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Lack of emotional gaze preferences using 
eye‑tracking in remitted bipolar I disorder
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Abstract 

Background:  Bipolar disorder is associated with heightened and persistent positive emotion (Gruber in Curr Dir 
Psychol Sci 20:217–221, 2011; Johnson in Clin Psychol Rev 25:241–262, 2005). Yet little is known about information 
processing biases that may influence these patterns of emotion responding.

Methods:  The current study adopted eye-tracking methodology as a continuous measure of sustained overt atten-
tion to monitor gaze preferences during passive viewing of positive, negative, and neutral standardized photo stimuli 
among remitted bipolar adults and healthy controls. Percentage fixation durations were recorded for predetermined 
areas of interest across the entire image presentation, and exploratory analyses were conducted to examine early 
versus late temporal phases of image processing.

Results:  Results suggest that the bipolar and healthy control groups did not differ in patterns of attention bias.

Conclusions:  Findings provide insight into apparently intact attention processing despite disrupted emotional 
responding in bipolar disorder.
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Background
Bipolar disorder (BD) is a severe and chronic psychi-
atric condition associated with functional impairment 
and disability (Fagiolini et al. 2005; Michalak et al. 2007). 
Recent models of BD stress the importance of difficul-
ties in positive emotion processing (Gruber 2011; Phillips 
and Vieta 2007). An important next step is to character-
ize processes that may underlie and contribute to these 
patterns of emotion disturbance. One promising route 
is to explore attentional biases, which have been shown 
to play an important role in depression (e.g., Gotlib et al. 
2004; Joormann et al. 2007). However, comparably less is 
known about how attentional biases contribute to distur-
bances in positive emotion characteristic of BD.

Emotion disturbance in BD
Recent models suggest that individuals with BD experi-
ence heightened and persistent elevations in positive 
emotionality (e.g., Gruber 2011). This pattern is con-
sistent with psychosocial models of BD that implicate 
heightened reward seeking and goal-striving (e.g., Alloy 
et  al. 2009; Johnson 2005). For example, individuals at 
risk for BD and remitted BD adults self-report greater 
positive affect than healthy controls in response to emo-
tional films (Gruber et  al. 2011a, b), photos (M’Bailara 
et  al. 2009), and at the prospect of earning rewards 
(Meyer et al. 2001). BD individuals and individuals at risk 
for BD also exhibit increased parasympathetic reactiv-
ity in response to emotional stimuli such as films, pho-
tos, and memories (Gruber et al. 2008, 2009; Sutton and 
Johnson 2002). Neuroimaging studies reveal that people 
with BD exhibit increased activity in brain regions typi-
cally associated with reward (e.g., ventral striatum) to 
positive stimuli (e.g., Dutra et al. 2015; Wessa et al. 2007). 
Heightened positive emotionality differentiates BD from 
major depressive disorder (Gruber et  al. 2011a), and 
has important implications for psychosocial treatments 
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aimed at reducing positive emotionality and subsequent 
manic episodes (e.g., Johnson 2005).

Abnormalities in negative emotionality might also be 
expected in BD, given the characteristic frequent and 
recurrent episodes of depression (Judd et al. 2003). How-
ever, the current literature suggests that people diag-
nosed with and at risk for BD may not differ from healthy 
controls in their emotional responses to negative stimuli 
including negative social feedback (e.g., Ruggero and 
Johnson 2006) and interpersonal criticism (Cuellar et al. 
2009). At the same time, individuals with BD do report 
increased tendencies toward behavioral inhibition and 
neuroticism which is associated with increased negative 
affect (e.g., Alloy et  al. 2008; Meyer et  al. 2001; Murray 
et al. 2007).

Coinciding cognitive and emotional processes
Though many studies have evaluated abnormal emotional 
reactivity in a variety of populations, a critical next step 
includes isolating the correspondingly impaired cogni-
tive processes in BD (Gruber 2011). Cognitive processes 
such as attention have long been recognized as contrib-
uting to, and being affected by, emotion (e.g. Schwarz 
2000; Shimojo et  al. 2003), and visual attention in par-
ticular has been shown to impact emotional responding 
(e.g., Cacioppo et al. 2000). One methodology well-suited 
to examine visual attention for emotional events is eye-
tracking technology, which has allowed researchers to 
elucidate different patterns of visual attention to nega-
tive stimuli in mood disorders such as depression and BD 
(Gotlib and Joormann 2010; Gotlib et al. 2004; Mathews 
and MacLeod 2005).

Research suggests that adults diagnosed with depres-
sion take longer to disengage attention away from sad 
faces, which has been predictive of sustained negative 
mood (Kellough et al. 2008; Sanchez et al. 2013). A meta-
analytic review of eye-tracking studies has also found that 
failing to attend to positive events was associated with 
reductions in pleasure in depressed individuals (Arm-
strong and Olatunji 2012). Research on BD has found 
impaired recognition of negative facial expressions, fail-
ure to demonstrate attentional biases towards negative 
stimuli (Elliott et al. 2000; Lembke and Ketter 2002), and 
difficulties maintaining negative emotional information 
(Gruber et al. 2013). These findings suggest that BD may 
be associated with attention away from negative stimuli, 
while depression is associated with attention toward it.

There has been comparatively less work examining 
attentional biases underlying positive emotion. Wadlinger 
and Isaacowitz (2008) found that after experimentally 

training healthy adult participants to selectively attend 
to positive information, they spent significantly less time 
looking at negative stimuli following the attentional train-
ing. Similarly, trait happiness is associated with increased 
attentional bias toward a variety of positive stimuli (Raila 
et  al. 2015), and optimism is associated with gaze pref-
erences away from negative health-related images (e.g., 
cancer tumor images; Isaacowitz 2005). Furthermore, 
older adults, who report higher and more stable levels of 
positive emotional states relative to younger adults (for 
review, see Lohani et al. 2013), display attentional prefer-
ences toward positive and away from negative faces (Isaa-
cowitz et al. 2006b, 2008) and negative images (Noh et al. 
2011).

However, studies on visual attention to emotional 
stimuli in BD have suggested that biases may be mood-
congruent. For example, research has found that mildly 
depressed BD participants demonstrate bias towards 
negative and away from positive words using a modi-
fied dot-probe task compared with controls (Jongen et al. 
2007). Other studies have utilized “free-looking” tasks to 
simultaneously display several images to subjects have 
demonstrated that currently manic BD adults attend 
more to positive images, and currently depressed BD 
adults attend less to positive images, as compared to con-
trols (García-Blanco et  al. 2013, 2014, 2015, 2017; Ley-
man et al. 2009).

These recent studies have suggested that selective 
attention may coincide with positive and negative mood 
states in BD, and that these attentional biases are not pre-
sent during periods of remission. This theory has been 
bolstered by studies that report no group differences 
between those with remitted BD and healthy controls in 
attention bias for positive or negative faces using emo-
tional dot-probe, and free-view, tasks (e.g., Peckham et al. 
2015, 2016). Thus far, a substantial body of literature sug-
gests that attentional processes may not harmoniously fit 
into the model of BD as a disorder of positive emotional-
ity throughout all mood phases of the disorder. However, 
findings thus far have only investigated attentional biases 
to differently-valenced, simultaneously presented affec-
tive stimuli.

The present investigation
The present investigation aimed to explore attentional 
biases toward emotionally relevant stimuli in BD by 
employing continuous eye-tracking during individually 
presented images. By presenting images one at a time, 
the current study constrained participants’ potential 
attentional biases to affectively salient vs. non-salient 
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areas, mimicking visual field processing in a more eco-
logically valid way. Using this methodology, individual 
and age-group differences in attentional biases have 
been found within non-clinical populations (Isaacow-
itz and Choi 2011; Wadlinger and Isaacowitz 2008). For 
instance, compared to younger adults, older adults have 
been found to focus their visual attention away from 
more negative regions and towards non-affective regions 
of an image (Noh et  al. 2011). Using this method, we 
investigated whether individuals with remitted BD would 
deploy attention toward more salient negative or posi-
tive regions, as opposed to the non-emotional regions, of 
images, and whether or not these patterns of gaze fixa-
tion would differ from healthy controls. Considering the 
positive emotion persistence observed in remitted BD, 
two hypotheses were formed (Gruber 2011). The first 
predicted that individuals with BD would demonstrate 
specific attention biases towards positive emotional stim-
uli (i.e. positive amplification). The other non-mutually 
exclusive hypothesis predicted that individuals with BD 
would demonstrate specific attentional biases away from 
negative emotional stimuli (i.e. negative attenuation).’

