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Learning Objectives

« Upon completion of this course, attendees should be able to:

« Appreciate that children with ADHD have higher rates of sleep
problems

« Understand how circadian and dopamine pathway differences
influence sleep disruption

* Develop strategies to distinguish ADHD symptoms from daytime
sleepiness
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B EEEEEE————==
ADHD and Sleep

« 25-55% of children with ADHD also have sleep problems
 Up to 75% of adolescents with ADHD have sleep problems
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B EEEEEE————==
ADHD and Sleep

« 25-55% of children with ADHD also have sleep problems
 Up to 75% of adolescents with ADHD have sleep problems

e Bedtime resistance

Sleep initiation difficulty / prolonged sleep latency

Overnight awakenings / decreased sleep efficiency

Trouble waking up in the morning / sleep inertia

Daytime sleepiness

Sleep disordered breathing
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Hvolby, 2015. Marten, 2023. Cortese, 2009.
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ADHD

Clinical Practice Guideline for the Diagnosis, Evaluation, and
Treatment of Attention-Deficit/Hyperactivity Disorder in Children

and Adolescents

Mark L. Wolraich, MD, FAAP2, Joseph F. Hagan Jr, MD, FAAPE, Carla Allan, PhD%®,
Eugenia Chan, MD, MPH, FAAP'Y, Dale Davison, MSpEd, PCC"/, Marian Earls, MD, MTS,
FAAPIK Steven W. Evans, PhD!™ Susan K. Flinn, MA", Tanya Froehlich, MD, MS, FAAP2.F,
Jennifer Frost, MD, FAAFPY", Joseph R. Holbrook, PhD, MPHS, Christoph Ulrich Lehmann,

KAS 3: In the evaluation of a child or adolescent for ADHD, the PCC should include a process to at least screen for comorbid conditions, including
emotional or behavioral conditions (eg, anxiety, depression, opposihonal defiant disorder, conduct disorders, substance use), developmental conditions

{eg, leaming and language disorders, autism spectrum disorders), and physical condihons (eg, tics, sleep apnea). (Grade B: strong recommendation. )
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ADHD

 Persistent pattern of inattention and/or hyperactivity-impulsivity that
Interferes with functioning or development
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e
ADHD

 Persistent pattern of inattention and/or hyperactivity-impulsivity that
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« 7.2% overall prevalence
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e
ADHD

 Persistent pattern of inattention and/or hyperactivity-impulsivity that
Interferes with functioning or development

« 7.2% overall prevalence

* Boys are twice as likely to be diagnosed with ADHD

 Girls with ADHD are more likely to have comorbid anxiety and/or
depression
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ADHD Diagnostic Criteria

 Persistent pattern of inattention and/or hyperactivity-impulsivity that
interferes with functioning or development, as characterized by (1) and/or (2):

* 1. Inattention (>6 features)
« 2. Hyperactivity and impulsivity (=6 features)
« Symptoms must present prior to 12 years
 Must occur in two or more settings
 Affects social, academic, and/or occupational functioning
* Not better explained by another disorder
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ADHD Diagnostic Criteria

« Inattention « Hyperactivity and

« Careless mistakes impulsivity

« Difficulty sustaining * Fidgets
attention * Leaves seat

« Does not seem to listen  Runs or climbs at
when spoken to INappropriate times

« Does not follow through  Unable to play quietly
on instructions/tasks . Appears “on the go”

« Avoids sustained mental . Talks excessively
effort

 Blurts out answer

« Loses things « Difficulty waiting

« Interrupts others * « Kenned
« Forgetful in daily activities L.(T? Krieger'y

DSM-5-TR. Owens, 2020. Givan, 2004. Wise, 1998.

- Easily distracted



ADHD Diagnostic Criteria

 Inattention

Careless mistakes

Difficulty sustaining
attention

Does not seem to listen
when spoken to

Does not follow through
on instructions/tasks

Avoids sustained mental
effort

Loses things
Easily distracted

Forgetful in daily activities

DSM-5-TR. Owens, 2020. Givan, 2004. Wise, 1998.

« Hyperactivity and
impulsivity

Fidgets
Leaves seat

Runs or climbs at
INnappropriate times

Unable to play quietly
Appears “on the go”
Talks excessively
Blurts out answer
Difficulty waiting

Interrupts others

« Sleepiness

Restlessness
Emotional lability
Irritability
Aggression
Behavior problems
Quiet

Listless

Inattentive
Unfocused
Withdrawn
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B EEEEEE————==
ADHD and Sleep

“Does she have ADHD or is she just tired?”

