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Changes in Sleep Problems Across
Attention-Deficit/Hyperactivity Disorder Treatment:

Findings from the Multimodal Treatment
of Attention-Deficit/Hyperactivity Disorder Study

Emily J. Ricketts, PhD,1 Alexandra Sturm, PhD,1 Dana L. McMakin, PhD,2,3

Joseph F. McGuire, PhD,1,4 Patricia Z. Tan, PhD,1 Fallon B. Smalberg, BA,1

James T. McCracken, MD,1 Christopher S. Colwell, PhD,1 and John Piacentini, PhD1

Abstract

Objective: Stimulant medication and behavior therapy are efficacious for youth with attention-deficit/hyperactivity disorder

(ADHD). However, research suggests that stimulants may start and/or worsen sleep problems for youth. Further, the impact of

behavior therapy for ADHD on sleep is unknown. This study examined the frequency of sleep problems and effects of

stimulant medication, behavior therapy, and their combination on sleep problems in youth with ADHD. This study also

explored the influence of dimensional baseline ratings of ADHD symptom subtype and psychiatric comorbidity on sleep

outcomes.

Methods: Participants were 576 children (aged 7–9 years) with ADHD-Combined type from the Multimodal Treatment of

ADHD study that compared methylphenidate, behavior therapy, and their combination to community care. Before treatment,

parents completed the Child Behavior Checklist used to derive a total sleep problems score. Parents also completed ratings of

oppositionality and ADHD symptom severity, whereas youth completed ratings of depression and anxiety. These ratings were

readministered after treatment.

Results: General linear mixed-effects models were used to assess change in total sleep problems across treatment. The

combined group exhibited a statistically significant reduction in total sleep problems (z = -5.81, p < 0.001). Reductions in total

sleep problems in methylphenidate (z = -3.11, p = 0.05), behavior therapy (z = -2.99, p = 0.08), or community care (z = -1.59,

p > 0.99) did not reach statistical significance. Change in psychiatric symptoms did not significantly moderate change in total

sleep problems by treatment assignment. Greater baseline oppositional defiant disorder severity predicted less reduction in

total sleep problems, v2(1) = 3.86, p < 0.05.

Conclusions: Findings suggest that combination of methylphenidate and behavior therapy is efficacious for reducing parent-

reported sleep problems in young children with ADHD-Combined type relative to community care. However, potential

ameliorative effects of monotherapy treatments (i.e., methylphenidate, behavior therapy) should be examined. Future rep-

lication is needed to confirm findings.

Keywords: attention-deficit/hyperactivity disorder, oppositional defiance, stimulant medication, behavior therapy, sleep

Introduction

Attention-deficit/hyperactivity disorder (ADHD) is

characterized by persistent inattentive and/or hyperactive

behavior and manifests in numerous presentations across multiple

contexts (American Psychiatric Association 2013). Symptoms

emerge in childhood and affect *5%–10% of youth (Willcutt

2012; Polanczyk et al. 2014; Thomas et al. 2015). In addition to co-

occurring psychiatric conditions (major depression, anxiety disorders,

oppositional defiant disorder [ODD], conduct disorder, etc.; Warikoo

and Faraone 2013), *45%–73% of youth with ADHD experience

significant sleep disturbance (Shur-Fen 2006; Sung et al. 2008; Craig

et al. In Press). Commonly reported sleep problems in youth with

ADHD include difficulty falling asleep, bedtime resistance, longer
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sleep duration, daytime sleepiness, nightmares, enuresis, and sleep

talking (Cortese et al. 2009; Kirov and Brand 2014). Sleep problems

are reported at dramatically higher rates in youth with ADHD than

found in unaffected youth (Hvolby 2015), and exact a significant

burden on youth and families across multiple domains (e.g., aca-

demic, psychosocial, family, financial) of functioning (Sung et al.

2008; Langberg et al. 2013; Lycett et al. 2016). Thus, the effective

treatment/management of sleep problems and ADHD symptoms is

essential to reduce burden on affected youth and their families.

There are several evidence-based treatments targeting ADHD,

including stimulant medication, behavior therapy (e.g., parent

training, behavior modification), and their combination (American

Academy of Pediatrics 2011; Hodgson et al. 2014). However, there

is some controversy surrounding the effects of stimulant medica-

tion on sleep. Several studies have shown stimulants are associated

with sleep worsening (i.e., reduced sleep efficiency, delays in sleep

onset, delays in rising, reduced sleep duration, etc; Galland et al.

