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Abstract Trait theories of vulnerability to bipolar disorder
(BD) are increasingly common in the literature, yet poorly
understood. The aim of the current study was to complement
existing knowledge of trait theories by investigating two bio-
logical rhythm features often associated with BD –
eveningness and seasonality – in a sample assessed as vulner-
able to the disorder. Two hundred and thirteen participants
completed an online survey consisting of the General Behav-
ior Inventory, Seasonal Pattern Assessment Questionnaire,
and Morningness-Eveningness Questionnaire. Hierarchical
regressions controlling for sex and age showed that greater
levels of seasonality and a tendency towards an eveningness
chronotype were weak, but significant predictors of the BD
vulnerability trait. When the traits of vulnerability to depres-
sion and mania were investigated separately, seasonality and
eveningness were significant predictors of the former, but only
seasonality was a significant predictor of the latter. The
Autumn/Winter pattern of seasonality was a weak pre-
dictor of trait vulnerability to mania but not depression.
The current findings advance understanding of the BD
vulnerability trait, and may have consequences for the
behavioural management of those who are considered to
be ‘at risk’ of the disorder.
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As defined in DSM-5 (APA 2013), bipolar disorder (BD) is a
chronic and potentially disabling mental disorder
characterised by recurrent Manic, Hypomanic, and Depres-
sive episodes. Clinical diagnosis of BD requires the presence
of at least one Manic (BDI) or Hypomanic plus Major De-
pressive Episode (BDII). The model upon which diagnosis of
BD is based is categorical, with patients classified according
to whether or not they meet diagnostic criteria.

In contrast to the categorical conceptualisation that domi-
nates classification, the quantitative trait approach to describ-
ing BD discards any notion of category and instead describes
the disorder as the clinical expression of measurable traits that
are distributed throughout the population (Kelsoe 2003;
Frantom et al. 2008). Underpinning this approach is the argu-
ment that sets of genes and gene interactions generate
neurobehavioural traits that predispose to a range of disorder
phenotypes. External factors, such as psychological and envi-
ronmental stressors exacerbate the trait diathesis and create the
necessary conditions for expression of these phenotypes.

Studies have shown that not just BD, but a variety of mood
disorders occur at higher rates in families of BD probands
(Gershon et al. 1982; Camp et al. 2005), supportive of a broad
genetic diathesis to the disorder. BD-related temperaments,
shown to aggregate in the non-ill members of these families
(Savitz et al. 2008; Evans et al. 2005), again suggest that risk
for BD may be subject to variation along a series of vulnera-
bility dimensions. The dimensional perspective is not unique
to BD: Haslam et al. (2012) showed in a comprehensive
review of the clinical literature that taxonic (categorical)
models of psychological disorder were not suitable for
accurate characterisation of many clinical phenomena,
including anxiety, eating, and externalising disorders
(e.g., aggression, psychopathy), as well as the mood
disorders. Haslam et al. concluded that, on the basis
of their review of taxometric research “most psychological
variation is dimensional” (p. 913).
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While there is growing consensus that many psychological
disorders are characteristically dimensional, the specific traits
thought to underpin vulnerability to these disorders are cur-
rently unclear. In the case of BD, a common way to concep-
tualise these traits is via the dopaminergic reward system
model of Depue and Iacono (1989) in which vulnerability to
BD is quantified along two separable but correlated dimen-
sions of mania and depression. Under this model, the differ-
ence between clinical and nonclinical experience of mania and
depression is merely one of arbitrary symptom quantity, and
not the objective quality of symptom manifestation. The cor-
related two dimensional model is supported by evidence from
both genetic (McGuffin et al. 2003) and psychological re-
search (Carver and Johnson 2009; Kelly et al. 2012) in both
clinical and nonclinical samples.

