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Abstract

Three classes (height/weight, cardiovascular, and somatic complaints) of treatment emergent

symptoms (side effects) associated with methylphenidate (MPH) therapy for children with attention

deficit/hyperactivity disorder (ADHD) are reviewed. The more easily quantifiable side effects (e.g.,

blood pressure [BP], heart rate [HR], height/weight) are mostly transient, dose-dependent, easily

rectified with dosage adjustments, and considered minor from a clinical perspective considering the

breadth and level of improvement in behavior and cognitive functioning observed in most children.

Previously reported somatic complaints associated with psychostimulant therapy may reflect

symptoms occurring prior to initiation of treatment and require additional study.

D 2002 Elsevier Science Ltd. All rights reserved.

1. Introduction

The short- and intermediate-term therapeutic efficacy of psychostimulants for treating

children with attention deficit/hyperactivity disorder (ADHD) is well-established (MTA

Cooperative Group, 1999). Beneficial effects are observed across multiple domains of

functioning based on direct observations of children’s attention, behavior, and academic
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Table 1

Emergent symptom studies of MPH in children with ADHD

Citation N Diagnosis Measurement Drug Source Design Results

criteria instruments conditions

(DVs)

Height and weight studies

Safer et al. 29 (NR) NFDC height MPH Ph naturalistic, weight gain:

(1972) hyperactive

receiving

medication

or referred

for medication

but not

receiving any

weight (20, 30, and

40 mg/day)

DEX

(10 and

15 mg/day)

longitudinal 20 mg MPH

>30–40 mg MPH

10 and 15 mg DEX: NS

Ss continued on stimulants

through summer < Ss d/c

Ss continued on DEX

through summer < Ss d/c

Ss continued vs. d/c on MPH

through summer: NS

Ss continued on stimulants

through summer: average of

60% expected weight gain

Ss continued on stimulants

for 2 years: sign less weight

gain than expected

Height:

Stimulants: sign decline in

height percentile vs. controls

Greenberg and

Yellin (1975)

40 males and

7 females

NFDC

hyperactive

weight PL and MPH

(40 mg/day)

IMI (100

mg/day)

Ph randomized,

double-blind,

placebo

controlled,

crossover

weight: PL>MPH
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Millichap (1978) 36 males NFDC

hyperactive

MBD

LD

height

growth rate

BL and

MPH

(5–20

mg/day)

Ph longitudinal height percentile: BL vs.

end of treatment: NS

annual growth rate: sign

less than normal, for two

patients; sign greater than

normal for six patients

Satterfield et al.

(1979)

72 males

(1 year) and

48 males

(2 years)

NFDC

hyperactive

hyperexitability,

impulsivity,

and inattention

reported by P/T

height

weight

MPH

(mean = 24.2

mg/day)

Ph longitudinal Height gain:

1 year: MPH< expected

2 years: NS

Ss continued vs. Ss d/c on

MPH through summers: NS

Weight gain:

1 year: MPH< expected

2 years: MPH< expected

Ss continued on MPH

through summers

< Ss d/c for summers

Conners and

Taylor (1980)

57 males and

3 females

NFDC

hyperkinesis

weight PL, MPH

(mean = 0.82

mg/kg/day)

Ph randomized,

double-blind,

placebo-

weight: PL>MPH, PEM

PEM (2.25

mg/kg/day)

controlled

Winsberg et al.

(1982)

25 males DSM-III

ADHD

CTRS

weight BL, PL,

and MPH

(0.25, 0.5, and

1.0 mg/kg bid)

Ph, O double-blind,

placebo-

controlled,

crossover

weight: NS
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Citation N Diagnosis Measurement Drug Source Design Results

criteria instruments conditions

(DVs)

Height and weight studies

Mattes and

Gittleman

(1983)

86 (NR) NFDC

CTRS

Classroom

observation

height

percentile

Weight

percentile

BL and

MPH (up to

80 mg/day)

Ph longitudinal height percentile:

MPH<BL after

2–4 years (dose-related).

weight percentile:

MPH<BL after

1–4 years (dose-related)

Greenhill

et al.

(1984)

8 males DSM-III

ADHD

Item #94

of CPRS

CTRS

ACRS

height, weight,

prolactin, and

human growth

hormone

sleep patterns

BL, MPH

(10–60

mg/day;

mean = 39

mg/day)

Ph longitudinal height velocity and

percentile: BL vs.

MPH: NS

weight velocity and

percentile: MPH<BL

sleep stage shifts:

MPH>BL

mean REM activity:

MPH>BL

mean REM fragmentation:

MPH>BL

number of REM periods:

MPH>BL

prolactin concentration: NS

human growth hormone

concentration: NS

Klein et al.

