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Background: How is emotion disrupted in bipolar disorder? Two studies are presented that
adopt a multi-method approach to investigate emotion reactivity and emotion recovery in
bipolar I disorder.

Methods: Across both studies, individuals with inter-episode bipolar disorder and healthy
controls were shown three emotion-eliciting films (neutral, happy, and sad) and experiential
and physiological responses were measured. In Study 1, bipolar (BD; n=23) and non-clinical
control (NC; n=24) participants' emotional reactivity during film clips was assessed. In Study
2, a separate sample of BD (n=23) and NC (n=25) participants' emotion recovery was
assessed after the film clips were assessed.

Results: Results indicated that the BD group exhibited increased self-reported positive emotion
and respiratory sinus arrhythmia across all films compared to the NC group. There were no
group differences in emotion recovery.

Discussion: Taken together, these results suggest that bipolar disorder is associated with
increased positive emotion reactivity, but not emotion recovery, across contexts.

© 2011 Elsevier B.V. All rights reserved.
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1. Introduction

Extreme perturbations in emotion are an understudied
feature of bipolar disorder (e.g., Johnson et al., 2007; Kring and
Werner, 2004). Indeed, the core diagnostic criterion for bipolar
disorder involves disrupted affective functioning, including
periodsof abnormally andpersistently elevatedmood(American
Psychiatric Association, 2002). Only recently have affective
scientists begun to understand more precisely the emotion
disturbances that occur in bipolar disorder.

1.1. Bipolar disorder and emotion reactivity

Emotion reactivity refers to the magnitude of change in
emotion from an emotional baseline state in response to

emotion-eliciting stimuli (Gross et al., 1998). Individuals with
bipolar disorder exhibit greater positive emotional reactivity
compared to healthy controls, independent of current symptom
levels (Johnson, 2005; Johnson et al., 2007). For example, inter-
episode bipolar individuals report greater positive affect in
response to photos (M'Bailara et al., 2009) and at the prospect of
earning rewards in their daily lives compared to controls (Meyer
et al., 2001). Two studies report that individuals at high risk for
bipolar disorder reported greater positive emotion across a
variety of contexts, including responses to positive, negative, and
neutral film clips (Gruber et al., 2008), and in response to false
success feedback (Meyer and Baur, 2009). Several studies
employing experience-sampling methodologies report that that
individuals identified as at high risk for bipolar disorder
(Hofmann and Meyer, 2006) and those classified into a bipolar
spectrum disorder group (Lovejoy and Steuerwald, 1995) report
higher levels of positive compared to healthy controls.

With respect to physiological responses, one startle eye-
blink study demonstrated that non-diagnosed individuals at
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risk for bipolar disorder exhibited greater startle attenuation
while viewing photos of peaceful landscapes and pleasant
imagery (Sutton and Johnson, 2002; though seeM'Bailara et al.,
2009). Another study demonstrated elevated levels of cardiac
vagal tone tofilm clips– including happy andpride elicitors– in
high compared to low bipolar risk groups (Gruber et al., 2008).
Heightened vagal tone reactivity has been associated with
positive emotion (Porges, 1991), suggesting an elevation in
autonomic indices of positive emotion. Neuroimaging studies
further suggest that bipolar patients exhibit increased activity
in brain regions that have been associated with the experience
of positive affect and reward in bipolar disorder, including the
putamen and orbitofrontal cortex (Elliott et al., 2004; Lawrence
et al., 2004; Phillips andVieta, 2007). These studies suggest that
both risk for, and a diagnosis of, bipolar disorder are associated
with greater positive emotion reactivity.

Research investigating negative emotion reactivity suggests
bipolar patients do systematically not differ from controls.
Specifically, inter-episodeandat riskbipolarparticipants donot
appear to differ from healthy controls in their experiential,
behavioral, cognitive, or psychophysiological responses to
failure feedback (Ruggero and Johnson, 2006; Stern and
Berrenberg, 1979), interpersonal criticism (Cuellar et al.,
2009), negative photos (Sutton and Johnson, 2002), and
challenging math tests (Depue et al., 1985). Studies of neural
response to negative emotional stimuli in bipolar disorder
provide mixed evidence (Yurgelun-Todd et al., 2000).

1.2. Bipolar disorder and emotion recovery

Emotion recovery is defined as the extent to which an
individual exhibits a decline in emotional responding
following an emotion-relevant (e.g., Davidson, 1998). We
refer to emotion recovery as the magnitude of change in
emotional responding from when an emotional stimulus is
presented to the subsequent period in which the stimulus
has been removed and is no longer explicitly present (also
referred to as spontaneous emotion regulation; Gross and
Thompson, 2007; Volokhov and Demaree, 2010).

Bipolar disorder has been conceptualized as involving
difficulties in emotion recovery (Johnson et al., 2007). There
is surprisingly little data that tests this assumption. Indirect
data provides evidence consistent with the perspective that
people with bipolar disorder exhibit trouble recovering from
emotional stimuli. First, using a startle eyeblink paradigm,
bipolar participants continue to exhibit heightened startle
eyeblink magnitude during a 3 to 5 s period following positive
and negative photos (Forbes et al., 2005). Second, Goplerud
and Depue (1985) found that cyclothymic participants
exhibited a more sustained change in mood, behavior, and
cognitions following a stressful event. Third, bipolar partici-
pants demonstrate a tendency to dwell on positive feelings
and thoughts following a positive life event compared to
unipolar depressed and control participants (Johnson et al.,
2008b). Finally, a study by Farmer et al. (2006) demonstrated
that inter-episode bipolar patients reported sustained eleva-
tions in self-reported happiness relative to controls after a
positive mood induction. This suggests individuals with bi-
polar disorder could experience trouble returning to a baseline
state.

