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• Adequate sleep duration is crucial for the physiologic and metabolic 

health of preadolescents 

• The neural correlates regarding the development of physiologic 

outcomes could provide evidence for further understanding 

neuroplasticity in the adolescent brain

• The current literature exploring the relationship between sleep duration 

and brain network connectivity is limited by the use of subjective or 

parent-reported measures of sleep

• The relationship between sleep and sex hormones is well-documented in 

recent literature, though these relationships have not yet been explored 

in an early adolescent cohort

• Given this, the complex relationships between sleep, functional network 

connectivity, and pubertal hormone levels, and possible sex-specific 

effects, are still not well understood

Introduction

Objectives

• Cross-sectional data was gathered from 6,820 adolescents, and 

covariates were identified using previous literature (Table 1)

• Age

• Race/Ethnicity 

• Study site 

• Parent education 

• Household income 

• BMI percentile 

• Pubertal development stage 

• Average motion during resting scans  

• Number of fMRI Frames after Preprocessing

Methods

Results

Discussion

• These findings provide evidence that shorter sleep duration is associated 

with higher levels of testosterone and estradiol in adolescents, a finding 

that is contrary to the pattern observed in adults 

• Similar to other studies, altered functional connectivity within- and 

between- numerous brain networks were observed with changes in sleep 

duration

• Testosterone and estradiol levels may have a critical role in how sleep 

duration may impact brain functional connectivity in the sensory 

networks – this is a novel finding that will be further explored

• Limitations: 1) self-reported pubertal development information was 

used as a covariate in some of the analyses; 2) the cross-sectional 

analysis cannot infer causal relationships

• Future studies will utilize more robust analytical methods to solidify 

this mediating relationship, as well as implementing longitudinal 

analysis to evaluate the long-term effects of changes in sleep duration in 

adolescents
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Using the landmark Adolescent Brain Cognitive Development (ABCD) 

study, this study had three main objectives: 

1) Asses the relationship between Fitbit-recorded sleep duration and 

salivary pubertal hormone levels 

2) Assess the relationship between Fitbit-recorded sleep duration and 

resting-state functional connectivity within and between cortical brain 

networks 

3) Determine whether pubertal hormone levels mediated the relationship 

between sleep duration and functional connectivity 
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N = 6,820 

n = 2,723
Sleep duration vs. 

DHEA Levels

n = 1,243
Sleep duration vs. 

Estradiol Levels

n = 2,775
Sleep duration vs. 

Testosterone Levels

n = 3,298
*Sleep duration vs. 

Functional Connectivity

Fitbit sleep duration & 

salivary hormone outlier 

removal

Fitbit sleep duration & 

salivary hormone outlier 

removal

*Fitbit sleep duration & fMRI 

covariate outlier removal

n = 2,508
Sleep duration vs. 

DHEA Levels

n = 1,158
Sleep duration vs. 

Estradiol Levels

n = 2,578
Sleep duration vs. 

Testosterone Levels

n = 3,161
*Sleep duration vs. 

Functional Connectivity

n = 1,345
Males

n = 1,163
Females

n = 1,337
Males

n = 1,241
Females

N = 1,799
Mediation 

Analysis 

All available data for Fitbit sleep 

duration, salivary hormones, 

and fMRI functional 

connectivity

Table 1: Study Characteristics (N = 6,820)

Categorical variables are described by number (%) and continuous variables by 

mean +/- standard deviation

Figure 1: Data analysis flowchart 

• After removal of missing data and outliers, data was split up into unique 

subsets to be used for each analysis (Figure 1)

• Sleep duration was correlated with salivary hormone levels using linear 

regression analysis, with significant covariates identified using a 

stepwise selection model 

• Testosterone and DHEA was compared between the two 

sexes, while Estradiol was not

• Sleep duration was correlated with restaging-state fMRI functional 

connectivity using a linear regression model including all possible 

covariates

• Mediation analysis was performed with sleep duration as the 

independent variable, resting-state functional connectivity as the 

dependent variable, and salivary pubertal hormone levels as the 

potential mediator 

Data was split up into subsets for each unique analysis. Orange boxes signify unique 

datasets for comparing sleep duration vs. salivary pubertal hormones and sleep duration vs. 

rsfMRI functional connectivity. Yellow boxes signify final datasets with outliers removed 

and split up by sex that were used for linear regression analysis. Blue box represents the 

total number of data points that were available for all three variables of interest.

