Supplementary Material
Abbreviations
LAmy = Left Amygdala, RAmy = Right Amygdala, LHip = Left Hippocampus, RHip = Right Hippocampus, DMN = Default Mode Network, SN = Salience Network; FPN = Frontoparietal Network, CON = Cingulo-Opercular Network, CPN = Cingulo-Parietal Network, VAN = Ventral Attention Network, DAN = Dorsal Attention Network, RSN = Retrosplenial Temporal Network, SMN-M = Somatomotor Network – Mouth, SMN-H = Somatomotor Network – Hand, VN = Visual Network, AN = Auditory Network

Variable details
Table S1. Variable details
	Variables
	ABCD Survey
	Questionnaire
	Variable Name

	PDS
	ABCD Youth Pubertal Development Scale and Menstrual Cycle Survey History
	Pubertal Development Scale
	pds_ht2_y, pds_skin2_y, pds_bdyhair_y, pds_f4_2_y, pds_f5_y, pds_m4_y, pds_m5_y

	Withdrawn/Depression
	ABCD Parent Child Behavior Checklist Scores 

	Child Behavior Checklist
	cbcl_scr_syn_withdep_t

	Rule-Breaking Delinquency
	
	Child Behavior Checklist
	cbcl_scr_syn_rulebreak_t

	Family Conflict
	ABCD Sum Scores Culture & Environment Youth

	Family Environment Scale
	fes_y_ss_fc_pr

	Parent Acceptance
	
	Child's Report of Parental Behavior Inventory
	crpbi_y_ss_parent

	INR*
	ABCD Longitudinal Parent Demographics Survey
	
	demo_comb_income_v2_l



* To calculate the income-to-needs ratio (INR), the categorical household income variable (demo_comb_income_v2_l) was first recoded such that each level referred to the mean of its income bracket. Next, this mean income level was divided by the US Federal Poverty Line based on the number of individuals residing in the house (demo_roster_v2_l). The poverty line for 2017 and 2019 were used for baseline and 2-year follow-up calculations of INR (when the majority of the sample completed assessments at each respective wave). 

Calculation of pubertal timing
Table S2. Distribution of PDS scores
	
	Females
	Males
	

	
	N
	%
	N
	%

	PDS 1
	2021
	27
	2924
	37

	PDS 2
	4119
	55
	4385
	55

	PDS 3
	1296
	17
	629
	8

	PDS 4
	121
	2
	29
	0


NB: Scores were rounded to the nearest integer
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Figure S1. Relationship between age and pubertal stage (PDS) in females and males. Colours represent the distribution of pubertal timing (A; positive values reflect earlier timing, while negative values reflect later timing).
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Figure S2. Distribution of pubertal timing scores
Correlation plot
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Figure S3. Correlation plot displaying females in the upper triangle and males in the lower triangle. 

Mediation code
The following code was used to analyse multivariate models within brms:
modM <- bf(value ~ 1 + timing + sex + motion + outliers + covid + (1|ID1|site_id_l) + 
    (1|ID2|rel_family_id) + (1|ID3|subjectkey), family = "gaussian")
modY <- bf(depression ~ 1 + value + timing + sex + motion + outliers + covid +    
   (1|ID1|site_id_l) + (1|ID2|rel_family_id) + (1|ID3|subjectkey), family = "poisson")
Model <- brm(data = df, modY + modM + set_rescor(FALSE),
    cores = 4, warmup=2000, iter=10000, thin=5, prior = prior(student_t(3, 0, 1), class ="b"))
Next, the indirect effect was calculated using the product of coefficients method, by multiplying the regression coefficient for path A and B in the posterior distribution to derive a distribution for the mediation effect. 
post_Model <- posterior_samples(Model) %>%
   mutate(a_path = b_connectivity_timing, b_path = b_depression_connectivity) %>%
   mutate(effect_indirect = a_path * b_path, effect_direct = b_depression_timing) %>%
   mutate(effect_total = b_depression_timing + effect_indirect) %>%
   mutate(prop_mediated = effect_indirect / effect_total)
mediation <- post_Model %>%   
   pivot_longer(c(a_path, b_path, effect_direct, effect_indirect, effect_total, prop_mediated)) %>% group_by(name) %>% 
   mean_hdi(value, .width = c(.95, .99)) %>%
   mutate_if(is.double, round, digits = 5)

