Supplementary material

Supplementary analyses: 
Effect of a bandpass filter

Single subject echoplanar images were processed with an identical single subject processing stream described in the methods except that a bandpass filter with limits 0.01 to 0.1 Hz was applied during nuisance regression (as in Jo et al., 2013).  In the full sample, global connectivity maps were compared from analyses with and without bandpassing. Within the group mask, the bandpass filter trended towards reducing global connectivity values by an average of 9.1% (t(231)=-1.7, p=0.10), reflecting power loss with filtering. We added a within-subject bandpassing factor (present/absent) to the main analysis 3dMVM multivariate model. There was no group by bandpass filtering interaction, even when the voxelwise p value was relaxed to 0.01, 10 times that of the reported analysis, and uncorrected for multiple testing. Using bandpassed data, the set of 25 locales clustered into the same two networks. The same pattern of increased, positive connectivity was present in BD relative to HV participants in Network 2 and between networks 1 and 2.

Age modeled as a continuous variable

Modeling age as a continuous rather than categorical variable provides more power for detecting group differences in the linear and quadratic trajectories of age-related iFC changes. We used trend analysis in 3dMVM with the same model as in the main analysis, substituting the categorical variable of age with linear and/or quadratic regressors for age, each with independent and interactive effects with diagnostic group. We did not detect significant clusters for a diagnostic group by continuous age interaction with primary thresholds set to p<0.001, <0.005, or <0.01. Given the lack of an age by group interaction, we have retained the categorical model of age in the main analysis because significance tests of diagnostic group in that model represent the average effect of diagnostic group on global connectivity across all ages in the study.

Supplementary Table S1. Prior whole-brain analyses of iFC in bipolar disorder
	Reference
	Methoda
	Groups (n)a
	Age 
	BD Characteristics
	Group Differences

	Assessments of iFC network dysfunction

	Du et al., 

2015
	GIG-ICA
	BD (20)

HV (20)
	Adult
	All with a history of psychosis.
	· BD > HV in increased connectivity amongst 12 networks to the anterior insula.

	Meda et al.

2012
	ICA
	BD (64)

HV (118)
	Adult
	All with a history of psychosis; 50% psychotic at scan time; diverse mood states.
	· BD>HV between meso/paralimbic and fronto-temporal/paralimbic networks

· BD<HV between fronto/occipital and anterior DMN/prefrontal networks.

	Rashid et al.

2014
	tvICA
	BD (38)

HV (61)
	Adult
	None were “acutely ill.”
	· HC>BD between two parietal components, paracentral and superior parietal lobule

· BD>HV between a temporal component (bilateral fusiform gyrus) and a parietal component (left supramarginal gyrus)

	Wu et al.

2013
	ICA
	BD (34)

HV (40)
	Youth
	All with BD-I and in manic or mixed mood state.
	· BD>HV in connectivity within three networks involving 1) limbic/striatal regions; 2) lateral frontal, cingulate, parietal, basal ganglia, and thalamus;  and 3) pre and post central gyri. 

	Indicators of iFC dysfunction at an anatomic location (functional network not identified)

	Argyelan et al. 2014
	Global Connectivity
	BD (18)

HV (32)
	Adult
	Most with a history of psychosis.
	· BD<HV in global connectivity amongst 266 ROIs.

	Gao et al.,

2014
	ReHo
	BD (17)

HV(18)
	Youth
	All in depressive episode.
	· BD<HV in ReHo in the medial PFC, MFG, MTG, and putamen.

	Liu et al., 

2012
	ALFF
	BD (26)

HV (26)
	Adult
	All in depressive episode.
	· BD>HV in ALFF in IFG, STG, MTG, caudate, insula, and cerebellum.

· BD<HV in ALFF in postcentral gyrus, PHG, and cerebellum.

	Lu et al.,

2014
	ALFF
	BD (18)

HV (18)
	Youth
	All in manic episode.
	· BD>HV caudate, pallidum
BD<HV precuneus, SPL, IOG

	Wang et al., 2015
	VMHC
	BD (36)

HV (40)
	Adult
	All BD II in depressive episode.
	· BD<HV in VMHC in lingual/fusiform gyrus and cerebellum.

	Xiao et al.,

2013
	ReHo
	BD (15)

HV (15)
	Youth
	All in manic episode.
	· BD<HV precentral gyrus, OFC, SFG, SPL, STG, Precuneus
BD>HV ACC, PHG, hippocampus, caudate


a. ICA= independent components analysis; GIG-ICA=group information guided ICA; tvICA = time varying ICA; ALFF= amplitude of low frequency fluctuations; ReHo=regional homogeneity; VMHC = voxel-mirrored homotopic connectivity. Many studies, eg. Meda et al. 2012, include multiple comparison groups. Here we only focus on results of the BD v HV comparisons. 