1.3. Overview of the present research

The aim of the present research was to investigate
differences in emotion reactivity and emotion recovery
between individuals with bipolar disorder and healthy
controls using a multi-method approach across two studies.
The first study examined differences in emotion reactivity by
having participants watch three films (neutral, happy, sad)
while their experiential and physiological responses were
measured. The second study examined emotion recovery in
a separate sample of bipolar and control participants.
Participants watched the same set of three films with an
additional 120 at the end of each film to assess emotion
recovery.

2. Method — Study 1

2.1. Participants

Participants were 23 individuals with bipolar I disorder
(BD: 6 men; 17 women), currently inter-episode (i.e., neither
manic nor depressed), and 24 non-clinical controls (NC: 12
men; 12 women) between 18 and 63 years. Exclusion criteria
included history of severe head trauma, stroke, neurological
disease, autoimmune disorder and arrhythmias.

The average age at onset of BD participants was 20.37 years
(±11.30), and the average illness duration was 18.76 years
(±13.46). The lifetime average of manic/hypomanic episodes
for BD participants was 8.00 (±8.29) and for major depressive
episodes was 10.03 (±10.19). Psychotropic medications
included lithium (n=3), anticonvulsants (n=10), antidepres-
sants (n=19), neuroleptics (n=9), anxiolytics (n=7), stim-
ulants (n=1), and sedatives/hypnotics (n=2). BDparticipants
had an average of 0.57 (±0.90) current Axis I comorbidities,
including agoraphobia (n=1), social phobia (n=3), specific
phobia (n=4), obsessive–compulsive disorder (n=2), gener-
alized anxiety disorder (n=2), and anorexia (n=1).

The NC group did not meet criteria for any current or
lifetime Axis I disorder using the SCID-IV and scored below
cut-offs on the YMRS and IDS-C.

2.2. Measures of clinical functioning

2.2.1. Diagnostic evaluation
Diagnoses were confirmed using the Structured Clinical

Interview for DSM-IV (SCID-IV; Spitzer et al., 1990). Fifteen
randomly selected audiotapes of SCID interviews were rated
by a set of independent reviewers and matched 100%
(κ=1.00) of diagnoses made by the interviewer.

2.2.2. Mania and depression severity
The Young Mania Rating Scale (YMRS; Young et al., 1978)

is an 11-item, clinician-rated measure of manic symptoms
with scores ranging from 0 to 60. The Inventory of Depressive
Symptomatology (IDS-C; Rush et al., 1996) is a 30-item
clinician-rated measure of depressive symptoms with scores
ranging from 0 to 84. Scores on the YMRS (≤7) and IDS-C
(≤11) were used to confirm current inter-episode status (i.e.,
neither currently manic nor depressed) for both groups.
Intra-class correlations (Shrout and Fleiss, 1979) between the
interviewer and an independent rater for a random subset
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(n=13) were strong for the IDS-C (=0.98) and YMRS
(=0.99).

2.3. Emotion-eliciting stimuli

Two happy, two sad, and two neutral validated film clips
were used (Rottenberg et al., 2007). Happy films included
Sarah Hughes winning the Olympic medal (150 s) and Andy
Roddick winning the US Open (181 s). Sad films included a
young boy watching his father die (170 s) and a mother
crying over the death of her family (231 s). Neutral films
depicted a man and a woman doing household tasks (94 s)
and two men sitting quietly in a room (131 s). The neutral
film came first and the order of happy and sad film was
counterbalanced. The specific film for a given valence was
also counterbalanced.

2.4. Measurement of three channels of emotional response

A multi-method approach was employed to measure
emotion at experiential and physiological levels. These data
were assessed across a baseline period (60 s) preceding each
film and a film period. Change scores were used to calculate
emotional reactivity by subtracting the baseline period from
the film period (Rogosa and Willett, 1983).

2.4.1. Self-reported positive and negative affect
Self-reported positive (PA) and negative (NA) affect were

assessed using the 10-item short form of the Positive and
Negative Affect Schedule (PANAS; MacKinnon et al., 1999).
Both PA (average α=0.89) and NA (average α=0.72)
demonstrated good internal consistency in the present study.

2.4.2. Self-reported arousal level
Self-reported arousal level was assessed using the affect

grid (Russell et al., 1989). The affect grid contains a self-
reported rating of arousal level from −4 (extremely low
arousal) to 4 (extremely high arousal) with 0 in the middle
(neutral).