Results tables
Table S2. Associations between puberty and corticolimbic connectivity 
	ROI
	Network
	Pubertal Stage
	Pubertal Timing

	L_Amy
	AN
	B=0.006, SE=0.001, T=15400.630, p=0.000
	B=0.002, SE=0.001, T=14421.500, p=0.001

	L_Amy
	VN
	B=-0.005, SE=0.001, T=15179.980, p=0.000
	B=-0.002, SE=0.001, T=13920.150, p=0.004

	L_Amy
	SMN-H
	B=0.002, SE=0.001, T=15222.440, p=0.024
	B=0.001, SE=0.001, T=13884.150, p=0.208

	L_Amy
	SMN-M
	B=-0.015, SE=0.002, T=15181.530, p=0.000
	B=-0.004, SE=0.001, T=13834.360, p=0.000

	L_Amy
	RTN
	B=0.004, SE=0.001, T=15267.490, p=0.002
	B=0.003, SE=0.001, T=14053.640, p=0.001

	L_Amy
	DAN
	B=0.002, SE=0.001, T=15293.780, p=0.030
	B=0.001, SE=0.001, T=14202.310, p=0.081

	L_Amy
	VAN
	B=0.004, SE=0.001, T=15379.550, p=0.000
	B=0.000, SE=0.001, T=14243.970, p=0.386

	L_Amy
	CPN
	B=-0.002, SE=0.001, T=15373.450, p=0.000
	B=-0.001, SE=0.000, T=14207.190, p=0.001

	L_Amy
	CON
	B=-0.018, SE=0.001, T=14839.390, p=0.000
	B=-0.006, SE=0.001, T=13262.130, p=0.000

	L_Amy
	FPN
	B=-0.002, SE=0.001, T=15348.300, p=0.009
	B=-0.001, SE=0.001, T=14405.370, p=0.036

	L_Amy
	SN
	B=-0.009, SE=0.002, T=14991.160, p=0.000
	B=-0.001, SE=0.001, T=13570.330, p=0.397

	L_Amy
	DMN
	B=0.001, SE=0.001, T=15398.040, p=0.421
	B=0.000, SE=0.001, T=14683.030, p=0.628

	R_Amy
	AN
	B=0.003, SE=0.001, T=15372.390, p=0.003
	B=0.000, SE=0.001, T=14195.990, p=0.546

	R_Amy
	VN
	B=-0.003, SE=0.001, T=15332.910, p=0.068
	B=-0.001, SE=0.001, T=14206.240, p=0.159

	R_Amy
	SMN-H
	B=-0.005, SE=0.001, T=15318.600, p=0.000
	B=-0.001, SE=0.001, T=14083.030, p=0.078

	R_Amy
	SMN-M
	B=0.003, SE=0.001, T=15353.240, p=0.001
	B=0.001, SE=0.000, T=14752.940, p=0.014

	R_Amy
	RTN
	B=-0.001, SE=0.001, T=15359.700, p=0.007
	B=0.000, SE=0.000, T=14241.070, p=0.107

	R_Amy
	DAN
	B=0.004, SE=0.001, T=15338.360, p=0.000
	B=0.000, SE=0.001, T=14432.900, p=0.540

	R_Amy
	VAN
	B=0.004, SE=0.001, T=15343.980, p=0.000
	B=0.001, SE=0.000, T=14643.170, p=0.025

	R_Amy
	CPN
	B=0.008, SE=0.001, T=15411.020, p=0.000
	B=0.001, SE=0.001, T=14619.940, p=0.180

	R_Amy
	CON
	B=-0.013, SE=0.001, T=15244.650, p=0.000
	B=-0.004, SE=0.001, T=13877.030, p=0.000

	R_Amy
	FPN
	B=-0.008, SE=0.001, T=15373.870, p=0.000
	B=-0.002, SE=0.001, T=14752.120, p=0.006

	R_Amy
	SN
	B=-0.004, SE=0.001, T=15192.890, p=0.000
	B=-0.002, SE=0.001, T=14012.160, p=0.001