(1988)

53 males

(1 year),

5 females

(1 year),

and 36

(NR; 2 years)

DSM-II

criteria

(hyperkinetic)

height

weight

MPH

(doses NR)

Ph longitudinal height:

1 year: MPH continued

through summer vs. d/c

for summer: NS

2 years: MPH d/c for

summers >MPH continued

through summer weight:
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1 year: MPH d/c for

summer >MPH continued

through summer 2 years: NS

Klein and

Manuzza

(1988)

61 males

and 99 (NR)

DSM-II

criteria

(hyperkinetic)

height MPH (mean =

45 mg/day)

Ph

SR

longitudinal height: MPH vs.

controls: NS

Zeiner

(1995)

23 males

ADHD

medicated

and 23 males

ADHD

unmedicated

DSM-III-R

ADHD

ADHD

Rating Scale

CBCL

Semistructured

interview

height

weight

MPH (mean =

23 mg/day)

Ph longitudinal height: NS

weight: NS

Spencer et al.

(1996)

124 males

ADHD (110

pharmacologically

treated and 12

pharmacologically

untreated) and 109

control males

DSM-III-R

ADHD

K-SADS

height and

weight

(child and

parent)

45% of ADHD

treated with

stimulant,

equivalent to

38 mg/day

(mean) of MPH

Ph naturalistic,

longitudinal

height:

children: ADHD vs.

control: NS

adolescents:

ADHD< control

young adults: ADHD

vs. control: NS

early pubertal children:

ADHD< control

late pubertal children:

ADHD vs. control: NS

pharmacologically

treated ADHD vs.

pharmacologically

untreated ADHD: NS
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Citation N Diagnosis Measurement Drug Source Design Results

criteria instruments conditions

(DVs)

Height and weight studies

ADHD treated with

stimulants in last

2 years vs. not: NS

weight:

ADHD vs. controls:

NS pharmacologically treated

ADHD< pharmacologically

untreated ADHD

ADHD treated with

stimulants in last 2 years

vs. not: NS

Schachar et al.

(1997)

50 males and

16 females

(37 ADHD MPH

and 29 ADHD

unmedicated)

DSM-III-R

PICS

teacher

telephone

interview

height

weight

BL, PL,

and MPH

(0.7 mg/kg bid)

P

T

randomized,

double-blind,

placebo

controlled

height: PL vs. MPH: NS

at 4 months

weight: PL>MPH at

4 months

RCMAS

SPPC

WRAT-R

Cardiovascular studies

Aman and Werry

(1975)

10 males NFDC

hyperkinetic

or aggressive

HR

respiration

rate

PL and MPH

(0.5 mg/kg/day)

Ph randomized,

double-blind,

placebo

controlled,

crossover

HR: MPH>PL

respiration: NS
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Greenberg and

Yellin (1975)

40 males and

7 females

NFDC

hyperactive

HR

BP

PL, MPH

(40 mg/day)

IMI (100 mg/day)

Ph randomized,

double-blind,

placebo

controlled,

crossover

HR: NS

SBP: NS vs. PL;

IMI>MPH DBP:

NS vs. PL; IMI>MPH

Ballard et al.

(1976)

24 males and

3 females

NFDC,

hyperactive,

ACTRS

HR

BP

PL and MPH

(mean = 0.48

mg/kg/day)

Ph randomized,

double-blind,

placebo

controlled,

crossover

HR: MPH>PL

SBP: MPH>PL

DBP: MPH>PL

Barkley and

Jackson (1977)

12 males NFDC

hyperkinetic

HR PL and MPH

(10 mg/day)

Ph randomized,

double-blind,

placebo

controlled

HR: NS

respiration: NS

Sprague and

Sleator (1977)

18 males and

2 females

NFDC

CTRS

HR PL and MPH

(0.3 and 1.0

mg/kg/day)

Ph randomized,

double-blind,

placebo

controlled,

crossover

HR: MPH>PL

Conners and

Taylor (1980)

57 males and

3 females

NFDC

hyperkinesis

HR

BP

PL and MPH

(mean = 0.82

mg/kg/day)

Ph randomized,

double-blind,

placebo-

controlled

HR: NS

SBP: NS

DBP: MPH>PEM, PL

PEM (2.25

mg/kg/day)

Solanto and

Conners

(1982)

8 males and

2 females

NFDC

hyperactive

CPRS

CTRS

HR PL and MPH

(0.3, 0.6, and

1.0 mg/kg bid)

Ph double-blind,

placebo-

controlled,

crossover

HR: 0.6 mg, 1.0 mg>PL;

0.6 mg>0.3 mg

(continued on next page)
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Citation N Diagnosis Measurement Drug Source Design Results

criteria instruments conditions

(DVs)

Cardiovascular studies

Winsberg et al.

(1982)

25 males DSM-III

ADHD

CTRS

BP BL, PL,

and MPH

(0.25, 0.5,

and 1.0

mg/kg bid)

Ph double-blind,

placebo-

controlled,

crossover

DBP: NS

SBP: 1.0 mg>BL,

PL, 0.25 mg

Garfinkel et al.