« “Isthe ADHD making it difficult to fall asleep,

or is the poor sleep causing the ADHD?"

e “The ADHD and insomnia feed off of each other.”
« “The stimulant is just going to keep him awake even more.”
* “When he sleeps well, he doesn’'t need his ADHD medication.”

« ‘| don't want to start a stimulant because I'm convinced that if we just fix his
sleep, then he won't be hyperactive anymore.”
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B EEEEEE————==
ADHD and Sleep

| Attention-Deficit/Hyperactivity

Sleep Disorder
o HEETARS ‘ Disorder (ADHD)
ADHD-like Symptoms Comorbid Sleep Disorders
- Difficulties with attention, concentraton - Sleep-disordered breathing
- Motor hyperactivity - Sleep-related movemennt disorders
- Impulsivity - Circadian rhythm disorders
= Irritability - Central hypersomnolence
- Emotional dysregulation - Insornnia
- Parasomnias

| I

Treatment of sleep disorders The presence of sleep disorders
leads to the DISAPPERAN- WORSENS ADHD symptoms
ce of ADHD-like symtoms =+ Necessity to assess and manage both

conditions simultaneously o L o Ke.nnedy
Fig. 1. Distinction between ADHD symptoms and ADHD disorder. &TY Krleger

Bioulac, 2026.
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Sleep Disordered Breathing
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Sleep Disordered Breathing

% NIH Public Access

2 Author Manuscript
%HENV{*
Published in final edited form as:
N Engl J Med. 2013 June 20; 368(25): 2366-2376. doi:10.1056/NEJMoal 215881.

A Randomized Trial of Adenotonsillectomy for Childhood Sleep
Apnea

Carole L. Marcus, M.B., B.Ch., Reneé H. Moore, Ph.D., Carol L. Rosen, M.D., Bruno
Giordani, Ph.D., Susan L. Garetz, M.D., H. Gerry Taylor, Ph.D.. Ron B. Mitchell, M.D., Raouf
Amin, M.D., Eliot 5. Katz, M.D., Raanan Arens, M.D., Shalini Paruthi, M.D., Hiren Muzumdar,
M.D., David Gozal, M.D., Nina Hattiangadi Thomas, Ph.D., Janice Ware, Ph.D., Dean Beebe,
Ph.D., Karen Snyder, M.S., Lisa Elden, M.D., Robert C. Sprecher, M.D., Paul Willging, M.D.,
Dwight Jones, M.D., John P. Bent, M.D., Timothy Hoban, M.D., Ronald D. Chervin, M.D.,
Susan 5. Ellenberg, Ph.D., Susan Redline, M.D., M.P.H., and for the Childhood
Adenotonsillectomy Trial (CHAT)
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Marcus, 2013.
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Sleep Disordered Breathing

Sy i{Eﬁg?}:ﬁﬁccess . “_surgical treatment for the

Frens® :
Pubrlishcd in final edited form as: . ] ObStrUCtlve Sleep a pnea
N Engl J Med. 2013 June 20; 368(25): 2366-2376. doi: 10,1056/ NEJMoal 215881. Syn d ro m e I n SChOO | _a g e
A Randomized Trial of Adenotonsillectomy for Childhood Sleep children did not significantly

Apnea IMmprove attention or
Carole L. Marcus, M.B., B.Ch., Reneé H. Moore, Ph.D., Carol L. Rosen, M.D., Bruno 1 1

Giordani, Ph.D., Susan L. Garetz, M.D., H. Gerry Taylor, Ph.D.. Ron B. Mitchell, M.D., Raouf exec Utlve fu n Ctlo n as
Amin, M.D., Eliot 5. Katz, M.D., Raanan Arens, M.D., Shalini Paruthi, M.D., Hiren Muzumdar,

M.D., David Gozal, M.D., Nina Hattiangadi Thomas, Ph.D., Janice Ware, Ph.D., Dean Beebe, mMmeasu red by

Ph.D., Karen Snyder, M.S., Lisa Elden, M.D., Robert C. Sprecher, M.D., Paul Willging, M.D.,
Dwight Jones, M.D., John P. Bent, M.D., Timothy Hoban, M.D., Ronald D. Chervin, M.D.,

