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ABSTRACT

Background: While clinical studies have documented sex differences in
emotional, behavioral, and cognitive function of children with Attention Deficit
and Hyperactive Disorder (ADHD), it is unknown if these sex differences are due
to differences in referral and diagnosis or if they can be also seen when we screen
a community sample for ADHD. If these sex differences exist in populations with a
diagnosis history but cannot be seen in screening, then they are unfair, preventable,
and due to gender (social processes in referral and diagnosis) rather than sex.

Aim: Using the data from a community sample of 9-10-year-old healthy
developing children, we explored sex differences in the associations between
cognitive, emotional, behavioral, and health status with positive screening vs.
history of diagnosed ADHD.

Methods: The Adolescent Brain Cognitive Development (ABCD) study included
a national sample of 10,171 American children between ages 9 and 10 years old.
This sample included 1,488 children with a history of psychiatric diagnosis and
8,683 children without a diagnosis. The two independent variables were screening
and history of ADHD. The following variables were outcomes: symptom severity,
cognitive function, body mass index (BMI), internalizing, externalizing, and total
behavioral disorders. Sex was the moderator, and age, race, ethnicity, education,
household income, and family structure were covariates. Mixed-effects regression
models were used to adjust for the nested nature of the data.

Results: Positive screening for ADHD and a history of diagnosis were both
associated with worse cognitive function, higher internalizing, externalizing, total
problem behaviors, higher inattention (ADHD symptoms), and lower BMI. Sex
altered the association between history of diagnosis but not positive screening
for ADHD with externalizing, and total behavioral problems as well as cognitive
function. Sex did not affect the associations between positive screening for ADHD
or a history of diagnosis with BMI or ADHD symptoms. Both history of diagnosis
and positive screening for ADHD were associated with higher internalizing for boys
than girls.

Conclusion: History of diagnosis, but not positive screening for ADHD, is
differently associated with behavioral and cognitive performance of males and
females. As sex differences are seen in correlates of history of diagnosis but not
positive screening, some of the observed sex differences are due to differential
referral and diagnosis rather than differential presentation of ADHD in the
community. This finding suggests that some of the so-called “sex differences” that
are believed to be due to biology and heritable may be “gender differences”and
modifiable. This is important because while gender differences are preventable and
modifiable, sex differences are not.

Introduction

Attention Deficit and Hyperactive Disorder (ADHD) is one of the
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most common psychiatric disorders during childhood?
which may last into adulthood? Although the etiology of
ADHD is not completely known, multiple studies suggest
strong genetic heritability to ADHD 3* Research has also
established the role of maternal factors such as lead
exposure®, alcohol*®, tobacco*, and history of preterm
delivery*.

One of the most prominentissues in children with ADHD
is its association with a wide range of behavioral, cognitive,
and emotional problems?*#°. ADHD accompanies difficulties
with paying attention, inhibition, impulse control, and
both internalizing and externalizing problems®°. Some
of this burden is core elements of ADHD and some are
comorbid conditions to ADHD. For example, While poor
executive function® and impulsivity”® are believed to be
core to ADHD, high internalizing®!!, externalizing'*,
and total behavioral problems!>!® are commonly seen as
comorbidities with ADHD.

Boys and girls with ADHD show different behavioral,
emotional, and cognitive profiles, causing differential
burden and the manifestation of ADHD for boys and girls'’.
Meta-analyses have asked to what degree these differences
are biological (sex differences) or due to society (gender
differences)'’. Sex differences are due to biological factors
that are predominantly shaped by brain differences,
hormones, or sex chromosomes. On the other hand, gender
differences are shaped by social forces that are preventable.
Still, it is not clear whether differences in behavioral,
emotional, and cognitive correlates of ADHD!®! are due to
biology or society?>?’. While boys show a higher prevalence
of ADHD than girls, atleastin theory, some of the differential
correlates of ADHD82%28-30 hetween the sexes may be due
to differential referral or diagnosis. If differential referral
contributes to this phenomenon, we expect larger male-
female differences in depression, impulsivity, cognitive
function, and problem behaviors?*263132 in children with
a history of diagnosed ADHD, compared to children who
screen positive for ADHD in community-based studies.