(1983)

12 males DSM-III

ADD

HR

BP

PL and MPH

(mean = 18

mg/day)

DMI (mean = 85

mg/day)

CMI (mean = 85

mg/day)

P

O

Ph

randomized,

double-blind,

placebo

controlled,

crossover

morning HR: MPH,

CMI, DMI>PL

DBP: MPH, CMI, DMI>PL

Brown et al.

(1984)

11 males NFDC

parent and

school report

HR

BP

PL and MPH

(0.3 mg/kg bid)

Ph randomized,

double-blind,

placebo

controlled,

crossover

HR: NS

BP: NS

Kelly et al.

(1988)

44 males and

3 females

DSM-III

ADHD

HSQ

WWP

ACTRS

HR BL, PL,

and MPH

(5, 10, 15, and

20 mg/day)

Ph randomized,

double-blind,

placebo

controlled,

crossover

HR: 120 min:

15 and 20 mg MPH >PL;

180 min: 10, 15,

and 20 mg MPH >PL;

15 and 20 mg

MPH>5 mg MPH;

with BL and initial

values as covariates:

HR: 10, 15, and

20 mg MPH>PL
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Decrease in HR 120 min:

PL; 180 min: PL, 5 mg

With BL as covariate:

decrease in HR 120 and

180 min: PL; increase in

HR 120 min and 180 mm:

20 mg MPH

Brown and

Sexson

(1989)

11 males DSM-III

ADHD

ACTRS

HR

BP

PL and MPH

(0.15, 0.3, and

0.5 mg/kg bid)

Ph randomized,

double-blind,

placebo-

controlled,

crossover

HR: NS

SBP: MPH>PL;

no between-dose differences

DBP: 0.15, 0.3, and

0.5 mg>PL; 0.5 mg>0.15

and 0.3 mg

Satterfield et al.

(1989)

70 males

(1 year),

44 males

(2 years),

15 males

(3 years), and

7 males

(4 years)

NFDC

hyperactive

hyperexitability,

impulsivity, and

inattention

reported

by P/T

BP

HR

BL and MPH

(first year

mean = 0.47

mg/kg/day;

second year

mean = 0.52

mg/kg/day)

Ph longitudinal HR: 1 year MPH>BL

3 years BL>MPH

SBP: 2 and 3 years

MPH>BL

DBP: 2 and 3 years

MPH>BL

Tannock et al.

(1989)

10 males

2 females

DSM-III

ADHD criteria

PICS

ACTRS

Rutter-B

questionnaire

SNAP

HR

BP

PL and MPH

(0.3 and 1.0

mg/kg bid)

Ph

O

randomized,

double-blind,

placebo-

controlled,

crossover

HR: 1.0 mg>PL, 0.3 mg

SBP: 1.0 mg>PL, 0.3 mg

DBP: 1.0 mg>PL, 0.3 mg
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Citation N Diagnosis Measurement Drug Source Design Results

criteria instruments conditions

(DVs)

Cardiovascular studies

Zeiner (1995) 23 males

ADHD medicated

and 23 males

ADHD

unmedicated

DSM-III-R

ADHD

ADHD

Rating Scale

CBCL

Semistructured

interview

HR

BP

MPH

(mean =

23 mg/day)

Ph longitudinal HR: NS

BP: NS

Side effect questionnaire studies

Garfinkel et al.

(1983)

12 males DSM-III

ADD criteria

WWP PL and MPH

(mean =

18 mg/day)

DMI (mean =

85 mg/day)

CMI (mean =

85 mg/day)

P

O

Ph

randomized,

double-blind,

placebo

controlled,

crossover

WWP: sleep disturbance:

MPH>CMI, DMI, and PL

Whalen, Henker,

Buhrmester,

et al. (1989)

and Whalen,

Henker, and

Granger

(1989)

Study 1:

22 males

and 2 females

Study 2:

24 males

and 12 males

NFDC

hyperactivity,

ADD or ADHD

ACRS

UC-CCBS Study 1:

PL, MPH

(0.3 mg/kg bid)

Study 2:

PL, MPH

(0.6 mg/kg bid)

O randomized,

double-blind,

placebo

controlled,

crossover

Study 1: dysphoria:

MPH>placebo

Study 2: dysphoria:

hyper/ADHD:

MPH >placebo

Barkley et al.

(1990)

71 males and

12 females

NFDC

PPVT

CBCL

SEQ PL and MPH

(0.3 and 0.5

mg/kg bid)

P

T

randomized,

double-blind,

placebo

controlled,

crossover

parent ratings: mean severity

insomnia and headache:

MPH 0.3 and 0.5>PL.

decreased appetite and
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stomachache: MPH 0.3,

0.5>PL; MPH 0.5>MPH 0.3

percent of severe occurrence:

decreased appetite and

insomnia: MPH 0.5>PL

Teacher ratings:

mean severity

staring: PL>MPH 0.3, 0.5

sadness: PL,

MPH 0.3>MPH 0.5

anxiety: PL>MPH 0.5

Buitelaar et al.