A focus of recent research has been the investigation of
features associated with the poorly understood BD vulnera-
bility trait. One area of investigation that has proven particu-
larly fruitful is the circadian features associated with the trait.
Dysregulation of the circadian system has been shown to be of
etiological significance in vulnerability to BD, being demon-
strated at molecular, physiological, and behavioural levels in
clinical and non-clinical samples (see Murray and Harvey
2010). It has also been shown that social rhythmicity (a
downstream expression of the endogenous circadian pace-
maker) is significantly reduced in non-clinical participants
assessed to be at higher risk of BD compared to a non-
clinical, lower risk group (Bullock et al. 2011). In another
study, higher risk participants demonstrated greater instability
in their 24-hour activity patterns than their lower risk coun-
terparts (Bullock and Murray 2013). Risk for BD was defined
in these studies as the combined level of dimensional vulner-
ability to both mania and depression, and measured using the
General Behavior Inventory (GBI; Depue et al. 1989). Out-
comes from both of these studies are consistent with well-
established findings from previous investigations showing
disruption of downstream circadian processes in BD samples
(e.g., Ashman et al. 1999; Shen et al. 2008; Boland et al.
2012). The current investigation focuses on two further bio-
logical rhythm features commonly associated with BD –
eveningness and seasonality.

Eveningness and Vulnerability to BD

Phase delay of biological rhythm processes is a common trait
manifestation of circadian system dysregulation in people
with BD. Later peaks in the 24-hour rhythms of core body
temperature (e.g., Daimon et al. 1992; Souetre et al. 1988) and
melatonin onset (e.g., Nurnberger et al. 2000; Nathan et al.
1999) have been demonstrated. In addition to these experi-
mental findings, chronobiological treatment of BD depressive
states can involve phase advance of the sleep/wake cycle and

is effective in many cases (Dallaspezia and Benedetti 2011).
Such findings are consistent with a realignment of the sleep/
wake cycle and the endogenous circadian rhythm.

Greater prevalence of the eveningness chronotype amongst
BD samples provides further supportive evidence of phase
delayed circadian processes in this population. The
eveningness chronotype is associated with a preference for
evening, as opposed to morning, activity. Those with a pref-
erence for eveningness tend to go to bed and wake up later,
with performance and awareness levels peaking in the latter
part of the day. Wood et al. (2009) showed that a group of
euthymic outpatients with BD (either I or II) reported greater
eveningness preference than a group of non-clinical controls.
Mansour et al. (2005) reported similar findings in a sample of
euthymic patients with BD-I, as did Ahn et al. (2008) in a
sample of Korean patients with BD-I, supporting the preva-
lence of the later chronotype in clinically stable, euthymic
samples.

Differences in circadian phase and circadian preference
have also been demonstrated in non-clinical samples at puta-
tive risk of BD. Ankers and Jones (2009) showed that partic-
ipants assessed to be at high behavioural risk of BD reported
significantly later bed times than a group of participants
assessed to be at low behavioural risk. Behavioural risk in
this study was defined using scores on the Hypomanic Per-
sonality Scale (HPS; Eckblad and Chapman 1986), a validated
scale which measures the BD vulnerability trait on a single
hypomania-related dimension. Ottoni et al. (2011) also
showed that the cyclothymic temperament (strongly linked
to BD-II; Koukopoulos et al. 2006) was associated with later
sleep and wake times. Closely related to these findings was the
association demonstrated between greater eveningness and
minor psychiatric disorders amongst a sample of University
students (de Medeiros Schneider et al. 2011). Hakkarainen
et al. (2003) showed that healthy twin siblings did not differ in
eveningness scores from their BD-I co-twin, although neither
group reported scores within the eveningness range as defined
by Horne and Ostberg (1976). Overall however, it would
appear that an orientation towards eveningness is associated
with vulnerability to BD, and this is consistent with a possible
phase delay in biological rhythms that has been observed in
people with BD.

Seasonality and Vulnerability to BD

Seasonal changes in mood, behaviour, and social activity are
inextricably linked to dysregulation of the circadian system
via serotonergic pathways (Ciarleglio et al. 2011) and, as such,
are relatively common in people with BD. Shand et al. (2011),
for example, reported that 27 % of patients with BD fulfilled
criteria for Seasonal Affective Disorder (SAD), as measured
with the Seasonal Pattern Assessment Questionnaire (SPAQ;
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Rosenthal et al. 1984), a prevalence rate approximately 3–4
times higher than a comparison sample of patients in primary
care. Similar rates of SAD prevalence amongst BD popula-
tions have been reported elsewhere (Schaffer et al. 2003;
Simonsen et al. 2011; Goikolea et al. 2007), although a recent
prospective study failed to find evidence of a seasonal pattern
in episodes of either mania or depression (Murray et al. 2011).
Investigations of hospital admissions for depression and ma-
nia typically report an increase in depressive presentations in
Autumn/Winter and an increase in manic presentations in
Spring/Summer (Lee et al. 2007). Again, however, this pattern
failed to replicate in the prospective investigation of manic
and depressive symptoms by Murray et al. (2011)

