Supplementary material

fMRI data acquisition

Neuroimaging data were acquired at the Copenhagen University Hospital, Rigshospitalet using a 3 Tesla Siemens Prisma scanner and a 64-channel head-neck coil. During the performance of the emotion regulation paradigm, blood oxygen level dependent (BOLD) fMRI was acquired using a T2*-weighted gradient echo spiral echo-planar (EPI) sequence with an echo time (TE) of 30 ms, repetition time (TR) of 2s, and flip angle of 90°. A total of 366 volumes were acquired, each consisting of 32 slices with a slice thickness of 3mm with 25% gaps in-between, and a field of view (FOV) of 230 × 230 mm using a 64 × 64 grid. The BOLD images were registered to T1-weighted structural images (TR=1900 ms; TE=2.58 ms; flip angle=9°; distance factor=50%; FOV=230 × 230 mm; slice thickness=0.9 mm). A standard B0 field map sequence was also acquired with the same FOV and resolution as the fMRI sequence (TR=400 ms; TE=7.38 ms; flip angle=60°) and used for geometric distortions correction of the BOLD images. Good image quality was ascertained by visual inspection of individual images. 
Statistical analysis of behavioral data

Emotion reactivity to unpleasant images was calculated by subtracting mean ratings of unpleasantness in the 6 “passive view neutral” conditions from the mean of the ratings of unpleasantness in the 6 “passive view negative” conditions, and emotion regulation was calculated by subtracting mean of the ratings of unpleasantness in 6 “dampen negative” conditions from the mean of the rating of unpleasantness in the 6 “passive view negative” conditions. In the primary analysis, two unadjusted linear mixed model analyses were conducted with familial relationship as random factor, group as fixed factor, and emotion reactivity and emotion regulation, respectively as dependent variables. Significant interactions were followed up with t-tests investigating the differences between patients with BD vs. HCs and URs vs. HCs, respectively. The secondary analysis consisted of a similar linear mixed models analysis (with the same fixed factor, random effect, and dependent variables), but correcting for subsyndromal depressive and manic symptoms (i.e., scores on HDRS-17 and YMRS). 
Subsequent to fMRI scanning participants were asked about which emotion regulation strategies they employed during the emotion regulation paradigm. Responses were coded into the following emotion regulation strategies: cognitive reappraisal reinterpreting, cognitive reappraisal distancing, cognitive distraction, attentional distraction, acceptance, and mental imagery (Table S2). Differences between groups in self-reported use of emotion regulation strategies was assessed using non-parametric Kruskal-Wallis H test and, if significant, followed up with Mann-Whitney U tests to assess differences between patient with BD vs. HC and URs vs. HC, respectively. Data analyses were conducted using SPSS version 22.
Results

Participants

One-hundred-seventy-six participants initially underwent fMRI: 84 newly diagnosed outpatients with BD, 36 of their URs, and 56 HCs. Neuroimaging data from seven participants (six patients with BD and one UR) were lost due to technical issues. Therefore, we report on a sample of 169 participants: 78 newly diagnosed patients with BD, 35 of their URs (singling: n=33; offspring: n=2), and 56 HCs. 
Emotion regulation strategies
There was a statistically significant difference in the use of cognitive reappraisal distancing between the three groups (χ = 6.55, p = .04); patients with BD reported using less distancing strategies compared to HCs (U = 1098.5, p = .01). There were no significant differences between URs and HCs on the use of distancing strategies during emotion down-regulation (p = .11). We found no significant differences between groups on the use of cognitive reappraisal reinterpreting, cognitive distraction, attentional distraction, acceptance, and mental imagery (ps ≥ .19). Across the entire sample, cognitive reappraisal distancing was the strategy used by the largest proportion of participants: 65.7% of participants reported using cognitive reappraisal distancing at least once when dampening negative emotions, followed by cognitive reappraisal reinterpreting (46.7%), acceptance (16.1%), cognitive distraction (13.8%), attentional distraction (10.1%), and mental imagery (0%). 

Associations between BOLD fMRI, functional connectivity, emotion ratings, childhood trauma, and subsyndromal symptoms

Neural response during emotion regulation: Across the entire sample, lower behavioral emotion down-regulation ratings were significantly associated with more hypo-activity in the left DLPFC during emotion down-regulation (r=.16, uncorrected p=.04), but not with activity in the VLPFC or DMPFC (ps≥.07). More subsyndromal depression and mania symptoms were significantly associated with hypo-activity in the left VLPFC during emotion down-regulation (HDRS: r=-.17, uncorrected p=.03; YMRS: r=-.19, uncorrected p=.01), but not with activity in the DLPFC or DMPFC (ps ≥ .22). Childhood trauma was significantly associated with more hypo-activity in the left VLPFC (r=-.22, uncorrected p=.004), DLPFC (r=-.16, uncorrected p=.04), and DMPFC (r=-.16, uncorrected p=.04) during emotion down-regulation. However, only the association between childhood trauma and more hypo-activity in the left VLPFC survived FDR correction (FDR adjusted p=.048) (Table S4). 
Posthoc exploratory within-group correlational analyses showed that the association between lower behavioral emotion down-regulation ratings and more hypo-activity in the left DLPFC during emotion down-regulation was present in HCs (r=.29, uncorrected p=.03), but not BD patients (ps≥.78) or URs (ps≥.79) (Figure S2). Also the association between more subsyndromal mania symptoms and hypo-activity in the left VLPFC during emotion down-regulation was present in HCs (r=-.33, uncorrected p=.01), but absent in patients with BD (ps≥.66) and their URs (ps≥.21). Subsyndromal depressive symptoms and childhood trauma did not significantly correlate with activity in the left DLPFC, VLPFC, or DMPFC in neither patients with BD (ps≥.16), URs (ps≥.57), nor HC (ps≥.43). 

