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Purpose of review

Questions about the long-term effects of psychostimulant medication are frequently

raised in the public domain. There is a need to articulate the methodological challenges

to addressing this question, both to assist in the interpretation of existing research and

to inform future research.

Recent findings

Two peer-reviewed studies and one published report have attempted to address the issue

of long-term effects of psychostimulant medication. One is favourable, one found no

benefit, and the third showed harm. All three studies struggled to deal with methodological

challenges such as the variable time course of the disorder, variability in persistence and

adherence with treatment, and self-selection for treatment continuation.

Summary

Future research examining the long-term effects of psychostimulant treatment will of

necessity be naturalistic, but must be able to control for treatment quality, treatment

adherence, and natural variation in the course of attention-deficit/hyperactivity disorder.

It would be helpful to distinguish between long-term effects of treatment and effects of

long-term treatment.
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Introduction
Is it necessary to demonstrate the long-term effects of

pharmacological treatment for childhood mental disorders

such as attention-deficit/hyperactivity disorder (ADHD)?

As regards the benefit side of the equation, some experts

have argued that relief of symptoms in childhood is

a worthy enough goal in itself. Pliszka [1], commenting

on the 8-year follow-up data from the Multimodal

Treatment Study for ADHD (MTA), states ‘Psychiatry

is not alone in having treatments that are highly effective

in the short-term but do not seem to alter the underlying

disease process. Indeed, a recent review of treatments in

childhood asthma shows that inhaled corticosteroids and

long-acting beta agonists clearly improve acute symptoms

of asthma but do not ‘‘alter the natural progression of the

childhood asthma nor halt progressive airway damage’’.

No one would suggest, however, that treating an acute

asthma attack is unwarranted, and therefore, neither

should the effectiveness of short-term stimulant treat-

ment of ADHD be disparaged’ (p. 1122).
opyright © Lippincott Williams & Wilkins. Unautho
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Yet, at some point along the course of history of

treatments for ADHD, there has been speculation that

treatment (particularly pharmacological treatment) in

childhood will promote better functioning in adulthood.

The genie has, therefore, been ‘let out of the bottle’, and

the question of long-term benefit must be addressed.

From the perspective of harm, there is no doubt that

sections of the community are concerned with the possi-

bility that adverse effects in the long term may outweigh

benefit [2,3]. These concerns surface regularly in the

media [4]. Public concern about the safety of pharmaco-

logical treatment is sometimes exploited in promotional

material for complementary medicines for ADHD [5].
Methodological challenges
There are substantial methodological challenges to

demonstrating the long-term effects of pharmacological

treatment for ADHD.
(1) T
riz
here is variability in the natural course of the disorder

[6], making it uncertain whether improvement is
ed reproduction of this article is prohibited.

DOI:10.1097/YCO.0b013e32834742db

mailto:philip.hazell@sydney.edu.au
http://dx.doi.org/10.1097/YCO.0b013e32834742db


Cop

Long-term effects of psychostimulant treatment Hazell 287

Key points

treatment-related or the result of an age-dependent

but individually variable decline in symptoms.

� Three studies addressing long-term effects of
(2) T
psychostimulant treatment for attention-deficit/

hyperactivity disorder have produced mixed results.

� Significant challenges to demonstrating the long-

term effects of psychostimulant treatment include

variability in the natural course of the disorder,

variability in persistence and adherence with treat-

ment, variability in treatment quality, self-selection

for treatment continuation, and the confounding

effects of concurrent treatment, comorbid disorders,

associated physical parameters, family environment

and school environment.

� It would be helpful to distinguish long-term effects

of treatment from effects of long-term treatment, as

they are not synonymous.
here is variability in exposure to treatment due to

variation in persistence and adherence. Among 16 945

Canadian patients aged 19 years or less who were

treated with methylphenidate, the mean duration

of therapy was 19.5 months [7], whereas among

379 patients aged less than 18 years in Rochester,

Minnesota, mean duration was 33.8 months [8]. In

a prospective study of 134 Italian children with

ADHD, 46% were persisting with treatment after

36 months [9]. In the large Canadian cohort, only 18%

of the sample showed a chronic persistent pattern of

adherence to treatment [7].