2010; Lee et al. 2012; Kidwell et al. 2015). However, on the con-

trary, clinical observation and subjective report in the context of

open-label treatment suggest stimulant medication may also show

positive effects on sleep by reducing ADHD-linked inner rest-

lessness and bedtime resistance ( Jerome 2001; Tomás-Vila et al.

2010; Hvolby 2015). In contrast to stimulant medication for

ADHD, the effect of behavioral interventions for ADHD on sleep

has not yet been studied (Stein et al. 2012). Behavior therapy is an

efficacious nonpharmacological alternative for addressing ADHD

symptoms, often reducing child conduct problems and improving

parenting skills (Daley et al. 2014). Therefore, it is possible that

behavior therapy may effectively target disruptive behaviors (e.g.,

bedtime resistance) that impede sleep onset and maintenance.

Nevertheless, despite a growing literature showing positive ef-

fects of behavioral sleep interventions on sleep functioning in

youth with ADHD, at present no known studies have assessed the

impact of behavioral ADHD interventions on sleep problems

(Stein et al. 2012).

Further complicating these issues, sleep problems in youth with

ADHD may be exacerbated by psychiatric comorbidity (Sadeh

et al. 2006). For example, comorbid anxiety is commonly associ-

ated with night wakings, bedtime resistance, sleep anxiety, and

difficulty falling asleep (Mick et al. 2000; Hansen et al. 2011;

Accardo et al. 2012; Becker et al. 2018). The limited available

research on comorbid depression suggests it is linked to delayed

sleep onset, daytime sleepiness, and decreased sleep duration

(Accardo et al. 2012; Becker et al. 2018). Comorbid ODD is pre-

dominantly linked to bedtime resistance (Corkum et al. 1999; Mick

et al. 2000), and associated dyssomnias (i.e., difficulty rising, de-

layed sleep onset; Corkum et al. 1999). Interestingly, the associa-

tion between bedtime resistance and ODD may be driven, in part,

by comorbid anxiety (Mick et al. 2000; Becker et al. 2018), and it is

therefore important that the influence of both disorders be explored

when examining effects of comorbidity on sleep.

In addition, ADHD subtype may impact the presentation of sleep

problems. Specifically, differential associations have been shown

between subtype and sleep disturbance. ADHD-Combined type has

been associated with difficulty falling asleep, lowered sleep dura-

tion, enuresis, restless sleep, night waking, nightmares, sleep

talking, and sleep-related involuntary movements broadly (Corkum

et al. 1999; Mayes et al. 2009; Chiang et al. 2010). In contrast,

ADHD-Inattentive subtype has been linked to daytime sleepiness

and napping (Mayes et al. 2009; Chiang et al. 2010). Less is known

about ADHD-Hyperactive/Impulsive subtype; however, it has been

linked to increased parasomnias, night wakings, nightmares, and

bruxism (Chiang et al. 2010; Becker et al. 2018). In sum, research

suggests differential associations between psychiatric comorbidity

and ADHD subtype in relation to sleep problems. However, few

studies have examined dimensional influences of these factors on

sleep, and it is not yet known how these factors might predict or

moderate sleep problems in response to ADHD intervention.

In response to limited research regarding the impact of stimulant

and behavioral treatment approaches on sleep among youth with

ADHD, this study examined the frequency and change in sleep

problems across youth receiving intervention in the Multimodal

Treatment of ADHD (MTA). The present study aimed (1) to ex-

amine rates of parent-reported sleep problems in youth with

ADHD, (2) to assess the degree to which sleep problems changed

as a function of ADHD treatment in the MTA, and (3) explored

whether dimensional ratings of psychiatric comorbidity (i.e.,

anxiety, depression, and ODD) and ADHD symptom presentation

predicted change in sleep problems over time and moderated

change in sleep problems by treatment group. Given equivocal

findings regarding the effect of stimulant medication on sleep

problems in youth with ADHD, and the effectiveness of parent

training on sleep problems in youth (Daley et al. 2014), we hy-

pothesized that youth randomized to behavioral treatment alone

would exhibit a significant decrease in sleep problems relative to

community care, and youth randomized to medication conditions

(i.e., medication, combined treatment) would not.

Methods

Participants

Participants included 576 children aged 7–9 years (mean = 7.77,

standard deviation [SD] = 0.81) diagnosed with ADHD-Combined

type, who participated in the MTA Study. The sample was pre-

dominantly boys (80.2%), with almost one-third on a stimulant

medication before study entry (Table 1).