	R_Amy
	DMN
	B=-0.003, SE=0.001, T=15214.610, p=0.002
	B=-0.001, SE=0.001, T=13836.390, p=0.025

	L_Hip
	AN
	B=0.005, SE=0.001, T=15294.170, p=0.000
	B=0.001, SE=0.000, T=14388.440, p=0.004

	L_Hip
	VN
	B=-0.010, SE=0.001, T=15039.550, p=0.000
	B=-0.003, SE=0.001, T=13545.100, p=0.000

	L_Hip
	SMN-H
	B=0.008, SE=0.002, T=15261.350, p=0.000
	B=0.002, SE=0.001, T=13959.780, p=0.009

	L_Hip
	SMN-M
	B=-0.008, SE=0.001, T=14875.410, p=0.000
	B=-0.002, SE=0.001, T=13286.070, p=0.005

	L_Hip
	RTN
	B=-0.008, SE=0.002, T=15146.930, p=0.000
	B=-0.002, SE=0.001, T=13800.650, p=0.005

	L_Hip
	DAN
	B=0.002, SE=0.001, T=15250.810, p=0.031
	B=0.002, SE=0.001, T=13988.890, p=0.000

	L_Hip
	VAN
	B=-0.019, SE=0.001, T=15372.770, p=0.000
	B=-0.004, SE=0.001, T=14253.640, p=0.000

	L_Hip
	CPN
	B=0.001, SE=0.001, T=15386.770, p=0.128
	B=0.000, SE=0.001, T=14289.140, p=0.582

	L_Hip
	CON
	B=-0.007, SE=0.001, T=15307.410, p=0.000
	B=-0.001, SE=0.001, T=14118.370, p=0.320

	L_Hip
	FPN
	B=-0.005, SE=0.001, T=15330.090, p=0.000
	B=-0.002, SE=0.001, T=14344.030, p=0.005

	L_Hip
	SN
	B=-0.001, SE=0.001, T=15211.150, p=0.283
	B=0.000, SE=0.001, T=13844.840, p=0.555

	L_Hip
	DMN
	B=-0.007, SE=0.001, T=15370.140, p=0.000
	B=-0.002, SE=0.001, T=14419.650, p=0.003

	R_Hip
	AN
	B=0.010, SE=0.002, T=15353.240, p=0.000
	B=0.003, SE=0.001, T=14156.420, p=0.000

	R_Hip
	VN
	B=-0.011, SE=0.001, T=15304.560, p=0.000
	B=-0.002, SE=0.001, T=14014.800, p=0.006

	R_Hip
	SMN-H
	B=-0.008, SE=0.001, T=15125.630, p=0.000
	B=-0.002, SE=0.001, T=13718.980, p=0.000

	R_Hip
	SMN-M
	B=-0.001, SE=0.001, T=15441.140, p=0.222
	B=-0.001, SE=0.000, T=14790.580, p=0.066

	R_Hip
	RTN
	B=0.006, SE=0.001, T=15286.270, p=0.000
	B=0.001, SE=0.001, T=13993.260, p=0.157

	R_Hip
	DAN
	B=0.000, SE=0.001, T=15362.620, p=0.652
	B=-0.002, SE=0.001, T=14327.290, p=0.009

	R_Hip
	VAN
	B=-0.003, SE=0.001, T=15379.300, p=0.000
	B=0.000, SE=0.000, T=14543.630, p=0.406

	R_Hip
	CPN
	B=-0.009, SE=0.001, T=15376.160, p=0.000
	B=-0.002, SE=0.001, T=14316.770, p=0.000

	R_Hip
	CON
	B=-0.012, SE=0.001, T=14824.090, p=0.000
	B=-0.004, SE=0.001, T=13235.660, p=0.000

	R_Hip
	FPN
	B=-0.003, SE=0.001, T=15422.950, p=0.000
	B=-0.001, SE=0.000, T=14421.960, p=0.000

	R_Hip
	SN
	B=-0.003, SE=0.001, T=15170.020, p=0.025
	B=-0.002, SE=0.001, T=13921.360, p=0.027

	R_Hip
	DMN
	B=-0.006, SE=0.001, T=15403.630, p=0.000
	B=-0.001, SE=0.001, T=14601.410, p=0.106


Statistics (including p-values) refer to models using the full sample, while bold highlights those connections that survived FDR corrections across split-half discovery and replication datasets (i.e., those connections highlighted as significant in Figure 1).

