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Gross motor Fine motor

Delay Mild to Delay Mild to

(DQ< normal (bQ< normal
70) (DQ > 7 70) (DQ >70)

ADHD 122%) 44 (97.8%) 9 (20.0%) 36 (80.0%)
group 1
Symptom- 0 (0%) 92 (100%) 28 (304%) | 64 (69.6%)
like group 1
ADHD 8 (6.7%) 112 (93.3%) 10 (8.3%) 110 (91.7%)
goup2
Symptom- 10 (7.6%) 122(924%) | 18 (136%) | 114 (864%)
like group 2

CNBS, The Children Neuropsychological and Behavior Scale; DQ, developmental quotient.
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ADHD group 2 Symptom-like
group 2

N =120 N=132
Mean SD Mean SD

1 Full DQ
2 Gross motor DQ 9083 1441 8991 1361 052 0602
3 Fine motor DQ 8462 1035 8297 1139 1.20 0233
4 Adaptive behavior DQ 89.07 12.18 8970 1053 —044 0662
5 Language DQ 9581 1138 9547 9.10 026 0793
6 Personal-social DQ 9246 9.14 9231 896 014 0892

VADPRS 15 Inattentive 1633 3.65 1073 321 1296 <0.001
16 Hyperactive 1782 380 1036 365 1591 <0.001
17 Oppositional defiant 1022 461 7.16 350 597 <0.001
18 Conduct disorder 301 250 152 1.62 5.66 <0.001
19 Anxiety/depression 467 318 339 273 342 0.001
20 Symptom severity* 3415 542 2109 595 18.16 <0.001

CNBS, The Children Neuropsychological and Behavior Scale; VADPRS, The Vanderbilt ADHD Diagnostic Parent Rating Scale; DQ, developmental quotient.
*Symptom severity = Inattentive + Hyperactive.
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ADHD group 1

Explanatory variables

Age

Step 2a

Step 2b

Gender

Adaptive behavior DQ

Language DQ

Personal-social DQ

Gross motor DQ

Fine motor DQ

Symptom-like group 1

The alpha value i set to 0.05/4% 0.017.

Explanatory variables Step 2a
B

Age 019 020 017
Gender —0.38* -0.42* -039"
Adaptive behavior DQ —007 ~005 —008
Language DQ 016 014 013
Personal social DQ 009 0.03 0.09
Gross motor DQ 019
Fine motor DQ

R*=021" R*=0.24%

AR =003

s L0 coracind viltlh Dt e This tece: vacalie s Eruipti ssvetity Cilavity brvpacactieily + Elvpuincislty Wil
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Group

ADHD Group 2

Explanatory variables

Age

Step 2a
B

Step 2b

Gender

Adaptive behavior DQ

Language DQ

Personal-social DQ

Gross motor DQ

Fine motor DQ

Symptom-like Group 2

Explanatory variables Step 2a Step 2b
B

Age -0.12 -0.10

Gender —0.09 —0.07

Adaptive behavior DQ ~006 ~0.04

Language DQ —0.14

Personal-social DQ 021 0.22

Gross motor DQ

Fine motor DQ

R =005

AR’ =0.00

The alpha value is set o 0.05/4 0017

*p < 0.05, corrected with Bonferroni correction. The response variable is symptom severity (Inattentive + Hyperactive).
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Category 4-year-old group (N =137) 5-year-old group (N = 253)

ADHD group 1| Symptom-like group 1| ADHD group 2 | Symptom-like group 2
(N = 45) (N =92) (N =120) (N =132)

Child's age (in years) 4532026 4542028 5472029 550028
Child’s gender (N) Female 9 2
Male 81
Birth weight (N) Less than 2.5 kg 3
25kg-40kg
More than 4.0 kg
Missing data
Gestational age (N) Less than 37 weeks (preterm)
37-42 weeks (full term)
Missing value
Birth delivery mode (N) | Vaginal delivery
Cesarean delivery
Missing data
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Scales k ADHD group 1 Symptom-like group 1

