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Abstract
Background—The clinical phenotype of bipolar disorder (BPD) is heterogeneous and the
genetic architecture of the disorder is complex and not well understood. Given these
complications, it is possible that the identification of intermediate phenotypes (“endophenotypes”)
will be useful in elucidating the complex genetic mechanisms that result in the disorder. The
examination of unaffected relatives is critical in determining whether a particular trait is
genetically-relevant to BPD. However, few dimensional traits related to BPD have been assessed
in unaffected relatives of patients.

Methods—We assessed affective temperament and schizotypy in 55 discordant sibling pairs and
113 healthy controls (HCs) using the Temperament Evaluation of Memphis, Pisa, Paris, and San
Diego, Auto-questionnaire version (TEMPS-A) to assess affective temperament and the
Schizotypal Personality Questionnaire (SPQ) to assess schizotypy.

Results—BPD patients scored significantly higher than HCs on all subscales of the SPQ and on
all but one subscale (hyperthymic) of the TEMPS-A (all p <0.01). Siblings demonstrated scores
that were significantly intermediate to patients and HCs on the anxious subscale of the TEMPS-A
and on the interpersonal deficits and disorganized subscales of the SPQ.

Limitations—We did not investigate the BPD spectrum as most patients were diagnosed with
BPD I (n = 47). Most of the patients had experienced psychosis (n = 42) and so we were unable to
examine whether psychosis status impacted upon affective temperament or schizotypy in patients
or their siblings.

Conclusion—These data suggest that schizotypy and affective temperament represent
dimensional traits that are likely to underlie the genetic risk for BPD.
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INTRODUCTION
Proneness to psychopathology can be conceptualized from the perspective of quantitative
genetic models, such that variability along dimensional traits contributes to an individual’s
risk for developing a clinical disorder. The identification of genetically-relevant dimensional
traits is an important step in understanding the functional relevance of risk variants. Bipolar
disorder (BPD), in particular, has repeatedly been found to be associated with characteristic
variations in personality and temperament (e.g. Savitz and Ramesar, 2006). Less is known,
however, about the endophenotypic status of such variations and, specifically, whether
unaffected relatives of patients with BPD demonstrate similar alterations in personality and
temperament. Moreover, few studies have examined how different aspects of temperament
may be related to one another within and across patients, relatives, and healthy participants.

Temperament is comprised of a complex set of traits reflecting, among other things, one’s
general activity level, worldview, and interpersonal style. Two important aspects of this
construct that have been found to be associated with risk for psychopathology are affective
temperament (e.g. Akiskal and Mallya, 1987; Cassano et al., 1992) and psychosis proneness
(Claridge et al., 1996; Raine, 1991; Rossi and Daneluzzo, 2002). Decades of research by
Akiskal and others have led to the delineation of five main affective temperaments:
hyperthymic, cyclothymic, depressive, irritable, and anxious (e.g. Akiskal, 1998; Akiskal
and Mallya, 1987; Placidi et al., 1998). When compared with healthy controls, patients with
BPD have been found to have higher rates of affective temperaments when viewed as a
categorical measure (e.g. Kesebir et al., 2005) and to have higher scores on measures that
assess for such temperaments (Aguiar Ferreira et al., 2012; Evans et al., 2005; Gandotra et
al., 2011; Mendlowicz et al., 2005; Savitz et al., 2008a).