Age and sex differences
Supplemental analyses explored whether there were age or sex moderated associations between pubertal timing and corticolimbic connectivity. Linear mixed models were conducted for all set of analyses. Covariates included the fixed effects of sex, mean framewise displacement, outlier count, and participation following the start of the COVID19 pandemic (yes/no). Random effects of subject, family and site IDs were incorporated to account for the nested nature of the data. Results are presented in Table S3. 

Table S3. Associations between pubertal timing and corticolimbic connectivity, as a function of sex and age 
	ROI
	Network
	Pubertal timing * Sex
	Pubertal timing * Age

	L_Amy
	AN
	B=0.002, SE=0.002, T=1.068, p=0.286
	B=0.000, SE=0.000, T=1.641, p=0.101

	L_Amy
	VN
	B=0.000, SE=0.001, T=-0.333, p=0.739
	B=0.000, SE=0.000, T=-1.098, p=0.272

	L_Amy
	SMN-H
	B=0.001, SE=0.001, T=0.822, p=0.411
	B=0.000, SE=0.000, T=0.618, p=0.537

	L_Amy
	SMN-M
	B=-0.001, SE=0.002, T=-0.722, p=0.470
	B=0.000, SE=0.000, T=-0.794, p=0.427

	L_Amy
	RTN
	B=-0.001, SE=0.002, T=-0.528, p=0.597
	B=0.000, SE=0.000, T=-0.597, p=0.550

	L_Amy
	DAN
	B=0.001, SE=0.001, T=1.078, p=0.281
	B=0.000, SE=0.000, T=1.619, p=0.105

	L_Amy
	VAN
	B=0.001, SE=0.001, T=1.054, p=0.292
	B=0.000, SE=0.000, T=1.133, p=0.257

	L_Amy
	CPN
	B=0.000, SE=0.001, T=0.220, p=0.826
	B=0.000, SE=0.000, T=-1.479, p=0.139

	L_Amy
	CON
	B=-0.002, SE=0.002, T=-0.985, p=0.325
	B=0.000, SE=0.000, T=-1.167, p=0.243

	L_Amy
	FPN
	B=0.001, SE=0.001, T=0.916, p=0.359
	B=0.000, SE=0.000, T=1.065, p=0.287

	L_Amy
	SN
	B=0.001, SE=0.002, T=0.356, p=0.722
	B=0.000, SE=0.000, T=-0.086, p=0.932

	L_Amy
	DMN
	B=0.001, SE=0.001, T=0.897, p=0.370
	B=0.000, SE=0.000, T=-0.054, p=0.957

	R_Amy
	AN
	B=0.000, SE=0.001, T=-0.130, p=0.897
	B=0.000, SE=0.000, T=-1.251, p=0.211

	R_Amy
	VN
	B=-0.002, SE=0.002, T=-0.961, p=0.336
	B=0.000, SE=0.000, T=0.232, p=0.816

	R_Amy
	SMN-H
	B=0.000, SE=0.001, T=0.165, p=0.869
	B=0.000, SE=0.000, T=0.864, p=0.387

	R_Amy
	SMN-M
	B=-0.002, SE=0.001, T=-1.922, p=0.055
	B=0.000, SE=0.000, T=-1.384, p=0.166

	R_Amy
	RTN
	B=0.000, SE=0.001, T=0.579, p=0.563
	B=0.000, SE=0.000, T=-0.262, p=0.794

	R_Amy
	DAN
	B=0.001, SE=0.001, T=1.108, p=0.268
	B=0.000, SE=0.000, T=0.497, p=0.619

	R_Amy
	VAN
	B=0.002, SE=0.001, T=1.538, p=0.124
	B=0.000, SE=0.000, T=-0.357, p=0.721

	R_Amy
	CPN
	B=0.001, SE=0.002, T=0.360, p=0.719
	B=0.000, SE=0.000, T=2.479, p=0.013

	R_Amy
	CON
	B=0.001, SE=0.002, T=0.307, p=0.759
	B=0.000, SE=0.000, T=-0.728, p=0.467