Aims

In this investigation, we analyzed a national sample
of 9-10-year-old American children for the association
between history of diagnosis and positive screening for
ADHD with a wide range of emotional, behavioral, and
cognitive outcome measures. While ADHD is expected
to be correlated with internalizing behavioral problems,
externalizing behavioral problems, total behavioral
problems, and domains of cognitive function, we expected
stronger differences between male than female children
for history of diagnosis rather than positive screening
for ADHD. If our hypothesis is confirmed, we would
suggest that at least some of the male-female differences
in correlates of ADHD are due to differential referral and

diagnosis (gender differences due to society) rather than
non-preventable sex differences that are inherent to the
biology of ADHD.

Methods

Design and Setting

This cross-sectional study was a secondary analysis of
existing data, which was borrowed from the Adolescent
Brain Cognitive Development (ABCD) study3*®’. The
ABCD is a national children’s brain development study
with large diversity based on race, ethnicity, sex, and
socioeconomic status SES*3% The ABCD children were
drawn from schools across multiple cities nested to
various states in the US. The recruitment catchment
area of the ABCD study sites composes 21 participating
sites, encompassing over 20% of the entire United States
population of 9-10-year-old children. Although the ABCD
sample is national, it is not random or representative.
Although the selection was not random, the final ABCD
sample is a close approximation of the US children across
all demographic and sociodemographic factors due to
carefully designed and implemented procedures. Thus,
the results are reliable regarding race/ethnicity, age, sex,
SES, and urbanicity.

This study included 10,171, 9-10-year-old American
children who had valid data on ADHD, sex, BMI, CBCL
scores, cognitive performance, age, race, ethnicity, parental
education, household income, and family structure.
Participants and their families could identify as White,
Black, Asian, other/mixed race, Hispanic/Latino, or non-
Hispanic/Latino. No participants were excluded for any
reason other than missing data.

Study Measures
Independent Variables

Current ADHD Diagnosis. Parents were interviewed
using the Kiddie Schedule for Affective Disorders and
Schizophrenia (K-SADS) inventory to determine whether
the child meets the criteria for current ADHD. The K-SADS
is an interview tool that is commonly used to evaluate a
wide range of psychiatric disorders in children. Application
of K-SADS to parents, we had a dichotomous variable that
reflected whether the child currently had ADHD.

History of ADHD diagnosis. Parents were asked, “Has
your child been diagnosed with ADHD, Depression, Bipolar
Disorder, Anxiety, Phobias”. Responses were binary and
could be either yes or no.

Outcomes

The Child Behavior Checklist (CBCL). The CBCL scale®***?
was used to measure inattention as well as internalizing,
externalizing, and total behavioral disorders of the children.
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In this study, the CBCL was reported by the parents***°. The
CBCL is developed by the Achenbach System of Empirically
Based Assessment (ASEBA) and provides continuous
scores that reflect internalizing, externalizing, and total
behavioral problems. The CBCL is a useful screening tool
widely used across settings for detecting children with
internalizing and externalizing behavioral issues. Higher
scores indicate more internalizing, externalizing, and total
behavioral problems.3%-42

BMI. Child BMI was measured up to two times. BMI was
calculated based on measured height and weight.

Cognitive Function. Using the NIH toolbox, we
had three measurement tools for assessing the
neurocognitive function of our participants. These
included uncorrected (based on age) scores of NIH Fluid
Composite®*-52, NIH Flanker5***and NIH card sort535556, A
full explanation of these cognitive measures is available
here®”%”. These NIH toolboxes are highly validated.
These measures were treated as a continuous measure.
For all these variables, a higher score indicated higher
cognitive performance.

Covariates

Family Structure. Family structure was a dichotomous
variable: married = 1 and not- married = 0.

Parental Educational Attainment. Parental education
was defined as a five-level categorical variable: (1) less than
high school (reference category), (2) high school / GED, (3)
some college, (4) college degree, and (5) graduate+ school.

Household Income. Household income was a nominal
variable: Parents were asked, “What is your total combined
highest income for the past 12 months? This should include
income (before taxes and deductions) from all sources,
wages, rent from properties, social security, disability and
veteran’s benefits, or unemployment benefits”. Responses
included less than $50,000, $50,000- $100,000; and
$100,000 +.