Measures

Swanson, Nolan and Pelham Rating Scale–Parent. The

MTA version of the Swanson, Nolan and Pelham-IV (SNAP-IV)

(Swanson et al. 2001) is a 26-item measure used to collect parent

and teacher ratings of children’s ADHD and ODD symptoms. In the

present analysis, only the parent version was used. The 26 items are

the sum of 18 ADHD symptoms (9 for inattentive, 9 for hyperac-

tive/impulsive) and 8 ODD symptoms specified in the Diagnostic

and Statistical Manual of Mental Disorders, 4th edition (American

Psychiatric Association 1994). The items are scored on a scale from

0 (not at all) to 3 (very much). Average rating-per-item subscale

scores are calculated for the inattention, hyperactivity/impulsivity,

and opposition/defiance domains, generating three SNAP-IV

subscale scores each ranging from 0 to 3 (Swanson et al. 2001).

The SNAP-IV displays acceptable reliability and acceptable to

excellent internal consistency (Stevens and Quittne 1998; Bussing

et al. 2008), and good to excellent internal consistency (Swanson

et al. 2001).

Achenbach Child Behavior Checklist 6-18. The Child

Behavior Checklist (CBCL; Achenbach et al. 2001) is a widely

used 113-item parent-completed questionnaire evaluating child

behavioral and emotional functioning. Items are scored on a 3-point

Likert scale (0 = not true; 1 = somewhat or sometimes true; 2 = very

true or often true) based on the child’s behavior over the previous 6

months. The measure includes eight syndrome scales (anxious/
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depressed, withdrawn/depressed, somatic complaints, social prob-

lems, thought problems, attention problems, rule-breaking behavior,

and aggressive behavior). To assess sleep when dedicated measures

are not available, researchers have generated sleep scores using some

or all of the following seven items of the CBCL: (47) ‘‘Nightmares,’’

(57) ‘‘Overtired without good reason,’’ (76) ‘‘Sleeps less than most

kids,’’ (77) ‘‘Sleeps more than most kids during day and/or night,’’

(92) ‘‘Talks or walks in sleep,’’ (100) ‘‘Trouble sleeping,’’ (108)

‘‘Wets the bed’’ (Gregory et al. 2011; Becker et al. 2015). In this

study, total sleep problems were calculated as the sum of all seven

items. Cronbach’s alpha for the CBCL sleep problems score in the

MTA sample ranged from 0.46 to 0.52 across time points. Although

lower, this range is consistent with that reported in other studies

using this scale (Gregory and O’Connor 2002; Becker et al. 2015;

Wang et al. 2016).

Children’s Depression Inventory. The Children’s Depres-

sion Inventory (CDI; Kovacs 1985) is a 27-item self-report measure

of depressive symptom severity over the past 2 weeks in youth aged

7–17 years. Items are rated on a 0–2 scale, and summed to produce

a total score (range: 0–54) with higher scores indicative of greater

depressive symptoms (Kovacs 1985). The CDI demonstrates ac-

ceptable to excellent internal consistency and adequate to good

test–retest reliability (Saylor et al. 1984; Smucker et al. 1986).

Multidimensional Anxiety Scale for Children. The Multi-

dimensional Anxiety Scale for Children (MASC; March et al. 1997) is

a 39-item self-report measure of anxiety symptom severity in children

and adolescents aged 8–18 years (March et al. 1997). Items are rated

on a 4-point Likert scale with greater scores indicative of higher

anxiety. The MASC demonstrates satisfactory-to-excellent test–retest

reliability (March et al. 1997; Baldwin and Dadds 2007; Osman et al.

2009), poor-to-good internal consistency (Rynn et al. 2006; Baldwin

and Dadds 2007; Osman et al. 2009; Wei et al. 2014), adequate

convergent and divergent validity (March et al. 1997; Rynn et al.

2006; Baldwin and Dadds 2007), and good concurrent validity (Os-

man et al. 2009).

Procedure

MTA study procedures were approved by the local institutional

review boards at the recruitment sites where the data were col-

lected. Parents provided informed consent for participation and

children provided assent. Full details regarding the study protocol

and procedures can be found elsewhere (The MTA Cooperative

Group 1999). Participants completed a pretreatment assessment

to determine eligibility that included parent-reported ratings of

ADHD symptom severity (SNAP-IV) and general functioning

(CBCL), and youth ratings of anxiety (MASC) and depression

(CDI). Afterward, participants were randomly assigned to one of

the four treatment groups: behavior therapy, medication manage-

ment, combined behavior therapy and medication management,

and community care. After a treatment course of 14 months, youth

and parents were readministered the same pretreatment scales to

ascertain change in symptoms after intervention.