Investigations of SAD, in both its clinical and non-clinical
forms (‘seasonality’), amongst people at risk of BD are scarce.
A study comparing same-sex twins, one of whom had a
confirmed diagnosis of BD-I, showed significantly lower
seasonal fluctuation in mood and sleep in the healthy twin
(Hakkarainen et al. 2003). The healthy twin group in this
study also had significantly lower Global Seasonality Scores
(GSS) on the SPAQ than their twin siblings with BD-I. Mean
GSS for the healthy twin in this study was 5.20, which is
consistent with mean GSS for normative samples in other
studies (e.g., Murray 2003). Another study showed that symp-
toms of depression and anxiety in a large community sample
were positively correlated with GSS scores (Oyane et al.
2008), however hypomanic symptomatology was not
assessed in this study. Parslow, Jorm, Butterworth, Jacomb,
and Rogers (2004) also reported a positive association be-
tween depression, anxiety, and seasonality. In addition, their
seasonal group reported significantly higher levels of Neurot-
icism, a trait often associated with mood disorders in general,
than their non-seasonal group. There were no group differ-
ences however, on Extraversion, BAS-drive, and BAS-reward
responsiveness, traits that are commonly associated more
specifically with BD (see, for example, Johnson et al. 2012).
Evidence of seasonality as an associated factor in trait vulner-
ability to BD is therefore mixed. However, very few studies
have investigated seasonality in samples assessed to have
greater trait vulnerability to BD specifically.

The aim of the current study was to investigate two readily
measured biological rhythm features associated with BD (sea-
sonality and eveningness) in a non-clinical sample quantified
by vulnerability to BD. Consistent with trait vulnerability
models of BD, it was hypothesised that a positive association
between vulnerability to BD and eveningness would be found.
The mixed findings on trait vulnerability to BD and season-
ality preclude a definitive hypothesis regarding their relation-
ship. Nevertheless, the potential for such a relationship on
theoretical grounds means that this relationship was also in-
vestigated. Eveningness and seasonality as predictors of sep-
arate Depression and Mania traits were also investigated.
While BD follows a predominantly depressive course (Judd

et al. 2003), the defining feature of the disorder is mania (e.g.,
Schweitzer et al. 2005), and this actuality formed the basis of
our predictions. Thus, it was predicted that the Mania trait
would be more strongly associated with eveningness and
seasonality than the Depression trait (see also Bullock and
Murray 2013).

Method

Participants

The sample consisted of 213 participants (178 women and 35
men) recruited from the student body of a university in Mel-
bourne, Australia. Participants were aged between 18 and
30 years of age. The restricted age range served two purposes.
First, age is a known moderator of chronotype (e.g., Carrier
et al. 1997). Second, a university student-based sample lends
suitable characterisation of the trait vulnerability construct as
the typical age range of such a sample provides sufficient
examples of subsyndromal BD-related disturbance, as well
as a broad range of mood-related “phenotypic intensities”
(Depue et al. 1989; p. 118). Four participants (all women)
reported being previously diagnosed with BD and were sub-
sequently excluded from further analysis. Excluding partici-
pants with a history of BD sharpens the focus of the research
on those who are potentially at risk of BD, but who have not
had a hypomanic or manic episode. Interpretation of outcomes
is simpler because important relationships cannot be attributed
to sequelae of the disorder.

Materials & Procedures

General Behavior Inventory

The BD vulnerability trait was measured using the General
Behavior Inventory (GBI; Depue et al. 1989), a 73-item self-
report inventory of BD-related experiences that incorporates
elements of intensity, duration, and frequency of symptom-
atology. Total GBI score is the sum of scores on two subscales
measuring Depression- andMania-proneness. The Depression
scale of the GBI consists of 46 items and the Mania
scale consists of 27 items. GBI Total scores range from
0 to 219 with higher scores used to indicate greater trait
vulnerability to BD.