An 8-year follow-up to the MTA study found

32.5% of participants were medicated more than half

the time [10]. Analysis of salivary samples taken from

participants in the drug treatment arm of the MTA

during the first 14 months of the study showed that,

on more than 20% of occasions, the child had

not taken the methylphenidate on the morning of

assessment, although, according to parental report,

adherence was over 96% [11]. These examples all

serve to demonstrate that, over an 8–10-year follow-

up, only a small minority of patients are likely to have

been adherent to treatment consistently, and, by

follow-up, most are likely to be untreated. Such

variability in exposure means that benefits and harms

may be falsely attributed to treatment.
(3) T
here is variability in concurrent treatment.

Combined pharmacotherapy occurs in about 20%

of both child and adult patients [12,13]. Agents used

in addition to psychostimulants include a-2 adrener-

gic agonists [14], selective noradrenergic reuptake

inhibitors [15], antidepressant drugs [16], antipsycho-

tic drugs [17], and anticonvulsants [18]. Up to two-

thirds of patients prescribed psychostimulants may

also use complementary or alternative medicines

for their ADHD [19]. As a consequence, it may be

uncertain which treatment is exerting the effect.
(4) I
n naturalistic studies, there is self-selection for

treatment initiation and continuation such that

participants’ characteristics may exert more influence

on outcome than treatment. Two longitudinal

population studies, for example, found that around

20% of children who were thought to have ADHD

were never medicated [8,20��]. In the MTA study, in

which participants were randomized to one of four

treatment arms for 14 months, self-selection became

apparent once the randomized phase of the study had

been completed. At 3-year follow-up, the proportion

of participants initially randomized to either of

the study medication arms and who continued to

take medication more than 50% of the time had

fallen from 91 to 71%, whereas 45% of those initially

randomized to receive behavioural therapy but no
yright © Lippincott Williams & Wilkins. Unauthor
medication were now taking medication [21].

In contrast, the rate of medication use among the

community control group remained steady at around

60% [21].
(5) V
ariations in the quality of treatment influence out-

comes through appropriate selection of medication

type, dosing schedule, and attention to factors that

promote adherence. Under the controlled conditions

of the first 14 months of the MTA study, those

children who received methylphenidate in the experi-

mental arm of the study were more adherent, used

lower average doses, and had better outcomes than

those receiving medication in the community [21].
(6) T
he presence of some comorbid disorders may

lead to a differential response to treatment. Comor-

bid psychiatric conditions are identified in over 60%

of clinic patients who have ADHD [22]. With the

exception of autism [23], the presence of comorbidity

does not seem to diminish the short-term response of

ADHD symptoms to psychostimulant medication,

but long-term influences remain uncertain [24].

A noteworthy finding of the randomized phase of

the MTA study was that participants with comorbid

anxiety responded as well to behavioural treatment

as they did to medication alone or a combination of

medication and behavioural treatment [25].
(7) P
hysical parameters associated with ADHD may be

mistaken for treatment effects. An example is the

concern that prolonged use of psychostimulant medi-

cation will cause growth retardation. Differences in

growth are apparent when children with ADHD are

compared with normal controls, but differences are

statistically nonsignificant when the comparisons are

made with unmedicated children with ADHD [26].