	R_Amy
	FPN
	B=-0.001, SE=0.002, T=-0.628, p=0.530
	B=0.000, SE=0.000, T=0.571, p=0.568

	R_Amy
	SN
	B=0.002, SE=0.001, T=1.687, p=0.092
	B=0.000, SE=0.000, T=-1.096, p=0.273

	R_Amy
	DMN
	B=-0.001, SE=0.001, T=-0.803, p=0.422
	B=0.000, SE=0.000, T=0.262, p=0.793

	L_Hip
	AN
	B=0.001, SE=0.001, T=0.736, p=0.462
	B=0.000, SE=0.000, T=2.267, p=0.023

	L_Hip
	VN
	B=-0.001, SE=0.001, T=-0.594, p=0.552
	B=0.000, SE=0.000, T=-0.980, p=0.327

	L_Hip
	SMN-H
	B=0.001, SE=0.002, T=0.402, p=0.688
	B=0.000, SE=0.000, T=1.254, p=0.210

	L_Hip
	SMN-M
	B=-0.003, SE=0.001, T=-2.314, p=0.021
	B=0.000, SE=0.000, T=-1.069, p=0.285

	L_Hip
	RTN
	B=-0.001, SE=0.002, T=-0.555, p=0.579
	B=0.000, SE=0.000, T=-1.509, p=0.131

	L_Hip
	DAN
	B=0.001, SE=0.001, T=1.211, p=0.226
	B=0.000, SE=0.000, T=-0.084, p=0.933

	L_Hip
	VAN
	B=0.000, SE=0.002, T=0.025, p=0.980
	B=0.000, SE=0.000, T=-2.026, p=0.043

	L_Hip
	CPN
	B=-0.003, SE=0.001, T=-2.505, p=0.012
	B=0.000, SE=0.000, T=-1.133, p=0.257

	L_Hip
	CON
	B=0.002, SE=0.001, T=1.359, p=0.174
	B=0.000, SE=0.000, T=1.414, p=0.157

	L_Hip
	FPN
	B=0.002, SE=0.002, T=1.413, p=0.158
	B=0.000, SE=0.000, T=-0.770, p=0.441

	L_Hip
	SN
	B=0.001, SE=0.001, T=0.532, p=0.595
	B=0.000, SE=0.000, T=-1.461, p=0.144

	L_Hip
	DMN
	B=0.000, SE=0.001, T=0.437, p=0.662
	B=0.000, SE=0.000, T=-0.765, p=0.444

	R_Hip
	AN
	B=-0.001, SE=0.002, T=-0.500, p=0.617
	B=0.000, SE=0.000, T=1.085, p=0.278

	R_Hip
	VN
	B=0.001, SE=0.002, T=0.300, p=0.764
	B=0.000, SE=0.000, T=0.116, p=0.908

	R_Hip
	SMN-H
	B=0.000, SE=0.001, T=0.317, p=0.752
	B=0.000, SE=0.000, T=-1.055, p=0.291

	R_Hip
	SMN-M
	B=-0.001, SE=0.001, T=-1.421, p=0.155
	B=0.000, SE=0.000, T=-0.866, p=0.387

	R_Hip
	RTN
	B=-0.001, SE=0.001, T=-1.023, p=0.306
	B=0.000, SE=0.000, T=-0.357, p=0.721

	R_Hip
	DAN
	B=0.002, SE=0.001, T=1.348, p=0.178
	B=0.000, SE=0.000, T=1.787, p=0.074

	R_Hip
	VAN
	B=0.000, SE=0.001, T=0.390, p=0.696
	B=0.000, SE=0.000, T=-0.582, p=0.561

	R_Hip
	CPN
	B=-0.002, SE=0.001, T=-1.635, p=0.102
	B=0.000, SE=0.000, T=0.102, p=0.919

	R_Hip
	CON
	B=-0.001, SE=0.002, T=-0.811, p=0.418
	B=0.000, SE=0.000, T=0.075, p=0.940

	R_Hip
	FPN
	B=-0.001, SE=0.001, T=-1.889, p=0.059
	B=0.000, SE=0.000, T=-0.657, p=0.511

	R_Hip
	SN
	B=0.001, SE=0.002, T=0.823, p=0.410
	B=0.000, SE=0.000, T=-0.182, p=0.856

	R_Hip
	DMN
	B=0.000, SE=0.002, T=-0.004, p=0.997
	B=0.000, SE=0.000, T=-0.216, p=0.829


Statistics (including p-values) refer to models using the full sample. There were no associations that survived FDR corrections across split-half discovery and replication datasets. 