2.4.3. Physiology
Physiological data were recorded continuously at 1 kHz

using a Biopacmulti-channel device (MP150-BIOPAC Systems
Inc., Goleta, CA) and analyzed with AcqKnowledge v3.9.1
software. A transistor-transistor Logic (TTL) digital signal
automatically enabled the synchronization of physiological
data with the onset of the different baseline and film periods.
Averages for each baseline and film clip period were
computed for HR, RSA, and SCR rate. Artifacts and recording
errors were corrected offline and values±3.0 standard
deviations were winsorized (b1.6% of all data; Howell,
2007). Three measures were selected to broadly sample
peripheral autonomic activity implicated in emotional
responding:

2.4.4. Heart rate (HR)
HR is influenced by both sympathetic and parasympa-

thetic branches and was assessed as a general index of
cardiovascular activity. ECG recordings were obtained with
two pre-jelled Ag–AgCl snap disposable vinyl electrodes
placed in a modified Lead II configuration. The ECG signal

was converted to R-wave intervals (interbeat intervals [IBIs])
to the nearest millisecond, and IBI values were converted to
beats per minute.

2.4.5. Respiratory sinus arrhythmia (RSA)
RSA was employed as a noninvasive index of cardiac vagal

tone, or parasympathetic nervous activity (for reviews, see
Berntson et al., 1997; Grossman and Taylor, 2007). RSA was
calculated offline following a well-validated peak-valley
method (Grossman et al., 1990). The maximum heart rate
(“peak”) expressed inmilliseconds (IBI) during the expiration
window of the respiration cycle was subtracted from the
minimumheart rate (“valley”) during the inspirationwindow
of the respiration cycle. The RSA index was calculated in
milliseconds (ms), with higher values reflecting greater
cardiac vagal tone.

2.4.6. Skin conductance response (SCR) rate
SCR rate was assessed as a measure of sympathetic

nervous system activity (Dawson et al., 2000). A constant
voltage of 0.5 V between two 10 mm Ag–AgCl electrodes on
the palmar surface was passed between the distal phalanges
of the first and third fingers of the non-dominant hand. An
isotonic (0.5% NaCl) electrode paste was used as a conduc-
tant. SCRs were identified as increases in skin conductance
level exceeding 0.05 μ Siemens (Fowles et al., 1981).

2.5. Procedure

Participants first completed written informed consent
procedures. Next, the SCID, YMRS, and IDS-C were adminis-
tered. Participants were seated in front of a 17 in. computer
monitor and physiological sensors were attached. Question-
naires, films, and additional experimental instructions were
presented using computerized software (MediaLab v2006,
MediaLab, Inc., Atlanta, GA). Before each film, the following
instructions were presented on the monitor: “Please relax
and watch the screen for the next minute.” After the 60 s
baseline period, participants completed the PANAS. Next,
they received the following instructions: “We will now be
showing you a short film clip. It is important that you watch
the film clip carefully.” These instructions were followed by
the neutral, happy, or sad film. At the end of each film,
participants again completed the PANAS. At the end,
physiological sensors were disconnected and participants
were debriefed.

3. Results — Study 1

3.1. Demographic and clinical characteristics

As evident in Table 1, BD and NC participants did not
significantly differ with respect to age, gender, ethnicity,
education level, employment status, partnership status, and
living status (psN0.05). Although both groups scored below
YMRS (≤7) and IDS-C (≤11) cutoffs (psbrespectively), BD
participants scored higher than NC participants on the YMRS
and IDS-C (psb0.01). Hence, current symptoms were included
as covariates in subsequent analyses.
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3.2. Preliminary analyses

First, we examined whether our primary emotion reac-
tivity change scores were normally distributed using the
Kolmogorov–Smirnov test. Three emotion reactivity variables
did not meet this criterion (i.e., NA, SCR, RSA; ZsN1.20,
pb0.05) and natural log transformations were performed to
normalize these variables for the main analyses (non-
transformed values are presented for ease of interpretation).
Second, we examined whether gender or film order impacted
emotional responding and no significant main effects or
interactions emerged (psN.05).

3.3. Overview of main analyses

Given the loose coupling among distinct channels of
emotional response (e.g., Mauss et al., 2005), separate 2
(Group)×3(Film) repeated-measures analyses of variance
(ANCOVAs) controlling for current symptoms of mania
(YMRS) and depression (IDS-C) were conducted for each
emotion reactivity variable (PA, NA, Arousal, RSA, HR, and SCR
rate) with Group (BD, NC) as the between-subjects factor and
Film (neutral, happy, sad) as the within-subjects factor. A
Greenhouse–Geisser correction was used when assumptions
for sphericity were not met and adjusted F and p (two-tailed)
values are reported. Effect sizes are reported as partial eta
squared (ηp

2).

3.4. Differences across channels of emotional responding

All findings are based upon emotion reactivity change
scores (see Table 2).

3.4.1. Positive affect (PA)
For self-reported PA, there was a significantmain effect for

Film, F (2, 78)=20.17, pb0.001, ηp
2=0.34. For the Film main

effect, pairwise comparisons indicated that all participants
reported greater increases in PA to the happy (M=1.04,
SE=0.12) than in the sad (M=−0.23, SE=0.10) and neutral

(M=−0.11, SE=0.11) films (psb0.001). Sad and neutral
films did not differ in PA (pN0.40). There was also a
significant Group main effect, Group, F (1, 39)=4.69,
pb0.05, ηp

2=0.11. For the Group main effect, the BD group
reported greater increases in PA across all films (M=0.39,
SE=0.10) compared to the NC group (M=0.08, SE=0.09).
The Film×Group interactionwas not significant, F (2, 78)=1.88,
p=0.16, ηp2=0.05.