Susan 5. Ellenberg, Ph.D., Susan Redline, M.D., M.P.H., and for the Childhood n e u ro pSyC h O | Og |Ca | teStI n g

Adenotonsillectomy Trial (CHAT)
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Sleep Disordered Breathing

« Pediatric OSA
« ~3% In the general population
¢ 25-30% in children with ADHD
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Sleep Disordered Breathing

 Pediatric OSA

« ~3% In the general population Roof of mouth:

High palate:

. . . Nefinitely steepled . . . . . . .« . + . . ¢ . &« o . . . 2
* 25_30% In Chlldren Wlth ADHD Flat and narrow at the top . . . . . . . . + « « & . . . 1
Furrowed toungue (one with deep ridges) . . . . . . . . . . . . .. 1

* 18-item Waldrop scale

« “..hyperactive behavior is associated with
the presence of minor physical anomalies
iNn boys, not girls...”

o« o Kenned
&TY Kriegery

Yousse f, 2011. Waldrop, 1971.
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Sleep Disordered Breathing

TABLE 1. DEMOGRAPHIC, COGNITIVE, AND HIGH-SEMSITIVITY C-REACTIVE PROTEIN

CHARACTERISTICS OF 103 CHILDREN WITH HABITUAL SNORING, 102 CHILDREN WITH
OBSTRUCTIVE SLEEP APNEA, AND 73 CONTROL CHILDREMN

Smoring Children

(n = 205) p Value
Growp 1: Crowp 2 Crowp 3 Group 1 Growp 1 Croup 2
Fonsnaring Mo O%A 054 WE. WE. Wi
{n = 73) (m=103) (n =102} Group 2 Growp 3 Corosup 3
Age, yr 6.3 0.3 6.6 = 0.3 6.4 = 0.4 MS NS S
Sex_ F:M 33:40 46:57 43:59 M5 S M5
African American, n (%) 21 (2% 35 (300 EAEL M5 A 5
BMAI, ka/m? 16.8 = 0.5 171 = 0.6 17.0 = 0.5 ME NS M
GCA < B5%, n (%) 0 12011.7) 57 (55.9) < 0003 < 0.000000 < 0.0001; OR, 9.61
i 07)
hsCRP, mqg/dl 0.18 = 0.05 0.19 = 0.07 036 = 0.11

WEL coumt, Cellsmmm” b, lal = b, 161 = &6 o A4d * 6 M ™ I
Platelet count, * 10°/mm® 2976 + 559 3152 = 753 3557 + 855§ NS = 0.03 < (.04

Definition of abbreviations: BMI = body mass index: O = confidence interval; F:M = femalesmale: GCA = general conceptual

ability score: hsCRP = high-sensitivity C-reactive protein; N5 = not significant; OR = odds ratio; 054 = obstructive sleep apnea;
WEBLC, whiite blood cell.

o .o, Kenned
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Sleep Disordered Breathing

Comparisons of characteristics between OSAHS group and OSAHS + ADHD group in different age groups.

4-5 years 6-11 years
Parameters DSAHS OSAHS + ADHD P OSAHS 0SAHS + ADHD P
Allergic rhinitis
1009 (67 28) 58 (79.73) B5 (65.89 43 [61.43)
53 (32.72) 15 (20.27) 44 (34.11) 27 (38.57)
<W° 78 (48.15) 34 51.35) 71 58504 25 (34.72)
I° 84 [51.85) 36 (48.65) 548 (44.96) 47 (B85.27)
Adznoid 0.732+022 0877 +0.202 001 0.688 +0.225 0.741 +0.211 A7
(5A-18 scale
Skeep disturbances 15.525+ 5199 18.636 +4.892 < 00N 14 962 +5.592 17.965+7.151 002
Physical sufiering 15.3294+4.317 17.138 + 3 881 004 14,443+ 3.748 16.536 + 4.365 001
Emotional distress B.329+3.114 13.308 + 3 653 = 0 Bl44 -3 378 12420+ 4 285 = 00
Daytime problems B.025+2 B35 10.338 = 3089 = 0 BOZ3+3223 11.554 +3.379 = 00
Parent of caretaker CONCem 16.043+6.55 18.877 +5.447 002 15. 25747 17.214 = 6.034 040
AHI 83434 12445 002 BE+28 135441 < 001
Lowest coygen saturation B5 + 36.3 M+274 0 844328 68+ 29.6 < 001