Several studies support the familial aggregation of affective temperaments among relatives
of BPD patients (Akiskal et al., 1985; Evans et al., 2005; Gandotra et al., 2011; Kesebir et
al., 2005; Mendlowicz et al., 2005; Savitz et al., 2008b; Vázquez et al., 2008). However,
although many studies have reported significantly increased affective temperaments among
patients compared to controls, studies involving relatives have yielded less consistent
results. One study to date has demonstrated a gradient, consistent with the heritability of risk
for bipolar disorders, with BPD patients having the highest rates of cyclothymic
temperament, followed by their unaffected relatives, and then by unrelated healthy controls
(Mendlowicz et al., 2005). Several other studies have not found any differences in
cyclothymic temperament between unaffected relatives and controls (Aguiar Ferreira et al.,
2012; Evans et al., 2005) but have reported elevations in patients compared to relatives
(Savitz et al., 2008b). Another study of healthy relatives of patients with BPD reported
elevations in affective temperaments among the relatives compared to controls for the
dysthymic, cyclothymic, irritable, and anxious temperaments but reported null results for the
hyperthymic temperament (Vázquez et al., 2008). The directionality of findings for the
hyperthymic temperament has also been inconsistent, with some studies finding that patients
and relatives have elevated levels of hyperthymia compared to controls (Gandotra et al.,
2011; Kesebir et al., 2005), other studies reporting that controls are elevated on this subscale
(Evans et al., 2005), and several studies reporting no significant differences in hyperthymia
between patients, relatives, and controls (Mendlowicz et al., 2005) or between relatives and
controls (Aguiar Ferreira et al., 2012; Vázquez et al., 2008).
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One possible reason for the discrepancies between the findings is the inclusion of parents
and offspring, in addition to siblings, in the samples of first degree relatives. The inclusion
of parents allows for the possibility that some of the included relatives did not contribute
hereditary risk for BPD to the proband. The inclusion of offspring may be problematic in
that some young adults may themselves go on to develop BPD but may be too young to have
developed the full phenotype. As the majority of patients have developed the disorder by age
25, and siblings tend to develop the disorder at around the same age as probands (Bellivier et
al., 2003), restricting unaffected first-degree relatives to siblings past the age of 25 and
approximately the same age or older than the age of illness onset in their affected sibling
may be the most powerful design from which to examine the endophenotypic nature of
temperamental traits.

Another temperamental aspect that may be related to risk for BPD is schizotypy, a
personality type marked by odd, irritable, socially isolated, and hypersensitive behaviors
(e.g. Raine, 1991). There is some evidence that schizotypy ratings are elevated in patients as
well as in their healthy relatives (Kendler et al., 1995) compared to controls, indicating a
relationship with genetic risk. Schizotypy may also be thought of as psychosis proneness, as
several lines of evidence suggest that individuals who rate high on schizotypy are at
increased risk for developing psychosis (Claridge et al., 1996). Given that approximately
50%–70% of patients with BPD I exhibit psychotic symptoms during mood episodes
(Goodwin and Jamison, 2007), it would be expected that patients with BPD are elevated on
this trait. Indeed, limited data suggest that BPD patients score higher than healthy controls
on measures of schizotypy (Rossi and Daneluzzo, 2002) although replication of these results
is required. Given these data, psychosis proneness may be a candidate endophenotype for
BPD. To date, however, there have been few studies of this trait in family members of BPD
patients. In one study of unaffected relatives of patients with BPD and schizophrenia,
psychosis proneness scores did not differ between the two groups (Schürhoff et al., 2005).
Furthermore, psychosis proneness was found to be elevated in relatives of BPD patients with
psychosis compared to relatives of BPD patients without psychosis (Schürhoff et al., 2005).
In order to examine the endophenotypic status of this trait, however, an examination of
patients, relatives, and controls is required.

In the present study, we aimed to further clarify the relationship between affective
temperamental traits, psychosis proneness, and the genetic susceptibility for bipolar disorder
by examining patients with BPD and their unaffected siblings and comparing them with
unrelated healthy controls. We hypothesized that affective temperament and psychosis
proneness would demonstrate a gradient, such that levels of each were highest in patients,
intermediate in unaffected siblings, and lowest in healthy controls. We also expected that
affective temperament and psychosis proneness would be strongly correlated within each of
the three groups. Finally, we expected that unaffected siblings of probands with psychosis
would have elevated levels of psychosis proneness compared to siblings of probands without
psychosis.