Race. Race was identified by the parents. Race was a
categorical variable: Black, Asian, Other/Mixed, and White
(reference group).

Ethnicity. Ethnicity was identified by the parents.
Ethnicity was a categorical variable: 1 for Hispanic and 0
for Non-Hispanic (reference group).

Age. Age was a continuous measure in months and was
calculated based on the birthdate reported by the child’s
parents.

Moderator

Sex. The sex of the child was a categorical variable with
1 for males and 0 for females.

Analysis

The program Data Analysis and Exploration Portal
(DEAP) was utilized for statistical analyses. DEAP is an
online analytical tool and is written on the R program.
For our bivariate analysis, we used Chi-square and
independent t-test to compare males and females for
study variables. For our multivariable analysis, we used
mixed-effect models because observations were nested
to individuals, which were nested to families, and then
to sites. As a result, we needed to have a random effect
and fixed terms to adjust for the samples’ clustering and
non-independence. We ran two mixed-effects model
regressions for each pair of independent and dependent
model. All mixed-effects regression models were estimated
in the overall/pooled sample. Model 1, the main effect
model, was estimated in the absence of the sex by ADHD
interaction term. Model 2 added interaction terms between
sex and ADHD. BMI, cognitive function measures, ADHD
symptoms, internalizing behavioral problem, externalizing
behavioral problem, and total behavioral problem were the
outcomes. Sex was the moderator. Screening for ADHD and
history of diagnosis, both dichotomous variables, were the
predictors. Our models controlled for age, race, ethnicity,
parental education, household income, and family
structure. Regression coefficient (b), standard error (SE),
and p-values were reported for each parameter.

Ethics

This secondary analysis used a fully de-identified
data set. Our analysis was exempt from a full review
of the Institutional Review Board (IRB). However, the
original ABCD study protocol was approved by the IRB at
the University of California, San Diego (UCSD). Children
provided assent and parents provided consent 3,

Results

Table 1 described the sample overall and by sex. The
current analysis was performed on 10,171, 9-10-year-old
children, from which 5,298 (52.1%) were male and 4,873
(47.9%) were female. Prevalence of positive screening for
ADHD. History of a diagnosis was almost two times higher
in males than females (20% vs 10%).

As shown in Table 2, for each outcome, overall,
history of diagnosis was associated with lower BMI and
higher inattention, internalizing, externalizing, and total
behavioral. Sex altered the association between history
of diagnosis and internalizing, externalizing, and total
behavioral problems as well as cognitive function but
not BMI or inattention. A history of diagnosis was more
strongly associated with internalizing, externalizing,
and total behavioral problems for males than females. In
contrast, history of diagnosis was more strongly associated
with a decline in cognitive performance (two of three
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Table 1. Baseline data overall and by sex.

Level Overall Female Male p
N 10,171 4,873 5,298

Mean (SD) Mean (SD) Mean (SD)
Age (Months) 118.94 (7.47) 118.76 (7.45) 119.11 (7.49) 0.018
Body Mass Index (BMI) 18.65 (3.91) 18.72(3.99) 18.58 (3.84) 0.061
NIH Fluid Composite Uncorrected 91.98 (10.52) 92.42 (10.37) 91.57 (10.64) <0.001
NIH Flanker Uncorrected 94.26 (8.91) 94.08 (8.73) 94.43 (9.07) 0.045
NIH Card Sort Uncorrected 92.87 (9.34) 93.44 (8.87) 92.34 (9.73) <0.001
Internalization Problems 48.13 (10.51) 47.96 (10.47) 48.29 (10.55) 0.120
Externalization Problems 46.02 (9.59) 45.80 (9.54) 46.22 (9.63) 0.028
Total Behavioral Problems 43.05 (10.16) 42.83 (10.14) 43.26 (10.19) 0.033
Attention Deficit Hyperactivity Disorder (ADHD) Positive Screening 53.27 (5.59) 53.10(5.43) 53.43 (5.73) 0.003
ADHD Screening (0-1) 0.09 (0.29) 0.06 (0.24) 0.12 (0.33) <0.001

N(%) N(%) N(%)