We also conducted post hoc exploratory analyses to 
investigate early, relative to late, phases of image viewing 
as well as sustained attention across the entire duration 
of image viewing. This approach has shown promise in 
other domains of emotion and attention processing such 
that individuals who report higher trait levels of happi-
ness have shown increased dwell time and fixation counts 
to positive compared to neutral stimuli in later, rather 
than early, stages of visual attention (e.g., Nakayama and 
Mackeben 1989; Raila et al. 2015).

Methods
Participants
Participants were recruited as part of a larger study using 
posted flyers, online advertisements (e.g., http://www.
craig​slist​.org), and outpatient mental health referrals. 
Participant sample size was based on common standards 
in research with severe psychiatric samples at the time of 
recruitment (i.e., between 2012 and 2013) and included 
35 individuals diagnosed with BD type I, currently remit-
ted, and a healthy control (CTL) group comprising 32 
individuals who did not meet current or lifetime criteria 
for any DSM-IV-TR Axis I disorder (First et al. 2007). BD 
participants were currently remitted (i.e., not in a cur-
rent manic depressed, or mixed mood phase in the past 
month) to examine patterns of attention-related biases 
independent of current mood phase. Participants in the 
BD group were not excluded on the basis of comorbid 
Axis I disorders (aside from substance or alcohol abuse/
dependence in the past 6 months) to ensure a more eco-
logically valid sample (e.g. Kessler et al. 2005). Exclusion 

criteria for all participants included head trauma, cog-
nitive impairment, stroke, neurological disease, severe 
medical illness, or current alcohol or substance abuse/
dependence in the past 6  months. All participants had 
normal or corrected vision by glasses or soft contact 
lenses. Additional tasks not relevant to the present study 
were also conducted the same day.1

Measures of clinical functioning, cognitive functioning, 
and visual acuity
Diagnostic evaluation and assessment of global functioning
Diagnoses were determined using the Structured Clini-
cal Interview for DSM-IV (SCID-IV; First et al. 2007). As 
published in Hay et al. (2015), diagnostic ratings between 
the SCID interviewer matched an independent rater for 
a subset of participants from the larger study protocol.2 
The Global Assessment of Functioning (GAF; Luborsky 
1962) Scale was used to assess current general function-
ing on a scale from 1 (lowest level of functioning) to 100 
(highest level of functioning). Additional information 
about illness duration, age of onset, and lifetime number 
of mood episodes was also collected.

Mood symptoms
Clinician-rated symptoms of mania were assessed using 
the Young Mania Rating Scale (YMRS; Young et al. 1978) 

1  One other publication to date has arisen from the same broader pro-
tocol (e.g., Hay et al. 2015). The other tasks administered on the same day 
not yet published included experimental tasks measuring baseline emo-
tion responding, attentional rubbernecking, and emotion and memory. We 
also administered a larger battery of questionnaires at the end of the study 
that included medication history, health information, suicidal history infor-
mation, Care Satisfaction Questionnaire (e.g., Morris et  al. 2005), Altman 
Self-Rating Mania Scale (Altman et al. 1997), BDI-SF (Beck and Beck 1972), 
STAI-state (Spielberger et  al. 1970), SWLS (Diener et  al. 1985), modified 
Differential Emotions Scale (Cohn et al. 2009), ERQ (Gross and John 2003), 
Response Style Questionnaire-Distraction subscale (Nolen-Hoeksema and 
Morrow 1991), Emotion Beliefs Survey (Tamir et al. 2007), Berkeley Expres-
sivity Questionnaire (Gross and John 1997), Difficulty with Emotion Regula-
tion Scale (Gratz and Roemer 2004), and a questionnaire assessing positive 
and negative affect for the Hay et al. (2015) study cited above.
2  We provide additional details for interested readers beyond the typically 
brief description of inter-rater procedures common in mood-disordered 
studies (Gruber and Weinstock 2018). Specifically, we note for this study no 
consensus meetings took place for clinical diagnosis and severity ratings, as 
the rater performed the ratings independently (i.e., did not look at the inter-
viewer’s scores beforehand) and did not correct or modify her scores at any 
point. As is common practice, both the interviewers and rater consulted if 
diagnostic questions arose as needed. As such, the ratings reported above 
from Hay et al. (2015) reflect original (i.e., pre-meeting) values. Of note, this 
is distinct from other previously published studies from the same laboratory 
that do typically hold consensus meetings where major discrepancies (i.e., 
errors) are resolved and final ratings reflected post-meeting ratings (for  a 
non-exaustive list of examples from our research team using this approach 
see: Dutra et al. 2015; Kang and Gruber 2013; Gruber et al. 2016; Ong et al. 
2017). Both approaches with or without consensus meetings from this 
laboratory team frequently yield “almost perfect” (i.e., above 0.90) levels of 
agreement (e.g., McHugh 2012).

http://www.craigslist.org
http://www.craigslist.org
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and current depression symptoms using the Inventory of 
Depressive Symptomatology (IDS-C; Rush et  al. 1996). 
See Hay et  al. (2015) for inter-rater reliability for the 
YMRS and IDS-C. Current remitted mood status was 
verified according to SCID-IV criteria and cutoff scores 
on the YMRS (≤ 7), and IDS-C (≤ 11), which reflected 
symptomatology within the last 7 days.

Working memory and mental status
Participants were administered the letter-number 
sequencing subtest of the Wechsler Adult Intelligence 
Scale-IV (WAIS-IV; Pearson 2008). Raw scores (ranging 
from 0 to 21) were calculated as the total number of trials 
correct, from which WAIS-IV age-normed scaled scores 
were computed. The Mini-Mental State Examination 
(MMSE) was used as a brief, objective measure of cogni-
tive capability (Folstein et al. 1975). Raw scores (ranging 
from 0 to 30) were calculated as the total number of trials 
correct. Threshold eligibility was set at ≥ 24, and all par-
ticipants met or exceeded this score.

Visual acuity
Visual acuity was measured using the Snellen Eye Chart 
Test (Snellen 1862) that tested participants’ ability to dis-
tinguish small details by identifying different optotype 
letters. Participants were positioned 20 feet away from 
the Snellen chart in a well-lit room. Each score was given 
based upon a participant’s ability to accurately read an 
entire line of the smallest distinguishable letters using the 
left eye (i.e. after covering the right eye).

Emotional stimuli
Emotional stimuli included 84 images from the Interna-
tional Affective Picture System classified according to 
valence intensity, and matched on normative arousal rat-
ings across the 28 positive (M = 5.66, SD = 0.83) and 28 
negative (M = 5.00, SD = 0.98) images (Lang et al. 1999). 
Less ideally, the 28 neutral images were less arousing 
on average (M = 3.15, SD = 0.53), but this is typical for 
research utilizing neutral IAPS stimuli (Schneider et  al. 
2016). For the present investigation, the affectively salient 
areas of each image were determined by tracing areas of 
interest (AOIs; e.g. Fig. 1) using a coding procedure simi-
lar to that of previous studies (e.g., Wadlinger and Isaa-
cowitz 2008; Noh et al. 2011).

Emotion‑related gaze task
An Applied Science Laboratories eye tracker, Model 504 
(Bedford, MA) recorded the movements and position of 
participants’ left eye sixty times per second with a cam-
era and a non-invasive beam of infrared light. The visual 
fixations were defined as those series of gazes in which 
an individual stayed within 1° visual angle for 100 ms or 

longer (Manor and Gordon 2003). Visual fixations were 
recorded throughout the presentation of each image on 
a 15 × 12″ Dell desktop computer and calculated using 
GazeTracker software (Eye Response Technologies, Inc., 
Charlottesville, VA). To eliminate possible order effects, 
participants viewed all 84 images in one of three ran-
domly generated orders, and were given the following 
instructions: “Watch each image naturally, as you would 
if at home while watching TV. You can look anywhere on 
the screen, but try not to turn your head away from the 
screen.” Each trial consisted of a single image, displayed 
at a size of 12 × 10.25 in. (5.0 s), followed by a buffer slide 
with a fixation cross (0.5 s) to realign gaze to the center of 
the screen.