3.4.2. Negative affect (NA)
ForNA, therewas no significantmain effect for Film, F (1.51,

58.97)=2.28, p=0.11, ηp
2=0.06; Group, F (1, 39)=0.02,

p=0.90, ηp
2=0.00; or for the Group×Film interaction, F (1.51,

58.97)=0.42, p=0.66, ηp
2=0.01.

3.4.3. Self-reported arousal
For arousal, there was a significant main effect for Film,

F (2, 78)=13.42, pb0.001, ηp
2=0.26. For the Filmmain effect,

pairwise comparisons indicated that participants reported a
greater increase in self-reported arousal during the happy
(M=1.92, SE=0.24) compared to sad (M=0.83, SE=0.28)
and neutral (M=−0.39, SE=0.22) films (psb0.01). The sad
film was associated with greater arousal than the neutral film
(pb0.01). There was no significant main effect for Group,
F (1, 39)=1.07, p=0.31, ηp

2=0.03; or for the Group×Film
interaction, F (2, 78)=2.17, p=0.12, ηp

2=0.05.

3.4.4. Heart rate (HR)
For HR, there was no significant main effect for Film,

F (2, 72)=0.79, p=0.46, ηp
2=0.02; Group, F (1, 36)=1.23,

p=0.28, ηp
2=0.03; or for the Group×Film interaction,

F (2, 72)=0.26, p=0.77, ηp
2=0.01.

3.4.5. Respiratory sinus arrhythmia (RSA)
For RSA, there was a significant main effect for Group,

F (1, 35)=4.23, pb0.05, ηp
2=0.11. For the Group main effect,

pairwise comparisons indicated that BD participants exhibited
smaller decreases in RSA levels across all films (M=−2.02,
SE=17.61) compared to NC participants (M=−54.70,

Table 1
Demographic and clinical characteristics of bipolar (BD) and non-clinical control (NC) participants across Study 1 and Study 2.

Study 1
Emotion reactivity

Study 2
Emotion recovery

BD
(n=23)

NC
(n=24)

Statistic BD
(n=23)

NC
(n=25)

Statistic

Demographic
Age 39.13 (2.61) 35.46 (2.56) F=1.51 32.30 (2.13) 35.76 (2.05) F=1.37
Female (%) 77.8% 52.0% χ2=3.81 78.3% 72.0% χ2=0.25
Caucasian (%) 77.8% 56.0% χ2=2.80 43.5% 28.0% χ2=1.26
Education (years) 15.30 (0.42) 14.54 (0.41) F=2.17 15.30 (0.49) 15.76 (0.47) F=0.51
Employed (%) 74.1% 84.0% χ2=0.77 65.2% 80.0% χ2=1.33
Partnered (%) 33.3% 26.1% χ2=0.31 26.1% 24.0% χ2=0.03
Living alone (%) 22.2% 28.0% χ2=0.23 22.7% 25.0% χ2=0.03

Clinical
YMRS 3.29 (0.45) 1.25 (0.42) F=8.61 a 2.29 (0.38) 0.76 (0.35) F=8.67 b

IDS-C 7.68 (0.79) 3.56 (0.76) F=19.64 a 7.35 (0.67) 2.96 (0.64) F=22.37 b

Note: BD = Bipolar participants; NC = Non-clinical control participants; YMRS = Young Mania Rating Scale; IDS-C = Inventory to Diagnose Depression; Mean
values (adjusted for covariates) are displayed with standard errors in parentheses where applicable.

a pb0.05 for BP and NC in Study 1.
b pb0.05 for BP and NC in Study 2.
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SE=15.06). It is important to note that mean RSA levels across
all films prior to computing change scores were higher for BD
(M=160.84, SE=34.30) compared to NC (M=134.61,
SE=29.34) participants. In other words, BD participants
exhibited greater increases in RSA from an already higher RSA
levels1. There was no significant main effect for Film, F (2, 70)=
1.74, p=0.18, ηp2=0.05; or for the Group×Film interaction,
F (2, 70)=0.34, p=0.71, ηp2=0.01.

3.4.6. Skin conductance response (SCR) rate
For SCR rate, there was no significant main effect for Film,

F (2, 74)=0.02, p=0.98, ηp
2=0.00; Group, F (1, 37)=0.31,

p=0.58, ηp
2=0.01; or for the Group×Film interaction,

F (2, 74)=1.31, p=0.28, ηp
2=0.03.

4. Discussion — Study 1

This study adopted a multi-method approach to investi-
gate whether BD and NC participants differed in emotion
reactivity. BD participants were characterized by increases in
self-reported positive emotion and RSA – a putative physio-
logical marker of positive emotion – across all films. These
results also dovetail with the perspective that BD is associated
with elevated positive emotion reactivity (for review, see
Johnson et al., 2007) and that BD is associated with

Table 2
Meanchange (and standarderror) of self-reported emotion andphysiological respondingof participants byFilmcondition, diagnostic Groupacross Study 1 and Study 2.

