Supplementary Material:

Methods

Subjects
Participants were enrolled in an Institutional Review Board-approved study at the National Institute of Mental Health (NIMH).  Adults (≥ 18 years old) gave written informed consent.  For child participants (8-17 years old), parents and youth gave written informed consent/assent.  Patients were recruited through advertisements to support groups, professional meetings, and psychiatrists.  HC were drawn from the community, had no psychiatric diagnoses, and no first-degree relatives with a mood disorder.

Of 237 subjects scanned, data from 76.4% (N=181) were usable.  By group, the percentage of excluded subjects is: 12.7% adult HC, 27.8% adult BD, 25% child HC, 33.3% child BD.  An overall χ2 analysis revealed that the groups differed in the number of excluded participants (p<.05), driven by a higher exclusion rate of BD children compared to HC (p<.01) and BD (p=.05) adults.  At a trend level, more HC children than HC adults were excluded (p=.06).  Groups did not differ in the reason for exclusion.  Of the 56 excluded scans, 18 were excluded for poor behavioral data (< 80% response rate), 30 for excessive movement (> 3.5 mm movement in any plane), and 8 for poor image quality.
Interviewers were masters or doctoral level clinicians with excellent inter-rater reliability (κ> 0.9).  Pediatric BD patients (BD-I or BD-II) met criteria for “narrow phenotype” BD (Leibenluft et al. 2003), with at least one hypomanic (> 4 days) or manic (> 7 days) episode with abnormally elevated mood or grandiosity and at least three “B” mania symptoms.  The Wechsler Abbreviated Scale of Intelligence (WASI) (Wechsler 1999) was administered to determine IQ in all participants.  
Behavioral Paradigm
The face emotion paradigm (Monk et al. 2003) included stimuli from 3 stimulus sets [Ekman and Friesen (Ekman & Friesen 1976), Gur (www.uphs.upenn.edu/bbl/pubs/downloads/nptasks.shtml), and Tottenham and Nelson (www.macbrain.org/faces/index.htm)].  Subjects viewed 32 gray-scale adult faces displaying happy, fearful, angry, or neutral expressions.  The 160 stimuli were presented in 16 blocks; each block included one of four attention conditions, and each attention condition was repeated four times.  Ratings (1=not at all to 5=very) were recorded using a five-key button box (MRI Devices, Waukesha, WI).  Each block included 10 stimuli (8 faces, 2 fixations), displayed for 4000 ms.  An instruction screen identifying the attention condition was presented for 3000 ms prior to each block.  An inter-trial interval varying from 750 to 1250 ms followed each event.  To introduce jitter and allow for accurate blood-oxygen-level-dependent (BOLD) signal estimates of individual face-viewing trials, we placed fixation trials randomly within each block.  The task lasted 14.2 minutes.

Scanning acquisition and preprocessing

Functional and structural MRI images were acquired on a General Electric Signa 3T magnet (GE Medical Systems, Waukesha, WI).  Whole-brain BOLD T2-weighted fMRI data were acquired in 23 contiguous slices covering the entire brain, positioned parallel to the anterior commissure-posterior commissure (AC-PC) plane using echo-planar-single-shot gradient echo imaging [matrix=64x64, repetition time (TR)=2000 ms, echo time (TE)=40 ms, field of view (FOV)= 240 mm, voxels=3.75x3.75x5 mm].  High resolution T1-weighted anatomical images were acquired to aid with spatial normalization (180 1-mm sagittal slices, FOV=256 mm, number of excitations (NEX)=1, TR=11.4 ms, TE=4.4 ms, matrix=256x256, time to inversion (TI)=300 ms, bandwidth=130 Hz/pixel, 22 kHz/256 pixels).
fMRI Data Analysis 

Image preprocessing, individual-level, and ROI analyses were conducted using Statistical Parametric Mapping 8 (SPM8, Wellcome Department of Neurology, University College of London, London, United Kingdom).  Voxel size was resampled during the spatial normalization step to 2x2x2 mm.  We employed an 8 mm Gaussian smoothing kernel and performed intensity normalization, ensuring activation was measured in units of local percent signal change. 