Procedure
After obtaining informed consent, trained interview-
ers administered the diagnostic, symptom and cogni-
tive measures. Next, participants’ left eye visual acuity 
was tested. In an individual testing room, participants 
sat approximately 28″ away from a computer monitor. 
The height of the seat was also adjusted so that the par-
ticipants’ gaze would naturally fall in the middle of the 
screen while keeping their heads in a neutral position. 
Participants were oriented to the task both verbally by 
the experimenter and through a short slide presentation. 
The eye-tracker was then calibrated to each participant’s 
left eye, using 17 points displayed in two concentric 
squares on the screen, ensuring that the tracker accu-
rately recorded within 1° visual angle of each point (Isaa-
cowitz et al. 2006a, b). Participants then viewed a series 
of images during the emotion-related gaze task. The 
entire task (instruction, calibration, and experimental 

Fig. 1  Example area of interest (AOI). The area within the red lines 
would be coded as a positively valenced AOI and all surrounding 
content would be coded as outside of the AOI. No boundaries (i.e. 
red lines) identified the AOIs for participants during experimentation



Page 5 of 10Purcell et al. Int J Bipolar Disord  (2018) 6:15 

trials) took approximately 30 min. Additional tasks unre-
lated to the eye-tracking task were also completed during 
this experimental session that same day. At the end, par-
ticipants were debriefed and compensated.

Data analyses plan
The goal of this project was to compare differences in 
visual attention within and outside of emotional AOIs in 
the CTL versus BD group. First, we examined group dif-
ferences in the average percent time participants fixated 
on emotional AOIs across the entire image presentation 
(5.0 s) to understand overall attentional biases for differ-
ent image valences. Second, we examined group differ-
ences in early (0.0–2.5 s) and late (2.51–5.0 s) phases of 
image presentation separately (by examining the aver-
age percent time fixated on emotional AOI in late − early 
phases) to understand group differences in attentional 
focus towards images in the later phase of image viewing 
after accounting for fixation duration in the early phase. 
This analysis was exploratory in nature, and implemented 
post hoc after discovering that visual attention in later 
stages (i.e. 10–15 s compared to 1–10 s) of visual atten-
tion to positive stimuli has been positively associated 
with trait levels of happiness within non-clinical subjects 
(Raila et  al. 2015). Whenever assumptions of sphericity 
were not met, adjusted degrees of freedom are reported 
in the results using Huynh–Feldt estimates of sphericity.

Results
Participant characteristics
Following convention in previous eye-tracking stud-
ies (e.g., Isaacowitz and Choi 2011), participants were 
excluded from the final analysis for incomplete data due 
to track ability issues including problematic pupils, glare 
from eyeglasses (10 BD, 5 CTL participants) and/or other 
technical problems experienced during their sessions (1 
BD, 2 CTL participants). This left a remaining sample of 
24 BD and 25 CTL participants available for final data 
analysis. These participants were successfully tracked for 
at least 65% of each eye-tracking session (e.g., Isaacow-
itz and Choi 2011), for an average of 91.20% successful 
tracking overall. Trackable and nontrackable participants 
within each group did not differ on demographic, cogni-
tive, or visual measures (ps > 0.05), and groups did not 
differ in percentage of trackable data (92.16 and 90.15% 
overall; F(1,47) = 0.92, p = 0.34, η2 = 0.001).

As seen in Table  1, BD and CTL participants did not 
significantly differ with respect to age, gender, ethnic-
ity, or education (ps > 0.05). Not surprisingly, the BD 
group scored lower on global functioning than the CTL 
group. Although all groups scored below YMRS (≤ 7) 
and IDS-C (≤ 11) cutoffs, BD participants scored higher 
than CTL participants on the IDS-C and YMRS, and thus 
symptoms were controlled for in the main analyses. The 
groups did not differ on the baseline cognitive measures 
(p > 0.05). There were no main effects for order (ps > 0.13) 
or gender (ps > 0.12) for all main variables. Finally, BD 

Table 1  Demographic, clinical and  visual acuity 
participant characteristics

BD bipolar I disorder group, Employed employed full-time or part-time; Partnered 
married or live-in-partner, YMRS Young Mania Rating Scale, IDS-C inventory to 
diagnose depression, GAF global assessment of functioning; Age at Onset age of 
first depressive or manic episode; # Comorbid disorders the number of current 
DSM-IV-TR axis I comorbidities. # Medications the number of psychotropic 
medications currently taken (including anticonvulsants, lithium, neuroleptics, 
anxiolytics, stimulants, antidepressants, and sedative-hypnotics). Mean values 
are displayed with standard deviations in parentheses where applicable

* p < 0.05 for BD and CTL

BD
(n = 24)

Control
(n = 25)

Statistic

Demographic

 Age (years) 33.88 (12.82) 32.16 (9.59) F = 0.29

 Female (%) 58.33% 52% χ2 = 0.20

 Caucasian (%) 87.50% 92% χ2 = 2.71

 Education (years) 14.88 (1.94) 15.86 (2.38) F = 2.41

 Employed (%) 58.33% 64% χ2 = 1.66

 Partnered (%) 41.66% 60% χ2 = 1.64

 Number children 0.54 (0.98) 0.32 (0.80) F = 0.76

 Annual income χ2 = 11.78

  < $10K 8 (33%) 3 (12%)

  $10K–$25K 10 (42%) 5 (20%)

  $26K–$50K 2 (8%) 5 (20%)

  $51K–$75K 1 (4%) 6 (24%)

  $76K–$100K 0 3 (12%)

  > $100K 3 (13%) 3 (12%)

Cognitive

 Working memory 11.46 (2.73) 12.16 (3.39) F = 0.63

 MMSE 28.13 (1.92) 28.88 (1.33) F = 2.57

Clinical

 YMRS 1.79 (2.06) 0.48 (0.71) F = 8.99*

 IDS-C 4.25 (2.75) 2.12 (2.49) F = 8.08*

 GAF 70.94 (8.33) 88.56 (4.78) F = 83.121

 Age at onset (years) 16.42 (4.55) – –

 Illness duration (years) 17.46 (13.57) – –

 # Depressive episodes 22.48 (30.27) – –

 # Manic episodes 15.65 (24.33) – –

Visual acuity χ2 = 2.78

 20/13 2 (8.3%) 2 (8%)

 20/15 1 (4.2%) 2 (8%)

 20/20 6 (25%) 9 (36%)

 20/25 6 (25%) 5 (20%)

 20/30 5 (20.8%) 4 (16%)

 20/40 4 (16.7%) 2 (8%)

 20/50 0 (0%) 1 (4%)
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participants were currently remitted for an average of 
27.57 months (SD = 31.99).

Validation of emotional stimuli
To ensure the validity of our emotional stimuli 100 
independent judges (54.0% Female, 49.0% Caucasian, 
mean age = 33.69  years (SD = 9.75), recruited via Ama-
zon Mechanical Turk (Buhrmester et  al. 2011; Gosling 
et  al. 2004), rated both the valence and arousal of each 
individual AOI, and surrounding non-AOI content, 
on 9-point, bipolar scales (e.g. extremely unpleasant to 
extremely pleasant). AOIs within positive images were 
rated as significantly more pleasant (M = 6.34, SD = 0.67) 
and arousing (M = 5.02, SD = 0.91) than the rest of image 
area (valence: M = 5.96, SD = 0.71; arousal: M = 4.63, 
SD = 0.86), t(99) = 8.85, p < 0.001 for valence and 
t(99) = 6.14, p < 0.001 for arousal. Similarly, AOIs within 
negative images (M = 2.59, SD = 0.40) were rated as sig-
nificantly less pleasant (M = 3.02, SD = 0.92) and more 
arousing (M = 5.90, SD = 1.07) than the rest of the image 
areas (valence: M = 3.90, SD = 0.98 arousal: M = 5.27, 
SD = 1.02), t(99) = − 11.47, p < 0.001 for valence and 
t(99) = 8.234, p < 0.001 for arousal.