Study 1
Emotion reactivity

Study 2
Emotion recovery

BD NC BD NC

Neutral film
PA −0.14 (0.18)

[CI: −0.50, 0.22]
0.08 (0.16)
[CI: −0.41, 0.25]

−0.24 (0.11)
[CI: −0.45, −0.02]

−0.06 (0.10)
[CI: −0.25, 0.14]

NA −0.10 (0.06)
[CI: −0.23, 0.03]

−0.03 (0.06)
[CI: −0.15, 0.08]

0.04 (0.10)
[CI: −0.16, 0.24]

−0.14 (0.09)
[CI: −0.32, 0.04]

Arousal −0.62 (0.36)
[CI: −1.34, 0.10]

−0.16 (0.33)
[CI: −0.82, 0.51]

0.27 (0.86)
[CI: −1.49, 2.03]

0.18 (0.81)
[CI: −1.47, 1.83]

RSA −11.97 (28.46)
[CI: −69.74, 45.80]

−39.49 (34.34)
[CI: −88.91, 9.93]

18.70 (14.79)
[CI: −11.26, 48.67]

15.44 (13.58)
[CI: −12.08, 42.95]

HR −0.01 (0.77)
[CI: −1.56, 1.58]

−0.62 (0.65)
[CI: −1.92, 0.69]

−0.99 (0.76)
[CI: −2.53, 0.55]

0.25 (0.68)
[CI: −1.12, 1.62]

SCR 0.08 (0.29)
[CI: −0.51, 0.66]

−0.42 (0.26)
[CI: −0.95, 0.12]

−0.05 (0.07)
[CI: −0.20, 0.10]

−0.08 (0.07)
[CI: −0.22, 0.06]

Happy film
PA 1.39 (0.20)

[CI: 0.99, 1.79]
0.70 (0.18)
[CI: 0.33, 1.06]

−0.36 (0.18)
[CI: −0.73, 0.00]

−0.67 (0.17)
[CI: −1.00, −0.33]

NA −0.08 (0.08)
[CI: −0.26, 0.06]

−0.02 (0.07)
[CI: −0.17, 0.13]

−0.12 (0.07)
[CI: −0.27, 0.01]

−0.03 (0.06)
[CI: −0.16, 0.10]

Arousal 2.48 (0.39)
[CI: 1.70, 3.26]

1.37 (0.36)
[CI: 0.65, 2.08]

−0.64 (0.69)
[CI: −2.05, 0.76]

−0.22 (0.65)
[CI: −1.53, 1.10]

RSA 29.45 (17.83)
[CI: −6.74, 65.65]

−41.79 (15.25)
[CI: −72.76, −10.83]

−18.62 (27.32)
[CI: −73.98, 36.73]

0.30 (25.08)
[CI: −50.52, 51.13]

HR −0.98 (0.87)
[CI: −2.74, 0.79]

−2.64 (0.73)
[CI: −4.11, −1.16]

−1.46 (0.99)
[CI: −3.47, 0.56]

−1.38 (0.88)
[CI: −3.18, 0.41]

SCR −0.24 (0.28)
[CI: −0.81, 0.34]

0.11 (0.26)
[CI: −0.41, 0.64]

−0.11 (0.05)
[CI: −0.22, 0.00]

−0.19 (0.05)
[CI: −0.29, −0.09]

Sad film
PA −0.07 (0.17)

[CI: −0.41, 0.28]
−0.39 (0.16)
[CI: −0.70, −0.07]

−0.07 (0.10)
[CI: −0.28, 0.13]

−0.17 (0.09)
[CI: −0.36, 0.02]

NA 0.57 (0.16)
[CI: 0.24, 0.90]

0.45 (0.15)
[CI: 0.15, 0.75]

−0.51 (0.18)
[CI: −0.86, −0.15]

−0.64 (0.16)
[CI: −0.97, −0.31]

Arousal 1.11 (0.45)
[CI: 0.20, 2.03]

0.55 (0.42)
[CI: −0.29, 1.39]

2.06 (0.87)
[CI: 0.28, 3.84]

1.26 (0.82)
[CI: −0.40, 2.93]

RSA −23.55 (29.69)
[CI: −83.82, 36.73]

−82.81 (25.40)
[CI: −134.37, −31.25]

60.21 (22.05)
[CI: 15.53, 104.89]

63.26 (20.25)
[CI: 22.24, 104.28]

HR −1.11 (1.10)
[CI: −3.34, 1.12]

−2.17 (0.92)
[CI: −4.03, −0.30]

−0.75 (0.76)
[CI: −2.29, 0.80]

−0.64 (0.68)
[CI: −2.01, 0.74]

SCR −0.11 (0.25)
[CI: −0.62, 0.40]

−0.39 (0.23)
[CI: −0.86, 0.07]

1.13 (0.36)
[CI: 0.39, 1.86]

0.64 (0.33)
[CI: −0.03, 1.32]

Note: BD = Bipolar participants; NC = Non-clinical control participants; PA = Positive affect; NA = Negative affect; HR = Heart rate; SCR = Skin conductance
response rate/min; RSA = Respiratory sinus arrhythmia. Self-reported PA and NA rated on a 1 (very slightly or not at all) to 7 (extremely) scale. CI=95%
confidence interval with lower bound value followed by upper bound value. Mean values (adjusted for covariates) are displayed with standard errors in
parentheses where applicable.