N=45 N=92
Mean SD Mean SD

1 Full DQ

2 Gross motor DQ 9047 1038 88.53 984 107 0.289

3 Fine motor DQ 8134 1302 79.80 1485 059 0.554

4 Adaptive behavior DQ 92.92 10.78 93.52 9.53 -033 0.739

5 Language DQ 95.53 1431 96.82 1140 ~057 0.568

6 Personal-social DQ 93.98 1189 97.59 997 -187 0.064
PSQ 8 Conduct problem 129 045 071 034 832 <0001

9 Learning problem 186 051 118 050 736 <0001

10 Psychosomatic problem 022 0.28 0.18 029 0.88 0.382

1 Impulsivity-hyperactivity 207 044 105 048 1186 <0001

12 Anxiety 057 043 042 033 233 0.021

13 Hyperactivity index 182 039 099 038 1179 <0001

14 Symptom severity* 389 075 205 081 1278 <0001

CNBS, The Children Neuropsychological and Behavior Scale; PSQ, The Conners’ Parent Symptom Questionnaire; DQ, developmental quoient.
i ety = Bopulatvite ipaeactivliycs Eiypanciivity Sadas:
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Psychiatric disorder Children and adolescents Adults
Disorder subclassification

With ADHD Without ADHD Risk ratio (95% CI) With ADHD Without ADHD Risk ratio (95% Cl)
(Population 1A) (Population 1A (Population 1A) (Population 1A
N = 20,220 control)® N = 12,416 control)®
N = 101,100 N = 62,080
Substance use disorders 7(<0.1) 12 (<0.0) 29 (11-7.4) 208 (17) 228 (04) 46 (38-55)
Schizophrenia and schizotypal disorder 2642 (13.1) 297 (03) 445 (39.5-50.1) 2872 (23.1) 540 (0.9) 266 (243-29.1)
Other psychotic disorders 255 (1.3) 33 (<01) 386 (269-55.5) 582 (4.7) 77 0.1) 37.8(29.8-479)
Mood disorders 1843 (9.1) 416 (04) 222(199-246) 7559 (60.9) 2078 (33) 18.2 (17.4-19.0)
Bipolar affective disorder 481 (24) 66 (0.1) 364 (282-47.1) 2320 (18.7) 314 (035) 369 (329-41.5)
Depressive episode 1272 63) 313 (03) 203 (180-23.0) 6436 (51.8) 1815 (29) 17.7 (16.9-186)
Recurrent depressive disorder 1(<0) 000 - 4103) 8 (<0.) 256 (120-546)
Anxiety disorders 1392 (69) 538 (06) 125 (113-13.7) 2803 (22.6) 1274 (2.1) 110 (10.3-11.7)
ocp 184 (09) 58 (0.1) 159 (11.8-21.3) 277 22) 75 (0.1) 185 (14.3-238)
Reaction to severe stress, and 1559 (7.7) 455 (04) 17.1 (154-19.0) 1419 (11.4) 375 (0.6) 189 (169-21.2)

adjustment disorders

Dissociative disorders 108 (0.5) 41 (<0.1) 132 (92-18.69) 496 (4.0) 98 (0.2) 25.3 (204-314)
Somatoform disorders 1761 (8.7) 1024 (1.0) 8.6(80-9.3) 927 (7.5) 657 (1.1) 7.1 (64-7.8)
Eating disorders 81(0.4) 100 (0.1) 4.1(30-5.4) 114 (09) 73 (0.0) 7.8 (58-10.5)
Intellectual disability 1760 (8.7) 770 (0.8) 114 (105-124) 403 (3.2) 151 (02) 133 (11.1-16.1)
Tic disorders 342 (17) 159 (02) 1038 (8.9-13.0) 40 (0.3) 2(<00) 1000 (24.2-4137)
Sleep disorders 2777 13.7) 904 (0.9) 154 (143-165) 6012 (48.4) 2666 (1.3) 113 (10.8-11.8)
oDD. 156 (0.8) 7 (<01) 1114 (523-237.6) 9(0.) 0(00) -
Conduct disorders (excluding ODD) 101 (05) 9(<0.) 56.1 (284-110.9) 20(0.2) 2(<00) 500 (11.7-213.9)
SDDs of scholastic skills 1017 (50) 123 (0.1) 413 (343-49.8) 112 (09) 6(<01) 933 (41.1-212.1)
SDD of motor function 479 (2.4) 315 (0.3) 7.6 (66-8.8) 2(02) 12 (<0.1) 9.2 (45-18.5)
ASD 11,003 (54.4) 2082 (2.1) 26.4(253-27.6) 2728 (22.0) 226 (04) 60.4 (52.8-69.0)
Epilepsy 1243 (6.1) 873 (0.9) 7.1(65-7.8) 1425 (11.5) 516 (0.8) 138 (12.5-152)