The GBI has proved to be psychometrically sound and has
demonstrated high specificity and adequate sensitivity to iden-
tify both syndromal and subsyndromal affective conditions in
both clinical and non-clinical populations (Depue and Klein
1988; Reichart et al. 2004; Findling et al. 2002). The GBI has
also been used successfully as a screening tool for bipolar
spectrum conditions in the large longitudinal investigation run
through Temple University and University of Wisconsin
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(Alloy et al. 2009). The GBI was shown to have good predic-
tive validity of bipolar spectrum conditions in this large study.

Seasonal Pattern Assessment Questionnaire

Seasonality was measured with the Seasonal Pattern Assess-
ment Questionnaire (SPAQ; Rosenthal et al. 1984). The instru-
ment measures the degree and pattern of seasonal change in
mood and behaviour as well as the subjective level of distress
these changes cause. The Global Seasonality score (GSS) is
calculated as the total of the responses on six change items and
is commonly used to describe the extent of seasonality, with
higher scores indicating greater seasonal variation, or higher
seasonality. Using a 5-point Likert scale from no change (= 0) to
extremely marked change (= 4) an example change item is “the
degree to which sleep length changes with the seasons”. Total
scores range from 0 to 24. The SPAQ also allows respondents to
record the months of the year in which they ‘feel worst’, if any.
In the current study, an Autumn/Winter pattern was indicated if
the respondent reported feeling worst in any of the months from
April to August, while a Spring/Summer pattern was indicated
if any of themonths from September to February was reported.1

The psychometric properties of the SPAQ are sound. Test-retest
reliability was 0.76 and internal consistency was 0.81 in a study
of college students (Young et al. 2003). The SPAQ has also
been shown to adequately discriminate between seasonal and
non-seasonal groups, such as those with and without SAD
(Mersch et al. 2004).

Morningness-Eveningness Questionnaire

Eveningness was assessed using the 19-item Morningness-
Eveningness Questionnaire (MEQ; Horne and Ostberg 1976).
Scores range from 16 to 86, with lower scores indicating
greater eveningness (see Natale and Cicogna 2002). The
MEQ items require participants to indicate their preference
for morning or evening activity in a range of circumstances.
For example: “Assuming adequate environmental conditions,
how easy do you find getting up in the mornings?” A 4-point
Likert scale is used for most items, with a further five items
requiring participants to mark responses along an hourly time
line. Good internal consistency has been reported for theMEQ
(Roberts and Kyllonen 1999; Smith et al. 1989). Validation
with external criteria has also been demonstrated (Smith et al.
1989; Horne and Ostberg 1976). For the purposes of the
current study only, MEQ scores were reverse-coded so that
higher scores indicated an orientation towards an eveningness
chronotype (cf. Hakkarainen et al. 2003)

Participants completed all scales anonymously and online.
Ethical approval for study procedures was gained from the
local university Human Research Ethics Committee.

Participants’ informed consent was implied from submission
of the questionnaire.

Design & Analysis

Hierarchical regressions were used for hypothesis testing. Sex
was entered at Step 1 for all analyses due to the disproportionate
number of women in the sample. There is also some evidence to
suggest that sex may moderate chronotype (e.g., Adan and
Natale 2002) and seasonality (Tonetti et al. 2007) so this vari-
able was statistically controlled by entering it at Step 1. The
MEQ and GSS predictors were entered together at Step 2.

The distribution of scores on the MEQ and GSS scales was
normal. Not unexpectedly, the distributions of scores on the
GBI-Depression and GBI-Mania scales were positively
skewed. Furthermore, the scatterplot of standardised residuals
for both scales revealed significant heteroscedasticity. A
square root transformation of data on both scales normalised
distributions and homoscedasticity. The transformed variable
in each case was used for hypothesis testing.2 All other as-
sumptions were met.

Results

Descriptive Data

Correlations, descriptive statistics, and scale reliabilities are
presented in Table 1. Mean scores for all scales are consistent
with those of previous studies using similar populations
(Murray et al. 2007; de Medeiros Schneider et al. 2011;
Young et al. 2003) and reliability was good to excellent for
all scales. The magnitude and direction of correlations be-
tween the variables were largely as expected based on theory
and previous research (e.g., Shand et al. 2011; Wood et al.
2009).