Race
White 6,777 (66.6) 3,188 (65.4) 3,589 (67.7) 0.084
Black 1,448 (14.2) 726 (14.9) 722 (13.6)
Asian 228 (2.2) 116 (2.4) 112 (2.1)
Other/Mixed 1,718 (16.9) 843 (17.3) 875 (16.5)
Hispanic
No 8,249 (81.1) 3,961 (81.3) 4,288 (80.9) 0.672
Yes 1,922 (18.9) 912 (18.7) 1,010 (19.1)
Married Family
No 3,071 (30.2) 1,516 (31.1) 1,555 (29.4) 0.056
Yes 7,100 (69.8) 3,357 (68.9) 3,743 (70.6)
Parental Education
< HS Diploma 367 (3.6) 185 (3.8) 182 (3.4) 0.756
HS Diploma/GED 824 (8.1) 390 (8.0) 434 (8.2)
Some College 2,602 (25.6) 1,237 (25.4) 1,365 (25.8)
Bachelor 2,714 (26.7) 1,286 (26.4) 1,428 (27.0)
Post Graduate Degree 3,664 (36.0) 1,775 (36.4) 1,889 (35.7)
Household Income
< 50K 2,885 (28.4) 1,406 (28.9) 1,479 (27.9) 0.510
> =50K& < 100K 2,916 (28.7) 1,398 (28.7) 1,518 (28.7)
> =100K 4,370 (43.0) 2,069 (42.5) 2,301 (43.4)
History of Diagnosis
No 8,683 (85.4) 4,384 (90.0) 4,299 (81.1) <0.001
Yes 1,488 (14.6) 489 (10.0) 999 (18.9)

Table 2. Summary of our regressions without and with interactions on the associations between history of diagnosed Attention Deficit and
Hyperactive Disorder (ADHD) and children internalizing, externalizing, and total behavioral problems (n=10171).

b SE p Sig b SE p sig
NIH Fluid Comp Uncorrected
Diagnosis History -3.11506 | 0.26596 <0.001 * kX -3.97104 = 0.44220 <0.001 * kX
Sex (Male) -0.76154 0.18832 <0.001 *xx -0.93662 0.20168 <0.001 * ok ok
Diagnosis History x Sex (Male) 1.32645 0.54743 | 0.0154077 *
NIH Card Sort Uncorrected
Diagnosis History -1.75385 0.25202 <1le-6 * A K -2.75363 0.42094 <0.001 * ok x
Sex (Male) -1.10781 0.17778 <le-6 *xx -1.31146 0.19051 <0.001 * ok ok
Diagnosis History x Sex (Male) 1.54554 0.52114 | 0.0030272 * ok
NIH Flanker
Diagnosis History -2.41885 0.24296 <0.001 * kX -2.59236 | 0.40615 <0.001 * ok x
Sex (Male) 0.50576 0.17133 | 0.0031651 * ok 0.47050 0.18369 | 0.0104403 *
Diagnosis History x Sex (Male) 0.26813 0.50283 | 0.5938831

Page 4 of 12



Assari S. Emotional, Behavioral, and Cognitive Correlates of Attention Deficit

and Hyperactive Disorder (ADHD) Screening and Diagnosis History: Sex/Gender

Differences. J Neurol Neuromedicine (2021) 6(1): 1-12

Journal of Neurology & Neuromedicine

Internalizing Symptoms

Diagnosis History 1.06198 0.16659 <0.001 koK 0.67024 0.25674 | 0.0090527 * K

Sex (Male) 0.00377 0.12488 | 0.9759113 -0.07887 0.13149 | 0.5486565

Diagnosis History x Sex (Male) 0.63321 0.31596 | 0.0450864 *

Externalizing Symptoms

Diagnosis History 0.71445 0.15362 0.001 * ok ok 0.32813 0.23673 | 0.1657568

Sex (Male) -0.06859 0.11520 | 0.5515747 -0.15014 0.12130 | 0.2158118

Diagnosis History x Sex (Male) 0.62494 0.29134 | 0.0319724 *

Total

Diagnosis History 0.92653 0.14863 <0.001 koK 0.55601 0.22794 | 0.0147341 *

Sex (Male) -0.09435 0.11187 | 0.3990413 -0.17269 0.11767 | 0.1422296

Diagnosis History x Sex (Male) 0.60085 0.28045 | 0.0321783 *

ADHD Symptoms

Diagnosis History 0.57593 0.08872 <0.001 *ok ok 0.46201 0.13675 | 0.0007311 * oKk