This observation suggests that there are disorder-

specific growth delays [26].
(8) F
amily environment might be expected to influence

response to treatment, and there are indeed examples
ized reproduction of this article is prohibited.
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to demonstrate this from the randomized phase of

the MTA. Participants from lower-educated families

responded equally well to medication or combined

therapy, whereas children from higher-educated

families responded preferentially to combined

therapy [27]. Parental depression was associated

with a diminished response to treatment [28]. The

influence family environment may exert on longer-

term response to psychostimulant medication remains

uncertain.
(9) T
he school environment might logically be expected

to influence the response to treatment for ADHD,

especially as the core features of the disorder affect

school functioning. While school-based intervention

was a feature of studies such as the MTA [29], the

role of the school environment as a mediator of treat-

ment response has yet to be systematically evaluated.
Review of studies
The author identified three studies that have examined

the effects of treatment for ADHD for 5 years or longer

[8,10,20��]. The characteristics of these studies are

summarized in Table 1.

The Rochester study involved examining school and

medical records of a birth cohort [8]. The study was

possible because of a prenegotiated agreement to allow

access to cumulative school and medical records for

the cohort. The case records of 5718 individuals were

retrospectively reviewed when they reached a mean age

of 17.2 years, identifying 379 with a history of ADHD.

Two hundred and ninety-five of the participants with

ADHD had received treatment with a psychostimulant

medication at some stage.

Response to medication was based on a chart review of

notes made by the clinician during clinic visits and

was coded by a researcher as ‘favourable’, ‘no response’,

or ‘response unknown’. Medication response was coded

as ‘favourable’ when a clinician had reported a global

improvement in the child’s ADHD symptoms. Medi-

cation response was recorded only for the clinic visits

that occurred while the patient was receiving treatment.

A favourable response was recorded approximately 75%

of the time. The occurrence of side-effects for each visit

was recorded as ‘yes’ or ‘no’. There was no attempt to

group the side-effects into categories or body systems.

Children who were in the age band of 10–11 years

experienced the most favourable response to treatment,

after which response rates tapered to be lowest in the

age band 16þ years. Rates of side-effects were highest in

patients aged 5 years and less (greater than 15%) and

lowest in the age band 12–13 years (approximately 6%).
right © Lippincott Williams & Wilkins. Unautho
Average duration of treatment, at 33.8 months, was longer

than in comparable studies. Analyses of school records,

which compared those children who were ever treated

with a psychostimulant with those who were never

treated, found no differences in reading achievement

or school dropout rates, but those receiving treatment

had fewer days absent from school and were less likely to

have repeated a grade [30]. Longer duration of treatment

was associated with lower absenteeism rates. There was a

modest positive correlation between dose of stimulant

and the most recent reading achievement score [30].

Strengths of the study include the generalizability of

the findings, the solid attempt to identify and include

nonreferred cases, the high level of documentation of

clinical and academic variables, and the fact that clinical

outcomes were linked directly to medication taking.

Limitations of the study are the use of global clinical

outcomes only, that the clinical outcomes were uncon-

trolled, and the likelihood there was self-selection for

treatment continuation. The study did not speak of long-

term effects on growth, cardiovascular function, or central

nervous system effects.

The MTA study has been reported out to 8-year follow-

up [10]. The sample consists of 436 individuals with

ADHD randomized to one of three fixed treatment

regimes (see Table 1) for 14 months and a further 119

individuals randomized to treatment as usual within

the community. Participants were aged between 7 and

9.9 years at entry to the study. As discussed above,

following the controlled phase of the trial, the groups

converged in their rates of medication treatment.

Differences between the treatment groups apparent after

14 months on a range of clinical, educational, and func-

tional outcomes (see Table 1) were no longer statistically

significant after 3 years, and were, again, nonsignificant

after 8 years [10]. Outcomes were also examined with

respect to whether the patient had received psychosti-

mulant treatment for at least 50% of the time for the

12 months prior to the 8-year follow-up evaluation. Only

maths achievement was significantly better in those

individuals who were medicated in the 12 months prior

to 8-year follow-up compared with those who were not

[10]. Strengths of the MTA study are the systematic

diagnostic evaluation, the systematic and comprehensive

outcome evaluation, and the careful regulation of treat-

ment for the first 14 months. Limitations of the study are

that the study was not designed to detect treatment

effects at 8 years, the likelihood there was self-selection

of treatment continuation, the lack of an untreated

comparison group, and variable treatment adherence.