ADHD = attention defict myperactivity disorder, AHI=apnaa—hypopnea index, D5AHS = pbetructive slesp apnea—hypopnea syndmome.

o .o, Kenned
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Sleep Disordered Breathing

Gene Polymorphisms
].m_”' - — Obstructive Sleep — Obesity
r L 13 ok !
Lifestyle A— Apnea 4

v 3 @
B .
. 3 I «
) —

)
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Sleep Disordered Breathing

* Right frontal middle
gyrus is larger in children
with OSA compared to
children without OSA

"~'  Negatively correlated
FIGURE 1 . .
It showed the difference regions of GMV in slices with various Wlth expreSSIVe
directions between the O5A and non-05A groups (P < 0.05, GRF .
corrected). The red clusters indicate a larger GMV for children with atteﬂthh

OSA than for controls.
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Yu, 2023.
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Circadian Influences

Logan, 2019.

Wake Sleep
Infancy
— Care body temperature
& Melatonin
£ Contisal
5 ’—_\\ b
2 .
12:00 1 A: 00 [ H ] DD 12:060

Childhaad
7
E
=
E
=

12:00 18:00 o000 0600 12:080

Adolescence

Amplitude

12:00 18:060 000 (] 12:060
Adulthood

Amplitude

12:00 18:00 000 [ 12:00

Later life

Amplituchs

1200 HE] 000 (i 12060

Time

Fig. 2 |. rbvihms across the lifespan.

&TY

Kennedy
Krieger



e
Circadian Influences

12:00 -
10:00 -

8:00

6:00

4:00 o .

Sleep onset / end time of day (hr)

22:00 v ' . -
20:00 22:00 0:00
DLMO time of day (hr)

® 50 Sleep End OMNa S0I Sleep End ) - o Kennedy
® 501 Sleep Onset  ©MNo 501 Sleep Onset &TY Krleger

Van Veen, 2010. Luu, 2025.
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Circadian Influences

Sleep onset / end time of day (hr)

Van Veen, 2010. Luu, 2025.

12:00 -

10:00 -

8:00

G6:00 -

4:00 -

o
=
=

=
=
=

22:00

. — « Melatonin Onset Delayed

o
o
=%

0 g ° e 45 minutes in children

* 90 minutes in adults

20:00 22:00 0:00

DLMO time of day (hr)

® 50 Sleep End OMNa S0I Sleep End ) - o Kennedy
® 501 Sleep Onset  ©MNo 501 Sleep Onset &TY Krleger



Circadian Influences

Welatonin

| Fineal
gland

@[ ®)

Melatonis
supprEasion

Deaytinme:
Higher malatonin

ganglicn

Daytime:

Lower cortisal

FRGURE 1

Circadian harmone profiles (melatonin and cortisol) in ADHD. Concepiual 24-h curses {dashed = ADHD; solid = neurotypical contrals] illustrate a

ater aim

dim-light melatonin onsat (LMD, reduced nocturmal melatonin ampditude, and occasionally higher daytime melatonin levels, alongside a later
morning cortisol risefpeak in ADHD. Curves are conceptual fnot to scalel, and individual findings vary by age, comorbidity, and light

arnd flatter

expasure. This figure was created with BioRender.com

Luu, 2025.

Might:
Delayed and blunted
malatonin onset

Night:
Higher cortisal
Blurted and delayed AM peak

Kennedy
Krieger
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Circadian Influences

TABLE 2
Outcome Variables
Melaronin Placebo

Variable Baseline Treatment Change Baseline Trearment Change  p Value®
DLMO {hr:min) 20:37 = 0256 19:53 + 1:06 Q§—0:d44 + 1:07 § 20:32 + 0:54 20045 £ 106 +0:13 £ 0259 <.0001*
5l

n;rncp onset (hrimin) 21:40 £ 0:59 2113 £ 0:58 Q027 = 0:48 § 2138 + 0047 2148 + 0dB 40010 £ 0037 <0001

Sleep latency (min) 53.0 £22.0 3T 307 §-213+33.0 f 4734232 504 + 304 +3.0+£317 001

Total dme aslecp (min) 518.9 + 48.3 5387 £ 55.0 +19.8 £ 61.9 § 533.8 = 47.8 520.2 £ 475 —13.6+ 506 .01

Sleep cfficiency (%) B0.1 £5.5 B2T 7.5 . 5. 824 5.7 0.3+ 59 —21+7.1 011

Difficulty falling aslecp” 3409 22409 -1.2£13 32407 Al+10  —01+08  <0001*
Problem behavior