Hypothesis Testing

For the first analysis, GSS and MEQ scores were used to
predict GBI-Total. Two multivariate outliers were removed
prior to analysis. Sex was entered at Step 1 as a covariate
followed by GSS andMEQ at Step 2. The model at Step 1 was
not significant; R2=0.00, F(1,205)=0.001, p=0.98. With the
addition of GSS andMEQ at Step 2 the model was significant;
R2Δ=0.10, F(2, 203)=11.12, p<0.001. Table 2 shows that
both GSS and MEQ were significant predictors of GBI-Total,
with the former predictor explaining more unique variance
than the latter.

1 These patterns refer to data collected in the southern hemisphere only.

2 The untransformed data was used for the logistic regression analysis
predicting the pattern of seasonality from GBI scores due to the less
restrictive distributional assumptions associated with this test.
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For the second and third analyses, the relationship
between the predictors and GBI score was investigated
separately for the Depression and Mania scales. Sex was
again entered at Step 1 followed by the GSS and MEQ
predictors at Step 2. Two multivariate outliers were
removed from each analysis, respectively. The regres-
sion table for predicting GBI-Depression is presented in
Table 3 and the regression table for predicting GBI-
Mania is presented in Table 4.

For the GBI-Depression analysis the model at Step 1 was
not significant; R2=0.00, F(1,205)=0.22, p=0.64. With the
addition of GSS andMEQ at Step 2 the model was significant;
R2Δ=0.09, F(2, 203)=9.50, p<0.001. Both GSS and MEQ
were significant predictors of GBI-Depression, with the for-
mer predictor explaining more unique variance than the latter.

For the GBI-Mania analysis the model at Step 1 was
not significant; R2=0.01, F(1,205)=1.07, p=0.30. With
the addition of GSS and MEQ at Step 2 the model was
significant; R2Δ=0.10, F(2, 203)=11.41, p<0.001. GSS,
but not MEQ, was a significant predictor of GBI-Mania,
explaining 8.8 % unique variance.

Separating the prediction of GBI into the Depression and
Mania subscales showed that GSS was a stronger predictor of
GBI-Mania than GBI-Depression. The relationship between
GSS and GBI-Mania was positive, indicating that greater
levels of seasonality were associated with higher GBI-Mania
scores. Alternatively, MEQ was a stronger predictor of GBI-
Depression than GBI-Mania, with the positive relationship
indicating that greater eveningness was associated with higher
GBI-Depression scores.3

A follow-up analysis investigated the predictors of the
Autumn/Winter seasonality type. A hierarchical logistic re-
gression with Autumn/Winter type the outcome variable and
GBI-Depression and GBI-Hypomania the predictors was con-
ducted. Again, sex was a covariate, and again, two multivar-
iate outliers were removed from the analysis. Table 5 presents
the outcome of the logistic regression.

Table 5 shows that Sex and GBI-Mania, but not GBI-
Depression, were significant predictors of an Autumn/Winter
pattern of seasonality in this sample. The odds ratio for the Sex
predictor variable at Step 2 indicates that women were 3.56
times more likely to report an Autumn/Winter pattern than
men. The odds ratio for the GBI-Mania variable at Step 2
indicates that for higher GBI-Mania scores there was a slightly
greater likelihood of an Autumn/Winter pattern of seasonality.

The majority of participants (70.5 %) reported that changes
in mood and behaviour with the seasons were not a problem
for them. For those that did report it as a problem, the modal
level of severity was at the lowest end of the scale (‘Mild’=

Table 3 Predicting GBI-depression from GSS and MEQ: hierarchical
regression

Variable B SE B β sr2

Step 1

Sex −0.20 0.44 −0.03 0.00

Step 2

Sex −0.05 0.44 −0.01 0.00

GSS 0.12 0.03 0.24* 0.05

MEQ 0.05 0.02 0.18* 0.03

MEQ Morningness Eveningness Questionnaire, GSS Global Seasonality
Score

N=207

*p<0.01

3 Recall that MEQ scores were reverse-scored so that orientation towards
an eveningness chronotype was reflected in higher MEQ scores.