The Raine study consists of secondary analyses of a

longitudinal pregnancy cohort study of health and well

being, reported at 14 years [20��]. Analyses are based
rized reproduction of this article is prohibited.
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on 1785 individuals, representing a 62% retention rate.

One hundred and thirty-one individuals were identified

as having been diagnosed with ADHD by a clinician

at any of three data collection points. Sixteen percent of

individuals with ADHD were receiving psychostimulant

medication at 8, 10, and 14 years, and 62% at some

time during follow-up. Twenty-two percent were never

medicated. Exposure versus no exposure to stimulant

medication had a statistically significant effect favouring

no exposure on teacher-rated academic underachieve-

ment, and DBP, which was on average 10 mm higher for

those currently medicated.

In contrast, there was a statistically nonsignificant trend

favouring exposure to medication on ratings of externaliz-

ing behaviour and attentional problems. There were no

differences between the groups on ratings of depression,

self-perception, social functioning, school absenteeism,

school enjoyment, height, weight, SBP, and resting heart

rate. Strengths of the Raine study are its ecological validity

and the attempt to control for nonrandom assignment to

treatment by calculating and including as a covariate in the

analyses a propensity score. Limitations of the study are

the absence of a check for the validity of the ADHD

diagnosis, no measure of severity, limited information

about treatment (adherence, dose, and dosing schedules),

inconsistent reporting of analyses (some of which are

based on ever medicated, sometimes on consistently

medicated, sometimes on currently medicated), misre-

presentation (for example, DBP finding is not a long-term

effect), and no statistical correction for multiple analyses.
Conclusion
The issue of the long-term benefit and safety of psycho-

stimulant medication is likely to recur in the news cycle,

and will be, at least, in the back of the mind of any

reporter who covers a story about ADHD. The three

studies reviewed in this paper have made admirable

attempts to address the issue, but, as yet, the conclusion

is equivocal. Evidence will come, of necessity, from

naturalistic studies, which will need to meet three tests:
(1) w
or
as treatment of adequate quality?
(2) w
as adherence attended to?
(3) d
id the study control for variability in the natural

course of the disorder?
We must also better distinguish long-term effects of

treatment (which are relevant to up to 80% of people

with ADHD) from effects of long-term treatment (which,

owing to low adherence and persistence, are relevant to as

few as 16–18% of people ever treated for ADHD).

The Rochester study and the 14-month follow-up of

the MTA sample demonstrate that current active
ized reproduction of this article is prohibited.
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psychostimulant treatment (of any duration) is associated

with symptomatic and functional improvement. We

might hope that appropriate and timely exposure to

psychostimulant treatment during childhood would

set a patient on a more favourable developmental

trajectory, even in the absence of treatment continuation.

None of the studies reviewed in this article convincingly

demonstrate such an effect, but the methodological

challenges were great.
References and recommended reading
Papers of particular interest, published within the annual period of review, have
been highlighted as:
� of special interest
�� of outstanding interest

Additional references related to this topic can also be found in the Current
World Literature section in this issue (pp. 360–361).

1 Pliszka SR. The MTA at 8. J Am Acad Child Adolesc Psychiatry 2009;
48:1122.

2 Brownen J. Ritalin and other stimulant medications can do more harm than
good in treatment of ADD/ADHD. www.buzzle.com/articles/ritalin-stimulant-
medications-do-more-harm-than-good. html. [Accessed 18 January 2011]

3 The risks of ADHD amphetamines. speedupsitstill.com/the-risks-of-adhd-
amphetamines. [Accessed 19 January 2011]

4 Boseley S. Ritalin heart attacks warning urged after 51 deaths in US. Move
to highlight risks of drug prescribed to hyperactive children. www.
guardian.co.uk/society/2006/feb/11/health.medicineandhealth. [Accessed
18 January 2011]

5 VAXA ATTEND Homeopathic Remedy newideas.net/adhd/attend. [Accessed
19 January 2011]

6 Faraone SV, Biederman J, Mick E. The age-dependent decline of attention
deficit hyperactivity disorder: a meta-analysis of follow-up studies. Psychol
Med 2006; 36:159–165.