Using SPM8, BOLD signal changes at significant clusters were extracted for each subject from an 8 mm sphere centered on the peak.  BOLD values for each event vs. fixation were extracted.  All post-hoc analyses were performed on these extracted cluster values.  
Results
Demographic and clinical characteristics 


Within each age group (children and adults), BD and HC did not differ in gender or IQ.  However, within the adult group, patients were older than HC (p<.005).  Within each diagnostic group (BD and HC), adults and children did not differ in gender or IQ.  

Compared to adult patients, pediatric patients were more likely to be hypomanic (p<.05), less likely to be depressed (p<.05), and more likely to have BD-I (p<.005).  Pediatric patients had an earlier age of onset (p<.001), and higher rates of oppositional defiant disorder/conduct disorder (p<.005).   
Most patients were medicated at the time of scanning (pediatric: 74.3%, N=26/35; information unavailable for 1; adult: 87.5%, N=21/24; information unavailable for 2).  Most patients were euthymic at the time of scan (pediatric: 61.1%, N=22/36; adult: 58.3%, N=14/24, data unavailable for 2).  
Behavioral analyses 

Ratings:  There was a main effect of diagnosis [F(1, 171)=5.32, p<.05], with all patients rating higher subjective fear, hostility, and nose width across all face emotions vs. HC (see Table S1).  In adult BD, higher YMRS scores were associated with lower mean ratings (across all attentional conditions) on fearful (r=-.50, p=.01) and neutral (r=-.41, p=.05) faces, and with lower hostility ratings across all faces (r=-0.41, p=.05).  There was no association between SIGH-SAD scores and ratings in adult BD.  There was no relationship between mood and ratings in pediatric BD. 

Reaction time:  There was no association between YMRS, CDRS, or SIGH-SAD scores and reaction time in either patient group (see Table S2).      
Diagnosis x age group x face emotion x attention state 
FWE-corrected ROI analyses revealed only one marginally significant four-way interaction (k=13; p=.08, FWE corrected) in the left ACC (-4, 32, 16) [F(9, 1593)=1.70, p=.08], with child BD showing increased activation during implicit (nose width) ratings of fearful faces relative to child HC (t=2.05, p=.04).   
Diagnosis x face emotion x attention state
Post-hoc analyses 

Mood state, comorbid illnesses, and medication.  To examine the effect of mood state, comorbid illness, and medication status on the activation patterns observed in the main analyses, we conducted post hoc analyses comparing (1) euthymic patients (N=36) vs. non-euthymic patients (N=24), (2) patients with (N=34) vs. without a comorbid diagnosis (N=28), and (3) unmedicated (N=12) vs. medicated (N=47) patients.  
Euthymic and non-euthymic patients did not differ in activity in any of the ROIs (all ps>.10).  Similarly, patients with and without a comorbid diagnosis did not differ in activity in most of the ROIs (ps>.07), with the exception of the right amygdala during passive viewing of neutral faces (BD with comorbidities > BD without comorbidities, p=.007).  Unmedicated vs. medicated patients did not differ in any of the ROIs (ps>.07).

Whole-brain analysis of diagnosis x face emotion x attention state 
A whole-brain analysis of diagnosis x face emotion x attention state revealed a similar pattern of results as indicated by the FWE-corrected ROI analyses (see Table S4).

Table S1.  Behavioral ratings by groupa 
	Behavioral ratingsb:  
	Pediatric BD

 (N = 36)
	Adult BD

(N = 26)
	Pediatric HC
(N = 57)
	Adult HC
(N = 62)

	
	Mean (SD)
	Mean (SD)
	Mean (SD)
	Mean (SD)

	How afraid are you of this face?
	
	
	
	

	               Angry faces 
	2.48 (1.16)
	3.29 (1.03)
	2.49 (1.07)
	3.04 (1.07)

	               Fearful faces
	1.94 (.88)
	2.51 (1.08)
	1.97 (.90)
	2.42 (.91)

	               Happy faces 
	1.29 (.56)
	1.21 (.35)
	1.09 (.24)
	1.07 (.14)

	               Neutral faces 
	1.99 (.79)
	1.76 (.71)
	1.53 (.59)
	1.67 (.66)

	     How hostile is this face?
	
	
	
	

	               Angry faces 
	3.42 (1.14)
	3.69 (.98)
	3.25 (.98)
	3.67 (.81)

	               Fearful faces
	1.93 (.72)
	2.40 (.93)
	2.11 (.87)
	2.30 (.89)

	               Happy faces 
	1.33 (.62)
	1.27 (.57)
	1.12 (.31)
	1.08 (.24)

	               Neutral faces 
	2.24 (.77)
	1.83 (.59)
	1.76 (.57)
	1.75 (.60)

	     How wide is the nose?
	