Sex (Male) 0.02577 0.06654 | 0.6985967 0.00166 0.07009 | 0.9811147

Diagnosis History x Sex (Male) 0.18504 0.16828 | 0.2715564

Body Mass Index (BMI)

Diagnosis History -0.52673 0.10250 <0.001 koK ok -0.40763 0.16942 | 0.0161422 *

Sex (Male) -0.11892 0.07286 0.102696 -0.09454 0.07790 | 0.2249698

Diagnosis History x Sex (Male) -0.18494 0.20945 | 0.3772561

#p<0.1 *p<0.05 **p<0.01 **%*p<0.001

measures) for females than in males. The association

S : ' between history of diagnosis and ADHD symptoms, BMI, or
Wsorys | : | Flanker measure (cognition) did not differ between males
—_ | ) l and females (Figure 1).
o N comp ncorrecied Table 2. Summary of our regressions without and

Males x History « | - |
History + | - |

History - } - |

(b) NIH card sort uncorrected
Males x History + | . i
History + | - i

History . |

(c) Internalizing problems

VIZIES K MUSIOTY + I . 1

History + I - |

History | - |

(d) Externalizing problems

History + | . |

History | % 1

(e) Total problem behaviors

Figure 1. Associations between history of diagnosed Attention
Deficit and Hyperactive Disorder (ADHD) and children internalizing,
externalizing, total behavioral problems, and cognitive function by
sex (n=10171).

with interactions on the associations between history of
diagnosed Attention Deficit and Hyperactive Disorder
(ADHD) and children internalizing, externalizing, and total
behavioral problems (n=10171).

When we tested the same sex/gender differences for
positive ADHD screening, we did not find most of the sex/
gender interactions that were significant for history of
diagnosis, which were shown in Table 2. We only found two
significant interactions between sex/gender and positive
screening for ADHD on externalizing and total problems,
suggesting that the associations between positive ADHD
screening and externalizing and total problems are
stronger for males than females. There were no significant
interactions between sex/gender and positive screening
for ADHD on other cognitive or emotional outcomes (Table
3 and Figure 2).

Discussion

In a national sample of 9-10-year-old children in the
US, while history and positive screening for ADHD were
both associated with higher internalizing, externalizing,
and total behavioral problems as well as lower cognitive
performance, sexes showed more differences in emotional,
behavioral, and cognitive correlates of history of diagnosis
than positive screening for ADHD. The observation of
stronger sex differences in behavioral, emotional, and
cognitive correlates for history of diagnosis than positive
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Table 3. Summary of our regressions without and with interactions on the association between positive screening for Attention Deficit and
Hyperactive Disorder (ADHD) and children internalizing, externalizing, and total behavioral problems (n=10171).