All data are n (prevalence %) unless otherwise stated. *ADHD was defined by ICD-10 diagnostic codes (F90 and F98.3). Non-ADHD population, age- and sex-matched to Population 1A (sample size ratio of 5:1). ADHD, attention deficit/hyperactivity disorder;
ASD, autism spectrum disorder; ICD-10, International Statistical Classification of Diseases and Related Health Problems 10th Revision; OCD, obsessive-compulsive disorder; ODD, oppositional defiant disorder; SDD, specific developmental disorder
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Psychiatric disorder Children and adolescents Adults
Disorder subclassification

With each psychiatric Without each psychiatric = Risk ratio With each psychiatric Without each psychiatric  Risk ratio

disorder disorder (95% CI) disorder disorder (95% ClI)
(Population 2) (Population 2 control)® (Population 2) (Population 2 control)®
Population ADHD Population ADHD Population ADHD Population ADHD
N prevalence, N prevalence, N prevalence, N prevalence,
n (%) n (%) n (%) n (%)
Substance use disorders m 7(26) 542 2(04) 70 15510 208 (13) 31,020 82(03) 51
(15-335) (39-65)
Schizophrenia and schizotypal disorder 6395 2642 (413) 12790 178 (14) 297 42911 2872 (67) 85822 182 02) 316
(256-344) 27.2-366)
Other psychotic disorders 745 255 (342) 1490 22(15) 232 6501 582 (89) 13,008 38 (03) 306
(15.1-355) (221-025)
Mood disorders 8173 1843 (225) 16346 169 (1.0) 218 178468 7559 (42) 356936 320 (0.1) 472
(187-255) (422-528)
Bipolar affective disorder 1348 481 (357) 269 202 301 26636 2320 (87) 53272 105 (02) 142
(211-427) (36.4-53.7)
Depressive episode 6421 1272 (198) 12842 119 (09) 214 158,694 6436 (4.1) 317,388 362 (0.1) 356
(17.8-257) (320-395)
Recurrent depressive disorder 6 1067) 12 000 - 843 4149 1686 2(0) 410
(9.9-169.1)
Anxiety disorders 9399 1392 (148) 18798 217 (12) 128 13233 2803 (2.5) 226466 410 (02) 137
(1L1-148) (123-152)
ocp 944 184 (19.5) 1888 2302 160 5198 277 (53) 10396 28(03) 198
(104-245) (13.4-29.0)
Reaction to severe stress, and 7268 1559 (21.5) 14536 205 (14) 152 25,096 1419 (57) 50,192 140 (0.3) 203
adjustment disorder (132-175) (7.1-24.1)
Dissociative disorders 1064 108 (10.2) 2128 20 (09) 108 9475 496 (52) 18950 46 (02) 216
(67-17.3) (16.0-29.1)
Somatoform disorders 15545 1761 (11.3) 31,09 414 (13) 85 56366 927 (16) 12732 231 (02) 80
(77-95) (7.0-93)
Eating disorders 2006 81(40) 012 36 (09) 45 3860 114 (30) 7720 26(03) 88
(3.1-66) (57-134)
Intellectual disability 11458 1760 (15.4) 22916 300 (13) n7 5850 403 (69) 11760 56 (05) 144
(104-132) (109-190)
rders 2028 342 (169) 4036 69 (17) 99 286 40 (140) 572 102) 800
(77-128) (11.1-579.0)
Sleep disorders 16802 2777 (165) 33,604 375 (1) 148 257711 6012 23) 515422 513 (0.1) 234
(133-165) (21.4-256)
oD 202 156 (77.2) 404 7(17) 446 13 9(692) 26 0(00) =
(213-932)
Conduct disorders (excluding ODD) 205 101 (49.3) 410 6(15) 37 3 20 24.1) 166 000 -
(150-75.4)
SDDs of scholastic skills 2093 1017 (486) 4186 75 (18) 271 350 112 (320) 700 101 240
(21.6-34.1) (31.4-15975)
SDD of motor function 6955 479 (69) 13910 122 (09) 79 325 22(68) 650 0(00) -
(65-9.6)
ASD 35756 11,003 (308) 71512 621 (09) 354 10670 2728 (256) 21,340 77 (0:4) 709
(327-38.4) (56.6-88.8)
Epilepsy 13,543 1243 (92) 27,086 341(13) 73 38,769 1425 (37) 77538 194 (03) 147
(65-8.2) 127-17.1)