Behavior therapy. Participants randomized to the behavior

therapy condition received treatment involving parent training,

child-focused treatment, and school-based intervention. Parent

training consisted of 27 group family sessions and 8 individual

family sessions provided by a clinician. Treatment began weekly,

with sessions decreasing in frequency over the 14-month period.

Table 1. Baseline Demographic and Clinical Characteristics

Full sample
(N = 576)

Behavioral
treatment
(n = 144)

Medication
management

(n = 143)

Combined
treatment
(n = 144)

Community
care

(n = 145)
Test

statistic P

Demographics
Age, mean (SD) 7.77 (0.81) 7.64 (0.77) 7.87 (0.81) 7.74 (0.79) 7.85 (0.84) 2.38 0.07
Male, n (%) 462 (80.2) 114 (79.2) 117 (81.8) 113 (78.5) 118 (81.4) 0.73 0.87
Minority, n (%) 218 (38.7) 61 (42.7) 52 (36.9) 54 (38.6) 51 (36.4) 1.45 0.70
School grade level, mean (SD) 2.38 (0.90) 2.46 (0.95) 2.50 (0.87) 2.36 (0.90) 2.46 (0.95) 2.47 0.06
Highest parent education:

college graduate or above,a n (%)
263 (46.7) 67 (46.9) 53 (37.6) 65 (46.8) 78 (55.7) 9.27 0.03*

Highest parent employment:
full time, n (%)

478 (84.8) 120 (83.9) 117 (83.0) 119 (85.0) 122 (87.1) 1.05 0.79

Annual income $50,000
or above,a n (%)

212 (38.4) 54 (38.0) 48 (35.0) 60 (43.5) 50 (37.0) 2.27 0.52

On stimulant medication
at study outset, n (%)

175 (31.0) 38 (21.7) 38 (26.6) 43 (24.6) 49 (28.0) 2.42 0.49

Baseline clinical measures, mean (SD)
SNAP-IV hyperactivity/impulsivity

score
1.91 (0.65) 1.89 (0.64) 1.92 (0.62) 1.88 (0.68) 1.91 (0.65) 0.96 0.96

SNAP-IV inattention score 2.05 (0.64) 2.00 (0.63) 2.08 (0.64) 2.09 (0.62) 2.05 (0.66) 0.51 0.67
SNAP-IV ODD score 1.44 (0.75) 1.38 (0.71) 1.51 (0.82) 1.41 (0.75) 1.49 (0.69) 1.00 0.39
MASC total 106.98 (35.55) 104.97 (35.41) 104.26 (35.99) 110.78 (33.27) 107.95 (33.39) 1.05 0.37
CDI total 10.75 (8.48) 10.13 (8.85) 10.04 (7.04) 11.81 (9.02) 11.02 (8.80) 1.36 0.25
Total sleep problems score 1.98 (1.88) 1.88 (1.87) 1.96 (1.90) 2.04 (1.89) 2.04 (1.91) 0.24 0.87

*p < 0.05.
aDrawn from a categorical variable.
CDI, Children’s Depression Inventory; MASC, Multidimensional Anxiety Scale for Children; ODD, oppositional defiant disorder; SD, standard

deviation; SNAP-IV, Swanson, Nolan and Pelham-IV.
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Child-focused treatment involved an 8-week summer program that

spanned 5 days per week and 9 hours per day. Child-focused

treatment was administered in group format in a recreational en-

vironment and featured several components such as behavioral

rewards, time out, social reinforcement, modeling of appropriate

behavior, problem solving, motor (i.e., sports) skills, social skills

training, classroom-based academic skills learning, and positive

reinforcement. Finally, school-based intervention included bi-

weekly teacher consultation to implement classroom behavior

management strategies over 10 to 16 weeks. In addition, children

received one-on-one child-focused treatment from part-time be-

haviorally trained aides over *12 weeks. Throughout the inter-

vention children received daily report cards to foster parental

reinforcement of achievements.