b SE p Sig b SE p sig
NIH Fluid Comp Uncorrected
Positive Screening -2.95823 0.32211 < le-6 *x K -3.48091 0.55660 <le-6 koK
Sex (Male) -0.85829 0.18930 5.9e-06 * ok ok -0.92231 0.19728 3e-06 * ok x
Positive Screening x Sex (Male) 0.78174 0.67912 0.2497188
NIH Card Sort Uncorrected
Positive Screening -1.79677 0.30497 <le-6 * kK -1.81167 0.52797 0.0006029 * ok
Sex (Male) -1.16187 0.17815 <le-6 *ok ok -1.16368 0.18576 <le-6 * ok ok
Positive Screening x Sex (Male) 0.02228 0.64447 0.9724238
NIH Flanker
Positive Screening -1.58365 0.29496 < le-6 * kK -2.10565 0.51071 3.77e-05 * ok
Sex (Male) 0.42990 0.17232  0.0126184 * 0.36602 0.17970 0.0416875 *
Positive Screening x Sex (Male) 0.78065 0.62346 0.210557
Internalizing Symptoms
Positive Screening 1.85149 0.19486 < le-6 * kK 1.68605 0.31357 <le-6 * oKk
Sex (Male) -0.02514 0.12599  0.8418402 -0.04632 0.12983 0.7212548
Positive Screening x Sex (Male) 0.26344 0.38918 0.4984707
Externalizing Symptoms
Positive Screening 1.58559 0.17895 <le-6 * kK 0.61816 0.28652 0.0309909 *
Sex (Male) -0.13443 0.11578  0.2456099 -0.25663 0.11882 0.0308085 *
Positive Screening x Sex (Male) 1.51528 0.35567 2.06e-05 kR K
Total
Positive Screening 1.76565 0.17304 <le-6 *ox ok 1.30080 0.27693 2.7e-06 *ox o
Sex (Male) -0.13565 0.11259  0.2282954 -0.19477 0.11587 0.0928 .
Positive Screening x Sex (Male) 0.73794 0.34416 0.0320438 *
ADHD Symptoms
Positive Screening 1.16274 0.10416 <le-6 *ox 0.94217 0.16757 <le-6 * ok
Sex (Male) -0.00659 0.06736  0.9220813 -0.03470 0.06941 0.6170977
Positive Screening x Sex (Male) 0.35020 0.20798 0.0922458
Body Mass Index (BMI)
Positive Screening -0.40187 0.20952 0.055177 -0.38772 0.38244 0.3107365
Sex (Male) -0.11692 0.12249  0.3398491 -0.11547 0.12677 0.3624215
Positive Screening x Sex (Male) -0.02013 0.45403 0.9646434
#p<0.1 *p<0.05 **p<0.01 *5% b < 0.001

screening for ADHD suggests that at least some of the male-
female differences in cognitive, emotional and behavioral
correlates of ADHD in clinical samples are possibly due
to differential referral (gender differences) rather than
biological differences (sex differences). This suggests that
differential manifestation of ADHD for boys and girls is
more prominent in clinical than community settings.

The current study compared males and females for
cognitive, emotional, and behavioral problems that are
commonly found in children with ADHD. These problems
include difficulty paying attention, difficulty controlling
impulsive behaviors, overactivity?>®?, internalization!6°8-¢1,
and externalization to name a few. Some of these features
are core elements of ADHD (e.g., attention problem) and
some others (e.g, internalizing behaviors) are believed
to be comorbid to it. For example, lower performance in
cognitive domains, particularly executive function® and

impulse control”8, are core to ADHD, while high levels of
internalizing®?!!, externalizing''**, and total behavioral
problems*>1¢ is believed to be a common comorbidity.

In line with our findings, literature has shown that
particularly in clinical settings, males and females differ
in ADHD presentation®*2830. Sex differences in the
association between ADHD and depression, impulsivity,
cognitive function, and problem behaviors are consistently
reported?+263132 | Policy and clinical implications of these
observations depend on whether they are due to gender
differences (social processes) such as differential referral
of boys and girls, or sex differences (due to biology) that
are innate and non-modifiable®..

Sex differences in ADHD is not limited to the
prevalence'®?! as males and females show different ADHD
correlates???’. In line with our findings on correlates
of history of diagnosis, a meta-analysis by Gersgon
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W Te

External

Total

Figure 2. Association between positive screening for Attention Deficit and Hyperactive Disorder (ADHD) and children externalizing and total

behavioral problems by sex (n=10171).

documented greater intellectual impairment in girls than
boys with ADHD?! . In line with our findings on correlates
of history of diagnosis, the Gersgon meta-analysis showed
higher externalizing problems in boys than girls with
ADHD?3L Our results on correlates of history of diagnosis
are also in line with the meta-analysis by Gaub and Carlson,
showing that compared with ADHD boys, ADHD girls may
display greater intellectual impairment and lower rates of
other externalizing behaviors Y.

However, we did not find many of male-female
differences for correlates of positive screening for ADHD.
The results of the previous original articles and meta-
analyses are also not always consistent, as the literature is
full of original studies that have reported opposite results
regarding sex and gender differences in correlates of ADHD.
In contrast to our finding, the Gersgon meta-analysis and
Gaub and Carlson showed lower hyperactivity, inattention,
impulsivity in girls than boys with ADHD.