Supplementary Table S2. Participant characteristics by diagnostic status and age group
	
	BD
	HV
	Comparisona

	
	Youth (22)
	Adult (17)
	Youth (36)
	Adult (42)
	

	
	Mean (SD)
	Mean (SD)
	

	Age
	16.9 (3.1)
	38.0 (8.0)
	16.1 (3.2)
	32.0 (8.7)
	F(1,113)=4.3, p=0.04

	Intelligenceb
	106.9 (13.9)
	116.1 (9.2)
	109.3 (10.6)
	117.1 (13.8)
	F(1,108)<0.1, p=0.80

	Impairment (CGAS or GAF)c
	54.1 (9.6)
	55.6 (10.3)
	
	
	t(26)=0.35, p=0.73

	Motion Index (mm per volume)
	0.087 (0.034)
	0.079 (0.028)
	0.081 (0.048)
	0.073 (0.041)
	F(1,113)<0.1, p=0.95

	
	n (%)
	n (%)
	

	Gender (n (%) female)
	10 (45)
	12 (71)
	17 (47)
	23 (55)
	X2(4)=4.00, p=0.41

	BD Type (n (%) BD I)
	18 (82)
	9 (53)
	
	
	OR=0.09, p=0.03

	Mood Stated
 Manic

 Mixed-State

 Hypomanic

 Depressed

 Euthymic
	0 (0)

1 (5)

1 (5)

1 (5)

18 (82)
	0 (0)

1 (6)

0 (0)

6 (35)

9 (53)
	
	
	OR=0.09, p=0.02

OR=0.09, p=0.03

	Medications

 None

 Antipsychotic

 Lithium

 Antiepileptic

 Antidepressant

 Stimulant
	4 (18)

14 (64)

7 (32)

11 (50)

6 (27)

8 (36)
	1 (6)

7 (41)

7 (41)

12 (71)

8 (47)

4 (24)
	
	
	OR=3.45, p=0.36
OR=2.44, p=0.21
OR=0.67, p=0.74
OR=0.43, p=0.33
OR=0.43, p=0.31
OR=1.82, p=0.49

	Comorbid Diagnoses

 ADHD

 ODD or CD

 Any anxiety
	14 (64)

9 (41)

15 (68)
	4 (24)
0 (0)

6 (35)
	
	
	OR=5.42, p=0.02

OR=Inf, p<0.01

OR=3,78, p=0.06

	Scanner (n)
	
	
	
	
	

	3TC
	8
	8
	12
	20
	X2(7)=5.11, p=0.65

	Crada
	8
	3
	10
	12
	

	3TC750
	6
	6
	14
	10
	


a. Comparisons are the following: F tests are Age Category by Diagnosis interaction in ANOVA, t tests of mean differences, odd ratios (OR) from Fisher’s exact testing for nominal data with low counts, and chi-squared testing across more than two factors for count data. 
b. IQ estimates within 2 years of scanning, missing for 5 BD and 5 HV. 

c. CGAS or GAF missing for 11 BD.

d. Mood state was determined by YMRS, CDRS and SIGH-SADS score. Depressed state limits were YMRS ≤12 and CDRS ≥40 or SIGH-SAD ≥20, hypomanic limits were YMRS >12 but <26 and CDRS <40 or SIGH-SAD <20, mania limits were YMRS ≥26 and CDRS <40 or SIGH-SAD<20, and mixed state limits were YMRS >12 and CDRS ≥40 or SIGH-SAD ≥20. Complete mood state data missing for 2 BD.

Supplementary Table S3. Comparison of amplitude by groupa
	Index in figure 2
	ROI
	Amplitude

(SD of % signal change)

Mean (SD)
	
	

	
	
	BD
	HV
	F (1,110)
	p

uncorr.