Medication management. Participants randomized to medi-

cation management received methylphenidate. After undergoing dose

optimization (see The MTA Cooperative Group 1999 for a complete

description of optimization procedure), participants received monthly

30-minute visits with clinicians, who provided guidance and support

in addition to medication management. However, clinicians were not

permitted to provide any behavioral treatment recommendations or

guidance. Adjustments to methylphenidate dosage of –10 mg/day

could be made at these visits based on a review of all relevant in-

formation. For youth only receiving medication management, the

average daily dose of methylphenidate was 37.7 mg (The MTA Co-

operative Group 1999; Jensen et al. 2001).

Combined treatment. Participants randomized to combined

treatment received a combination of behavior therapy and medi-

cation management interventions described previously. For par-

ticipants in this combined group, the average daily dose of

methylphenidate was 31.2 mg ( Jensen et al. 2001).

Community care. Participants randomized to community

care received reports of their initial study evaluation and commu-

nity mental health referrals for treatment. Participants were asked

to return for follow-up assessments that paralleled the other three

treatment conditions. Most (67.4%) youth randomized to this group

received stimulant medication from a healthcare provider during

the study period (e.g., primary care provider; The MTA Cooperative

Group 1999). Of note, medication visits with the community pro-

vider were less frequent relative to medication management and

combined treatment condition (Jensen et al. 2001). With respect to

psychosocial treatment, a very low proportion of the sample used

behavior therapy services (Pelham 1999). For participants in this

community care group, the average daily stimulant dose was

23.0 mg/day with 2.3 times daily dosing on average (The MTA

Cooperative Group 1999). Sixteen youth who were receiving

stimulant medication in this group also received a concurrent

antidepressant (excluding tricyclics or bupropion; The MTA

Cooperative Group 1999).

Analytic plan

Although the initial MTA study included 579 participants, three

participants were missing outcome measures of interest at baseline

and were excluded from the current analyses. Descriptive statistics

were computed for basic demographic characteristics and clinical

measures of interest (Table 1). To assess pre- to posttreatment

changes in total sleep problems by treatment assignment, general

linear mixed-effects models (GLMM) were estimated using

STATA 14.2. Linear mixed-effects modeling is advantageous over

other statistical approaches as it allows for the analysis of incom-

plete data. This allows for the use of all available data despite

missing values (Tasca and Gallop 2009). Predictors in the GLMM

included time (i.e., baseline, posttreatment), treatment assignment

(i.e., referral, medication, behavioral, combined medication, and

behavioral), and the interaction between time and treatment as-

signment. A significant interaction between time and treatment

assignment indicated differences in the effect of treatment assign-

ment on sleep over time. Time and treatment assignment were

analyzed as categorical predictors, where the reference groups were

baseline time point and community care treatment assignment,

respectively. To account for individual differences in baseline

sleep, the models each included a random intercept term.

To investigate potential predictors and moderators of change in,

and treatment of, sleep problems, separate GLMMs were estimated.

Based on the extant literature, theoretical candidate predictors/

moderators included inattention (SNAP-IV inattention total score),

hyperactivity/impulsivity (SNAP-IV hyperactivity/impulsivity to-

tal score), oppositional defiance (SNAP-IV ODD total score),

anxiety symptom severity (MASC total score), and depressive

symptom severity (CDI total score). Each predictor/moderator was

entered into the model as a time-varying covariate, with unique pre-

and posttreatment observations. Each GLMM included time (i.e.,

baseline and treatment endpoint; baseline as referent), treatment

assignment (referral as referent), candidate predictors/moderators,

and all two-way and three-way interaction terms. A candidate

moderator was considered a moderator of treatment if the multi-

variate three-way interaction term (time by treatment by modera-

tor) was significant. A candidate predictor was considered only a

predictor of treatment if the multivariate two-way interaction term

(time by moderator) was significant, but the three-way interaction

(i.e., moderator) was not. Each model included a random intercept

term to account for individual differences in the respective baseline

sleep subtotal.

Results

Rates of parent-reported sleep problems
in youth with ADHD

Descriptive statistics revealed 72.3% of youth had one or more

parent-reported sleep problems, as defined by a score of 1 (some-

what or sometimes true) or 2 (very true or often true) on the CBCL.

Nightmares were endorsed at the highest rate (39.8%), followed by

sleeps less than most kids (29.4%), trouble sleeping (27.0%), wets

the bed (20.2%), talks or walks in sleep (16.5%), overtired without

reason (15.8%), and sleeps more than most kids (8.2%). See Table 2

for frequency of baseline sleep problems for the total sample and by

treatment group.