(1996)

46 males and

6 females

DSM-III-R

ADHD

CBCL

CTRS

deficits on

RT task or

CPT

SEQ PL and MPH

(10 mg bid)

pindolol

(20 mg bid)

P randomized,

double-blind,

placebo

controlled,

incomplete

crossover

paresthesias: pindolol>PL

or MPH

MPH vs. PL: NS

Ahman et al.

(1993)

117 males and

30 females

DSM-III-R

ACTRS

CTRS

SEQ PL and MPH

(0.3 and 0.5

mg/kg tid)

P randomized,

double-blind,

placebo

controlled,

insomnia, appetite

disturbance, stomachache,

headache, and dizziness:

MPH>PL

crossover staring and daydreaming,

irritability, anxiety, and

nail-biting: PL>MPH

odds ratios: shown in

parenthesis

insomnia: 0.5 mg MPH>Pl

(3.13); 0.3 mg, MPH>PL

(5.40)

(continued on next page)
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Citation N Diagnosis Measurement Drug Source Design Results

criteria instruments conditions

(DVs)

Side effect questionaire studies appetite disturbance: 0.5 mg

MPH>PL (19.00); 0.3 mg

MPH (7.10)

stomachache: 0.5 mg

MPH>PL (7.00);

0.3 mg MPH (4.10)

headache: 0.5 mg

MPH>PL (5.29)

dizziness: 0.5 mg

MPH>PL (7.50); 0.3 mg

MPH>PL (4.20)

irritability: PL>0.5 mg

MPH (0.33)

anxiety: PL>0.5 mg

MPH (0.42)

nail-biting: PL>0.5 mg

MPH (0.19); 0.3 mg

MPH>0.5 mg MPH

Fine and

Johnston

(1993)

24 (NR) NFDC

P/T ratings:

8/14 DSM-III-R

ADHD

symptoms

SEQ PL and MPH

(0.3 and 0.6

mg/kg bid)

P randomized,

double-blind,

placebo-

controlled

trouble sleeping,

decreased appetite,

nail-biting: MPH>PL

Fischer and

Newby

(1991)

141 males and

20 females

NFDC

CPRS

CBCL

SEQ PL and MPH

(0.2 and 0.4

mg/kg bid)

P

T

randomized,

double-blind,

placebo

controlled,

parent:

number of SEs: NS

mean severity rating: NS
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CTRS

CBCL TRF

crossover Teacher:

number of SEs: NS

mean severity rating:

PL>MPH

DuPaul et al.

(1996)

19 males and

5 females

DSM-III-R

ADHD

CBCL

SEQ PL and MPH:

(mean = 0.16,

0.29,

and 0.42 mg/kg)

P

T

SR

randomized,

double-blind,

placebo

controlled,

crossover

mean teacher SE severity

rating: PL >MPH; MPH

5–15 mg>MPH 5–20 mg

nail-biting: MPH

5–10 mg>MPH 10–15 mg

tics: PL>MPH 10–20 mg

insomnia, appetite,

drowsiness, and euphoria:

SR>T ratings

drowsiness, euphoria,

and dizziness: SR >P ratings

stares/daydreams: T>P

insomnia: P>T

nightmares: SR: PL>MPH

Musten et al.

(1997)

26 males and

5 females

DSM-III-R

criteria

DICA-P

SNAP

PPVT

CPRS-R

parent-supervised

attention task

SEQ PL and MPH

(0.3 and 0.5

mg/kg bid)

P randomized,

double-blind,

placebo

controlled

crossover

total number of symptoms:

0.5 mg>0.3 mg, PL

symptom severity:

0.5 mg>0.3 mg, PL

(continued on next page)
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Citation N Diagnosis Measurement Drug Source Design Results

criteria instruments conditions

(DVs)

Side effect questionaire studies

Schachar et al.

(1997)

50 males and

16 females

(37 ADHD MPH

and 29 ADHD

unmedicated)

DSM-III-R

PICS

teacher

telephone

interview

RCMAS

SPPC

WRAT-R

SEQ

(modified)

BL, PL,

and MPH

(0.7 mg/kg bid)

P

T

randomized,

double-blind,

placebo

controlled

SEQ:

parent: SEs: MPH>BL

physiologic: MPH at

3–4 weeks, MPH at

4 months>BL

affective: MPH at

4 months>BL, MPH

at 3–4 weeks

tics: MPH at 4 months

vs. MPH at 3–4 weeks

vs. BL: NS

teacher: MPH at

4 months vs. MPH

at 3–4 weeks vs. BL: NS

Smith et al.