Main analyses
In order to examine the differences in sustained atten-
tion between the BD and CTL groups we conducted a 2 
(Group: BD, CTL) × 3 (Valence: Positive, Negative, Neu-
tral) repeated-measures ANCOVA for the average per-
cent time participants fixated on emotional AOI across 
the entire image presentation (5.0  s), while controlling 
for depression and manic symptom levels (YMRS and 
IDS-C scores).3 Mauchly’s test indicated that the assump-
tion of sphericity had been violated (p < 0.05); therefore, 
degrees of freedom were corrected using Huynh–Feldt 
estimates of sphericity. Results revealed a main effect of 
Valence, F(1.73, 77.84) = 54.35, p < 0.001, η2 = 0.55, with 
more percent time fixated on Neutral images (M = 70.52, 
SE = 1.14), followed by Positive images (M = 67.85, 
SE = 1.20), and Negative images (M = 55.76, SE = 1.62), 
thus not supporting the positive amplification nor nega-
tive attenuation hypotheses. The Group main effect 
(p = 0.50) and Group x Valence interaction were not 
significant (p = 0.36). Pairwise comparisons for each 
Valence type were conducted to compare the BD versus 
the CTL group but were not significant, (ps > 0.21). No 
significant differences were found in fixation duration 
patterns for the entire image presentation time.

Exploratory analyses
Next, we conducted exploratory analyses to explore 
whether attentional profiles were sensitive to the tempo-
ral dynamics of visual attention by examining the average 
percent time participants fixated at emotional AOI sepa-
rately for the early and late phases of image presentation 
by computing a difference score by subtracting fixation 
% from the late − early phase scores (Table 2). There was 
a marginally significant effect of valence, F(2, 90) = 2.95, 
p = 0.06, η2 = 0.06. No main effect of group (p = 0.79) or 
group × valence interaction effect was found, (p = 0.43). 
None of the between-subjects comparisons were found 
significant, ps > 0.34.4

Discussion
Bipolar disorder (BD) is a chronic psychiatric disorder 
that is associated with heightened and persistent posi-
tive emotion and reward sensitivity, even during periods 
of remission from mood episodes (M’Bailara et al. 2009; 
Gruber 2011; Johnson 2005). Attentional biases toward 
positive emotion stimuli have been shown to be related 
to trait positive emotionality in multiple populations, and 
BD individuals currently experiencing manic symptoms 
have been shown to show attentional biases to positive 
visual stimuli; however, recent literature suggests that 

Table 2  Mean percent fixation in  non-emotional AOI 
regions in the early and late phases of image presentation 
for each picture type

Mean values are displayed with standard error values in parentheses where 
applicable

BD bipolar I disorder group

Phase Image-type Control BD

Early Positive images 0.49 (0.03) 0.44 (0.04)

Late Positive images 0.54 (0.03) 0.50 (0.004)

Early Negative images 0.63 (0.04) 0.58 (0.05)

Late Negative images 0.67 (0.04) 0.69 (0.06)

Early Neutral images 0.45 (0.02) 0.41 (0.03)

Late Neutral images 0.46 (0.03) 0.44 (0.05)

3  The same analyses were performed without controlling for symptomatol-
ogy and results were still null.

4  Although not part of the main results reported in this study, for full trans-
parency we note that we also examined the average percent time partici-
pants fixated at non-emotional AOI. We then computed a difference score 
by subtracting fixation % from the late − early phase scores. No significant 
effects of valence (p = 0.11), group (p = 0.21), or valence × group were sig-
nificant (p = 0.21). A post hoc comparison of CTL versus BD group for neg-
ative images was significant: t(47) = 2.58, p = 0.01, Cohen’s d = 0.75 (large 
effect). Examination of the mean values for the Early and Late phases of 
image presentation appear to suggest that the BD group fixated significantly 
more at non-emotional regions in the Late phase (versus the early phase) of 
viewing negative images compared to the CTL group. Given the small sam-
ple size and large effect size (especially in the absence of other significant 
group differences; ps > 0.64), we believe this finding should be interpreted 
with extreme caution.
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these biases may not present in remitted BD (García-
Blanco et al. 2013, 2014, 2015, 2017). The current study 
sought to clarify the potential attentional biases to emo-
tionally-valenced stimuli in remitted BD patients, as 
compared to healthy controls, using a continuous eye-
tracking methodology (which is novel in this population). 
Overall, we found no significant group differences in fixa-
tion time towards emotionally-valenced stimuli, suggest-
ing an area of relative strength in remitted BD patients.

No support for positive amplification or negative 
attenuation perspectives
We examined whether remitted BD was associated 
with attentional bias towards positive stimuli or away 
from negative stimuli, both of which may facilitate sus-
tained positive mood perhaps even independent of cur-
rent mood state. Somewhat surprisingly, we did not find 
support for either perspective. The absence of support 
for the positive amplification hypothesis is consistent 
with previous findings suggesting that visual biases are 
mood-dependent in BD (Lembke and Ketter 2002), and 
do not differ from non-clinical controls during remission 
(García-Blanco et  al. 2013, 2014, 2015, 2017; Peckham 
et al. 2015, 2016). However, these findings are somewhat 
inconsistent with previous research in which high trait 
hypomania (Putman et  al. 2007) were associated with 
gaze preferences for positive stimuli.

The absence of support for the negative attenua-
tion perspective is also surprising as those with BD 
have exhibited impaired recognition of negative facial 
expressions and failed to demonstrate attentional biases 
towards negative stimuli (Elliott et  al. 2000; Lembke 
and Ketter 2002) and demonstrate difficulties maintain-
ing negative emotional information (Gruber et al. 2013). 
However, this absence of group effects is consistent with 
other recent null group findings in remitted adults with 
BD across experimental dot-probe and free-viewing eye-
tracking tasks (Peckham et al. 2015, 2016).

Implications of findings for positive emotion disturbance 
in BD
These findings are not necessarily inconsistent with posi-
tive emotion persistence in BD, which is quantified by 
emotion responsivity and reactivity. Rather, they sug-
gest that persistent emotional reactivity and respon-
siveness may be unrelated to bottom-up involuntary 
attention biases to positive emotion stimuli. However, 
more research is required to elucidate the relationship 
between emotion, attention, and symptomatology in BD 
(for review, see Lima et al. 2017).

Conclusion
The current study expanded further upon the body of 
emotional visual biases in remitted BD by assessing fixa-
tion time within affective areas (i.e., AOIs) of an image. 
These findings broaden our understanding of emotion 
processing in BD by assessing whether visual attention is 
differentially allocated within a single emotional image, 
rather than between several emotionally valenced images. 
This distinction is important, as visual attentional tasks 
typically present simultaneous, distinct options for gaze, 
which may not mirror ecologically-valid visual scenes 
that include both emotionally salient regions as well as 
less emotionally salient regions. Overall, the results sug-
gest that remitted BD is not characterized by differential 
visual attention biases to affective regions of stimuli com-
pared to non-clinical controls.