‘Al data are n (prevalence %) unless otherwise stated. *ADHD was defined by ICD-10 diagnostic codes (F90 and F98.8). "Age- and sex-matched to Population 2 (sample size ratio of 2:1). ADHD, attention deficit/hyperactivity disorder; ASD, autism spectrum disorder; ICD-
10, Intenational Statisical Classifcation of Diseases and Related Health Problems 10th Revision; OCD, obsessive-compulsive disorder; ODD, oppositional defiant disorder; SDD, specific developmental disorder
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Model description of ADHD

Model predictions for the current experiment
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A model of reinforcement learning which posits that the basal ganglia are
responsible for  dynamic gating mechanism that selectively updates the
contents of working memory in the prefrontal cortex; environmental
reinforcement of updating then “critiques” the gating of the basal ganglia for
improved future performance via dopaminergic signals. The model posts that
reduced striatal dopamine is responsible for working memory and
‘motivational deficits that are observed in ADHD.

A core deficit model wherein deficits in behavioral inhibition (stopping pre-
potent/ongoing responses and interference control) result in deficits in
working memory and three other areas that collectively result in ADHD
behavioral symptoms.

Decreased ATP production and inadequate lactate supply from deficient
astrocyte functioning causes the behavioral features of inefficient and
inconsistent performance in individuals with ADHD.

A multiple pathway model that hypothesizes that disruptions in cortico-
striato-thalamo-cortical neuroanatomical circuitry-consisting of ‘hot’ and
“cool regions-contribute to functional behavioral and cognitive differences in
ADHD,

Predictable oscillations in default mode (resting state) neural networks
interfere with task-oriented neural processing, producing periodic lapses

of attention.

A neurobiological model that predicts that the anticipatory firing of dopamine
neurons, which normally occurs in anticipation of rewards, s reduced or
absent in ADHD. This leads to more rapid extinction of unreinforced
behaviors (as opposed to slower extinction in the dynamic developmental
‘model) and diminished partial reinforcement effect, which then contributes to
impaired learning and motivation that would explain some of the core
ADHD symptoms,

Attention problems and hyperactivity/impulsivity reflect the disorder's core
deficits. Neurocognitive deficits may be present in a variety of areas, including
in working memory and response inhibition, but are not described as core
causal factors and it s specifically noted that tests of these abilities are not
sufficiently sensitive or specific to serve as diagnostic indices.

A core deficit model that hypothesizes that reduced dopaminergic functioning
causes narrower reinforcement gradients and altered extinction processes in
‘normal behavior-consequence relationships. These deficient dual processes
contribute to core ADHD symptoms and behavioral variability, which vary
based on context, task, and function.

A neurocomputational behavioral model derived from dopamine-driven
temporal-difference learning (i, reinforcement learning) to explain impulsive
behavior in ADHD. This model proposes that performance on a delayed
response task depends on four contextual factors that influence preference for
immediate rewards, including brittleness (predictability; the extent to which
behavior is based on learned responses), action bias (preference for action
over inaction), learning rate (rate of behavior change), and the discount factor
(a predicable reward delivered in the future is less valuable than the same
reward delivered immediately).

A core deficit model that views ADHD symptoms as phenotypic/behavioral
expressions of the interaction between neurobiological vulnerability &
environmental demands that overwhelm impaired working memory.
Associated features of ADHD, including inhibition diffculties, arise through
direct effects of impaired working memory, or indirect effects of impaired
working memory through its impact on core behavioral symptoms.