(1998)

41 males

and 5 females

DSM-III-R Side effects

rating form

(Name NR)

PL and MPH

(25, 50, and

75 mg qd)

P

O

randomized,

double-blind,

placebo-

controlled

tired: 75 mg>PL, 25 mg

withdrawn: 50 and

75 mg>PL

picking at skin:

75 mg>PL

decreased appetite:

50 and 75 mg>PL, 25 mg
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Manos et al.

(1999)

66 males

18 females

DSM-IV

criteria

CDISC

ACRS

ARS

SE/BMS PL and MPH

(5, 10, and

15 mg bid)

ADD (5, 10,

and 15 mg qd)

P randomized,

double-blind,

placebo-controlled

number of SEs: NS

ACRS=Abbreviated Conners Rating Scale; ACTRS=Abbreviated Conners Teacher Rating Scale; ARS =ADHD Rating Scale; bid = twice daily;

BL= baseline; CBCL=Child Behavior Checklist; CBCL TRF=Child Behavior Checklist Teacher Report Form; CMI = clomipramine; CPRS=Conners

Parent Rating Scale; CPT =Continuous Performance Test; CTRS =Conners’ Teachers’ Rating Scale; DBP= diastolic BP; d/c = discontinued;

DEX = dextroamphetamine; DICA-P=Diagnostic Interview for Children and Adolescents—Parent Version; DMI = desipramine; HR = heart rate;

HSQ=Home Situations Questionnaire; K-SADS= Schedule for Affective Disorders and Schizophrenia for School-Age Children—Epidemiologic version;

LD= learning disabled; MBD=minimal brain damage; MPH=methylphenidate; NFDC= no formal diagnostic criteria; NR= not reported; NS = not

significant; O = other; P= parent report; PEM= pemoline; Ph = physical or physiological measurement; PICS =Parent Interview for Child Symptoms;

PL= placebo; PPVT= Peabody Picture Vocabulary Test; RCMAS=Revised Children’s Manifest Anxiety Scale; RT= reaction time; SEs = side effects;

SBP= systolic BP; SE/BMS=Side Effects Behavior Monitoring Scale; SEQ=Side Effects Questionnaire; SNAP= Swanson, Nolan, and Pelham Checklist;

SR = self-report; SPPC= Self-Perception Profile for Children; Ss = subjects; T = teacher report; UC-CCBS=University of California—Conners Child

Behavior Scale; WRAT-R=Wide Range Achievement Test—Revised; WWP=Werry–Weiss–Peters Activity Rating Scale.
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performance (Barkley, 1977b; Cunningham, Siegel, & Offord, 1985; Douglas, Barr,

O’Neill, & Britton, 1985; DuPaul & Rapport, 1993; Rapport, Denney, DuPaul, & Gardner,

1994), parent/teacher ratings of social deportment (DuPaul & Rapport, 1993; Fischer &

Newby, 1991; MTA Cooperative Group, 1999; Musten, Firestone, Pisterman, Bennett, &

Mercer, 1997), and objective performance indices associated with a wide range of clinic-

based neurocognitive tests, tasks, and paradigms (for reviews, see Denney & Rapport,

2001; Losier, McGrath, & Klein, 1996; Rapport & Kelly, 1991). Peer relationships and

interpersonal behavior (Barkley, Karlsson, Pollard, & Murphy, 1985; Cunningham, Seigel,

& Offord, 1991; Cunningham et al., 1985; Humphries, Kinsbourne, & Swanson, 1978;

Smith et al., 1998; Whalen, Henker, Buhrmester, et al., 1989), and even performance

during extracurricular activities such as playing baseball (Pelham et al., 1990) may

improve as a function of treatment.

Psychostimulant treatment response rates are equally impressive, with positive effects

ascertained in an estimated 50–96% of children with ADHD, depending on the stringency

with which positive response is defined and the nature of the targeted outcome variable. For

example, positive treatment response is estimated to occur in 70% of children undergoing

psychostimulant therapy (Barkley, 1977a), whereas an overall 96% improvement rate in

behavior problems is demonstrated when response is defined as improvement on any one of

several alternative psychostimulants (Elia, Borcherding, Rapoport, & Keyser, 1991). Con-

versely, others have shown response rates to vary between 53% and 94% for academic

efficiency and teacher-rated classroom behavior, respectively, when positive response is

evaluated using psychometric indices such as statistically derived normative comparison

scores (Rapport et al., 1994).

As with all medications and most other interventions, side effects can and do occur.