Table 1 Correlations, descriptive data, and Cronbach’s Alpha for the
GBI, MEQ, and GSS

1 2 3 4 5
GBI-Depression GBI-Mania GBI-Total MEQ GSS

1 – 0.79** 0.98** 0.18* 0.21*

2 – 0.90** 0.14 0.26*

3 – 0.18* 0.24*

4 – 0.04

5 –

M 31.31 17.45 48.76 49.58 9.29

SD 25.34 12.37 35.88 8.59 4.87

range 0–111 0–70 0–156 27–71 0–23

Reliability 0.97 0.94 0.98 0.77 0.84

GBI General Behavior Inventory,MEQMorningness Eveningness Ques-
tionnaire, GSS Global Seasonality Score

N=209

**p<0.001

*p<0.01

Table 2 Predicting GBI-total from GSS and MEQ: hierarchical
regression

Variable B SE B β sr2

Step 1

Sex 0.01 0.50 0.00 0.00

Step 2

Sex 0.25 0.50 0.04 0.00

GSS 0.15 0.04 0.27** 0.07

MEQ 0.05 0.02 0.17* 0.03

MEQ Morningness Eveningness Questionnaire, GSS Global Seasonality
Score

N=207

**p<0.001

*p<0.05

J Psychopathol Behav Assess (2014) 36:443–451 447



43.2 %), followed by ‘Moderate’ (28.4 %), and ‘Marked’
(23.0 %). Only 5.4 % of the sample rated the changes as
‘Severe’ or ‘Disabling’.

Discussion

This study investigated two commonly recognised biological
rhythm features associated with BD in a group of participants
assessed for trait vulnerability to the disorder. It was
hypothesised that there would be a positive association be-
tween vulnerability to BD and the eveningness chronotype,
and that vulnerability to mania specifically would be more
strongly related to this chronotype than vulnerability to de-
pression. The relationship between trait vulnerability to BD
and seasonality of mood and behaviour was also investigated,
although specific hypotheses were not formulated due to
mixed findings in previous research.

The positive relationship between MEQ scores and GBI-
Total scores supported the first component of the first hypoth-
esis. Greater trait vulnerability to BD was associated with an
orientation towards the eveningness chronotype, albeit at a
small effect size. The second component of the first

hypothesis was not supported. Indeed the opposite was found,
with MEQ scores explaining more unique variance in GBI-
Depression than in GBI-Mania. Again, effect sizes were
small.

The findings regarding the relationship between trait vul-
nerability to BD and an eveningness chronotype are consistent
with previous findings reported by Wood et al. (2009),
Mansour et al. (2005), and Ahn et al. (2008) in their clinical
BD samples. All studies showed that vulnerability to BD was
associated with an eveningness chronotype. In the current
study, the effect size of this relationship was small compared
to the medium effect size of relationships reported in the
clinical samples, particularly Wood et al. and Mansour et al.
The smaller effect size in the current study may be attributable
to the non-clinical nature of the sample. Illness progression in
those diagnosed with BD may amplify circadian-related ef-
fects due to repeated allostatic states and subsequent kindling
processes (see Kapczinski et al. 2008). Such effects are not
apparent in non-clinical samples.

Finding a stronger relationship between depression and
eveningness than between mania and eveningness was unex-
pected. Stronger circadian-related effects are reported in ma-
nia than depression (Bullock and Murray 2013) and a sub-
stantial body of literature supports a significant role for
circadian-related effects in BD versus Major Depressive Dis-
order (e.g., Lamont et al. 2007). A possible explanation for
this unexpected finding is that clinical states of mania are
relatively uncommon compared to clinical states of depres-
sion, and this difference in symptomatic status likely extends
to subsyndromal expressions of these states (Judd et al. 2003)
and possibly to the traits of mania and depression as investi-
gated in the current study. There may be limited power there-
fore to adequately characterise the relationship between the
dimensional trait of mania and the eveningness chronotype.