A neurocomputational model that views ADHD-related attention and
cognitive difficultes, including working memory and inhibition deficits, as a
function of low levels of baseline dopamine. Within this theory,
environmental noise (e.g, white noise) can compensate for a hypofunctional
dopamine system via increasing internal neural noise, which in turn improves
cognitive functioning. Cognitive performance and dopamine transmission is
further posited to follow an inverted U-shaped curve, such that too low or
high levels attenuate performance.

Hyperactive children are chronically under-aroused du to inadequate
neurotransmission and/or a shift in the level of stimulation these children
find to be optimal. A feedback model based on the assumption that response
output functions homeostatically to regulate the level of stimulus input

A developmental model that hypothesizes that ADHD is caused by
subcortical neural dysfunction that manifests early in ontogeny, remains
relatively static throughout lfe, and is not associated with the remission of
symptomatology. ADHD behavioral symptoms reflect unconsciously (i.c.
non-prefrontally) mediated deficits in arousal and activation similar to those
described by the Cognitive Energetic Model.

Executive dysfunction does not cause ADHD symptoms, but developmental
growth in executive functions facilitates recovery. Executive functions are
viewed as compensatory - they are not causally related to the disorder.

A multiple pathway/equifinality model in which ADHD symptoms are caused
by deficits in one or more dissociable cognitive (behavioral inhibition,
temporal processing) and/or motivational (delay aversion) processes.

Heterogeneity model; ADHD symptoms attributable to inhibition, delay, and/
or temporal processing deficits, each affecting some ADHD patients

An update to the Behavioral Inhibition model in which working memory is
elevated from a mediator variable to a primary causal factor alongside
inhibitory control,

Childhood ADHD behaviors attributed to excessive variability, both in rate
and magnitude of change, in arousal level and reactivity; excessively
inconsistent arousal and reactivity result in problems in sustained attention,
performance, and social behavior.

Excessive variability in autonomic, electrocortical and behavioral response
underlies impairments in attention, performance, and social behavior.

BI, behavioral inhibition; CE, central executive; WM, working memory.

Working memory and response inhibition are viewed as distinet and independent of one another. Observed
deficits in working memory are posited as secondary to reduced striatal dopamine, whereas deficits in response
inhibition are believed to be secondary to cortical noradrenergic dysfunction. In computational models, sequelae
g from the dysfunction of dopamine and noradrenaline were independent of one another.

result

If difficulties on working memory and inhibition tests are due to different neurotransmitter deficiencies, it stands

to reason that increasing demands on one executive function would not be expected to impact performance on
tasks intended to measure the other execuive function.

Increasing inhibition demands are expected to differentially affect children with ADHD, reflecting their core
deficit in this ability.

Working memory difficulties are viewed as an outcome of underlying inhibition deficits; therefore, the model
would predict that increasing inhibition demands would differentially impact working memory performance for
children with ADHD. In contrast, increasing working memory demands should not affect inhibition performance
because working memory difficulties are ‘downstream’ of the core inhibition deficits.

Predictions consistent with Functional Working Memory Model, but views compromised working memory as a
secondary outcome of energetic insufficiency that becomes apparent with increases in processing and effort
demands; this energetic insufficiency may directly affect other processes without mediation by working memory.
Also predicts that ADHD s not characterized by a specific deficit in inhibitory control, but instead that
performance is impacted across the board (including on inhibition tests) for children with ADHD due to
dysregulated attention/energetic processes.

Increasing demands on inhibition processes would not be expected to affect working memory performance
because reduced performance on inhibition tests is viewed as attributable to underlying energetic insufficiency/
attentional lapses rather than reflective of inhibition dificultes. Predictions regarding working memory are less
clear: The model interprets increases in working memory load as a proxy for increases in effort and
computational demands, which reveal the impact of inadequate energetic resources, while also positing that
working memory difficulties are an outcome rather than causal factor in ADHD. Thus, the model would seem to
predict that the current study’s working memory manipulation would cither produce downstream difficulties on
inhibition tests or that this manipulation would not further impact inhibition test performance beyond the
existing impact of insufficient energetic/effort resources.

Neither working memory nor inhibition deficits are viewed as causal factors in ADHD. Instead, the model
predicts that default mode interference competes with task-related processing, causing attentional lapses that lead
to increased variability and thus reduced performance on al types of tests, including working memory and

ry control tests. Does not imply a relation between working memory and inhibition.