Limitations
Findings from the present study should be interpreted 
within the confines of several limitations. First, although 
the images used in the present study are standardized 
and reliable elicitors of emotions, it could be argued that 
the results may not be generalizable to everyday emo-
tional experiences or visual scenes in the lives of BD 
patients. Thus, it will be important for future studies to 
assess attention biases using stimuli that are more eco-
logically valid (e.g., personalized emotional images), and 
perhaps more dynamic in nature (e.g., remembering the 
temporal sequence of an emotional event) and person-
ally salient (e.g., autobiographical memories). Second, the 
use of complex static images may have introduced vari-
ance in emotional gaze responses, which may have driven 
observed attentional patterns towards or away from the 
image (e.g., Raila et al. 2015). Third, we acknowledge that 
our sample sizes were relatively modest despite mirroring 
sample sizes typically reported in experimental psycho-
pathology research among BD patients (e.g., Robinson 
et  al. 2006). Future studies would benefit from larger 
sample sizes. Fourth, the sample consisted largely of Cau-
casian participants and results may not generalize to a 
more diverse sample. Fifth, individuals in the BD group 
were not excluded on the basis of comorbidities to ensure 
a more ecologically valid sample so future research 
should examine how the presence of specific comorbid 
disorders influences emotional attention biases. Finally, 
given the possible confound of psychotropic medica-
tion, future paradigms with random assignment to differ-
ent medication classes are warranted. Specifically, future 
research might include a control group that is matched 
on the same comorbid conditions, as well as assignment 
of BD individuals on different medication classes (e.g., 
antidepressants, mood stabilizers, anxiolytics).
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Future directions
While the current study was not designed to investigate 
emotion regulation, it sheds light on an important cogni-
tive component of emotion regulation; namely attention 
allocation to affective stimuli or situations (Gross 2015). 
Difficulty with selecting and independently implement-
ing appropriate positive emotion regulation strategies is 
characteristic of BD (Gruber et al. 2012; Hay et al. 2015). 
Despite these issues, visual attention to affective stimuli 
has not been associated with self-reported emotion regu-
lation (Peckham et al. 2016). Our results indicate that BD 
is not inherently characterized by a universal attentional 
bias toward or away from affective stimuli; however, a 
more targeted evaluation of whether or not visual atten-
tion biases contribute to, or are impacted by, the imple-
mentation of emotion regulation strategies is necessary. 
If visual attention to affective stimuli is unaltered in indi-
viduals with BD during emotion regulation efforts, other 
components or stages of emotion regulation such as 
appraisal, reactivity, and strategy implementation could 
be targets of treatment and intervention to improve emo-
tion regulation in individuals with BD.

Authors’ contributions
JG, ML, and DI designed and piloted the task. JP, CM, AH, and JG oversaw data 
collection. ML, JG, JP, and CM complied and analyzed the data. AH oversaw 
and conducted the inter-rater reliability analyses. JG oversaw manuscript writ-
ing with substantial contributions and feedback from all authors. All authors 
read and approved the final manuscript.

Author details
1 Department of Psychological and Brain Sciences, Indiana University, 1101 E. 
10th St., Bloomington, IN 47405, USA. 2 Department of Psychology, University 
of Utah, 201 Presidents Circle, Salt Lake City, UT 84112, USA. 3 Department 
of Psychology, University of Pittsburgh, 210 South Bouquet St, #4209, Pitts-
burgh, PA 15260, USA. 4 Department of Psychological and Brain Sciences, 
Boston University, 648 Beacon St., 6th Floor, Boston, MA 02215, USA. 5 Depart-
ment of Psychology, Northeastern University, 360 Huntington Ave., Boston, 
MA 02115, USA. 6 Department of Psychology and Neuroscience, University 
of Colorado Boulder, 345 UCB, Muenzinger D321C, Boulder, CO 80309, USA. 

Acknowledgements
We thank Sohini Bandy, Colin Bosma, Anjali Ambani, Hillary Devlin, Anny Dow, 
Melissa DuBois, Sunny Dutra, Kirsten Gilbert, Franziska Goer, Amanda Purcell, 
Elizabeth Reeves, Razia Sukaina Sahi, and Corinne Sejourne for assistance.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Written consent was obtained from the parent of the child pictured in 
Figure 1.

Ethics approval and consent to participate
Participants were recruited as part of a larger study on emotion and mood 
(Yale University IRB #0912006070 and #1209010791; University of Colorado 
Boulder IRB #14-0597). Participants provided written informed consent.

Funding
This work was supported by a CTSA Grant UL1 RR024139 from the National 
Center for Research Resources (NCRR) and the National Center for Advancing 
Translational Science (NCATS), NIH roadmap for Medical Research (JG), NIMH 
T32MH103213 (JP), and Indiana CTSI Predoctoral Award Grant UL1 TR001108 

(JP). Its contents are solely the responsibility of the authors and do not neces-
sarily represent the official view of NIH.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 8 December 2017   Accepted: 30 April 2018

References
Alloy LB, Abramson LY, Walshaw PD, Cogswell A, Grandin LD, Hughes ME, 

Iacoviello BM, Whitehouse WG, Urosevic S, Nusslock R, Hogan ME. 
Behavioral approach system and behavioral inhibition system sensitivi-
ties and bipolar spectrum disorders: prospective prediction of bipolar 
mood episodes. Bipolar Disord. 2008;10(2):310–22. https​://doi.org/10.111
1/j.1399-5618.2007.00547​.x.

Alloy LB, Abramson LY, Urosevic S, Bender RE, Wagner CA. Longitudinal 
predictors of bipolar spectrum disorders: a behavioral approach system 
perspective. Clin Psychol Sci Pract. 2009;16(2):206–26. https​://doi.org/10.1
111/j.1468-2850.2009.01160​.x.

Altman EG, Hedeker D, Peterson JL, Davis JM. The altman self-rating mania 
scale. Biol Psychiat. 1997;42:948–55. https​://doi.org/10.1016/S0006​
-3223(96)00548​-3.

Armstrong T, Olatunji BO. Eye tracking of attention in the affective disorders: a 
meta-analytic review and synthesis. Clin Psychol Rev. 2012;32(8):704–23. 
https​://doi.org/10.1016/j.cpr.2012.09.004.

Beck AT, Beck RW. Screening depressed patients in a family practice: a rapid 
technique. Postgrad Med. 1972;52:81–5.

Buhrmester M, Kwang T, Gosling SD. Amazon’s mechanical turk: a new source 
of inexpensive, yet high-quality, data? Perspect Psychol Sci. 2011;6(1):3–5. 
https​://doi.org/10.1177/17456​91610​39398​0.

Cacioppo JT, Berntson GG, Larsen JT, Poehlmann KM, Ito TA. The psycho-
physiology of emotion. Handbook Emotions. 2000;2:173–91. https​://doi.
org/10.1017/cbo97​80511​54639​6.025.

Cohn MA, Fredrickson BL, Brown SL, Mikels JA, Conway AM. Happiness 
unpacked: positive emotions increase life satisfaction by building resil-
ience. Emotion. 2009;9(3):361–8. https​://doi.org/10.1037/a0015​952.

Cuellar AK, Johnson SL, Ruggero CJ. Affective reactivity in response to criticism 
in remitted bipolar disorder: a laboratory analog of expressed emotion. J 
Clin Psychol. 2009;65(9):925–41. https​://doi.org/10.1002/jclp.20596​.

Diener E, Emmons RA, Larsen RJ, Griffin S. The satisfaction with life scale. J Pers 
Assess. 1985;49:71–5. https​://doi.org/10.1207/s1532​7752j​pa490​1_13.

Dutra SJ, Cunningham WA, Kober H, Gruber J. Elevated striatal reactivity across 
monetary and social rewards in bipolar I disorder. J Abnorm Psychol. 
2015;124(4):890. https​://doi.org/10.1037/abn00​00092​.supp.

Elliott R, Rubinsztein JS, Sahakian BJ, Dolan RJ. Selective attention to emo-
tional stimuli in a verbal go/no-go task: an fMRI study. NeuroReport. 
2000;11(8):1739–44. https​://doi.org/10.1097/00001​756-20000​6050-00028​.

Fagiolini A, Kupfer DJ, Masalehdan A, Scott JA, Houck PR, Frank E. Functional 
impairment in the remission phase of bipolar disorder. Bipolar Disord. 
2005;7(3):281–5. https​://doi.org/10.1111/j.1399-5618.2005.00207​.x.

First MB, Spitzer RL, Gibbon M, Williams J. Structured clinical interview for DSM-
IV-TR axis I disorders, research version, patient edition (SCID-VP). New 
York: Biometrics Research, New York State Psychiatric Institute; 2007.

Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”: a practical method 
for grading the cognitive state of patients for the clinician. J Psychiatr Res. 
1975;12(3):189–98. https​://doi.org/10.1016/0022-3956(75)90026​-6.

García-Blanco AC, Perea M, Livianos L. Mood-congruent bias and atten-
tion shifts in the different episodes of bipolar disorder. Cogn Emot. 
2013;27(6):1114–21. https​://doi.org/10.1080/02699​931.2013.76428​1.

García-Blanco A, Salmerón L, Perea M, Livianos L. Attentional biases toward 
emotional images in the different episodes of bipolar disorder: an 
eye-tracking study. Psychiatry Res. 2014;215(3):628–33. https​://doi.
org/10.1016/j.psych​res.2013.12.039.

García-Blanco A, Salmerón L, Perea M. Attentional capture by emotional 
scenes across episodes in bipolar disorder: evidence from a free-viewing 

https://doi.org/10.1111/j.1399-5618.2007.00547.x
https://doi.org/10.1111/j.1399-5618.2007.00547.x
https://doi.org/10.1111/j.1468-2850.2009.01160.x
https://doi.org/10.1111/j.1468-2850.2009.01160.x
https://doi.org/10.1016/S0006-3223(96)00548-3
https://doi.org/10.1016/S0006-3223(96)00548-3
https://doi.org/10.1016/j.cpr.2012.09.004
https://doi.org/10.1177/1745691610393980
https://doi.org/10.1017/cbo9780511546396.025
https://doi.org/10.1017/cbo9780511546396.025
https://doi.org/10.1037/a0015952
https://doi.org/10.1002/jclp.20596
https://doi.org/10.1207/s15327752jpa4901_13
https://doi.org/10.1037/abn0000092.supp
https://doi.org/10.1097/00001756-200006050-00028
https://doi.org/10.1111/j.1399-5618.2005.00207.x
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1080/02699931.2013.764281
https://doi.org/10.1016/j.psychres.2013.12.039
https://doi.org/10.1016/j.psychres.2013.12.039


Page 9 of 10Purcell et al. Int J Bipolar Disord  (2018) 6:15 

task. Biol Psychol. 2015;108:36–42. https​://doi.org/10.1016/j.biops​
ycho.2015.03.010.

García-Blanco A, Salmerón L, Perea M. Inhibitory control for emotional 
and neutral scenes in competition: an eye-tracking study in bipolar 
disorder. Biol Psychol. 2017;127:82–8. https​://doi.org/10.1016/j.biops​
ycho.2017.05.006.

Gosling SD, Vazire S, Srivastava S, John OP. Should we trust web-based 
studies? A comparative analysis of six preconceptions about inter-
net questionnaires. Am Psychol. 2004;59(2):93–104. https​://doi.
org/10.1037/0003-066x.59.2.93.

Gotlib IH, Joormann J. Cognition and depression: current status and future 
directions. Ann Rev Clin Psychol. 2010;6:285–312. https​://doi.org/10.1146/
annur​ev.clinp​sy.12120​8.13130​5.

Gotlib IH, Krasnoperova E, Yue DN, Joormann J. Attentional biases for nega-
tive interpersonal stimuli in clinical depression. J Abnorm Psychol. 
2004;113(1):127–35. https​://doi.org/10.1037/0021-843x.113.1.121.

Gratz KL, Roemer L. Multidimensional assessment of emotion regulation and 
dysregulation: development, factor structure, and initial validation of 
the difficulties in emotion regulation scale. J Psychopathol Behav Assess. 
2004;26(1):41–54.

Gross JJ. Emotion regulation: current status and future prospects. Psychol Inq. 
2015;26(1):1–26.

Gross JJ, John OP. Revealing feelings: facets of emotional expressivity in self-
reports, peer ratings, and behavior. J Pers Soc Psychol. 1997;72:435–48.

Gross JJ, John OP. Individual differences in two emotion regulation processes: 
implications for affect, relationships, and well-being. J Pers Soc Psychol. 
2003;85:348–62.

Gruber J. Can feeling too good be bad? Positive emotion persistence (PEP) 
in bipolar disorder. Curr Dir Psychol Sci. 2011;20(4):217–21. https​://doi.
org/10.1177/09637​21411​41463​2.

Gruber J, Weinstock LM. Interrater reliability in bipolar disorder research: a brief 
note on current practices and suggestions for enhancing best practices. 
Int J Bipolar Dis. 2018. https​://doi.org/10.1186/s4034​5-017-0111-7.

Gruber J, Johnson SL, Oveis C, Keltner D. Risk for mania and positive emotional 
responding: too much of a good thing? Emotion. 2008;8(1):23–33. https​
://doi.org/10.1037/1528-3542.8.1.23.

Gruber J, Harvey AG, Johnson SL. Reflective and ruminative processing of posi-
tive emotional memories in bipolar disorder and healthy controls. Behav 
Res Ther. 2009;47(8):697–704. https​://doi.org/10.1016/j.brat.2009.05.005.

Gruber J, Harvey AG, Purcell AL. What goes up can come down? A preliminary 
investigation of emotion reactivity and emotion recovery in bipolar 
disorder. J Affect Disord. 2011a;133(3):457–66. https​://doi.org/10.1016/j.
jad.2011.05.009.

Gruber J, Oveis C, Keltner D, Johnson SL. A discrete emotions approach to 
positive emotion disturbance in depression. Cogn Emot. 2011b;25(1):40–
52. https​://doi.org/10.1080/02699​93100​36159​84.

Gruber J, Harvey AG, Gross JJ. When trying is not enough: emotion regulation 
and the effort–success gap in bipolar disorder. Emotion. 2012;12(5):997–
1003. https​://doi.org/10.1037/a0026​822.

Gruber J, Purcell AL, Perna M, Mikels JA. Letting go of the bad: deficits in main-
taining negative, but not positive, emotion in bipolar disorder. Emotion. 
2013;13(1):168–75. https​://doi.org/10.1037/a0029​381.

Gruber J, Siegel EH, Purcell AL, Earls HA, Cooper G, Feldman Barrett L. Unseen 
positive and negative affective information influences social perception 
in bipolar I disorder and healthy adults. J Affect Disord. 2016;192:191–8. 
https​://doi.org/10.1016/j.jad.2015.12.037.

Hay AC, Sheppes G, Gross JJ, Gruber J. Choosing how to feel: emotion regula-
tion choice in bipolar I disorder. Emotion. 2015;15(2):139–45. https​://doi.
org/10.1037/emo00​00024​.

Isaacowitz DM. The gaze of the optimist. Pers Soc Psychol Bull. 2005;31(3):407–
25. https​://doi.org/10.1177/01461​67204​27159​9.

Isaacowitz DM, Choi Y. The malleability of age-related positive gaze prefer-
ences: training to change gaze and mood. Emotion. 2011;11(1):90–100. 
https​://doi.org/10.1037/a0021​551.

Isaacowitz DM, Wadlinger HA, Goren D, Wilson HR. Is there an age-related 
positivity effect in visual attention? A comparison of two methodologies. 
Emotion. 2006a;6(3):511–6. https​://doi.org/10.1037/1528-3542.6.3.511.

Isaacowitz DM, Wadlinger HA, Goren D, Wilson HR. Selective prefer-
ence in visual fixation away from negative images in old age? An 
eye tracking study. Psychol Aging. 2006b;21(1):40–8. https​://doi.
org/10.1037/0882-7974.21.1.40.

Isaacowitz DM, Toner K, Goren D, Wilson HR. Looking while unhappy: mood 
congruent gaze in young adults, positive gaze in older adults. Psychol Sci. 
2008;19(9):848–53. https​://doi.org/10.1111/j.1467-9280.2008.02167​.x.

Johnson SL. Mania and dysregulation in goal pursuit: a review. Clin Psychol 
Rev. 2005;25(2):241–62. https​://doi.org/10.1016/j.cpr.2004.11.002.

Jongen EM, Smulders FT, Ranson SM, Arts BM, Krabbendam L. Attentional bias 
and general orienting processes in bipolar disorder. J Behav Ther Exp 
Psychiatry. 2007;38(2):168–83. https​://doi.org/10.1016/j.jbtep​.2006.10.007.