	
	
	

	               Angry faces 
	2.79 (.58)
	2.78 (.61)
	2.64 (.56)
	2.66 (.56)

	               Fearful faces
	2.38 (.65)
	2.58 (.60)
	2.10 (.45)
	2.30 (.57)

	               Happy faces 
	2.95 (.71)
	2.77 (.63)
	2.56 (.51)
	2.55 (.59)

	               Neutral faces 
	2.32 (.58)
	2.39 (.57)
	2.16 (.47)
	2.18 (.51)


aBD = bipolar disorder, HC = healthy comparisons.

bMain effects of diagnosis [F(1,171)=5.32, p<.05; BD>HC]; face emotion [F(3, 513)= 304.69, p<.001; ratings on angry>fearful>neutral>happy, ps<.005], and attention state [F(2, 342)=95.69, p<.001; ratings on how wide is the nose>how hostile is this face>how afraid are you of this face, ps<.001].  There was an age group x face emotion interaction [F(3, 513)=12.77, p<.001], with adults rating angry and fearful faces higher (ps<.01) compared to children.  There was an age group x attention state interaction [F(2, 1026)=3.56, p<.05], with adults rating higher subjective fear across faces (p<.01) compared to children.  There was a face emotion x attention state interaction [F(6, 1026)=192.22, p<.001], with hostility of angry faces being rated highest (p<.001).  An age group x face emotion x attention state interaction [F(6, 1026)=5.61, p<.001] revealed that adults rated higher subjective fear and hostility of fearful and angry faces (ps<.05) compared to children.  Adults also rated nose width higher in fearful faces (p<.05).  There was also a four way interaction [F(6, 1026)=2.30, p<.05], with pediatric BD patients rating higher hostility in neutral faces relative to all other groups (ps<.01).

Table S2.  Reaction time by groupa 
	Reaction time:  
	Pediatric BD

 (N = 36)
	Adult BD

(N = 26)
	Pediatric HC
(N = 57)
	Adult HC

(N = 62)

	
	Mean (SD)
	Mean (SD)
	Mean (SD)
	Mean (SD)

	How afraid are you of this face?
	
	
	
	

	               Angry faces 
	1828.50 (475.44)
	1695.65 (367.06)
	1912.20 (400.45)
	1834.23 (385.78)

	               Fearful faces
	1849.66 (485.20)
	1806.38 (456.91)
	1841.94 (364.49)
	1831.02 (448.84)

	               Happy faces 
	1614.93 (376.10)
	1361.33 (367.93)
	1456.95 (359.02)
	1298.43 (339.04)

	               Neutral faces 
	1784.59 (489.71)
	1591.31 (412.75)
	1738.07 (374.87)
	1593.66 (411.52)

	     How hostile is this face?
	
	
	
	

	               Angry faces 
	1938.71 (479.20)
	1589.69 (325.95)
	1952.80 (358.47)
	1785.66 (416.47)

	               Fearful faces
	2000.66 (499.01)
	1875.45 (473.12)
	1977.80 (440.65)
	1882.72 (450.78)

	               Happy faces 
	1607.27 (440.07)
	1340.15 (329.56)
	1502.90 (339.24)
	1281.90 (337.24)

	               Neutral faces 
	1952.99 (451.54)
	1613.35 (339.69)
	1822.31 (399.94)
	1736.25 (464.89)

	     How wide is the nose?
	
	
	
	

	               Angry faces 
	1978.26 (402.34)
	1775.07 (284.29)
	1995.16 (388.24)
	1863.26 (353.18)

	               Fearful faces
	1938.55 (399.00)
	1799.84 (345.98)
	1934.87 (311.56)
	1827.07 (365.16)

	               Happy faces 
	1938.62 (409.78)
	1758.56 (409.19)
	1950.47 (348.51)
	1820.32 (350.45)

	               Neutral faces 
	1889.31 (405.49)
	1689.12 (300.64)
	1873.73 (298.13)
	1764.47 (378.91)


aBD = bipolar disorder , HC = healthy comparisons.

