the experiment progressed, t(456) = 7.50,  
P < 0.001, SE = 0.58. Although there were no significant 
differences between groups at block 1, the rate of learning 
varied between groups. Specifically, both the schizophre-
nia (t(456) = −2.54, P = .012, SE = 0.80) and relatives 
(t(456) = −2.95, P = .003, SE = 0.81) groups had signifi-
cantly smaller increases compared with controls, indicat-
ing impaired acquisition of dEBC associative learning. 
Complete information regarding parameter estimates 
and model fit can be found in table 2.

Conditioned Response Onset Latency and Amplitude.  
Neither the schizophrenia group nor the relatives group 
differed from controls on conditioned response onset 
latency or amplitude with respect to the intercept or slope. 
Moreover, collapsing across groups, neither onset latency 
nor amplitude showed a significant effect of slope, indi-
cating that neither measure systematically changed on 
average as the experiment progressed.

Unconditioned Responses (Paired Trials)

Unconditioned Response Latency and Amplitude. When 
the slopes for unconditioned response latency and ampli-
tude for both the schizophrenia and relatives groups were 
compared to controls, no significant differences emerged. 
Likewise, no significant differences between groups were 
found with respect to the intercept for unconditioned 
response latency. The schizophrenia group had a higher 
intercept compared with controls on unconditioned 
response amplitude, indicating larger amplitude responses 
from the start of the experiment, but this difference did 
not survive Bonferroni correction (P = .018 > .0125). 
Collapsing across groups, the unconditioned response 
latencies became longer on average as the experiment pro-
gressed (t(456) = −2.26, P = .024, SE = 0.75). Similarly, 
unconditioned response amplitude decreased significantly 
over time (t(456) = −2.90, P = .004, SE = 1.37).

Discussion

The present results illustrate a striking dEBC associa-
tive learning deficit in first-degree relatives of  schizo-
phrenia patients that is remarkably similar in magnitude 
to individuals who have been diagnosed with the dis-
order. This finding adds to a growing literature docu-
menting cognitive and learning deficits in first-degree 

http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbt112/-/DC1
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relatives of  individuals with schizophrenia, but extends 
previous findings by demonstrating an impairment on 
a fundamental form of  cerebellar-dependent associative 
learning—dEBC.

The observed dEBC abnormalities in first-degree relatives 
and in schizophrenia may arise from aberrant cerebellar 
processing. Specifically, on the basis of an extensive animal 
and human literature, these deficits implicate anomalies 
both in the cerebellar cortex and deep interpositus nucleus 
and, perhaps, in the function of the Purkinje cells that 
project from the cortex to the deep nuclei of the cerebellum 
in both individuals with schizophrenia and their first-
degree relatives. Animal studies have shown that the critical 
association between the conditioned and unconditioned 
stimuli occurs in the anterior interpositus nucleus,62–64 one 
of the deep cerebellar nuclei. The cortex of the cerebellum is 
thought to control the expression of conditioned responses 
and modulate both their timing and amplitude.45,65,66 The 
anterior lobe, through Purkinje cells projecting to the 
interpositus, appears to play a critical role in response 
timing, delaying the onset of conditioned responses until 
just prior to the unconditioned stimulus onset.67,68 Findings 
from these animal studies are supported by studies in 
humans suggesting that abnormalities in cerebellar 
structure are associated with dEBC performance.69,70

Our findings are consistent with reports of cerebellar 
neurotransmitter, neurochemical, and genetic abnor-
malities in schizophrenia patients46,53,71–73 and with previ-
ous reports of structural cerebellar anomalies in family 
members of individuals with schizophrenia.42 Taken 
with the foregoing evidence of critical cerebellar involve-
ment in EBC, the finding that a similar pattern of dEBC 
deficit occurs in first-degree relatives of individuals with 

schizophrenia suggests that these abnormalities may be a 
core feature of schizophrenia.