Joormann J, Talbot L, Gotlib IH. Biased processing of emotional information in 
girls at risk for depression. J Abnorm Psychol. 2007;116(1):135–43. https​://
doi.org/10.1037/0021-843X.116.1.135.

Judd LL, Akiskal HS, Schettler PJ, Coryell W, Endicott J, Maser JD, Solomon DA, 
Leon AC, Keller MB. A prospective investigation of the natural history of 
the long-term weekly symptomatic status of bipolar II disorder. Arch Gen 
Psychiatry. 2003;60(3):261–9. https​://doi.org/10.1001/archp​syc.60.3.261.

Kang Y, Gruber J. Harnessing happiness? Uncontrollable positive emotion in 
bipolar disorder, major depression, bipolar and healthy adults. Emotion. 
2013;13(2):290–301. https​://doi.org/10.1037/a0030​780.

Kellough JL, Beevers CG, Ellis AJ, Wells TT. Time course of selective attention in 
clinically depressed young adults: an eye tracking study. Behav Res Ther. 
2008;46(11):1238–43. https​://doi.org/10.1016/j.brat.2008.07.004.

Kessler RC, Chiu WT, Demler O, Walters EE. Prevalence, severity, and comor-
bidity of 12-month DSM-IV disorders in the National Comorbidity 
Survey Replication. Arch Gen Psychiatry. 2005;62(6):617–27. https​://doi.
org/10.1001/archg​enpsy​chiat​ry.2011.12.

Lang PJ, Bradley MM, Cuthbert BN. International affective picture system 
(IAPS): affective ratings of pictures and instruction manual. Technical 
Report A-6. Gainesville: University of Florida; 1999.

Lembke A, Ketter TA. Impaired recognition of facial emotion in mania. Am J 
Psychiatry. 2002;159(2):302–4. https​://doi.org/10.1176/appi.ajp.159.2.302.

Leyman L, De Raedt R, Koster EH. Attentional biases for emotional facial stimuli 
in currently depressed patients with bipolar disorder. Int J Clin Health 
Psychol. 2009;9(3):393–410.

Lima IM, Peckham AD, Johnson SL. Cognitive deficits in bipolar disorders: 
implications for emotion. Clin Psychol Rev. 2017;56:126–36. https​://doi.
org/10.1016/j.cpr.2017.11.006.

Lohani M, Larcom MJ, Isaacowitz DM. Happier & older? Age-related effects on 
positive emotion. In: Gruber J, Moskowitz J, editors. The light and dark 
sides of positive emotion. Oxford: Oxford University Press; 2013.

Luborsky L. Clinicians’ judgments of mental health: a proposed scale. Arch 
Gen Psychiatry. 1962;7(6):407–17. https​://doi.org/10.1001/archp​
syc.1962.01720​06001​9002.

M’Bailara K, Demotes-Mainard J, Swendsen J, Mathieu F, Leboyer M, Henry C. 
Emotional hyper-reactivity in normothymic bipolar patients. Bipolar Dis-
ord. 2009;11(1):63–9. https​://doi.org/10.1111/j.1399-5618.2008.00656​.x.

Manor BR, Gordon E. Defining the temporal threshold for ocular fixation in 
free-viewing visuocognitive tasks. J Neurosci Methods. 2003;128(1–2):85–
93. https​://doi.org/10.1016/s0165​-0270(03)00151​-1.

Mathews A, MacLeod C. Cognitive vulnerability to emotional disorders. Ann 
Rev Clin Psychol. 2005;1:167–95. https​://doi.org/10.1146/annur​ev.clinp​
sy.1.10280​3.14391​6.

McHugh ML. Interrater reliability: the kappa statistic. Biochemica Medica. 
2012;22(3):276–82.

Meyer B, Johnson SL, Winters R. Responsiveness to threat and incentive in 
bipolar disorder: relations of the BIS/BAS scales with symptoms. J Psycho-
pathol Behav Assess. 2001;23(3):133–43. https​://doi.org/10.1023/a:10109​
29402​770.

Michalak EE, Yatham LN, Maxwell V, Hale S, Lam RW. The impact of bipolar 
disorder upon work functioning: a qualitative analysis. Bipolar Disord. 
2007;9(1–2):126–43. https​://doi.org/10.1111/j.1399-5618.2007.00436​.x.

Morris CD, Miklowitz DJ, Wisniewski SR, Giese AA, Thomas MR, Allen MH. Care 
satisfaction, hope, and life functioning among adults with bipolar dis-
order: data from the first 1000 participants in the Systematic Treatment 
Enhancement Program. Compr Psychiatry. 2005;46(2):98–104.

Murray G, Goldstone E, Cunningham E. Personality and the predisposition(s) to 
bipolar disorder: heuristic benefits of a two-dimensional model. Bipolar 
Disord. 2007;9(5):453–61. https​://doi.org/10.1111/j.1399-5618.2007.00456​
.x.

Nakayama K, Mackeben M. Sustained and transient components of focal visual 
attention. Vision Res. 1989;29:1631–47. https​://doi.org/10.1016/0042-
6989(89)90144​-2.

https://doi.org/10.1016/j.biopsycho.2015.03.010
https://doi.org/10.1016/j.biopsycho.2015.03.010
https://doi.org/10.1016/j.biopsycho.2017.05.006
https://doi.org/10.1016/j.biopsycho.2017.05.006
https://doi.org/10.1037/0003-066x.59.2.93
https://doi.org/10.1037/0003-066x.59.2.93
https://doi.org/10.1146/annurev.clinpsy.121208.131305
https://doi.org/10.1146/annurev.clinpsy.121208.131305
https://doi.org/10.1037/0021-843x.113.1.121
https://doi.org/10.1177/0963721411414632
https://doi.org/10.1177/0963721411414632
https://doi.org/10.1186/s40345-017-0111-7
https://doi.org/10.1037/1528-3542.8.1.23
https://doi.org/10.1037/1528-3542.8.1.23
https://doi.org/10.1016/j.brat.2009.05.005
https://doi.org/10.1016/j.jad.2011.05.009
https://doi.org/10.1016/j.jad.2011.05.009
https://doi.org/10.1080/02699931003615984
https://doi.org/10.1037/a0026822
https://doi.org/10.1037/a0029381
https://doi.org/10.1016/j.jad.2015.12.037
https://doi.org/10.1037/emo0000024
https://doi.org/10.1037/emo0000024
https://doi.org/10.1177/0146167204271599
https://doi.org/10.1037/a0021551
https://doi.org/10.1037/1528-3542.6.3.511
https://doi.org/10.1037/0882-7974.21.1.40
https://doi.org/10.1037/0882-7974.21.1.40
https://doi.org/10.1111/j.1467-9280.2008.02167.x
https://doi.org/10.1016/j.cpr.2004.11.002
https://doi.org/10.1016/j.jbtep.2006.10.007
https://doi.org/10.1037/0021-843X.116.1.135
https://doi.org/10.1037/0021-843X.116.1.135
https://doi.org/10.1001/archpsyc.60.3.261
https://doi.org/10.1037/a0030780
https://doi.org/10.1016/j.brat.2008.07.004
https://doi.org/10.1001/archgenpsychiatry.2011.12
https://doi.org/10.1001/archgenpsychiatry.2011.12
https://doi.org/10.1176/appi.ajp.159.2.302
https://doi.org/10.1016/j.cpr.2017.11.006
https://doi.org/10.1016/j.cpr.2017.11.006
https://doi.org/10.1001/archpsyc.1962.01720060019002
https://doi.org/10.1001/archpsyc.1962.01720060019002
https://doi.org/10.1111/j.1399-5618.2008.00656.x
https://doi.org/10.1016/s0165-0270(03)00151-1
https://doi.org/10.1146/annurev.clinpsy.1.102803.143916
https://doi.org/10.1146/annurev.clinpsy.1.102803.143916
https://doi.org/10.1023/a:1010929402770
https://doi.org/10.1023/a:1010929402770
https://doi.org/10.1111/j.1399-5618.2007.00436.x
https://doi.org/10.1111/j.1399-5618.2007.00456.x
https://doi.org/10.1111/j.1399-5618.2007.00456.x
https://doi.org/10.1016/0042-6989(89)90144-2
https://doi.org/10.1016/0042-6989(89)90144-2


Page 10 of 10Purcell et al. Int J Bipolar Disord  (2018) 6:15 

Noh SR, Lohani M, Isaacowitz DM. Deliberate real-time mood regulation in 
adulthood: the importance of age, fixation and attentional function-
ing. Cogn Emot. 2011;25(6):998–1013. https​://doi.org/10.1080/02699​
931.2010.54166​8.