Methods
Sample

Fifty-five sibling pairs discordant for Bipolar Disorder participated in the study, along with
113 healthy control participants. Of the 55 patients with BPD who participated in the study,
47 were diagnosed with Bipolar I Disorder, 5 were diagnosed with Bipolar II Disorder, and
the remaining 3 patients were diagnosed with Bipolar Disorder NOS as determined using the
Structured Clinical Interview for DSM-IV Disorders (SCID) (First et al., 1994). None of the
patients were related to one another and all were clinically stable outpatients at the time of
the assessment. Patients who expressed an interest in the study were asked to contact their
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unaffected siblings who might also be interested in participating; these unaffected siblings
then contacted the study team. Siblings were at least 25 years of age and were at least two
years older than the age of onset in their affected sibling. In addition, unaffected siblings
were free from any major Axis I mood or psychotic disorder as determined by the SCID.
Eight of the siblings were diagnosed with Depressive Disorder NOS and an additional three
subjects in the unaffected sibling group were diagnosed with an anxiety disorder. All healthy
volunteers were free from any current or lifetime Axis I diagnoses, as determined by the
SCID-NP, and did not have any first degree relatives with any Axis I disorder. A diagnostic
consensus conference involving psychologists and psychiatrists reviewed the SCID
interview for each participant to confirm the diagnosis of Bipolar Disorder in patients and to
screen for Axis I disorders in unaffected siblings and healthy controls. All participants
denied substance abuse or dependence in the three months prior to their participation. All
procedures were approved by the local IRB and written informed consent was obtained from
all participants.

Measures
Temperament was assessed using the Temperament Evaluation of Memphis, Pisa, Paris, and
San Diego, Auto-questionnaire version (TEMPS-A) (Akiskal et al., 2005). This self-report
questionnaire consists of true/false items relating to how one generally acts and assesses five
empirically-derived affective temperaments thought to confer vulnerability to mood
disorders: cyclothymic (i.e. tendency to have abrupt changes in mood as well as exaggerated
mood states), dysthymic, irritable, hyperthymic (i.e. tendency toward extraversion,
expansive mood, cheerfulness, etc.), and anxious.

Psychosis proneness was assessed in all participants using the Schizotypal Personality
Questionnaire (Raine, 1991). This self-report questionnaire assesses three main factors
associated with schizotypy: (1) the cognitive-perceptual deficits factor is associated with a
tendency toward magical thinking and unusual perceptual experiences that approximate the
positive symptoms of psychosis; (2) the interpersonal deficits factor is associated with social
anxiety, a tendency toward social withdrawal, and a lack of close relationships that resemble
aspects of the negative symptoms of psychosis; and (3) the disorganization factor, which
assesses one’s tendency toward odd speech and behavior (Raine at el., 1994; Reynolds et al.,
2000).

Current symptoms of mania and depression were measured in each participant using the
Clinician Administered Rating Scale for Mania (CARS-M (Altman et al., 1994)) and the
Hamilton Depression Rating Scale [HDRS (Hamilton, 1960)], respectively. The Wide
Range Achievement Test – Third Edition (WRAT 3) was administered to provide an
estimate of each participant’s premorbid IQ.

Statistical Analysis
Demographic and clinical differences between the groups were examined using ANOVA for
continuous variables and Chi-square tests for discrete variables. Because of the
nonparametric nature of the data, for each subscale of the SPQ and TEMPS-A, a Kruskal-
Wallis test with subject-type (patients, siblings, and controls) as the between-subjects factor
was carried out using SPSS version 20. Post-hoc testing was performed using nonparametric
Mann-Whitney U tests with a Bonferroni correction. Relationships between the variables
were examined using Spearman correlations. In order to investigate the potential impact of
demographic and/or clinical variables that differed between the groups, we performed a
parametric MANCOVA analysis.
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We also performed an exploratory analysis to examine whether patients with psychosis
differed from patients without psychosis, and whether siblings of probands with psychosis
differed from siblings of probands without psychosis, on any of the subscales of the
TEMPS-A or the SPQ. Such comparisons were performed using the Mann-Whitney U test
with Bonferroni corrections.

RESULTS
The demographic and clinical data for the three groups are presented in Table 1. Two of the
sibling participants did not complete the TEMPS-A or the SPQ and were subsequently
removed from the analysis. The three subject groups did not differ on age, race, or estimated
premorbid IQ as assessed via the WRAT 3. The sample of healthy controls had significantly
more males than the sample of patients and the sample of unaffected siblings. Although all
of the patients were clinically stable at the time of the study, the patient sample
demonstrated significantly elevated symptoms of depression and mania compared to the
siblings and healthy controls. Siblings and healthy controls did not differ in mania scores but
siblings reported significantly elevated symptoms of depression compared to the healthy
controls.