Change in sleep problems by treatment assignment

The GLMM model revealed no significant simple effects of

treatment assignment on baseline sleep problems score for med-

ication (z = -0.37, p = 0.71), behavioral treatment (z = -0.74,

p = 0.46), or combined treatment (z = 0.44, p = 0.85) relative to

community care (Table 3). There were no significant simple effects

of treatment assignment on posttreatment sleep problems score for

medication (z = -1.11, p = 0.27) or behavioral treatment (z = -1.17,

p = 0.24) relative to community care. However, there was a sig-

nificant simple effect of combined treatment on sleep problems

relative to community care (z = -3.02, p = 0.003). Results yielded a
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significant time · treatment assignment interaction (v2 = 9.30,

p = 0.03). Follow-up contrasts with Bonferroni correction (Fig. 1)

showed significant pre-to-posttreatment reductions in sleep problems

for combined treatment (z = -5.81, p < 0.001). The contrast score

revealed a 0.90 SD decrease for combined treatment. There were no

significant pre-to-posttreatment reductions in sleep problems for the

medication group (z = -3.11, p = 0.05; contrast = -0.48), behavioral

therapy (z = -2.99, p = 0.08; contrast = -0.51), or community care

(z = -1.59, p > 0.99; contrast = -0.24).

Moderators of change in sleep problems
by treatment assignment

Change in hyperactivity/impulsivity (v2(3) = 2.27, p = 0.52), in-

attention (v2(3) = 1.56, p = 0.67), ODD (v2(3) = 1.44, p = 0.70), anx-

iety, (v2(3) = 0.83, p = 0.84), and depression (v2(3) = 2.13, p = 0.55)

severity did not significantly moderate pre-to-posttreatment change

in total sleep problems by treatment assignment.

Predictors of change in sleep problems
across ADHD treatment

GLMM model terms (i.e., interaction between time and pre-

dictor) assessing predictors of change in sleep problems across

treatment showed that baseline hyperactivity/impulsivity (v2(1) = 1.51,

p = 0.22), inattention (v2(1) = 2.60, p = 0.11), anxiety (v2(1) = 0.41,

p = 0.52), and depression (v2(1) = 0.01, p = 0.93) did not significantly

predict pre-to-posttreatment change in CBCL sleep composite.

However, ODD symptom severity did significantly predict pre-to-

posttreatment change in sleep problems (v2(1) = 3.86, p < 0.05), such

that greater symptoms of ODD at baseline were associated with less

change in sleep problems (b = 0.29, standard error = 0.24).

Discussion

This study evaluated the frequency and change across treatment

of parent-reported sleep problems in a large sample of young

children with ADHD-Combined type receiving stimulant medica-

tion, behavioral treatment, their combination, or community care as

part of MTA. Moreover, this study explored whether symptoms of

inattention, hyperactivity, oppositional defiance, anxiety, and de-

pression influenced change in total sleep problems broadly or by

treatment group. Findings revealed a sizeable portion (72.3%) of

the sample had one or more parent-reported sleep problem, con-

sistent with previous research showing rates of sleep problems as

high as 73% in youth with ADHD (Sung et al. 2008). Nightmares,

sleeping less than most youth, and trouble sleeping were the three

Table 2. Frequency of Baseline Child Behavior Checklist Sleep Problems

Full sample
(N = 576)

Behavioral
treatment
(n = 144)

Medication
management

(n = 143)

Combined
treatment
(n = 144)

Community
care

(n = 145) v2 p

CBCL sleep item endorsement, n (%)
47. Nightmares 224 (39.8) 48 (33.6) 51 (36.2) 69 (49.6) 56 (40.0) 8.72 0.03*
54. Overtired without Reason 89 (15.8) 19 (13.3) 24 (17.0) 21 (14.9) 25 (17.9) 1.37 0.71
76. Sleeps less than most kids 166 (29.4) 40 (28.0) 39 (27.7) 40 (28.4) 47 (33.6) 1.59 0.66
77. Sleeps more than most kids 46 (8.2) 11 (7.7) 15 (10.6) 9 (6.4) 11 (7.9) 1.77 0.62
92. Talks or walks in sleep 93 (16.5) 26 (18.2) 20 (14.2) 25 (17.7) 22 (15.7) 1.06 0.79
100. Trouble sleeping 152 (27.0) 41 (28.7) 32 (22.7) 45 (32.1) 34 (24.5) 3.86 0.28
108. Wets the bed 114 (20.2) 35 (24.5) 31 (22.0) 26 (18.4) 22 (15.7) 3.92 0.27
One or more sleep problems 404 (72.3) 101 (70.6) 100 (70.9) 37 (73.0) 103 (74.6) 0.74 0.86

For CBCL sleep item endorsement, scores of 1 and 2 were collapsed into 1 to obtain frequency of endorsement of sleep problems broadly.
*p < 0.05.
CBCL, Child Behavior Checklist.