These effects warrant consideration because of their relevance to children’s health and

potential impact on treatment continuity. For example, significant cardiovascular effects

(Kelly, Rapport, & DuPaul, 1988; Solanto & Conners, 1982; Tannock, Schachar, Carr, &

Logan, 1989) and reductions in growth velocity (Mattes & Gittleman, 1983) are

associated with psychostimulant treatment in children with ADHD. These and more

commonly reported emergent symptoms (e.g., insomnia, reduced appetite, stomachaches)

may contribute to poor treatment compliance and are complicated by methodological

issues that merit discussion. To this end, extant literature investigating both short- and

long-term emergent symptoms associated with methylphenidate (MPH) treatment was

reviewed using front- (e.g., PsycLit, MedScape) and back-search methodology. Articles

published since 1970 and reporting inferential statistics were selected for review. Earlier

studies included children described as hyperactive, whereas those published after 1980

included children meeting DSM criteria for ADHD (American Psychiatric Association,

1980, 1987, 1994).

A total of 34 studies was located (see Table 1). As shown in the table, three classes of

dependent variables are emphasized in the studies and the focus of this review. These

include effects on height and weight, cardiovascular effects (heart rate [HR] and blood

pressure [BP]), and somatic complaints—the latter of which are assessed using question-

naire data derived from parent, teacher, and occasionally self-ratings. Studies are listed
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under the three classes of dependent variables with additional study details noted under

adjoining column headings. These include sample size, basic diagnostic criteria, primary

instruments used to assess outcome, drug conditions, measurement source (e.g., physio-

logical, self-report, parent report), experimental design employed, and a summary of

obtained results.

2. Weight and height effects

Eight of 11 studies investigating MPH effects on children’s weight reported significant

differences in expected levels of weight gain (Safer, Allen, & Barr, 1972; Satterfield,

Cantwell, Schell, & Blashke, 1979), less comparable weight gain between treated and

untreated children (Klein, Landa, Mattes, & Klein, 1988), between placebo and active

medication conditions (Conners & Taylor, 1980; Greenberg & Yellin, 1975; Schachar,

Tannock, Cunningham, & Corkum, 1997), or between baseline and active medication

(Greenhill et al., 1984; Mattes & Gittleman, 1983). The remaining studies reported no

significant MPH effect on children’s weight compared to baseline (Winsberg, Kupietz, Sverd,

Hungund, & Young, 1982) or to untreated control children (Spencer et al., 1996; Zeiner,

1995). One of the eight studies reporting reduced weight gain initially found no significant

difference in weight at 2-year follow-up (Klein et al., 1988).

MPH effects on height were examined in 10 studies (see Table 1). Four reported significant

findings. These included reductions in expected levels of height gain (Satterfield et al., 1979),

less comparable height gain relative to control children (Safer et al., 1972), lower height

percentile under active medication contrasted to baseline (Mattes & Gittleman, 1983), and

greater expected gains in height percentiles at 2-year follow-up in children discontinued from

medication during summer months (Klein et al., 1988). The initial reductions in children’s

height reported in two of the four investigations were no longer significant at long-term

follow-up assessment (Klein & Manuzza, 1988; Satterfield et al., 1979).

3. Cardiovascular effects

Extant studies of psychostimulant effects on children’s cardiovascular function tradition-

ally examine indices of HR and BP. Seven of 14 studies examining MPH on HR reported

significant effects (see Table 1). These include significant differences between placebo and

active drug (Aman & Werry, 1975; Ballard, Boileau, Sleator, Massey, & Sprague, 1976;

Garfinkel, Wender, Sloman, & O’Neil, 1983; Kelly et al., 1988; Solanto & Conners, 1982;

Sprague & Sleator, 1977; Tannock et al., 1989) and high- vs. low-dose contrast effects (Kelly

et al., 1988; Solanto & Conners, 1982; Tannock et al., 1989). The remaining seven studies

failed to find HR changes under active drug compared to placebo (Barkley & Jackson, 1977;

Brown & Sexson, 1989; Brown, Wynne, & Slimmer, 1984; Conners & Taylor, 1980;

Greenberg & Yellin, 1975) or nonmedicated ADHD control children (Zeiner, 1995) or found

that initial changes dissipated with time (Satterfield, Schell, & Barb, 1989).
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Five of 10 studies examining MPH effects on children’s BP reported significantly

elevated systolic BP compared to placebo (Ballard et al., 1976; Brown & Sexson, 1989;

Tannock et al., 1989; Winsberg et al., 1982) or baseline conditions (Satterfield et al., 1989),

whereas six reported significantly elevated diastolic BP compared to placebo (Ballard et al.,

1976; Brown & Sexson, 1989; Conners & Taylor, 1980; Garfinkel et al., 1983; Tannock

et al., 1989) or baseline conditions (Satterfield et al., 1989). Four studies failed to find

significant elevations in BP between drug and placebo (Brown et al., 1984; Greenberg &

Yellin, 1975; Winsberg et al., 1982) or between treated and untreated children with

ADHD (Zeiner, 1995).