Functional amygdala-PFC connectivity: Across the entire sample, more subsyndromal depression symptoms were significantly associated with lower negative functional connectivity between the left amygdala and right middle cingulate (r=-.18, uncorrected p=.02), left DLPFC (r=-.18, uncorrected p=.02), and left DMPFC (r=-.17, uncorrected p=.03), as well as right amygdala and left middle cingulate (r=-.19, uncorrected p=.01), whereas lower subsyndromal mania symptoms were significantly correlated with lower negative functional connectivity between the right amygdala and left middle cingulate only (r=-.16, uncorrected p=.04) (all other ps ≥.06). Notably, none of the correlations assessing amygdala-PFC functional connectivity prevailed after adjusting for multiple comparisons (FDR adjusted p≥.14) (Table S5). 
Moreover, posthoc exploratory within-group correlational analyses of associations with amygdala-PFC functional connectivity showed that more subsyndromal depression symptoms were significantly associated with lower negative functional connectivity between the left amygdala and left DLPFC (r=-.25, uncorrected p=.03) and left DMPFC (r=-.24, uncorrected p=.04) in BD patients only, whereas these associations were absent in URs and HCs (UR: ps≥.28; HC: ps≥.72). Also, more childhood trauma was significantly associated with enhanced negative functional connectivity between the left amygdala and right middle cingulate in BD patients (r=.26, uncorrected p=.03), but not in URs (p=.97) or HCs (p=.93). Subsyndromal mania symptoms did not significantly correlate with amygdala-PFC functional connectivity in neither patients with BD (ps≥.09), URs (ps≥.90), nor HC (ps≥.25), respectively. Finally, behavioral emotion regulation ratings did not significantly correlate with amygdala-PFC functional connectivity in patients with BD (ps≥.08), URs (ps≥.36), or HCs (ps≥.46). 
Table S1. Pictures from the International Affective Picture System (IAPS)
	
	View neutral
	
	View negative
	
	Dampen negative

	Block
	Picture
	Block
	Picture
	Block
	Picture

	1
	N7496
	1
	9253
	1
	2799

	
	N5395
	
	2053
	
	2141

	
	N7205
	
	6570
	
	6560

	
	N7186
	
	9570
	
	6571

	2
	N9210
	2
	9911
	2
	9800

	
	N5870
	
	2751
	
	9530

	
	N5830
	
	5971
	
	9006

	
	N7550
	
	9340
	
	2730

	3
	N2480
	3
	2800
	3
	3220

	
	N1121
	
	3180
	
	9910

	
	N5875
	
	9470
	
	9050

	
	N5250
	
	6020
	
	9432

	4
	N5455
	4
	9921
	4
	6010

	
	N7170
	
	1300
	
	3266

	
	N7595
	
	2661
	
	6838

	
	N7100
	
	9611
	
	6313

	5
	N2840
	5
	9560
	5
	9620

	
	N5900
	
	9000
	
	6022

	
	N5300
	
	6230
	
	7380

	
	N2381
	
	9041
	
	1201

	6
	N7217
	6
	9630
	6
	2691

	
	N7025
	
	2710
	
	9040

	
	N7224
	
	6831
	
	9417

	
	N5660
	
	9007
	
	3030


Table S2. Emotion regulation strategies
	Strategy
	Definition
	Example

	Cognitive reappraisal: reinterpreting
	Reinterpreting the elements of the situation or stimulus of the pictures to facilitate a less negative emotional response
	A picture of people crying outside a church depicts people experiencing tears of joy after a wedding. 

	Cognitive reappraisal: distancing
	Adopt a new perspective, for example by changing one's personal connection to the events in the picture, or change one's psychological distance from the stimulus that elicits emotion
	View the negative picture from a detached perspective of an objective, third person observer and/or imagining that it took place a long time ago

	Cognitive distraction
	Think about something that is unrelated to the emotion or the stimulus in order to distract oneself
	For example, thinking about something entirely different while viewing the negative images

	Attentional distraction
	Attentional deployment by directing one’s attention elsewhere in the picture
	A picture of a spider on a hand: focus on the hand rather than the spider.

	Acceptance 
	Thinking that the emotion or emotional stimulus is normal and should be accepted
	A picture of a dying man: thinking about how death is just a part of life

	Mental imagery
	Modify the visual properties of the images by using mental imagery to facilitate a less negative emotional response
	Imagine that the picture includes diagonal stripes, is in white-and-black, or a funny object.