Investigation of the relationship between seasonality and
trait vulnerability to BD revealed that seasonality was a sig-
nificant, positive, and weak-to-moderate predictor of trait
vulnerability to BD. The current findings appear to be consis-
tent therefore with those of Shand et al. (2011), Simonsen

Table 5 Predicting autumn/winter seasonality type from GBI-depression and GBI-mania: hierarchical logistic regression

Variables B SE B Wald Chi-square df p Odds Ratio

Step 1

Sex 1.09 0.38 8.17 1 <0.01 2.97

Step 2

Sex 1.27 0.41 9.70 1 <0.01 3.56

GBI-Depression −0.00 0.01 0.05 1 0.82 1.00

GBI-Mania −0.05 0.02 4.89 1 <0.05 0.95

Constant 0.14 0.26 0.27 1 0.61 1.15

The Sex predictor variable was coded as 0 for female and 1 for male. Higher scores on the GBI-Depression and GBI-Mania scales indicate greater
presence of the trait. Autumn/Winter pattern of seasonality was the reference category

Table 4 Predicting GBI-mania from GSS and MEQ: hierarchical
regression

Variable B SE B β sr2

Step 1

Sex 0.31 0.30 0.07 0.01

Step 2

Sex 0.52 0.30 0.12 0.01

GSS 0.10 0.02 0.30* 0.09

MEQ 0.02 0.01 0.12 0.01

MEQ Morningness Eveningness Questionnaire, GSS Global Seasonality
Score

N=207

*p<0.001
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et al. (2011), Goikolea et al. (2007), and Schaffer et al. (2003),
in finding that greater vulnerability to BD is associated with
greater seasonal fluctuation in mood and behaviour, but not
consistent with the prospective investigation of Murray et al.
(2011). The results are partially consistent with Oyane et al.
(2008) and Parslow et al. (2004) in finding that seasonality is
associated with vulnerability to mood disorders in general.
The Autumn/Winter pattern of seasonality was associated
with trait vulnerability to mania, consistent with Lee et al.
(2007), but not with trait vulnerability to depression.

The most important predictor of the Autumn/Winter pattern
of seasonality in the current study was participants’ sex. Female
participants were 3.5 times more likely to report this pattern
than men. This finding is consistent with previous research in
this area showing that women are more likely to report an
Autumn/Winter pattern of depression than men (e.g., Suhail
and Cochrane 1998). It is possible however, that this relation-
ship in the current study is an artefact of the sample, with
substantially more women participating in the study than men.

Over two-thirds of participants felt that seasonal changes in
mood and behaviour were ‘not a problem for them’. In con-
trast, 46 % of the BD sample of Simonsen et al. (2011)
reported that the changes were at least a moderate problem
for them. In the current study, those that did report that these
changes were a problem, only 5.4 % reported that they were
‘severe’ or ‘disabling’, and this figure is lower than that
reported for the BD sample of Simonsen et al. (9.6 %).
Whether these differences in the perceived level of the prob-
lem and the severity of seasonal changes between BD samples
and vulnerability trait samples are part of the progression of
the BD illness requires further investigation using objective
measures of seasonal changes in behaviour. It could however,
also suggest that the interpretation of these changes is modi-
fiable, and that cognitive-behavioural techniques may help
people with BD cope with seasonal changes in mood and
behaviour if they are causing problems. Harvey et al. (2005)
raised a similar possibility in their investigation of subjective
and objective sleep measurements in people with BD.

The study had a number of limitations. Seasonality and
eveningness were measured using self-report instruments.
Independent measurement of these constructs could be facil-
itated through actigraphy or other behavioural pattern moni-
tors (e.g., Prociow and Crowe 2010; Bardram et al. 2012) and
this would represent a more objective investigation of the
seasonality and eveningness constructs. The ease with which
these technologies can be applied may also encourage longi-
tudinal investigation of the relevant constructs, which would
also represent a methodological advance on the current inves-
tigation. A better distribution of demographic features is also
recommended for future studies of this kind. In particular, a
more even balance of males and females is suggested. Finally,
structured clinical interviews of non-clinical participants
would provide a more rigourous test of the absence of BD

diagnosis (both current and historical) than the self-report
method used in the current study.

The aim of the current study was to advance understanding of
trait vulnerability to BD by focusing on two commonly observed
circadian-related features of the disorder. Relationships emerged
largely in the predicted direction in this non-clinical sample,
although small effect sizes were a limiting feature. Nevertheless,
the current findings add incrementally to the emerging picture of
the trait vulnerability concept, specifically as it relates to BD, and
may have consequences for the behavioural management of
those who are ‘at risk’ of mania and depression.
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