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INTRODUCTION
• Do early Attention-deficit/hyperactivity disorder (ADHD) symptoms 

predict later internalizing and externalizing symptoms in youth?

• Do sex and pubertal timing influence psychiatric symptoms in the 
context of early-onset ADHD symptoms and, in turn, affect the 
presence of internalizing and externalizing symptoms associated with 
ADHD? 

• Hypotheses: 

1) Irrespective of sex, more, early onset ADHD symptoms are 
associated with increased prevalence of internalizing and 
externalizing symptom in later childhood

2) Early pubertal onset in girls and boys modifies the relationship 
between ADHD diagnosis and the presence of other internalizing 
and externalizing symptoms in later youth outcomes.

• A subset of data collected from the Environmental influences on 
Child Health Outcomes (ECHO) Program, a large national 
collection of cohorts funded by the National Institutes of Health 
(NIH). ECHO combines 69 ongoing pediatric cohorts across the U.S. 
into one ECHO-wide Cohort.

• Data from early childhood (parent report of ADHD symptoms) were 
used to predict late childhood to adolescence internalizing and 
externalizing symptoms. 

• Inclusion: Children who completed a measure of ADHD symptoms at 
an age ≥3 years but <9 years; completed a measure of internalizing 
and externalizing symptoms at 9 years of age or older up to 18 years; 
had available data on sex; and were classified as either male or 
female. Exclusion: Cohorts without these measures.

General Modelling Strategy: Random effects models (A & B)

• Model A: analyzed separately by outcome domain and sex, yielding 
separate sets of models for Depression, Anxiety, Aggressive Behavior, 
Conduct Problems, Oppositional Defiant, and Rule-Breaking domains

• Model B using APHV as an additional main predictor and as an 
interaction effect with ADHD. 

• Outcome T-scores were predicted from early-age ADHD T-scores. All 
models were estimated using restricted maximum likelihood (REML) 
using the lme4 package.

RESULTS

• Parent reports of higher levels of ADHD symptoms in 
early to middle childhood (3-9 years of age) are 
associated with greater symptoms of anxiety, 
depression, aggressive behavior, conduct problems, 
oppositional defiant disorder, and rule-breaking 
behavior in later childhood and adolescence (9-18 
years of age), regardless of sex

• Age of maximum growth (i.e., APHV) as a proxy for 
pubertal timing did not appear to modify the 
outcomes for ADHD

• Puberty status from subsequent years should be 
analyzed as sample participants may not have 
reached peak height velocity

• Poor behavioral regulation increases likelihood of 
higher rates of co-morbid psychiatric disorders and 
later internalizing and externalizing behaviors 

• Further exploration needed for theory of “p” factor 
dimension, a general psychopathology dimension, 
where higher p scores are associated with higher, 
general risk for psychopathology severity

• Early indicators of ADHD should be considered with 
targeted monitoring and early intervention prior to 
the presentation of symptoms sufficient to make a 
diagnosis

• The findings strengthen the need for comprehensive 
evaluations of ADHD symptoms in early childhood, as 
well as ongoing monitoring into later childhood and 
adolescence, in order to take advantage of 
opportunities for early intervention to mitigate the 
onset of other psychopathology
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Analysis Domains Measures 

Attention-deficit/ hyperactivity CBCL, BASC, CPRS-3 ADHD index (10-item) 

Anxiety CBCL, BASC, Anxiety 8a – Parent Proxy

Depression CBCL, BASC, Depressive Symptoms 6a – PP 

Aggressive behavior CBCL, BASC

Conduct problems CBCL, BASC

Oppositional defiant problems CBCL

Rule-breaking behavior CBCL

Pubertal timing
Age at Peak Height Velocity  

(APHV)

Obtained from height measurements, subject-specific height growth curves with the 
SuperImposition by Translation and Rotation (SITAR) growth model based on a non-linear 
mixed-effect model with estimation by maximum likelihood

Sociodemographic description of analytic sample

All (n=1808) With APHV (n=1026)

Age at exposure (mean/SD) 4.9 (1.5) 5.4 (1.3)

Age at outcome (mean/SD) 12.5 (2.6) 11.9 (1.9)

Sex (Male) 936 (51.8%) 553 (53.9%)

(Female) 876 (48.2%) 473 (46.1%)

Race

White 1002 (55.4%) 582 (56.7%)

Black 594 (32.9%) 291 (28.4%)

Other Single Race <50 <5

Multiple Race 175 (9.7%) 138 (13.5%)

Ethnicity

Hispanic <125 <85

Non-Hispanic 1679 (92.9%) 942 (91.8%)

• More ADHD symptoms in early childhood is associated 

with higher symptoms of  depression, anxiety, 

aggressive behavior, conduct problems, oppositional 

defiant disorder, and rule-breaking behavior in later 

childhood/adolescence in girls and boys

• Earlier pubertal timing predicted more aggressive behavior 

in females 

• Pubertal timing did not impact any other outcomes for 

ADHD 

Key Takeaways
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