Results from the non-parametric analysis for the TEMPS-A and SPQ data are reported in
Table 2. For the TEMPS-A data, patients with BPD scored significantly higher than healthy
controls on all of the subscales except for the hyperthymia subscale (Figure 1). Based on the
results from post-hoc testing using a conservative Bonferroni correction for mutliple
comparisons, patients with BPD scored significantly higher than unaffected siblings on the
anxious, cyclothymic, and dysthymic subscales of the TEMPS-A, whereas there was no
difference between patients and siblings on the irritable or hyperthymic subscales.
Unaffected siblings demonstrated significantly elevated scores compared to controls on the
anxious and irritable subscales. On the anxious subscale, unaffected siblings had scores that
were significantly intermediate between patients and controls.

Similarly, patients scored significantly higher than controls on the three subscales
(cognitive-perceptual, interpersonal deficits, disorganized) of the SPQ (Figure 2). After
correcting for multiple comparisons, patients scored significantly higher than unaffected
siblings on all three subscales. Unaffected siblings scored significantly higher than healthy
controls on the interpersonal deficits and disorganized subscales, whereas there was no
difference between the groups on the cognitive-perceptual subscale.

As the groups differed on sex, and current symptoms of depression and mania, these were
entered as covariates in a parametric (MANCOVA) analysis of the SPQ and TEMPS-A data.
Previous work has demonstrated that scores on the TEMPS-A may be affected by age
(Mendlowicz et al., 2005); thus, this variable was also entered as a covariate. The resulting
MANCOVA indicated that the groups differed significantly on all subscales of the TEMPS-
A except for hyperthymia and all subscales of the SPQ when controlling for age, sex, race,
and symptoms of mania and depression.

The correlational analysis indicated that the subscales of the TEMPS-A and the SPQ were
all significantly and positively correlated with each other within and across the groups with
the exception of the hyperthymia subscale (see Table 3). After Bonferroni correction, the
hyperthymia subscale was significantly positively correlated with the cyclothymic subscale
of the TEMPS-A and the cognitive-perceptual subscale of the SPQ; no other significant
correlations were found between this subscale and any others. There were significant
positive correlations between depression as measured by the HDRS and all subscales of the
SPQ and the TEMPS-A across the entire sample. Symptoms of mania, as measured by the
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CARS-M, were significantly positively correlated with all subscales of the TEMPS-A and
the SPQ across the entire sample with the exception of the hyperthymia subscale of the
TEMPS-A.

The majority of the patients with BPD had experienced psychosis at some point in their
illness (n = 42) whereas the remaining 13 patients had not. Thus, we had limited statistical
power to detect any differences on the TEMPS-A or the SPQ as a function of psychosis in
patients or siblings. We did not find any statistically significant differences on the SPQ or
the TEMPS-A between patients with or without psychosis or between siblings of probands
with or without psychosis. Siblings of probands with psychosis demonstrated
nonsignificantly elevated scores on all three subscales of the SPQ compared to siblings of
probands without psychosis (cognitive-perceptual [effect size = .39]; interpersonal deficits
[effect size = .37]; disorganized [effect size = .30]), suggesting that statistical significance
may have been reached with a larger sample size.

DISCUSSION
The present results broadly confirm previous findings (Akiskal et al., 1985; Evans et al.,
2005; Mendlowicz et al., 2005; Vázquez et al., 2008) and support the concept of a
dimensional phenotype, in which individuals at high genetic risk for BPD exhibit elevated
levels of traits associated with the full clinical manifestation of the disorder. Our findings
also expand upon previous work in that we demonstrate a strong association between
affective temperament and psychosis proneness across patients, unaffected siblings, and
control participants. Finally, although we did not have sufficient statistical power to fully
investigate the differences in affective temperament and psychosis proneness between
siblings of probands with and without psychosis, our data suggest that siblings of probands
with psychosis scored higher on a measure of psychosis proneness than siblings of probands
without a psychosis history.