Core problems ... 40+13 48+13 07409  43+13 45+12  +02+08  .002*

Core problems oche: 46+ 1.0 5.3+ 1.1 0709 4dt12 49+14  +05+10 41

CBCL 63.0 = 16.0 551+ 184 —83.0=88 G615+ 21.8 453+ 257 —lal2+ 182 083

TRF 46.1 = 20.7 421 +19.1 —4.0+ 12.5 52,2+ M1 48.1+250 —40+164 29
Quality of life

TACQOL-P_,. 1704+ 19.9 1791 +21.8  +87+13.0 1688+225 1769+225 481491 82
Cognition

Interference control (EFT)

AReaction time” (ms) 50.1 = 37.1 331 +33.0 —-17.0+432 41B8+278 3234254 -—-95+344 37

AFrror incidence” (%) 3.4 = 4.0 3B +35 +0.4 + 45 38+ 37 32 +35 =6 = 36 .28

Sustained artention (SADT)

Inaccuracy (%) 126+ 7.6 12272 —0.3 45 120+ 6.7 1234+ 7.3 +0.4 = 5.6 52
Task compledon time (s) 469.0 £ 153.0 4105+ 1426 —585=77.8 4894+ 187.1 4282+1719 —61.2+855 .58

Note: DLMO = salivary dim light melatonin onset; CBCL = Child Behavior Checklist, wotal score; TRF = Teacher’s Report Form, total
score; TACQOL-T = TNO-AZL Questionnaire for Children’s Health-Related Quality of Life, Parent Form; EFT = Eriksen Flanker Task;
SADT = Sustained Attention Dors Task {Amsterdam Meuropsychological Tasks).

* General linear model repeated-measures test on group differences in pre- to postireatment changes.

* Mean difficulty falling asleep as reported by parents, averaged over 7 days on a scale of 1 (not difficult) to 5 {very difficul).

“ Difference in reaction time berween incongruent and congruent trials.

# Difference in error incidence between incongruent and congruent trials,

“ Percentage of misses plus false alarms relative to the total number of trials.

* Staristically significant difference (p = .05, two-sided).

Van der Heijden, 2007. Hoebert, 2009.
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Circadian Influences

TABLE 2
Outcome Variables
Melaronin Placebo

Variable Baseline Treatment Change Baseline Trearment Change  p Value®
DLMO {hr:min) 20:37 = 0:56 19:53 + 1:06 Q§—0:d44 + 1:07 § 20:32 + 0:54 20045 £ 106 +0:13 £ 0259 <.0001*
5l

n;rncp onset (hrimin) 21:40 £ 0:59 2113 £ 0:58 Q027 = 0:48 § 2138 + 0047 2148 + 0dB 40010 £ 0037 <0001

Sleep latency (min) 53.0 £22.0 3T 307 §-213+33.0 f 4734232 504 + 304 +3.0+£317 001

Total dme aslecp (min) 5189+ 483 5387550 f +198+ 610953382478  5202+475 —13.6+50.6 .01*

Sleep cfficiency (%) B0.1 + 5.5 B27 7.5 . 5. 824 =57 0.3+ 59 —21+71 011

Difficulty falling aslecp” 3409 22409 -1.2£13 32407 Al+10  —01+08  <0001*
Problem behavior

Core problems_ ..o 40+ 1.3 48+ 1.3 +0.7 £ 0.9 43+ 1.3 4.5+ 1.2 +0.2 + 0.8 o2

Core problems_cher 4.6+ 1.0 53+ 1.1 +0.7 £ 0.9 44+ 1.2 49+ 14 +0.5 + 1.0 41

CBCL 63.0 + 16.0 551+ 18.4 —30+8%8 615+ 21.8 453+ 257 —lol+ 182 (083

TRF 46.1 £ 20.7 421 +19.1 —4,0+ 12.5 522+ 24.1 48.1+250 —4.0+164 .29
Quality of life

TACQOLT_ .. 170.4 + 19.9 179.1 £ 21.8 +8.7+13.0 1688+225 1769+ 225 +8.1 £ 9.1 .82
Cognition

Interference control (EFT)

AReaction time” (ms) 50.1 = 37.1 33.1+33.0 -—-17.0:432 41B+278 3234254 -—-95+344 37