1 To ensure group differences in RSA reactivity that were independent of a
more general cardiovascular response (e.g., heart rate), we re-ran these
analyses with IBI entered as a covariate. This did not substantially change
the results, consistent with the notion that RSA findings were independent
of a more general cardiovascular response.

461J. Gruber et al. / Journal of Affective Disorders 133 (2011) 457–466



Author's personal copy

heightened reward sensitivity (Meyer et al., 2001). These
findings support an extension of this view such that BD also
involves increased positive emotion in non-rewarding con-
texts as well (e.g., Gruber in press). Although findings from
Study 1 helped illuminate differences in the amplitude and
context of positive emotion reactivity, it left unanswered
whether bipolar disorder is associated with differences in
emotion recovery. Few studies to date have examined the
temporal dynamics (i.e., “affective chronometry;” Davidson,
1998) of emotional responding. Hence, Study 2 examined
whether bipolar disorder was characterized by differences
recovering from an emotional provocation compared to
controls.

5. Study 2

5.1. Method — Study 2

In Study 2, participants watched the same three films as in
Study 1. At the end of each film, there was a 120 s post-film
period consistent with other studies on emotion recovery
(Fredrickson and Levenson, 1998).

5.1.1. Participants
An independent sample of BD and NC participants was

recruited for Study 2. Participants were 23 inter-episode BD I
(5 men; 18 women) and 25 NC (7 men; 18 women)
participants between 18 and 60 years of age. As in Study 1,
DSM-IV-TR diagnoses were confirmed using the SCID-IV.

For the BD group, the average age at onset was 13.22 years
(±6.91), average illness duration was 15.50 years (±10.86),
and a lifetime average of 9.35 (±12.72) manic/hypomanic
episodes and of 10.94 (±11.38) major depressive episodes
was reported. The average number of comorbidities was 0.68
(±0.78) including agoraphobia (n=2), social phobia (n=1),
specific phobia (n=5), obsessive–compulsive disorder
(n=1), post-traumatic stress disorder (n=1), generalized
anxiety disorder (n=3), pain disorder (n=1), and hypo-
chondriasis (n=1). All but 6 BD participants (74%) were
receiving psychotropic medication, including lithium (n=4),
anticonvulsants (n=9); antidepressants (n=11), neurolep-
tics (n=8); stimulants (n=1), and sedatives/hypnotics
(n=2)2.

5.1.2. Clinical assessment instruments
The diagnostic evaluation and measures of symptom

severity were identical to Study 1.

5.1.3. Emotion-eliciting stimuli
The set of films and counterbalancing procedures from

were identical to Study 1.

5.1.4. Emotion response measurement
The same multi-method approach described in Study 1

was used.

5.1.5. Emotion rating dial
Study 2 had the addition of a continuous emotion rating

dial developed by Medialab© and comparable to validated
rating dials (Ruef and Levenson, 2007). Participants used a
small plastic dial which could be easily moved on a linear
scale from “−50” (very negative) to “50” (positive), with “0”
in the middle (neutral). Participants were instructed to move
the lever as needed to reflect their current emotion
experience. The rating dial communicated with the computer
over a standard serial port and provided second by second
numerical values. Recent work suggests that utilization of a
rating dial does not interfere with emotion experience
(Mauss et al., 2005).

5.1.5.1. Emotion recovery motivation. Participants completed a
single self-report item assessing the extent to which they
were motivated to emotionally recover during the post-film
period (“I was motivated to down-regulate my feelings”) on a
1 (strongly disagree) to 7 (strongly agree) scale.

5.1.5.2. Emotion recovery calculation. Two approaches to
assessing emotion recovery were examined. First, the change
score approach assessed emotion recovery between two static
time points (i.e., pre-film baseline and the post-film period).
Change scores were computed by subtracting pre-film
baseline period scores from post-film period scores. Data
reduction for physiological data was based on the pre-film
baseline and post-film periods3. Second, the continuous
measurement approach assessed emotion recovery by exam-
ining differences in the temporal dynamics of emotion based
on continuous measures of self-reported affect using the
rating dial (described above) and second-by-second changes
in physiological response (i.e., HR and RSA as SCR did not
provide second-by-second data). Following procedures out-
lined by Fredrickson and Levenson (1998), these measure-
ments were used to create an individualized, time-based
index of emotion recovery. A baseline confidence interval for
each participant was defined as the participant's own 60-
second pre-filmmean, plus andminus one standard deviation
from that mean. Emotion recovery was evidenced when a
participant returned to her own pre-film confidence interval
during the 120-second post-film period and remained within
this confidence interval for a minimum of five or six
consecutive seconds. A participant was classified as either
returning to her pre-film confidence interval (did recover) or
not (did not recover).

5.1.6. Procedure
A similar procedure was adopted in Study 2 as in Study 2.

However, immediately following each film was the post-film
recovery period in which participants were instructed to,
“Remain seated for the next two minutes.” Following the end
of the post-film period, the PANAS was administered
separately in reference to the film and the post-film periods.
Although the retrospective nature of reporting one's feelings

2 Analyses were re-run excluding BD participants who were not currently
receiving medication (n=6) and similar results with respect to group status
emerged.