Several previous reports have investigated affective temperament between patients,
relatives, and controls and have documented inconsistent results. In particular, several
groups have found increased levels of cyclothymic temperament in relatives compared to
controls (Chiaroni et al., 2005; Mendlowicz et al., 2005; Vázquez et al., 2008) whereas
others have not (Evans et al., 2005; Gandotra et al., 2011; Kesebir et al., 2005). Using a
strict statistical correction for multiple comparisons, we did not find a difference between
relatives and controls for the cyclothymic temperament, although we replicate previous
findings of elevated cyclothymia in patients compared to controls (Mendlowicz et al., 2005).
Consistent with several prior reports (Mendlowicz et al., 2005; Vázquez et al., 2008), we
also found that relatives demonstrated significantly elevated scores on the anxious and
irritable subscales of the TEMPS-A compared to controls. Prior work has demonstrated that
relatives were elevated compared to controls on the dysthymic subscale (Vázquez et al.,
2008). The current results suggest that relatives and controls do not differ on this subscale,
as has also been previously reported (Evans et al., 2005; Mendlowicz et al., 2005), although
patients were elevated compared to controls. As the anxious subscale was the only one that
demonstrated the expected gradient (i.e., patients < siblings < controls), this temperament
may represent the most suitable candidate for a temperamental endophenotype in BPD.
However, it must be kept in mind when interpreting our results that we used a conservative
correction for multiple comparisons. Without such a correction, unaffected siblings
demonstrated scores that were significantly intermediate between patients and healthy
controls on all subscales of the TEMPS-A except for the hyperthymia subscale.

The only affective temperament that did not differ between any of the groups was the
hyperthymic temperament. This is consistent with a previous report that did not find any
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differences between patients, relatives, and controls on this subscale (Mendlowicz et al.,
2005) and with another study that found that patients and controls do not differ on this
subscale (Vázquez et al., 2008), nor do patients and relatives (Aguiar Ferreira et al., 2012).
As noted above, however, there are several studies with contrasting results for the
hyperthymia subscale, with some studies reporting that controls score higher than relatives
(Evans et al., 2005) and other studies reporting that patients and relatives are elevated on
hyperthymia compared to controls (Gandotra et al., 2011; Kesebir et al., 2005). Although
these results at first glance may appear to be in conflict, the differences among the studies
appear less significant when considering differences in the methodology used to obtain such
results. The two studies (Gandotra et al., 2011; Kesebir et al., 2005) that report higher levels
of hyperthymia in patients and relatives compared to controls found this to be the case when
assessing this subscale categorically. In the study by Gandotra and colleagues (2011),
participants were classified as being either high (score greater than or equal to 7 on this
subscale) or low (score less than or equal to 6) on hyperthymia. When dichotomized in this
way, patients and relatives did show elevated levels of this temperament compared to
controls. Similarly, in the study by Kesebir and colleagues (2005), differences in
hyperthymia were found only when the dominant affective temperament was determined
using a z-score cut-off and rates of this temperament were compared across the groups.
When the subscale scores were examined as a continuous variable, there were no differences
between the groups. Regarding the apparent discrepancy between studies, such as the
current report, that have reported null results for the hyperthymic subscale and those that
have found elevations in controls, this may be related to the sample size of the study.

Just as the anxious affective temperament demonstrated a gradient among probands,
siblings, and controls, we also found that levels of schizotypy were significantly
intermediate among siblings compared to probands and controls. Previous work has
demonstrated that patients with BPD have higher levels of schizotypy compared to
unaffected relatives (Savitz et al., 2009). To our knowledge, this is the first study to measure
schizoptypy directly in a sample of patients, relatives, and controls. Our finding that siblings
were significantly intermediate on the interpersonal deficits and disorganized subscales of
the SPQ suggests that schizotypy is an endophenotype for BPD. In a previous study
examining schizotypy in patients and relatives (but not controls), patients with BPD with
psychosis demonstrated higher levels of schizotypy compared to BPD patients without
psychosis (Savitz et al., 2009). There is also evidence that relatives of patients with BPD
with psychosis have schizotypy scores that are higher than relatives of BPD patients without
psychosis (Schürhoff et al., 2005). Given the small number of patients without psychosis in
our sample (n = 13), we were unable to detect any statistically significant differences
between the two patient groups on any subscale of the SPQ. Numerically, siblings of
probands with psychosis had higher mean scores on each subscale of the SPQ compared to
siblings of probands without psychosis; however we were unable to detect any statistically
significant differences between the two groups. Further examination in a larger sample is
required to determine whether SPQ scores are higher in siblings of patients with versus
without psychosis.