Table S3. Main effects of task across healthy controls and group differences between patients with bipolar disorder (BD), their unaffected relatives (UR), and healthy controls (HC) for post-hoc analyses adjusting for symptom severity.  

	Search area
	 
	BA
	MNI x
	y
	z
	Voxels
	Peak p-value

	
	
	
	
	
	
	
	

	Emotion regulation (dampen negative > passive view negative)
	
	
	
	
	
	

	Main effects across HCs
	
	
	
	
	
	
	

	PFC
	Right inferior frontal gyrus
	BA 45
	52
	32
	4
	8243
	<0.001

	
	
	
	
	
	
	
	

	Wholebrain
	Left fusiform gyrus
	BA 47
	-40
	-48
	-18
	26367
	<0.001

	
	Right inferior frontal gyrus 
	BA 45
	52
	32
	4
	9491
	<0.001

	
	Left thalamus 
	
	-8
	-10
	6
	1958
	<0.001

	
	
	
	
	
	
	
	

	HC > BD
	
	
	
	
	
	
	

	PFC
	Left superior frontal gyrus
	BA 6
	-10
	12
	56
	1136
	<0.001

	
	Left middle frontal gyrus 
	BA 6
	-32
	10
	46
	506
	<0.001

	
	Right middle frontal gyrus
	BA 8
	34
	14
	40
	365
	0.003

	
	
	
	
	
	
	
	

	Whole brain
	Left superior frontal gyrus
	BA 6
	-10
	12
	56
	1161
	<0.001

	
	Left middle frontal gyrus 
	BA 6
	-32
	10
	46
	554
	<0.001

	
	Right middle frontal gyrus
	BA 8
	34
	14
	40
	736
	0.008

	
	Left putamen 
	
	-18
	0
	8
	312
	0.021


	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Emotion reactivity (passive view negative > passive view neutral)
	
	
	
	
	

	Main effects across HCs
	
	
	
	
	
	
	

	PFC
	Left medial frontal gyrus
	BA 9
	-2
	58
	36
	377
	0.002

	
	
	
	
	
	
	
	

	Wholebrain
	Right lingual gyrus 
	BA 19
	44
	-64
	-6
	5150
	<0.001

	
	Left fusiform gyrus
	BA 18
	-34
	-88
	-2
	4277
	<0.001

	
	Left thalamus
	
	-20
	-30
	0
	2212
	<0.001

	
	Left medial frontal gyrus
	BA 9
	-2
	58
	36
	417
	<0.001

	
	Right posterior cingulate gyrus
	BA 23
	2
	-48
	30
	361
	0.007

	
	Right superior temporal gyrus
	BA 38
	44
	10
	-28
	256
	0.046


Table S4. Correlations between BOLD fMRI, emotion ratings and subsyndromal symptoms across patients with bipolar disorder, their unaffected relatives, and healthy control individuals 

	
	Left DLPFC (BA8)
	Left DMPFC (BA6)
	Left VLPFC (BA47)

	Behavioral ratings: emotion regulation
	.16*
	.14
	.07

	Childhood trauma (CTQ)
	-.16*
	-.16*
	-.22** a

	Mania symptoms (YMRS)
	-.07
	-.04
	-.19*

	Depression symptoms (HDRS-17)
	-.10
	-.04
	-.17*


* Uncorrected p<.05
** Uncorrected p<.01

a FDR adjusted p<.05
Table S5. Correlations between functional connectivity, emotion ratings and subsyndromal symptoms across patients with bipolar disorder, their unaffected relatives, and healthy control individuals
	
	Left amygdala – DMPFC (BA6)
	Left amygdala – DLPFC (BA6)
	Left amygdala – Right middle cingulate (BA24)
	Left amygdala – Left middle cingulate (BA32)
	Right amygdala – Left DMPFC (BA8)
	Right amygdala – Left middle cingulate (BA32)

	Behavioral ratings: emotion regulation
	-.10
	-.07
	-.06
	-.04
	-.05
	-.12

	Childhood trauma (CTQ)
	.00
	.01
	.05
	-.11
	.06
	-.02

	Mania symptoms (YMRS)
	-.12
	-.14
	-.15
	-.01
	-.09
	-.16*

	Depression symptoms (HDRS-17)
	-.17*
	-.18*
	-.18*
	-.13
	-.05
	-.19*


*  Uncorrected p<.05

** Uncorrected p<.01

a FDR adjusted p<.05
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Figure S1.  Success of emotion regulation (i.e., emotion ratings of ‘passive view negative’ minus ‘dampen negative’ conditions) during the emotion regulation paradigm conducted in the scanner. Higher values represent greater reduction of emotional intensity. Error bars represent standard error of the mean. * p < .05. Abbreviations: BD=bipolar disorder; UR=unaffected relatives; HC=healthy controls.
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Figure S2. Across healthy controls, lower behavioral emotion down-regulation ratings were significantly associated with more hypo-activity in the left DLPFC during emotion down-regulation (blue trendline: r=.29, uncorrected p=.03), whereas this association was absent in patients with bipolar disorder (red trendline: p=.78) and unaffected relatives (green trendline: p=.79). 
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