An advantage of  the cross-sectional design of  this 
study is that any lingering questions about the origins 
of  dEBC abnormalities observed in schizophrenia can 
now be more directly addressed. Because dEBC deficits 
are observed in first-degree relatives they are unlikely 
to be associated with the onset of  schizophrenia, but 
instead may represent risk factors. Investigations 
such as the present one that examined nonpsychotic 
first-degree relatives are powerful tools in the identi-
fication of  risk markers of  schizophrenia for several 
reasons. First, familial studies indicate that first-degree 
relatives have elevated risk for schizophrenia spec-
trum disorders.74 Second, first-degree relatives share 
genetic (and some environmental) risk factors with 
affected probands without exhibiting psychotic disor-
der and are estimated to have at least 10-fold greater 
risk for developing the disorder.75–77 Finally, compared 
with individuals with schizophrenia, first-degree rela-
tives have far less exposure to psychotropic medica-
tions, especially antipsychotic drugs. Therefore, the 
observation of  dEBC deficits in schizophrenia and in 
first-degree relatives strengthens the conclusion that 
dEBC deficits observed in schizophrenia in this study 
(and others)37–40,78 are unlikely to be due psychotropic 
medications. This point is important because a recent 
review79 urged caution in ascribing dEBC abnormalities 
to illness mechanisms and argued that antipsychotic 
medication could account for conditioning deficits. The 
present findings of  dEBC deficits in relatives also sug-
gest that impaired dEBC in schizophrenia is unlikely to 
be due to course of  illness variables.

Fig. 1. Fitted lines for the percentage of conditioned responses across the 10 blocks of the experiment for each individual (black lines) 
with group averages for each block (red squares) and group averaged line fits. 
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Taken together with findings from this study, given that 
(1) schizophrenia is highly heritable,80 (2) first-degree rela-
tives are at substantially higher risk for the onset of schizo-
phrenia,74 (3) cerebellar abnormalities have been found 
using a wide variety of methodologies and paradigms 
and at multiple levels of analysis in schizophrenia (see 
Andreasen and Pierson81 for review), and (4) first-degree 
relatives show alterations in the cerebellum,42,43,82,83 these 
findings converge on the conclusion that dEBC abnormal-
ities may represent a risk factor for schizophrenia.

Conclusions, Limitations, and Future Directions

While it seems likely that the observed deficits in 
dEBC are related to a failure in first-degree relative 
and schizophrenia to acquire a cerebellar-mediated 
conditioned response, a distributed network of brain 
regions participate in this form of learning. Therefore, 
neuroimaging methods can more definitively identify 
the extent to which these deficits are uniquely related 
to cerebellar alterations, and such studies are currently 
underway in our laboratory.

General intelligence has also been linked to cerebellar 
structure and function. For example, there is evidence 
linking cerebellar volume to IQ84–86 and our own data 
have shown an association between IQ and dEBC that 
was evident in controls but not in individuals with schizo-
phrenia.87 Reduced IQ is commonly found in schizophre-
nia,88 and nonpsychotic relatives from multiplex families 
also reportedly have lower IQ compared with healthy 
control samples.89 Therefore, the present findings suggest 
that a careful study of the relationship between cognition, 
symptom profiles, genetic loading for schizophrenia, and 
cerebellar measures is warranted.

The findings reported here are important because they 
suggest cerebellar abnormalities may represent poten-
tial risk markers of  schizophrenia although it has not 
previously been commonly considered as such. In the 
context of  the present findings and given the known 
role of  the cerebellum in motor coordination and motor 
learning, it is worth noting that early motor abnormali-
ties have convincingly been associated with worsening 
of  prodromal symptoms in high-risk groups90,91 and the 
subsequent development of  schizophrenia spectrum dis-
orders.92–94 Early evidence suggests that consideration 
of  novel treatment strategies focused on improving 
cerebellar function could represent a novel therapeutic 
approach. For example, we and others have shown the 
efficacy of  pharmacological55 and repetitive transcranial 
magnetic stimulation95 targeting of  cerebellar-dependent 
deficits. Our laboratory has studies underway that are 
aimed at characterizing the sensitivity of  an ensemble 
of  candidate biomarkers to cerebellar abnormalities in 
schizophrenia. This biomarker validation will provide an 
essential framework for translational research and inter-
vention development.
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