Nolen-Hoeksema S, Morrow J. A prospective study of depression and post-
traumatic stress symptoms after a natural disaster: the 1989 Loma 
Prieta earthquake. J Pers Soc Psychol. 1991;61:115–21. https​://doi.
org/10.1037/0022-3514.61.1.115.

Ong DC, Zaki J, Gruber J. Increased cooperative behavior across remitted 
bipolar I disorder and major depression: insights utilizing a behavioral 
economic trust game. J Abnorm Psychol. 2017;126(1):1–7. https​://doi.
org/10.1037/xge00​00252​.

Pearson. WAIS-IV technical and interpretive manual. San Antonio: Pearson; 
2008.

Peckham AD, Johnson SL, Gotlib IH. Attentional bias in euthymic bipolar I dis-
order. Cogn Emot. 2015. https​://doi.org/10.1080/02699​931.2015.10143​13.

Peckham AD, Johnson SL, Tharp JA. Eye tracking of attention to emotion 
in bipolar I disorder: links to emotion regulation and anxiety comor-
bidity. Int J Cogn Ther. 2016;9(4):295–312. https​://doi.org/10.1521/
ijct_2016_09_12.

Phillips ML, Vieta E. Identifying functional neuroimaging markers of bipolar 
disorder: towards DSM-V. Schizophr Bull. 2007;33(4):893–904. https​://doi.
org/10.1093/schbu​l/sbm06​0.

Putman P, Saevarsson S, Van Honk J. Hypomanic trait is associated with 
a hypovigilant automatic attentional response to social cues of 
danger. Bipolar Disord. 2007;9(7):779–83. https​://doi.org/10.111
1/j.1399-5618.2007.00425​.x.

Raila H, Scholl BJ, Gruber J. Seeing the world through rose-colored glasses: 
people who are happy and satisfied with life preferentially attend to 
positive stimuli. Emotion. 2015;15(4):449. https​://doi.org/10.1037/emo00​
00049​.

Robinson LJ, Thompson JM, Gallagher P, Goswami U, Young AH, Ferrier IN, 
Moore PB. A meta-analysis of cognitive deficits in euthymic patients 
with bipolar disorder. J Affect Disord. 2006;93(1):105–15. https​://doi.
org/10.1016/j.jad.2006.02.016.

Ruggero C, Johnson SL. Reactivity to a laboratory stressor among individu-
als with bipolar I disorder in full or partial remission. J Abnorm Psychol. 
2006;115(3):539–44. https​://doi.org/10.1037/0021-843x.115.3.539.

Rush AJ, Gullion CM, Basco MR, Jarrett RB, Trivedi MH. The inventory of depres-
sive symptomatology (IDS): psychometric properties. Psychol Med. 
1996;26:477–86. https​://doi.org/10.1017/s0033​29170​00355​58.

Sanchez A, Vazquez C, Marker C, LeMoult J, Joormann J. Attentional disen-
gagement predicts stress recovery in depression: an eye-tracking study. J 
Abnorm Psychol. 2013;122(2):303–13. https​://doi.org/10.1037/a0031​529.

Schneider IK, Veenstra L, van Harreveld F, Schwarz N, Koole SL. Let’s not be 
indifferent about neutrality: neutral ratings in the International Affec-
tive Picture System (IAPS) mask mixed affective responses. Emotion. 
2016;16(4):426.

Schwarz N. Emotion, cognition, and decision making. Cogn Emot. 
2000;14(4):433–40. https​://doi.org/10.1080/02699​93004​02745​.

Shimojo S, Simion C, Shimojo E, Scheier C. Gaze bias both reflects and influ-
ences preference. Nat Neurosci. 2003;6(12):1317.

Snellen H. Letterproeven tot bepaling der gezichtsscherpte. Utrecht: Van de 
Weyer; 1862.

Spielberger CD, Gorsuch RL, Lushene RE. Manual for the state-trait anxiety 
inventory. Palo Alto: Consulting Psychologists Press; 1970.

Sutton SK, Johnson SL. Hypomanic tendencies predict lower startle magni-
tudes during pleasant pictures. Psychophysiology. 2002;S39:80.

Tamir M, John OP, Srivastava S, Gross JJ. Implicit theories of emotion: affective 
and social outcomes across a major life transition. J Pers Soc Psychol. 
2007;92(4):731–44. https​://doi.org/10.1037/0022-3514.92.4.731.

Wadlinger HA, Isaacowitz DM. Looking happy: the experimental manipulation 
of a positive visual attention bias. Emotion. 2008;8(1):121–6. https​://doi.
org/10.1037/1528-3542.8.1.121.

Wessa M, Houenou J, Paillère-Martinot ML, Berthoz S, Artiges E, Leboyer M, 
Martinot JL. Fronto-striatal overactivation in euthymic bipolar patients 
during an emotional go/nogo task. Am J Psychiatry. 2007;164(4):638–46. 
https​://doi.org/10.1176/appi.ajp.164.4.638.

Young RC, Biggs JT, Ziegler VE, Meyer DA. A rating scale for mania: reliability, 
validity, and sensitivity. Br J Psychiatry. 1978;133:429–35. https​://doi.
org/10.1192/bjp.133.5.429.

https://doi.org/10.1080/02699931.2010.541668
https://doi.org/10.1080/02699931.2010.541668
https://doi.org/10.1037/0022-3514.61.1.115
https://doi.org/10.1037/0022-3514.61.1.115
https://doi.org/10.1037/xge0000252
https://doi.org/10.1037/xge0000252
https://doi.org/10.1080/02699931.2015.1014313
https://doi.org/10.1521/ijct_2016_09_12
https://doi.org/10.1521/ijct_2016_09_12
https://doi.org/10.1093/schbul/sbm060
https://doi.org/10.1093/schbul/sbm060
https://doi.org/10.1111/j.1399-5618.2007.00425.x
https://doi.org/10.1111/j.1399-5618.2007.00425.x
https://doi.org/10.1037/emo0000049
https://doi.org/10.1037/emo0000049
https://doi.org/10.1016/j.jad.2006.02.016
https://doi.org/10.1016/j.jad.2006.02.016
https://doi.org/10.1037/0021-843x.115.3.539
https://doi.org/10.1017/s0033291700035558
https://doi.org/10.1037/a0031529
https://doi.org/10.1080/026999300402745
https://doi.org/10.1037/0022-3514.92.4.731
https://doi.org/10.1037/1528-3542.8.1.121
https://doi.org/10.1037/1528-3542.8.1.121
https://doi.org/10.1176/appi.ajp.164.4.638
https://doi.org/10.1192/bjp.133.5.429
https://doi.org/10.1192/bjp.133.5.429

	Lack of emotional gaze preferences using eye-tracking in remitted bipolar I disorder
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Emotion disturbance in BD
	Coinciding cognitive and emotional processes
	The present investigation

	Methods
	Participants
	Measures of clinical functioning, cognitive functioning, and visual acuity
	Diagnostic evaluation and assessment of global functioning
	Mood symptoms
	Working memory and mental status
	Visual acuity

	Emotional stimuli
	Emotion-related gaze task
	Procedure
	Data analyses plan

	Results
	Participant characteristics
	Validation of emotional stimuli
	Main analyses
	Exploratory analyses

	Discussion
	No support for positive amplification or negative attenuation perspectives
	Implications of findings for positive emotion disturbance in BD

	Conclusion
	Limitations
	Future directions
	Authors’ contributions
	References