If difficulties on both types of tests are secondary to underlying default mode network intrusions, it stands to
reason that increasing demands on one executive function would not be expected to impact performance on tasks
intended to measure the other executive function.

‘The model does not make specific predictions regarding working memory or inhibition. However, the authors
posit that processing global contingencies (i, longer-term history of reinforcement) may involve working

memory as it is a “higher integrative function”. Does not imply a relation between working memory and
tion.

Given that the model does not account for, or only peripherally discusses, inhibition and working memory, the
model provides no expectations that increasing demands on one would affect performance on tests of the other.

Given that working memory and inhibitory control deficits are seen as peripheral rather than causal features, the
model provides no expectations that increasing demands on one would affect performance on tests of the other.

Failure to inhibit responses (disinhibition) reflects the behavioral manifestation of a pattern of inconsistent
behavior-response associations affected by deficient reinforcement/extinction mechanisms which, in turn, disrupt
the accumulation of simple behavioral response units into more complex and functional response chains. Model
does not discuss working memory specifically, but rather posits that attentional deficits/variability also lead to
poor executive functioning (behavioral planning) broadly.

Given that the model does not account for working memory, and that inhibitory control deficits are seen as
peripheral rather than causal features, the model provides no expectations that increasing demands on one would
affect performance on tests of the other.

‘This model predicts that variation in simple learning and behavioral parameters predict increased difficulty with
inhibition, which may reflect deficient signaling of reward-prediction error and hypo- and hyperfunctioning of
the dopamine signal to rewards.

On complex cognitive tasks, poor performance on long trials may be attributable to working memory deficits,
whereas poor performance on short trials may be attributable to inhibitory control deficits.

Given that working memory and inhibitory control deficits are seen as linked with different types of difficultes,
the model provides no expectations that increasing demands on one would affect performance on tests of
the other.

Increasing working memory demands are expected to differentially affect children with ADHD, reflecting their
core deficit in this ability.

Difficulties on inhibition tests are viewed as an outcome of underlying working memory deficits; therefore, the
model would predict that increasing working memory demands would differentially impact inhibition task
performance for children with ADHD. In contrast, increasing inhibition demands should not affect working
‘memory performance because inhibition difficultes are ‘downstream” of the core working memory deficits.

Given that too low or too high brain arousal states are hypothesized to reduce cognitive performance, increasing,
working memory and inhibition demands to an optimal moderate brain arousal state will result in the best
cognitive performance. In other words, too low and high working memory and inhibition conditions are likely to
result in worse cognitive performance.

Increasing working memory load is posited to improve performance in individuals with ADHD as they go from a
low to moderate brain arousal state, whereas excessive working memory load is posited to impair performance
due to a high brain arousal state. Predictions for the current experiment are unclear because we included only
two working memory levels and did not directly measure brain arousal state.

‘The model does not discuss working memory/inhibition or executive functions specificlly, but makes prediction
regarding complex tasks more generally. During early stages of task acquisition, the tasks’ novelty is thought to
provide sufficient stimulation. When the task is learned, task stimuli are repetitive, and/or sustained attention is
required, the stimulation provided by the task is insufficient and children with ADHD may need to augment

their arousal levels by increasing their activity level or altering their attentional response. Whether this activity-
generated stimulation interferes with successful task performance will depend on the attentional requirements of
the task, the difficulty of the task, and the level of performance.

For the current experiment, if we assume that the tasks are not novel (ie, due to multiple practice rounds), it
seems reasonable to assume that the model would predict performance difficulties across all four tasks that are
secondary to interfering effects of increased physical movement and visual attention to task-irrelevant stimuli
(e.g. looking around, increased verbalizations). It may be further hypothesized that the ‘word’ task would
produce the least interfering behaviors (because it requires the least complex executive processing) and the stroop
span condition would produce the most interfering behaviors because it might be viewed as the most ‘difficult”
(i, because it requires both working memory and inhibitory processes). However, because task ‘difficulty’ is a
nebulous concept, the model does not provide testable predictions regarding the impact of working memory on
inhibition performance or vice versa.

Given that working memory and inhibitory control deficits are seen as non-causal, compensatory features, the
model provides no expectations that increasing demands on one would affect performance on tests of the other.