Table 3. Linear Mixed Model Summary of Changes in Total Sleep Problems by Attention-Deficit/Hyperactivity

Disorder Treatment Assignment

Estimated marginal mean (SE) Coefficient (SE) z p CI

Time -0.24 (0.15) -1.59 0.11 -0.54 to 0.06

Pretreatment
Medication 1.95 (0.15) -0.08 (0.21) -0.37 0.71 -0.50 to 0.34
Behavioral treatment 1.87 (0.15) -0.16 (0.21) -0.74 0.46 -0.38 to 0.46
Combined 2.08 (0.15) 0.04 (0.22) 0.20 0.85 -0.38 to 0.46
Community care 2.03 (0.15)

Posttreatment
Medication 1.47 (0.16) -0.24 (0.22) -1.11 0.27 -0.67 to 0.19
Behavioral treatment 1.36 (0.18) -0.27 (0.23) -1.17 0.24 -0.72 to 0.18
Combined 1.18 (0.16) -0.65 (0.22) -3.02 0.003 -1.08 to -0.23
Community care 1.79 (0.15)

Intercept 2.03 (0.15) 13.37 <0.001 1.74 to 2.33
Variance intercept 1.75 (0.17) 1.46 to 2.11
Variance residual 1.48 (0.10) 1.30 to 1.69

CI, confidence interval; SE, standard error.
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most commonly endorsed sleep-related problems. With respect to

treatment effects on sleep functioning, findings revealed that com-

bined treatment (stimulant medication plus behavior therapy) was the

only approach associated with statistically significant reductions in

sleep problems. Although change in psychiatric symptom measures

did not moderate the effect of treatment assignment on sleep prob-

lems, increased baseline ODD symptoms predicted less of a decline in

sleep problems across treatment broadly.

With respect to treatment effects on sleep, contrary to the hy-

pothesis, reductions in sleep problems in behavior therapy alone

were not statistically significant. This may have been partially re-

lated to the fading of behavior therapy in the final 4–5 months of the

14-month MTA trial period (Pelham 1999). With respect to med-

ication management alone, we found no worsening effect of

methylphenidate on sleep. Of note, sleep problems displayed a

decreasing pattern (i.e., p-value of 0.05). The lack of robustness of

this finding may have been related to correction for multiple

comparisons. Previous research on the effects of methylphenidate

on sleep is mixed, with several studies showing sleep worsening

(De Crescenzo et al. 2014; Kidwell et al. 2015), some showing

sleep improvement (Kim et al. 2010; Tomás-Vila et al. 2016), and

others showing minimal to no impact on sleep (Wolraich et al.

2001; Wilens et al. 2003). Mixed findings are likely because of

interindividual differences, in addition to variation in study meth-

odology, including trial duration, study design, sleep and ADHD

assessment measures, length of titration, handling of attrition, and

sample size (Stein et al. 2012). More favorable sleep outcomes have

been observed with use of extended-release formulations, a history

of stimulant use, longer duration of use, lower dose, and increased

body weight (Stein et al. 2012; Hvolby 2015; Becker et al. 2016).

Despite the finding that neither monotherapy treatment (meth-

ylphenidate or behavior therapy) was associated with a statistically

significant reduction in sleep problems, their combination was

significantly efficacious in this regard. The mechanism by which

combined treatment influenced sleep problems is unclear, as

change in ADHD symptom severity did not moderate effects of

treatment assignment on sleep. Theoretical and clinical accounts

suggest that stimulants may improve sleep in some by targeting

brain structures implicated in sleep (Kooij et al. 2001; Sobanski

et al. 2008), reducing inner feelings of restlessness at bedtime

( Jerome 2001), and decreasing daytime sleepiness (Kooij et al.