Table S4. Mediation models

	
	Withdrawn Depression
	Rule-breaking Delinquency

	
	Est
	SE
	CIlow
	CIhigh
	Est
	SE
	CIlow
	CIhigh

	L_Amy - CON
	
	
	
	
	
	
	
	

	CBCL ~
	
	
	
	
	
	
	
	

	Intercept
	-0.885
	0.104
	-1.094
	-0.684
	-0.912
	0.109
	-1.124
	-0.695

	rsfMRI
	-0.075
	0.017
	-0.108
	-0.041
	-0.010
	0.017
	-0.043
	0.022

	pubertal_timing
	0.059
	0.011
	0.038
	0.080
	0.063
	0.010
	0.044
	0.083

	sex
	0.100
	0.033
	0.036
	0.164
	0.438
	0.032
	0.375
	0.500

	motion
	-0.003
	0.018
	-0.038
	0.033
	0.063
	0.017
	0.031
	0.095

	outliers
	0.017
	0.019
	-0.022
	0.054
	0.028
	0.018
	-0.008
	0.064

	covid
	0.160
	0.088
	-0.014
	0.331
	0.073
	0.090
	-0.107
	0.250

	rsfMRI ~
	
	
	
	
	
	
	
	

	Intercept
	0.227
	0.089
	0.055
	0.401
	0.231
	0.088
	0.054
	0.407

	pubertal_timing
	-0.056
	0.007
	-0.070
	-0.041
	-0.053
	0.007
	-0.067
	-0.039

	sex
	-0.008
	0.017
	-0.043
	0.025
	-0.007
	0.017
	-0.039
	0.026

	motion
	-0.056
	0.012
	-0.080
	-0.032
	-0.057
	0.012
	-0.081
	-0.034

	outliers
	0.209
	0.012
	0.186
	0.233
	0.211
	0.012
	0.187
	0.235
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covid : pre vs post start of pandemic, motion: mean framewise displacement


Controlling for race/ethnicity and INR
Supplemental analyses examined whether incorporation of race/ethnicity and INR as additional covariates influenced the main findings. The addition of these covariates into linear mixed models did not change the significance of associations between pubertal timing and connectivity of left-amygdala SMN-M (p = 0.013), left amygdala-CON (p < 0.001), right amygdala-CON (p = 0.002), right hippocampus-CON (p = 0.040), or left hippocampus-VAN (p < 0.001). However, the association between timing and left hippocampus-VN was no longer significant (p = 0.07). Inclusion of these covariates into mediation models did not change the significance of indirect pathways between pubertal timing and withdrawn depression via bilateral amygdala-CON or left hippocampus-VAN. However, indirect pathways involving the right hippocampus-CON and left-amygdala SMN-M were no longer significant (see Figure S4).

Controlling for neurodevelopmental disorders and psychotropic medication use
Supplemental analyses examined whether incorporation of neurodevelopmental disorders and psychotropic medication use as additional covariates influenced the main findings. Neurodevelopment disorders at baseline (yes/no) were based upon ADHD (CBCL DSM5 ADHD t-score >= 70) or ASD (scrn_asd = 1). Psychotropic medication (yes/no) was based on reported use of psychoanaleptics or psycholeptics as classified by the Anatomical Therapeutic Chemical Classification (N05 or N06): http://purl.bioontology.org/ontology/ATC/). The addition of these covariates in linear mixed models did not change the significance of associations between pubertal timing and any of the six connections (all p values < 0.001). Inclusion of these covariates into mediation models did not change the significance of any indirect pathways between pubertal timing and withdrawn depression (see Figure S4).




[image: ]
Figure S4. Mediation models examining indirect pathways between pubertal timing and mental health problems via resting-state corticolimbic connectivity (estimates and 95% CIs presented), while A) controlling for race/ethnicity and INR, and B) neurodevelopmental disorders and psychotropic medication use. 
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