bMain effects of age [F(1, 171)=9.31, p<.005; children>adults], face emotion [F(3, 513)=107.04, p<.001; fearful=angry>neutral >happy, ps<.001], attention state [F(2, 342)=50.45, p<.001; nose width>hostility>afraid, ps<.05].  There was an age group x face emotion interaction [F(3, 513)=4.41, p<.01], with adults significantly faster on all faces (ps<.005), except fearful faces.  There was a face emotion x attention state [F(6, 1026)=44.22, p<.001] interaction, with subjects being fastest on subjective fear and hostility of happy faces (ps<.001).  There was a diagnosis x face emotion interaction [F(3, 1026)=4.41, p<.01], with patients being the slowest on fearful faces and controls being the slowest on angry faces.  

Table S3.  Main effect of diagnosis  

	Area of activation
	Brodmann area
	Side
	Cluster

size
	MNI

coordinates

x    y    z
	F
	p FWE corrected
	Between-group         differences

	Amygdala
	
	R
	106
	34  4  -22
	16.42
	.001
	BD > HC



	Anterior cingulate cortex


	BA 9
	L
	566
	0  30  36
	40.34
	<.001
	HC > BD



	Anterior cingulate cortex


	BA 32
	R
	335
	4  28  36
	36.68
	<.001
	HC > BD



	Inferior frontal gyrus


	BA 47
	L
	294
	-34 26 2
	34.79
	<.001
	HC > BD



	Inferior frontal gyrus


	BA 47
	R
	153
	36 28 -2
	55.75
	<.001
	HC > BD



	Putamen


	
	L
	98


	   -32  -8  10


	22.62
	<.001
	BD > HC



	Putamen


	
	R
	224


	    32  -10  8


	22.54
	<.001
	BD > HC




Note. FWE = family-wise error, BD=bipolar disorder, HC=healthy comparisons.

Table S4.  Whole-brain results of diagnosis x face emotion x attention state analysisa 
	Area of activation
	Brodmann area
	Side
	Cluster

size
	MNI

coordinates

x    y    z
	Attention condition, face emotion vs. fixation
	Between-group         differencesb

	Amygdala
	
	L
	22
	-22 0 -18
	Explicit (Hostility)

Fearful

	BD>HC**

	Amygdala


	
	R
	25
	28  0  -10
	Passive

Anger


	BD>HC**

	
	
	
	
	
	Passive                       

Neutral


	BD>HC**

	Anterior cingulate cortex
	BA 24
	R
	42
	12  38  12
	Explicit (Afraid)        Anger
	HC>BD*

	
	
	
	
	
	Passive

Anger
	BD>HC**



	
	
	
	
	
	
	

	Anterior cingulate cortex


	BA 32
	R
	118
	4  26  34
	Explicit (Afraid)
Anger
	HC>BD**



	
	
	
	
	
	Implicit

(Nose)
Anger


	HC>BD***



	
	
	
	
	
	Implicit

(Nose)
Happy


	HC>BD*



	
	
	
	
	
	Implicit (Nose) 
Neutral


	HC>BD**



	
	
	
	
	
	Passive      

Anger


	BD>HC**

	Middle cingulate cortex
	BA 24/32
	R
	27
	4  -10  36
	Passive

Anger
	BD>HC***



	
	
	
	
	
	Passive Neutral


	BD>HC*

	Middle frontal gyrus
	BA 10
	R
	39
	28   48  24
	Implicit

(Nose)
Anger


	HC>BD**



	
	
	
	
	
	Passive

Anger


	BD>HC**



	Inferior frontal gyrus

	BA 44/45
	L
	33
	-44  18   8
	Explicit (Afraid)
Anger


	HC>BD**

	Inferior frontal gyrus

	BA 45/47
	R
	30
	34  24  -12
	Implicit (Nose)
Neutral


	HC>BD*

	Rolandic operculum


	BA 44
	L
	79
	-36   2   14
	Passive

Anger

	BD>HC**



	Putamen


	
	L
	56


	-30  -8  -8


	Explicit

(Hostility)
Happy


	HC>BD**



	
	
	
	
	
	Passive

Anger


	BD>HC*



	
	
	
	
	
	Passive

Neutral
	BD>HC*




a BD = bipolar disorder, HC= healthy comparisons.

b *=p<.05, **=p<.01, ***=p<.001 
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