AFrror incidence” %8} 34 +40 3B+35 +0.4 + 45 38+ 47 32+ 35 —0.6 £ A6 .28

Sustained artention (SADT)

Inaccuracy (%) 12.6=7.6 122+ 7.2 —03z45 120+ 6.7 1234 = 7.3 +0.4 = 5.6 52

Task compledon time (s)

469.0 £ 153.0 4105+ 1426 —58.5=77.8 4894+ 187.1

4282+ 171.9 —61.2 =855

58

Note: DLMO = salivary dim light melatonin onset; CBCL = Child Behavior Checklist, wotal score; TRF = Teacher’s Report Form, total
score; TACQOL-T = TNO-AZL Questionnaire for Children’s Health-Related Quality of Life, Parent Form; EFT = Eriksen Flanker Task;

SADT = Sustained Attention Dors Task {Amsterdam Meuropsychological Tasks).

* General linear model repeated-measures test on group differences in pre- to postireatment changes.
* Mean difficulty falling asleep as reported by parents, averaged over 7 days on a scale of 1 (not difficult) to 5 {very difficul).
“ Difference in reaction time berween incongruent and congruent trials.

# Difference in error incidence between incongruent and congruent trials,
“ Percentage of misses plus false alarms relative to the total number of trials.
* Staristically significant difference (p = .05, two-sided).

Van der Heijden, 2007. Hoebert, 2009.

Table 1. Effect of discontinuing melatonin treatment on sleep and
behaviour

Mo, of children (%)

Effect

P, : | , 5
60 (92.3)

wake up ime

Changing daytime behaviour 19 (29.2)

. Kennedy

&TY Krieger
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Circadian Influences

Journal of Psychiatric Research 81 (20767 8794

Contents lists available at ScienceDirect

Journal of Psychiatric Research

journal hemepage: www.elsevier.com/locate/psychires

ADHD, circadian rhythms and seasonality @t-_,,m,,{m

Dora S. Wynchank * *, Denise Bijlenga *, Femke Lamers ", Tannetje I. Bron *,
Wim H. Winthorst *, Suzan W. Vogel °, Brenda W. Penninx b Aartjan T. Beekman b
]. Sandra Kooij ©

“ Psy() Expertise Center Adult ADHD, The Hogue, The Netherlands

" Department of Psychimtry and EMGO, Institute for Health and Care Research, VU University Medical Center, Amsterdam, The Netherlands
" Deportmeent of Psychiatry, University Medicol Cender Groningen, University of Groningen, The Netherlands

o .o, Kenned
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Dopamine Pathway

» Pediatric Restless Legs Syndrome (RLS)
* 1.9% in the general population
* 11 - 429% in children with ADHD

 RLS symptoms in adolescents is associated with later ADHD diagnosis

o .o, Kenned
&TY Kriegery

Migueis, 2023. Wajszilber, 2018. Liu, 2020.
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Dopamine Pathway

« RLS and ADHD implicated in dopamine dysregulation
* Lower dopamine levels in nigrostriatal region

e Lower iron levels

o« o Kenned
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Wagner, 2004. Konofal, 2007.



Dopamine Pathway

Dopamine Synthesis

cofactors
[ HAD* & MAH+H* |
B A ene {Vitamin B3|
R e Iran
HAD* B MAH+H*
| reitamin 3 | Folate s cofactors
| Iran ] BH4 & Ef _ = _ cofactors | Folate
A : PLP — -
| Folate | | Vitamin D _ [Vitamin B&) _ Witamin C . SulpAen
i BH4 | | m-3(Omegad) | | Iran _ Copper i [ Magnesium
L L L DD ¥ L Hur_ L
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Dopamine Pathway
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Dopamine Pathway

Serotonin Synthesis

cofactors
MAD® B HAH+H*® |
[Witamin B}
“PLP
L I¥itamin By |
[ ron
_ cofactors
| Folate c cofactors
- PLF | s—— :
ik | | o s Folate |
vitamin D | | Witamin D : Shihe
' 2-HTP ' Serotonin |/ N-Acetyl- |
Tryptophan * {5-Hydroxy- - ' . e |
. tryptophan) ) \ (3-HT) & Serotonin
: ", ra E 3 # e g |___ .‘-
j:l;l E — E < = = :'_:i o E 2 E
|E.u,,m> 55 Eg:—:- Bag gE<
3 Ed- 25° z33
= & - e ]
£ 4 &

Fig. 3 The serctonin synthesis pathway and its cofactorns
. Kennedy
& T Krieger

Mader, 2023.