Our finding on sex and gender differences were more
pronounced when we compared boys and females for a
diagnosis history rather than a positive screening. This
observation is in support of the argument by Gaub and
Carlson who suggested that differential referral and paths

to diagnosis may explain some of the gender differences in
ADHD burden and presentation. As they are preventable
and due to social rather than biological mechanisms, they
can be considered disparities and should be prevented. In
this view, some of the differences in the burden of ADHD
between males and females is due to differences in the
referral bias for girls and boys?”. As such, in research on sex
and gender differences in ADHD, there is a need to adjust
for history of diagnosis and referral source. Similarly,
the results in clinical and community-settings would not
necessarily agree. In other words, similar differences can
be replicated in children with ADHD who are not referred
and screened'’.

Gaub and Carlson mentioned that girls with ADHD
displayed lower levels of inattention, internalizing behavior,
and peer aggression than boys with ADHD'. In clinic-
referred samples, however, boys and girls with ADHD may
display more similar impairment on emotional, behavioral,
and cognitive domains 7. Other than referral bias, some of
the sex and gender differences in correlates of ADHD may
be due to comorbidity, developmental patterns, and rater
source'’.

As Gaub and Carlson and others have argued, we also
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believe that sources of gender and sex differences in the
correlates and burden of ADHD require more research'’. We
may expect more gender differences in correlates of ADHD
in the literature that has sampled males and females from
clinics. In the ABCD sample, there are fewer differences
between correlates of positive ADHD screening for males
and females. As ABCD has collected extensive brain image
data, it has provided an excellent opportunity to test sex
differences in correlates of ADHD. Further analysis of the
ABCD data can help decompose sex and gender differences
in ADHD by using functional, structural, and diffusion MRI
data.

Both sex and gender differences can explain why
males and females with ADHD have different levels of
internalizing, externalizing, total behavioral problems,
and cognitive performance. Sex refers to the biology
of being male or female. For instance, a wide range of
studies has documented structural and functional brain
differences in ADHD in males and females. In contrast to
sex as a biological factor, gender may also explain some
of the observed differences in this study. Some of the sex
differences in brain and behavior are due to chromosomal
differences of malesand females.Sex differencesare alsonot
preventable and can be seen as disparities and inequalities
that should or could be potentially eliminated, as they are
fixed and inherent. As a result of gender, a social construct,
socialization and experiences of boys and girls with ADHD
differ. Such differences include parenting, social norms,
socialization, expectations, and behavioral coping, which
may also differ between boys and girls with and without
ADHD. In contrast to sex differences that are not the target
of policy, gender differences might be preventable and to
some levels can be seen as disparities and inequalities
between males and females that are shaped by social
forces. Such gender differences in the burden of ADHD of
boys and girls can be potentially eliminated, however, we
do not argue that they are easy to change.

Implications

Our study may have some implications for research and
practice. Clinicians should be aware that among individuals
with a history of diagnosis, ADHD may be associated
with worse externalizing behaviors for males and worse
cognitive problems for females. This information may also
help health care providers and parents to tailor clinical
interventions to the sex/gender of their child. As the
presentation of boys and girls with a history of diagnosed
ADHD differs, the treatment approach may consider such
existing sex/gender differences. As such, interventions and
programs in clinical settings may benefit from tailoring our
modalities to the sex/gender of the ADHD patients who
have received a diagnosis. Our result reminds researchers
that sex/gender is more than a control variable when we
work with children with a history of diagnosed ADHD.

Policymakers should be aware that some of the sex
differences in cognitive, behavioral, and emotional needs
of 9-10-year-old children with diagnosed ADHD may be an
artifact of diagnosis and referral rather than a sex-specific
presentation of ADHD.

Future research

As this study was preliminary, more research is needed
in the future. More research is needed to decompose the
effect of biology (sex) from society (gender) in explaining
differences in the burden of ADHD for boys and girls.
We need brain imaging studies that explore differential
implication of cortical and sub-cortical regions for males
and females with ADHD. Similarly, we need studies that
explore parent and teacher expectations and practices with
males and females with ADHD.