3 We calculated an alternative change score for emotion recovery by
calculating a post-film minus film period score, which enables examination
of changes in emotion response during the film compared with that in the
immediate post-film period. Parallel findings emerged (i.e., no group
differences in emotion recovery).
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during the film later on may contain memory bias, we opted
not to disrupt the emotion generative process between the
film and post-film periods.

6. Results — Study 2

6.1. Demographic and clinical characteristics

As seen in Table 1, BD and NC participants did not differ
with respect to gender, age, ethnicity, partnered status, living
status, employment status, and years of education (psN0.20).
BD participants scored higher on the YMRS and IDS-C
compared to NC participants (psb0.01). As in Study 1, current
symptoms were used as covariates.

6.2. Preliminary analyses

First, we examined whether our emotion recovery change
scores were normally distributed using the Kolmogorov–
Smirnov test. Three variables did not meet this criterion (i.e.,
PA, NA, Arousal, SCR; ZsN1.30, psb0.05) and natural log
transformations were performed. Second, no main effects or
interactions emerged for gender or film order (psN .05). Third,
we felt it important to ensure the films once again elicited the
appropriate target emotion as in Study 1. Seven 2(Group)×3
(Film) repeated-measures ANCOVAs, controlling for current
clinical symptoms, revealed a similar pattern of findings for
Film clip main effects described in Study 1.

6.3. Emotion recovery: Change snore approach

All findings for Study 2 are based upon emotion recovery
change scores, defined earlier as the post-film period minus
the pre-film period. Table 2 (and the text below) displays
mean values and standard deviations.3

6.3.1. PA
For PA, there was no significant main effect for Film,

F (1.72, 67.37)=0.30, p=0.74, ηp
2=0.01; Group, F (1, 37)=

0.31, p=0.58, ηp
2=0.01; or for the Group×Film interaction,

F (1.72, 67.37)=1.66, p=0.20, ηp
2=0.04.

6.3.2. NA
ForNA, therewas no significantmain effect for Film, F (1.62,

63.06)=0.44, p=0.65, ηp
2=0.01; Group, F (1, 39)=0.34,

p=0.57, ηp
2=0.01; or for the Group X Film interaction, F (1.62,

63.06)=0.79, p=0.46, ηp
2=0.02.

6.3.3. Self-reported arousal
For arousal, there was no significant main effect for Film,

F (2, 64)=0.82, p=0.44, ηp
2=0.03; Group, F (1, 32)=0.05,

p=0.82, ηp
2=0.00; or for the Group×Film interaction,

F (2, 64)=0.25, p=0.78, ηp
2=0.01.

6.3.4. RSA
For RSA, therewas no significantmain effect for Film, F (1.34,

49.61)=2.66, p=0.08, ηp
2=0.07; Group, F (1, 37)=0.11,

p=0.75, ηp2=0.00; or for the Group×Film interaction, F (1.34,
49.61)=0.13, p=0.88, ηp2=0.00.

6.3.5. HR
For HR, therewas no significantmain effect for Film, F (1.44,

53.13)=1.77, p=0.18, ηp
2=0.05; Group, F (1, 37)=0.21,

p=0.65, ηp
2=0.01; or for the Group×Film interaction, F (1.44,

53.13)=0.88, p=0.39, ηp
2=0.02.

6.3.6. SCR rate
For SCR rate, there was a main effect for Film, F (1.04,

38.32)=4.40, pb0.05, ηp
2=0.11. Pairwise comparisons

revealed a higher SCR rate following the sad (M=0.88,
SE=0.23) compared to happy (M=−0.15, SE=0.03) and
neutral (M=−0.07, SE=0.05) post-film periods (psb0.001).
The happy post-film period was associated with a lower SCR
rate than the neutral post-film period (pN0.05). There was no
significant main effect for Group, F (1, 37)=1.48, p=0.23,
ηp2=0.04; or for the Group×Film interaction, F (1.04, 38.32)=
0.55, p=0.58, ηp2=0.01.

6.4. Emotion recovery: Continuous measurement approach

For continuous emotion experience, results indicated that
the proportion of BD and NC participants who met criteria for
emotion recovery did not for the neutral (48% and 55%
respectively, χ2=0.22), happy (33% and 35% respectively,
χ2=0.01), or sad (29% and 40% respectively, χ2=0.60)
films. The remaining sample size of those participants who
did recover was not large enough to examine subgroup
differences in time to recover.

6.5. Emotion recovery: Motivation

For self-reported motivation to recover, there was no main
effect for Film, F (2, 78)=2.34, ns, ηp2=0.06; Group, F (1, 39)=
3.08, ns, ηp2=0.07; or a Film×Group interaction, F (2, 78)=0.48,
ns, ηp2=0.01 (psN0.05).

7. Discussion — Study 2

Study 2 investigated whether BD and NC participants
differed in emotion recovery. No group differences for emotion
recovery emerged across experiential or physiological chan-
nels. This pattern of findings did not change even when more
fine-grained temporal dynamics of emotion recovery were
calculated.