Working memory is not viewed as a core, causal deficit, whereas inhibitory control reflects the core deficit for a
subset of patients. Working memory is discussed as a correlate of all three causal components but the model does
not directly discuss the direction of the relation between inhibitory control and working memory (although
inhibition is highlighted as a causal factor and working memory is not).

Overall, model predictions for the current experiment are generally consistent with the behavioral inhibition
model, with the caveat that inhibitory control s a causal factor for only a subset of children with ADHD.

Increasing working memory or inhibition demands are both expected to differentially affect children with ADHD,
reflecting their core deficits in these abilities.

Working memory and inhibitory control are viewed as correlated core deficts. Therefore, increasing demands on
one core process would not be expected to impact performance on tasks intended to measure the other
core process.

Reduced performance on working memory and inhibition tests (as well s all kinds of tests) reflect inconsistent
performance; a ‘third variable’ model in which increasing working memory or inhibition demands would not be
expected 10 affect performance on tests of the other ability because both are outcomes of excessive

trait inconsistency.
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Ethnicity (B/H/M/W) 10/4/6/39 2111520 annnz 65, ns 27730 -
Age 1026 130 997 124 1105 114 008 456 ADHD = ADHD+ANX < ANX
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BFy0, Bayes Factor for the alternative hypothesis over the null hypothesis. BFor, Bayes Factor for the null hypothesis over the aliernative hypothesis (BFor=1/BFy0). P-values are not corrected for family-wise error, and are included o allow interested readers to compare
Bayesian and frequentist results. AD, Anxiety Disorder; BASC, Behavior Assessment System for Children. Ethnicity; B, Black or African American; H, Hispanic or Latino; M, Multiracial; White, White Not Hispanic; WISC-V, Wechsler Intelligence Scale for Children, Fifth
Edition.
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ns = not significant.

bachelor's degree,

graduate degree.





OPS/images/cover.jpg
& frontiers

ADHD and anxiety: causality
sequences through a
biopsychosocial model






OPS/images/fpsyt.2024.1359872/fpsyt-15-1359872-g004.jpg
(A)

Children and adolescents (N = 9883) mm Before ADHD diagnosis
40 After ADHD diagnosis

w
o

-
o

Patients diagnosed 2 years before/after
initial ADHD diagnosis (%)
N
o

0
S
&
\’b(\oe %C\§4/
SRS
PPN
{\\'b
é@
R
XX
%0
Number of psychiatric disorders
First diagnosed before First diagnosed after
initial ADHD diagnosis initial ADHD diagnosis
Mean (SD) 1.5(1.3) 1.7 (1.5)
Median 1.0 1.0
Min, max 0,10 0,1
Q1-Q3 1-2 1-2
( ) Adults (N = 5057) mm Before ADHD diagnosis
40 After ADHD diagnosis
36.9
_ 33.0
[0}
kS
® 30
e R
q)v
e 238
w 0 3
5 2
> &
NT 20
§% 17.9
[oa)
§<_f 14.1
N ©
T = 115
- 5 9.2 10.3
5 10 9. - 83
= :
) & - 5.9 6.0
: 45
37
2.9 2854 20 2.9
1.6 1.1 1.5 1.0
0 10 & 0.3 0.2 0.5 06 05 20644 o 00 00 %0 00
@ ) & @ @ & @ Q & @ @ ECROS @ & Q N 2 O Q 3
F &K ¢ ¢ & .\606 S ¥ P FEE q‘,o\\\ 0&@ 0@@ & OOO S (\c}\o K= ‘@Q«'o
& ¢ o F & £ £ f F & £ S &K
Q’b © S @@ . \4@ . \40 Q Q& @ Q& (\Q \)Q} «\0 R 06 O\’b N
N S S P 2 ¢ N & & & &
¢ & &V F & T S S SHEFSERS
IR & ¥ SEFCIES & & P
¥ & & & N§ T O & F & 9
& & & Ny Q & °
S & " S
«° < N &
Q ) N
A9 ) O
QO )
S L
QO
‘bcj\\oc
Qg,-
Number of psychiatric disorders
First diagnosed before First diagnosed after
initial ADHD diagnosis initial ADHD diagnosis
Mean (SD) 2.5(1.8) 2.5(1.8)
Median 2.0 20
Min, max 0,12 0, 11

Q1-Q3 1-3 14





OPS/images/fpsyt.2024.1359872/crossmark.jpg
©

2

i

|





OPS/images/fpsyt.2024.1359872/fpsyt-15-1359872-g001.jpg
Overall Population?