4. Somatic complaints (side effects questionnaires/ratings)

Eight of 12 studies examining somatic complaints derived from questionnaire data

reported significantly more complaints under MPH than placebo conditions. Common

complaints associated with MPH therapy included appetite reduction (Ahman et al., 1993;

Barkley, McMurray, Edelbrock, & Robbins, 1990; Fine & Johnston, 1993), sleep disturbance

(Ahman et al., 1993; Barkley et al., 1990; Fine & Johnston, 1993; Garfinkel et al., 1983),

headaches (Ahman et al., 1993; Barkley et al., 1990), dizziness (Ahman et al., 1993), and

stomachache (Ahman et al., 1993; Barkley et al., 1990). Two studies failed to find significant

differences in somatic complaints between MPH and placebo conditions (Buitelaar, van der

Gaag, Swaab-Barneveld, & Kuiper, 1996; Manos, Short, & Findling, 1999), whereas four

reported paradoxical findings—that is, a significantly greater number of somatic complaints

under placebo compared to MPH conditions.

Three of the four studies reporting paradoxical findings were based on teacher reports of

more severe somatic complaints under placebo than MPH (Barkley et al., 1990; DuPaul,

Anastopoulos, Kwasnick, Barkley, & McMurray, 1996; Fischer & Newby, 1991). The fourth

study relied on parent ratings and reported significantly fewer somatic complaints such as

staring, daydreaming, irritability, anxiety, and nail biting under MPH than placebo (Ahman

et al., 1993).

5. Discussion

Our review of potential side effects associated with MPH therapy in children with ADHD

focused on the three most frequently reported classes of outcome variables reported in the

literature: weight and height, cardiovascular effects, and somatic complaints.

5.1. Weight and height

Studies investigating weight change suggest that MPH is associated with reduced levels

of weight gain in some children at least initially and that this association may be dose-

dependent. These effects appear to be transient and readily resolved by discontinuation of
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stimulant therapy during summer months, dosage adjustment, and parent education

concerning timing of medication (e.g., administration after meals; see Swanson, Sandman,

Deutsch, & Baren, 1983). With respect to height, extant findings indicate initial reductions

in expected height percentiles in some children treated with psychostimulants. These

effects appear to be dose related (Mattes & Gittleman, 1983), mitigated in some children

by discontinuing drug administration during summer months (Klein et al., 1988), and fail

to remain significant in longer-term follow-up studies exceeding 4 years (Klein &

Manuzza, 1988).

5.2. Cardiovascular effects

A review of studies investigating cardiovascular effects indicates that elevated HR occurs

in some children undergoing MPH therapy. Increases are generally reported to range from 3

to 10 bpm, which are considered minor from a clinical perspective (Safer, 1992), and appear

to be linearly related to dose.

Systolic and diastolic BP is also elevated in some children as a function of MPH therapy.

Reported changes for systolic BP ranged from 3.3 to 8 mmHg, while those for diastolic

pressure ranged from 1.5 to 14 mmHg.

5.3. Somatic complaints

Explanations offered to account for the paradoxical findings associated with a decreased

frequency of somatic complaints as a function of increasing MPH dose include the

possibility that (a) adult raters (parents, teachers) confuse some symptoms of the disorder

such as daydreaming and staring with drug-related side effects (Fine & Johnston, 1993)

and (b) children with ADHD exhibit high rates of somatic complaints without treatment

owing to the disabling nature of the disorder. In the latter case, reductions in somatic

complaints may coincide with drug-related improved functioning at home and school, but

would require both baseline-placebo and baseline-active drug statistical contrasts to

differentiate everyday complaints from those due to expectancy or drug effects. Despite

the abundance of published MPH side effects studies, only one included both baseline-

placebo and baseline-active drug statistical contrasts (Schachar et al., 1997). This study,

however, cannot address whether decreased side effects under MPH are associated with

higher baseline rates of somatic complaints because of its design (between group), use of a

single, predetermined target dose, and titration procedure (designed to ‘‘minimize side

effects,’’ p. 756).

5.4. Methodological considerations

Assessment of physical changes (weight, height) in children is relatively straightforward

aside from potential measurement error associated with instrument scales or human

recording of obtained values. Assessment of physiological functioning (BP and HR), in

contrast, is subject to an additional potential confound based on predictions derived from the
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law of initial value (LIV; Wilder, 1967). The LIV posits that the magnitude of autonomic

response to a stimulus is related to the prestimulus level of response (i.e., the initial value).

For function raising agents such as psychostimulants, a higher initial level of responding

(e.g., a relatively high resting HR or BP recording prior to medication ingestion) should be

followed by a proportionally lower poststimulus response level. Conversely, a lower

prestimulus response level should result in a correspondingly higher poststimulus level of

responding. At more extreme initial values, the effect should be negligible or even to

reverse the direction of response.

The hour-to-hour periodicity in children’s HR and BP under no-medication conditions and

the potential contribution of prestimulus response levels (i.e., the initial value of the response)

have been virtually ignored in previous investigations. Past reports of significant increases in

ADHD children’s cardiovascular functioning with increasing dosage may thus be an artifact

owing to expected fluctuations in HR and BP across days and even hours, as well as possible

dependence on the initial value.