8. General discussion

The overall aim of this research was to examine emotion
reactivity (in Study 1) and emotion recovery (in Study 2) in
inter-episode bipolar disorder compared to a healthy non-
clinical control group. Results from Study 1 supported a new
notion that bipolar disorder is associated with persistently
heightened positive emotional responses across contexts in
both experiential and physiological channels. Study 2 found
no supportive evidence for the thesis that bipolar disorder is
characterized by trouble recovering from emotions. Overall,
the present work suggests that bipolar disorder is associated
with amplified positive emotional responses pervasive across
varying stimuli and contexts, but that they do not exhibit
trouble recovering from these intense feelings when the
emotional stimuli are no longer present.
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8.1. Emotion reactivity: Supporting evidence for positive emotion
persistence

BD participants were found to report higher PA and
RSA levels across all films relative to the NC group. For PA,
this result is consistent with the perspective that bipolar
disorder is associated with elevated positive emotion
across contexts (Gruber, in press; Gruber et al., 2008).
Prior research had focused on responses positive or
rewarding stimuli in isolation (e.g., Alloy et al., 2009;
Meyer et al., 2001). Data from the present study suggests
that amplified positive feelings may extend across negative
and non-emotional contexts as well. The fact that elevated
levels of RSA across all films were also greater provides
convergent cross-channel evidence in support of this
perspective as RSA (i.e., vagal tone) has been theorized
to be a physiological marker of positive emotion experi-
ence in both healthy (Oveis et al., 2009) and bipolar
disorder (Cohen et al., 2003; Gruber et al., 2008) popula-
tions. Importantly, BD participants did not exhibit greater
overall physiological (HR, SCR rate) or self-reported
arousal across groups, suggesting it was not an amplified
state of arousal across films.

BD and NC participants did not differ in negative
emotion reactivity. This extends recent work suggesting
that negative emotional reactivity is not present during
asymptomatic phases of bipolar disorder (e.g., Johnson et
al., 2007). Rather, it appears that negative emotion
covaries with depressive symptoms, and is not a trait-
like marker of bipolar disorder (Ernst et al., 2004; Johnson
et al., 2007). Future research employing within-subject
designs across depressed, manic, and mixed mood phases
however, is warranted.

In sum, BD participants were associatedwith an expansive
and persistent pattern of pleasant emotional responses across
differing contexts relative to NC participants. This account of
positive emotional disruption in bipolar disorder has been
termed “positive emotion persistence” (PEP; Gruber in press),
suggesting that a core emotional feature may be an
inappropriate positive emotion that persists in even unwar-
ranted contexts.

8.2. Emotion recovery: No group differences

Findings from Study 2 indicated that BD and NC
participants did not differ in emotional recovery. These
findings are inconsistent with conceptions of bipolar disorder
involving difficulties in both positive and negative emotion
recovery (e.g., Green et al., 2007; Johnson et al., 2007). There
are several possible accounts. First, the present study
examined emotion recovery using both change score and
temporal dynamic approaches. Prior studies have focused on
examining regulatory strategies, such as rumination, that
may lead to trouble recovering rather than directly assessing
emotion recovery per se (Feldman et al., 2008; Johnson et al.,
2008a, 2008b). Second, work demonstrating sustained emo-
tional responding in bipolar disorder has included a very brief
time window (i.e., 3–5 s; Forbes et al., 2005) whereas we
examined emotional recovery over a longer period in the
present study (i.e., 120 s).

8.3. Limitations and future directions

Our findings should be interpreted within the confines of
several limitations. First, the sample sizes were relatively
modest. Specifically, assuming a medium effect size of 0.40
we were powered to primarily detect large main effects and
interactions. Thus, there may not have been sufficient
statistical power to reject the null hypotheses and so it will
be important to replicate these findings in a larger sample.
Second, only three emotional states (neutral, happy, and sad)
were assessed. Other emotions implicated in bipolar disorder,
such as irritability and positive emotions related to reward
striving and achievement (Gruber et al., 2009) should be
included in future studies. Third, the precise role of RSA
activity (or lack thereof) is tentative, given debate surround-
ing its putative affective function (Beauchaine, 2001; Butler et
al., 2002). Fourth, interpretations about potential elevations
in positive emotion reactivity and a lack thereof in negative
reactivity should be interpreted with caution as there are
concerns when controlling for current symptoms (Miller and
Chapman, 2001). Future studies be conducted comparing BD
participants who scored high and low on symptom measures
to examine the relative influence of symptoms on positive
emotional responding. Fourth, commonly prescribed medi-
cations have been shown to alter neural responses to
emotional stimuli (e.g., Yurgelun-Todd et al., 2000; Lawrence
et al., 2004). Given that an unmedicated BD group is often
unfeasible, future studies with larger sample sizes and
random assignment to different medication classes are
needed.

What is the clinical significance of heightened positive
emotion in bipolar disorder? Tentative data suggests that
bipolar patients who exhibit more pronounced disturbance in
positive emotion may face a worse prognosis. For example,
several studies suggest that increases in positive emotion
responsivity predict increases in manic symptoms over time
(Johnson, 2005; Meyer et al., 2001). Recent work additionally
indicates that greater reports of reward-focused emotions like
joypredicted increasedmanic symptomseverity at a six-month
follow up in bipolar patients (Gruber et al., 2009). It will be
important for future work to more carefully ascertain the
clinical significance of positive emotion disturbance.
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