Variable Value

Age (months) 143.4 ± 7.7

     Male 3705 (54.3%)

     Female 3115 (45.7%)

     White 3989 (58.5%)

     Black 774 (11.4%)

     Hispanic 1244 (18.2%)

     Asian/Other 813 (11.9%)

BMI percentile 62.1 ± 30.5

     <50,000 1900 (27.9%)

     50,000 - 100,000 1993 (29.2%)

     > 100,000 2927 (42.9%)

     <High school graduate 317 (4.6%)

     High School Graduate/General Education Development 583 (8.6%)

     Some college/associate/bachelor degree 4071 (59.7%)

     Master's or professional/doctoral degree 1849 (27.1%) 

Pubertal Development Scale (PDS) Score

     Prepubertal 921 (13.5%)

     Early Pubertal 1763 (25.9%)

     Midpubertal 2816 (41.3%)

     Late Pubertal 1273 (18.7%) 

     Posterpubertal 47 (0.6%) 

Mean Framewise Displacement (mm) 0.21 ± 0.3

Number of fMRI Frames After Preprocessing 1022.6 ± 332.1

Fitbit-recorded Average Nightly Sleep Duration 7.5 ± 0.6

Salivary Pubertal Hormone Levels (pg/mL)

     DHEA 83.6 ± 64.5

     Estradiol 1.1 ± 0.6

     Testosterone 54.8 ± 34.5 

Sex

Race/Ethnicity

Total household income before taxes (US Dollars)

Highest education status of the caregiver

*p < 0.05
1DHEA model covariates included BMI percentile, PDS Score, and Study Site
2Testosterone model covariates included BMI percentile, PDS Score, Race/Ethnicity, and Study Site
3Estradiol model covariates included BMI percentile, PDS Score, and Study Site

Table 2: The relationship between sleep duration and pubertal hormone levels

Males (N = 1,345) Females (N = 1,163)

Figure 2: Sex-specific relationship between sleep duration and Testosterone levels

• Sleep duration was found to be inversely correlated with Testosterone levels in both 

males and females (Table 2, Figure 2)

• Sleep duration was found to be inversely correlated with Estradiol levels (Table 2) 

• Sleep duration did not have a significant relationship with DHEA levels after 

controlling for covariates

• Sleep duration was also found to be significantly correlated with the functional 

connectivity of 45 distinct within- and between-brain networks, particularly 

involving the sensory networks (sensorimotor, auditory, visual, not pictured)

*p < 0.05

Table 3: Mediation analysis results (N = 1,799)

• Of the 45 within- or between-brain network pairs that were significantly correlated 

with sleep duration, only 3 of these relationships were significantly mediated by 

variations in testosterone or estradiol levels (Table 3)

• Sex-specific effects were observed regarding the network connectivity values that 

were significantly mediated by changes in hormone levels

Sleep Duration

Auditory Network 
– Sensorimotor 

Network

Testosterone

-4.56* 0.00031*

0.012* (0.01)

Figure 3: Mediation model schematic for sex-specific changes in functional 

network connectivity due to sleep duration mediated by testosterone levels  

Sleep Duration

Salience Network –
Sensorimotor 

Network

Testosterone

-2.9* 0.00025*

0.009* (-0.01)

Males

Females

Testosterone Estradiol

Males Females Female only

Brain Networks
Proportion 

Mediated

Indirect 

effect P-

Value

Proportion 

Mediated

Indirect 

effect P-

Value

Proportion 

Mediated

Indirect 

effect P-

Value

Auditory Network –

Sensorimotor Network 
-0.124 0.018*

Salience Network –

Sensorimotor Network
-0.080 0.032* -0.077 0.044*

Frontoparietal Network –

Sensorimotor Network
-0.060 0.018*

Males (N = 1,345) Females (N = 1,163)

Hormone Estimate P-value Estimate P-value 

DHEA1 -0.389 0.856 -0.109 0.964

Testosterone2 -2.335 0.02748* -0.054 0.032489*

Estradiol3 -2.160 0.027028*

*p < 0.05
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