2001; Sobanski et al. 2008). Thus, stimulant medication may have

optimized combined treatment through these means. It is also

possible that aspects of behavior therapy contributed to positive

effects of combined treatment on sleep. Select behavioral treatment

components used in MTA, such as parent training (MTA 1999),

overlap with those used in behavior therapies specifically targeting

sleep in children in general (Morgenthaler et al. 2006) and in those

with ADHD specifically (Keshavarzi et al. 2014; Corkum et al.

2016). For example, parent training within the context of combined

treatment may have facilitated changes in sleep by addressing

problematic behaviors at bedtime (i.e., bedtime resistance, diffi-

culty winding down). Alternatively, reduced strain at bedtime be-

cause of improved behavior may have led to a reduction in parental

perceptions of sleep problems, even if sleep remained a problem

area for these youth. Future work using multimodal assessment

(sleep diary, actigraphy, and parent- and child-report of sleep

problems, etc.) is needed to parse treatment effects on sleep.

With respect to the influence of psychiatric symptoms on out-

comes, increased baseline ODD symptoms predicted less decline in

sleep problems across treatment broadly. ODD symptoms are pri-

marily linked to bedtime resistance (Corkum et al. 1999; Mick et al.

2000), thus this may be one mechanism by which ODD symptoms

disrupted reduction in sleep problems across treatment. Of note, the

CBCL does not include an item assessing bedtime resistance, and

instead includes a question regarding ‘‘trouble sleeping.’’ There is

research to suggest parents are able to discriminate between these

two sleep difficulties when presented with both items and more

detailed wording (Blader et al. 1997). However, because of the

brevity of the phrasing of the CBCL item, it is possible that this

item may be capturing both difficulty falling and staying asleep

(i.e., insomnia) in addition to reluctance to go to bed. Previous

literature has hypothesized that anxiety drives the effect of ODD on

sleep problems (i.e., bedtime resistance; Mick et al. 2000; Becker

FIG. 1. Change in total sleep problems from baseline to posttreatment. Combined, Combined Medication and Behavior Therapy; TX,
treatment.
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et al. 2018). Of note, anxiety did not predict or moderate change in

sleep problems over time in this sample.

Findings are preliminary and should be interpreted cautiously.

The sleep-related items of the CBCL do not compose a well-validated

sleep measure. Internal consistency found in this study was in the

lower range as shown in previous research (Gregory and O’Connor

2002; Becker et al. 2015) and is likely attributed to conflicting item

content (e.g., sleeps more vs. sleeps less) and variation in the type of

sleep problems assessed (Becker et al. 2015). This limits conclusions

which may be drawn from the present analyses. Of importance,

findings require replication with well-validated parent- and child-

reported sleep rating scales in addition to objective sleep measures. In

addition, the sample was homogenous with respect to ADHD subtype

as all participants were diagnosed with ADHD-Combined type. Al-

though this categorical diagnostic classification does not preclude

dimensional examination of ADHD subtypes, it may have restricted

the variation in expression of these symptom clusters across the

sample. Furthermore, the participant age range is restricted to young

children limiting extension of conclusions to older children and ad-

olescents. In addition, study attrition because of lack of tolerance of

medication side effects may have skewed outcomes for combined and

medication-alone treatment groups. Furthermore, the lower average

daily methylphenidate dose in the community care group may

have confounded group effects. Moreover, we lack information on

concurrent psychiatric or hypnotic medication, which may have

influenced outcomes.

The present findings confirm the prevalence of sleep problems in

youth with ADHD. This study is the first to compare stimulant

medication, behavioral treatment, and combined treatment effects

on sleep problems in ADHD. Although findings are preliminary,

they suggest that in young children with ADHD-Combined type

who have sleep problems, the combination of stimulant medica-

tion and behavior therapy may provide some therapeutic benefit.

However, the potential ameliorative effects of the monotherapy

treatments—especially methylphenidate—should be further exam-

ined. Findings also suggest increased ODD symptoms may dampen

positive effects of ADHD treatment broadly on sleep problems,

which has clinical implications for treatment sequencing. Of

note, despite statistically significant positive effects of combined

treatment on parent-reported sleep problems, effects were modest.

It is likely that targeted sleep interventions (e.g., behavior therapy,

melatonin) would provide greater therapeutic gains. Future rep-

lication using well-validated multimodal (i.e., subjective, objec-

tive) sleep measures assessing a range of sleep problems is needed

to fully understand the effects of ADHD treatment on sleep

functioning. Future research should also explore potential bio-

logical markers (i.e., genes, hormones, neural functioning) asso-

ciated with stimulant effects on sleep.
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