Dopamine Pathway

Pos-synaplic neuron —

Loureriro-Vieira, 2017. pharmacology2000.com
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Dopamine Pathway

 Dopamine transporter is main target of stimulants
» Likely don't need to worry about stimulants worsening sleep at
night
 If it happens, it's likely temporary
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Del Campo, 2011. Weiss, 2021. Owens, 2016.



e
Parasomnias

. Kennedy

&TY Krieger



e
Parasomnias

. « “..the higher the total ADHD-RS
T * score, the higher the number of

. 1
Parasormnias...
Fig. 1 — Correlation between parasomnias score (0 = none,

1 = one parasomnia, 2 = two parasomnias, 3 = three or

more parasomnias) and ADHD-RS score in cases and L Kennedy
controls. - =
& | T Krieger

Velez-Galarraga, 2016.
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Insomnia

« 25-50% of children and adolescents with ADHD have concurrent anxiety

 May present with more inattentiveness and less impulsivity
« Often with less aggressive symptoms
 Worrying thoughts may present as racing thoughts at night

« Stimulants may worsen underlying anxiety
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FIGURE 2 Behavioral/Psychoeducation Sleep Interventions Pooled Together on Subjective Sleep Outcomes

Dutcomea n-studies n-sample Low RoB 1P GRADE «5MD +35% Cl Subjective outcomes
Sleep problem _.l
Matemal mood 3 585 100%  18% Moderale -0.12 [-0.30; 0.08]
Mood and depression 3 300 0%  B4% Low -0.80[-1.43; 4017 —
Matemal sleep quali 2 29 42% 0%  Low -0.57 [-0.81; -0.34] —.—
Sleap disturbancs 4 632 0%  13% Low  -0.37 [-0.56; -0.18] -
Might waking T 1517 8%  49% Low  -0.33 [-0.50; -0.18] E-2
Sleap onsat latency 5 T&T 0%  81% Low -0.33 [-0.71; 0.05] —
Sleap duration 10 2627 9% 0% Low -0.10 [-0.19; -0.02] B
Daytime sleepiness 3 282 0%  B7% Verylow 0.00[-0.59; 0.80] ——
ADHD
Sleep duralicn 3 359 68% 95% Low  -0.84 [-1.94; 0.26] =
Sleap disturbance 4 851 0% 0% Low  -0.49 [-D.84; -0.34] =
Parasomnias 2 263 3% 0% Low  -0.44 [-0.68; -0.21] ——
Hight waking 2 263 83% 0% Low D44 [-0.67,-0.20] ——
Sleep onset latency 2 263 93% 63% Low -0.39[-0.89% 0.11] —
Quality of life 3 629 0% T2% Low -0.37 [0.73; -0.01) ——
Sleap anxiaty 2 263 83% 0% Low -0.29 [-0.51; -0.08) ——
Bedtime resistance 2 263 3% 0%  Low  -0.27 [-0.50; -0.04] —8—
ADHD symploms 3 622 0% TH  Low <018 [<0.31; -0.04] 8
Daytime sleapinass 2 263 83% 0% Low 0012 [-0.35; 0.11] —-
Behaviour 3 280 0%  69% Verylow -0.47 [-0.96; 0.01] ——
Parental mental heal 2 &N 0% 0%  Verylow -0.20 [-0.44; 0.04] —ay
Sleep disorder
Might waking & am 13% 82% Verylow -0.97 [-1.60; -0.35] ————o0o
Sleep onsel lalency 8 483 45%  B3% Verylow -0.57 [-1.07; -0.07] S
Sleap efficiency 3 222 0%  52% Varylow -0.43 [-0.91; -0.08] —
Sleap duration 8 483 45%  B2% Verylow -0.38 [-0.84; 0.12) —
ASD
Sleap disturbanca 2 105 0% 59% Veary low -0.70 [-1.30; -0.09]
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Insomnia

« Coordinate with provider managing ADHD to optimize
daytime/evening symptoms to facilitate the transition to sleep

* Treat any underlying anxiety symptoms

 No FDA approved hypnotics for children
« Melatonin or ramelteon
« Alpha-2 agonists (clonidine and guanfacine)

« Z-drugs (zolpidem, eszopiclone) seem to be ineffective in children
with ADHD

o« o Kenned
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Blumer, 2009. Sangal, 2014.
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