	Network 1 Locales (Red in figures 2 & 3)
	
	
	
	

	1
	R middle frontal gyrus 
	0.48 (0.12)
	0.47 (0.10)
	0.04
	0.83

	2
	R rostral putamen
	0.37 (0.07)
	0.35 (0.05)
	1.37
	0.24

	3
	L rostral putamen and claustrum
	0.33 (0.06)
	0.29 (0.04)
	0.73
	0.40

	4
	L inferior frontal gyrus and insula
	0.37 (0.07)
	0.36 (0.06)
	<0.01
	0.99

	5
	R inferior frontal gyrus and precentral gyrus
	0.45 (0.11)
	0.42 (0.09)
	0.36
	0.55

	6
	R precentral gyrus
	0.40 (0.10)
	0.36 (0.08)
	2.20
	0.14

	7
	L & R middle frontal gyrus
	0.46 (0.12)
	0.41 (0.08)
	1.28
	0.26

	8
	L precentral gyrus
	0.48 (0.14)
	0.43 (0.13)
	0.02
	0.87

	9
	R postcentral gyrus and inferior parietal lobule
	0.39 (0.11)
	0.38 (0.10)
	1.57
	0.21

	10
	L inferior parietal lobule and postcentral gyrus
	0.56 (0.15)
	0.50 (0.16)
	0.72
	0.40

	11
	L superior and inferior parietal lobules
	0.33 (0.07)
	0.32 (0.07)
	<0.01
	0.82

	12
	R inferior parietal lobule
	0.39 (0.07)
	0.37 (0.10)
	0.27
	0.60

	Network 2 Locales (Yellow in figures 2 & 3)
	
	
	
	

	13
	L anterior superior temporal gyrus
	0.62 (0.13)
	0.59 (0.19)
	0.16
	0.69

	14
	R precentral gyrus
	0.62 (0.37)
	0.60 (0.34)
	0.26
	0.61

	15
	L postcentral gyrus
	0.46 (0.20)
	0.42 (0.19)
	0.20
	0.65

	16
	R paracentral lobule and cingulate gyrus
	0.43 (0.13)
	0.40 (0.09)
	1.71
	0.19

	17
	R postcentral gyrus and superior parietal lobule
	0.59 (0.26)
	0.62 (0.29)
	1.29
	0.26

	18
	R precuneus
	0.39 (0.12)
	0.40 (0.16)
	1.73
	0.19

	19
	L postcentral gyrus and superior parietal lobule
	0.85 (0.45)
	0.80 (0.41)
	0.02
	0.89

	20
	L parahippocampal gyrus, culmen lingual, and fusiform gyrus
	0.42 (0.08)
	0.41 (0.07)
	0.74
	0.39

	21
	R cingulate and posterior cingulate
	0.66 (0.26)
	0.58 (0.09)
	2.66
	0.11

	22
	R culmen, declive, lingual
	0.47 (0.09)
	0.46 (0.11)
	0.60
	0.44

	23
	L precuneus
	0.63 (0.20)
	0.70 (0.27)
	4.25
	0.04

	24
	L & R posterior cingulate
	0.71 (0.18)
	0.68 (0.20)
	<0.01
	0.98

	25
	R declive
	1.80 (0.87)
	2.11 (1.01)
	<0.01
	0.91


Amplitude is measured by taking the mean standard deviation of the scaled timeseries within each ROI after nuisance regression; it is in units of % signal change. The F test is for Diagnosis in the same model used in the main analysis with Age Category, Age Category X Diagnosis interaction, Motion Index, and Scanner. In all tests, Motion Index and Age Category were significant predictors of amplitude. 

Supplementary Fig. S1. Global connectivity.
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A global connectivity statistical parametric map was made for each individual for group analysis. A single voxel’s timeseries (ts) was correlated to all other voxels within a FreeSurfer defined brain tissue mask (in blue). This mask included all brain regions except white matter, ventricles, and cerebral spinal fluid. The average of all these correlations, rg, is global connectivity. The rg value is stored in the seed voxel’s location. Individuals’ rg within a group mask were used for analyses. The group mask included voxels where 90% of participants had EPI data, excluding white matter and ventricles. 
Supplementary Fig. S2. Overview of methods. 
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Group differences in global connectivity maps are used to detect networks that differed in intrinsic functional connectivity. In Stage 1 group differences in global connectivity identify locales that are major hubs of networks in which iFC differs. Those locales can be used in Stage 2 to identify locales involved in those networks. Stage 3 determines the networks structure of those locales by their intrinsic connectivity, or correlation structure.

Supplementary Fig. S3. Age effects on global connectivity.
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	Regions differing in global connectivity 

between youths and adultsa
	
	
	Taliarach coordinates of Center of Mass

	
	BAb
	kb
	x
	y
	z

	R superior parietal lobule 
	7
	24
	33.1
	-54.2
	53.2

	L paracentral lobule, precuneus
	5,7
	19
	-2.3
	-42.6
	52.9

	L thalamus
	
	18
	-9.8
	-17.5
	1.3


a. Images display F test values from the main multivariate analysis, voxelwise p value <0.001, corrected to p<0.05.
b. BA=Brodmann area; k=number of voxels in the cluster
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