It is equally plausible that physiological effects reported in the literature may underestimate

children’s response to psychostimulants (particularly at high doses) if HR or BP normally

decreases over time. For example, if decreases in resting HR normally occur in children over

a 3-h interval, then increases associated with MPH may raise HR levels to initial baseline

recording levels and be misinterpreted as showing minimum or no change in HR for

recordings taken later than the initial time interval (e.g., HR assessed initially at 12 noon

and again at 3 p.m.). To address these issues, examination of LIV phenomenon as they apply

to children’s cardiovascular functioning is warranted and should incorporate multiple,

standardized time intervals for recording physiological function under no medication and

active (multiple dose) medication conditions.

Two methodological considerations applicable to studying somatic complaints in

children warrant discussion. As noted earlier, additional research involving careful

replication and inclusion of necessary contrast conditions is needed to clarify whether

the frequency of somatic complaints reported by children and by adults monitoring

children exceed baseline levels in both acute and extended trials with psychostimulants

across a broad range of doses. The importance of this issue is exemplified by studies of

somatic complaints in the general child population and the interplay between somatic

complaints and child psychopathology. Past studies, for example, reveal that somatic

complaints such as headaches, stomachaches, musculoskeletal pain, back pain, dizziness,

and fatigue are common in children (Campo & Fritsch, 1994; Garber, Walker, & Zeman,

1991), with 10–30% of children reporting weekly or frequent headaches (Egger, Angold,

& Costello, l998), 10–25% reporting recurrent abdominal pain (Alfven, 1993; Garber et

al., 1991), and 5–20% complaining of musculoskeletal pain (Abu-Arafeh & Russell, 1996;

Kristjansdottir, 1997). Psychiatric disability appears to accentuate the incidence of somatic

complaints in children with internalizing (depression, anxiety disorders) and externalizing

disorders (oppositional defiant disorder, conduct disorder, ADHD), and stomachaches in

particular in children with ADHD (odds ratio = 3.5) compared to those without the disorder

(Egger, Costello, Erkanli, & Angold, 1999). These findings suggest that the ‘‘paradoxical’’

reports of fewer side effects associated with MPH contrasted with placebo reported
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previously may be a function of normally occurring base rates and associated emotional–

behavioral problems. For example, children with ADHD are known to experience

significant problems and associated distress at home and in school owing to inherent

difficulties associated with the disorder, and may internalize these difficulties as physical

complaints. In such cases, improved behavior and school performance associated with

MPH therapy may correspond with reductions in somatic complaints consistent with

previous reports of reductions in side effects ratings as a function of MPH therapy (Ahman

et al., 1993; Barkley et al., 1990; DuPaul et al., 1996; Fischer & Newby, 1991). Further

research can elucidate this issue by establishing whether the breadth and severity of

general physical complaints reported by children with ADHD vary as a function of school

and/or home difficulties over time.

A different issue concerns the questions asked on side effect rating scales. Many of the

scale items on commonly used side effect questionnaires inquire about internal states (e.g.,

stomach discomfort, headaches, mood, anxiety) that are not readily observed by others in

the child’s environment. In these cases, children, as opposed to external observers, must

be relied upon to accurately report occurrence, severity, and possible changes over time.

Additional study in needed, however, to assess the temporal stability of these ratings (e.g.,

by assessing within- and between-day complaints) and to cross-validate their occurrence

with observational data whenever possible. Parent–child agreement on side effect

occurrence must also be addressed to determine whether agreement varies across

internal–external states. Calculations using conventional statistics (e.g., correlation coef-

ficients) typically rely exclusively on total score agreement but may need to be

complemented by item level analysis. For example, recent investigations reveal no

significant differences between parent and child side effect total scores across placebo

and MPH doses, but minimal agreement on individual scale items (Rapport, Randall, &

Moffitt, 2002).

6. Summary and conclusions

Extant literature indicates that side effects associated with MPH may include transient

weight loss, initial reductions in height velocity, elevated HR, increased BP, and somatic

complaints (i.e., reduced appetite, sleep disturbance, headaches, dizziness, and stomach-

aches). The more easily quantifiable side effects (e.g., BP, HR, and weight) are mostly

transient, dose-dependent, easily rectified with dosage adjustments, and considered minor

from a clinical perspective considering the breadth and level of improvement in behavior

and cognitive functioning observed in most children. Previously reported somatic com-

plaints associated with psychostimulant therapy may reflect symptoms occurring prior to

the initiation of treatment (at least to some degree) and require additional study. Careful

monitoring of emergent symptoms in children undergoing MPH therapy remains the sine

qua non of professional care and should be supplemented with prudent baseline

assessment to disentangle normally occurring somatic complaints from changes associated

with active treatment.
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