Population 1AP

Population 1B¢

Population 29

Substance use disorders

Schizophrenia and schizotypal
disorder

Other psychotic disorders

Mood disorders
Bipolar affective disorder
Depressive episode
Recurrent depressive disorder

Anxiety disorders

OCD

Reaction to severe stress,
and adjustment disorders

Dissociative disorders
Somatoform disorders
Eating disorders
Intellectual disability
Tic disorders

Sleep disorders

Conduct disorders (excluding ODD)

Specific developmental disorders
of scholastic skills

Specific developmental disorder
of motor function

ASD

Epilepsy

Patients traced back
continuously for =2 years

Population 3¢

2017

4,682,474

17,396

10,464

13,106

36,306

5614
139,908

20,167

123,278
664
93,249

4192

20,027

7694
54,480
4333
11,444

1569

230,918
131

194

1413

2,265,637

2,254,490

2018

6,047,689

26,885

16,831

16,730

48,360

7384
187,582
27,112

165,552

128,222

5722
28,823

10,606
74,536
5917
15,399

2070

312,784
190

262

2036

3,157,405

3,139,670

2019 2020 2021

6,590,702 7,376,571
32,807 39,227
20,604 24,291

7,779,860

45,983

28,187

18,284 19,238 16,002

54,326 63,153 70,485

33,570 39,569 49,473

12,017 13,956 15,733
83,595 89,479 98,296

6356 6255 6770

17,403 19,574 23,196

2334 2617 3142

354,050 398,161 450,133

215 251

N
4}
N

290 311

N
(o]
(0]

2455 2795

3,984,183 5,189,092 5,540,759

3,958,292 5,150,625 5,494,515





OPS/images/fpsyt.2024.1359872/fpsyt-15-1359872-g002.jpg
(A)

25

2.0

15

Prevalence (%)

1.0

0.5

Children and adolescents

—— Males -®+ Females 2.27%
1.57%

0.65%

|
_—--‘.————
-
-—‘—.-—_

0.38%

2017 2018 2019 2020 2021

(C)

60

50

40

30

20

Incidence per 10,000 person-years

10

Year

Children and adolescents

—— Males -®- Females
52.71
42.92
20.64
-
A= e -I’/
12.64

2017 2018 2019 2020 2021

Year

Adults

Females

(B)
25
—— Males
2.0
§§ 15
©
(8]
C
[©
©
>
N
o 1.0
05
0.21%
0.16%
2017 2018
(D)
60
-— Males

Incidence per 10,000 person-years

2017

2018

2019

Year

Adults

Females

2019

Year

2020

2020

2021

2021





OPS/images/fpsyt.2024.1359872/fpsyt-15-1359872-g003.jpg
Registered in JMDC database between
January 2017 and December 2019
N = 10,080,294

Patients diaghosed with ADHD between Patients diagnosed with ADHD and prescribed ADHD drug
January 2017 and December 2019 between January 2017 and December 2019
(index = month of initial diagnosis) (index = month of initial prescription of ADHD medications)
N = 58,087 N = 37,364

Aged 0-57 years at index month 57,784 1 Aged 0-57 years at index month 37,153

2 Continuous data for 22 years 25,040
before and including index month

3 Continuous data for 22 years after 21,669
index month

No previous ADHD diagnosis 14,940

Continuous data for 22 years
before and including index month

15,664

Continuous data for 22 years after
index month

13,286

No previous ADHD diagnosis 9550

Cohort 1
N =14,940

Cohort 2
N = 9550

Subcohorts Number Subcohorts Number

-
w
N

Sex 10,772 Sex 6911

Female 4168 Female 2639

Major age Child/adolescent 9883 Child/adolescent 5473

category

Major age

category

Adult 5057 Adult 4077

Age 2225

subcategory

0-5 years Age

subcategory

0-5years

6-11 years 5494 6-11 years 3653

12-17 years 2164

12-17 years 1688