Limitations

Our study hassomelimitations. One major limitation was
that we did not account for family history, other psychiatric
disorders, duration of the illness, or history of treatment.
We also did not measure the severity of ADHD other than
an over-simplistic measure of inattention. Additionally,
for ADHD symptoms, inattention, internalizing and
externalizing disorders, we only relied on parental reports.
Inclusion of other sources such as the child, teacher, and
medical charts, and school record could increase our ability
to observe differences from other viewpoints. We did not
validate our results based on the electronic records of the
individuals or school charts. We also did not include any
family, social, or brain imaging data that could potentially
explain some of the observed sex and gender differences.
Finally, we did not measure other aspects of physical health
rather than BML.

Future research

There is a need to study how sex, a biological construct,
and gender, a social construct, shape differential correlates
and burden of ADHD in males and females. As one size
does not fit all, sex and gender differences themselves
may differ across settings. There is a need to study social
and biological processes that may explain male-female
differences in correlates of ADHD. Differences in referral
as well as norms, expectations, coping, and parenting may
explain some of the differences in the behaviors of males
and females with ADHD. Sex hormones, sex chromosomes,
puberty, and brain structures and functions may also be
involved in explaining why boys and girls who have ADHD
have a different cognitive, behavioral, and emotional
profile.

Conclusions

In 9-10-year-old children in the US, sex and gender may
alter how ADHD is correlated with cognitive, behavioral,
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and emotional problems. While the history of diagnosis
is more strongly associated with externalizing behavioral
problems for males than in females, females with a history
of diagnosis experience more significant problems in
cognitive performance than their male counterparts.
These gender differences are less pronounced when we
compare males and females who screen positive for ADHD,
suggesting that differential referral and chance of diagnosis
may contribute to some of the gender differences. If this
hypothesis is confirmed by future research, some of the
male-female differences in correlates of ADHD might be
regarded as preventable.
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Appendix 1. Model Formula

nihtbx_flanker_uncorrected ~ scrn_commondx + race.4level + hisp
+ sex + age + high.educ.bl + household.income.bl + married.bl

nihtbx_cardsort_uncorrected ~ scrn_commondx + race.4level +
hisp + sex + age + high.educ.bl + household.income.bl + married.bl

nihtbx_fluidcomp_uncorrected ~ scrn_commondx + race.4level +
hisp + sex + age + high.educ.bl + household.income.bl + married.bl

asr_scr_totprob_t ~ scrn_commondx + race.4level + hisp + sex +
age + high.educ.bl + household.income.bl + married.bl

asr_scr_internal_t~ scrn_commondx + race.4level + hisp + sex +
age + high.educ.bl + household.income.bl + married.bl

asr_scr_external_t ~ scrn_commondx + race.4level + hisp + sex +
age + high.educ.bl + household.income.bl + married.bl

asr_scr_adhd_t~ scrn_commondx + race.4level + hisp + sex + age +
high.educ.bl + household.income.bl + married.bl

anthro_bmi_calc™ scrn_commondx + race.4level + hisp + sex + age
+ high.educ.bl + household.income.bl + married.bl

+

nihtbx_flanker_uncorrected ~ scrn_commondx + race.4level + hisp +
sex + age + high.educ.bl + household.income.bl + married.bl + scrn_
commondx * sex

nihtbx_cardsort_uncorrected ~ scrn_commondx + race.4level + hisp
+ sex + age + high.educ.bl + household.income.bl + married.bl + scrn_
commondx * sex

nihtbx_fluidcomp_uncorrected ~ scrn_commondx + race.4level +
hisp + sex + age + high.educ.bl + household.income.bl + married.bl +
scrn_commondx * sex

asr_scr_totprob_t ~ scrn_commondx + race.4level + hisp + sex + age +
high.educ.bl + household.income.bl + married.bl + scrn_commondx *
sex

asr_scr_internal_t~ scrn_commondx + race.4level + hisp + sex + age +
high.educ.bl + household.income.bl + married.bl + scrn_commondx *
sex

asr_scr_external_t ~ scrn_commondx + race.4level + hisp + sex + age
+ high.educ.bl + household.income.bl + married.bl + scrn_commondx
*

sex

asr_scr_adhd_t~ scrn_commondx + race.4level + hisp + sex + age +
high.educ.bl + household.income.bl + married.bl + scrn_commondx *
sex

anthro_bmi_calc™ scrn_commondx + race.4level + hisp + sex + age +
high.educ.bl + household.income.bl + married.bl + scrn_commondx *
sex

+
ksads_14 853 p
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