Correlational analyses suggest that schizotypy and affective temperament are strongly
related within the entire sample, with the exception of the hyperthymia subscale, as has been
shown previously (Morvan et al., 2011). These results suggest that both affective
temperament and tendency toward schizotypy are related aspects of a larger vulnerability to
psychopathology. We also found that current symptoms of depression and mania were
strongly and positively associated with both affective temperament and schizotypy. The only
non-significant correlation regarding mood state was that between symptoms of mania and
the hyperthymic subscale of the TEMPS-A. The lack of correlation between the
hyperthymia subscale and the majority of the subscales of the TEMPS-A and the SPQ, along
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with the null results for differences between the groups on the hyperthymic subscale and a
lack of correlation with manic symptoms, suggest that this affective temperament may not
be as strongly associated with the broader bipolar phenotype as are the other affective
temperaments, or that it may be associated with different aspects of the broader bipolar
spectrum that were not well-represented in the current sample of predominantly BPD I
patients. Several other reports have found that increased hyperthymia may even be a
protective factor for patients with BPD. One study found that patients with higher
hyperthymia and lower dysthymia scores had lower rates of white matter hyperintensities in
the brain and had less risk for suicide than patients with lower hyperthymia and higher
dysthymia scores (Serafini et al., 2011). Several other studies have found that hyperthymia
appears to be protective against hopelessness (Pompili et al., 2008) and suicidality (Pompili
et al., 2012; Rihmer et al., 2009; Vázquez et al., 2010). Rybakowski and colleagues (2013)
recently reported a significant positive correlation between lithium response and
hyperthymia. Further work is needed to determine what other factors are associated with
hyperthymia and how it may function as a protective factor in BPD.

This study has clear strengths, including a sample size as large or larger than that of previous
studies that have examined unaffected relatives, as well as a robust design restricting
unaffected first-degree relatives to siblings past the age of bipolar illness onset in related
probands. Moreover, we used a stringent Bonferroni correction for multiple comparisons,
minimizing the likelihood of false positive findings.

There are several limitations to the current study that should be addressed. We did not have
a sufficient number of patients without psychosis to be able to examine temperament and
psychosis proneness as a function of psychosis history in patients or siblings. Furthermore,
in interpreting our results it must be kept in mind that the vast majority of the patients
included in this study were diagnosed with BPD I (n = 47 out of 55 total patients) and thus
the results cannot necessarily be generalized to the bipolar spectrum. Due to the
conservative nature of our statistical correction, the possibility of Type II error (false
negative findings) cannot be discounted. Without Bonferroni correction, unaffected siblings
demonstrated scores on all subscales of the SPQ and the TEMPS-A, with the exception of
the hyperthymia subscale, that were significantly intermediate between patients and
controls. Thus, our conservative statistical approach may have resulted in false negative
findings regarding the intermediacy of the unaffected siblings.

Nevertheless, the current study replicates and extends previous work demonstrating that
unaffected relatives of patients with BPD demonstrate attenuated levels of affective
temperament compared to patients and elevated levels compared to controls. In addition, we
provide evidence that psychosis proneness is an endophenotype for BPD by demonstrating
that siblings have levels of this trait that are intermediate between patients and controls.
Further work is required to investigate the potential protective effects of the hyperthymic
affective temperament, as well as to understand the relationship between psychosis status,
affective temperament, and psychosis proneness in both patients and relatives.
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Figure 1.
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Figure 2.
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