7 Miller AR, Lalonde CE, McGrail KM. Children’s persistence with methylphe-
nidate therapy: a population-based study. Can J Psychiatry 2004; 49:761–
768.

8 Barbaresi WJ, Katusic SK, Colligan RC, et al. Long-term stimulant medication
treatment of attention-deficit/hyperactivity disorder: results from a population-
based study. J Dev Behav Pediatr 2006; 27:1–10.

9 Atzori P, Usala T, Carucci S, et al. Predictive factors for persistent use and
compliance of immediate-release methylphenidate: a 36-month naturalistic
study. J Child Adolesc Psychopharmacol 2009; 19:673–681.

10 Molina BSG, Hinshaw SP, Swanson JM, et al. The MTA at 8 years: pro-
spective follow-up of children treated for combined-type ADHD in a multisite
study. J Am Acad Child Adolesc Psychiatry 2009; 48:484–500.

11 Pappadopulos E, Jensen PS, Chait AR, et al. Medication adherence in the
MTA: saliva methylphenidate samples versus parent report and mediating
effect of concomitant behavioral treatment. J Am Acad Child Adolesc Psy-
chiatry 2009; 48:501–510.

12 Hazell PL, McDowell MJ, Walton JM. Management of children prescribed
psychostimulant medication for attention deficit hyperactivity disorder in the
Hunter region of NSW. Med J Aust 1996; 165:477–480.
opyright © Lippincott Williams & Wilkins. Unautho
13 Pohl GM, Van Brunt DL, Ye W, et al. A retrospective claims analysis of
combination therapy in the treatment of adult attention-deficit/hyperactivity
disorder (ADHD). BMC Health Services Res 2009; 9:95.

14 Sallee FR. The role of alpha2-adrenergic agonists in attention-deficit/hyper-
activity disorder. Postgrad Med 2010; 122:78–87.

15 Wilens TE, Hammerness P, Utzinger L, et al. An open study of adjunct OROS-
methylphenidate in children and adolescents who are atomoxetine partial
responders: I. Effectiveness. J Child Adolesc Psychopharmacol 2009;
19:485–492.

16 Sawyer MG, Rey JM, Graetz BW, et al. Use of medication by young people
with attention-deficit/hyperactivity disorder. Med J Aust 2002; 177:21–25.

17 Armenteros JL, Lewis JE, Davalos M. Risperidone augmentation for treatment-
resistant aggression in attention-deficit/hyperactivity disorder: a placebo-
controlled pilot study. J Am Acad Child Adolesc Psychiatry 2007; 46:
558–565.

18 Blader JC, Schooler NR, Jensen PS, et al. Adjunctive divalproex versus
placebo for children with ADHD and aggression refractory to stimulant
monotherapy. Am J Psychiatry 2009; 166:1392–1401.

19 Sinha D, Efron D. Complementary and alternative medicine use in children
with attention deficit hyperactivity disorder. J Paediatr Child Health 2005;
41:23–26.

20

��
Smith G, Jongeling B, Hartmann P, et al. Raine ADHD study: long-term
outcomes associated with stimulant medication in the treatment of ADHD
in children. Perth: Government of Western Australia Department of Health;
2010.

This published report describes the most recent of three studies that have
attempted to address the long-term effects of psychostimulant treatment for
ADHD. The study found no benefit and some possible harms of treatment. The
report is critiqued in more detail in the body of this article.

21 Jensen PS, Arnold LE, Swanson JM, et al. 3-year follow-up of the NIMH MTA
study. J Am Acad Child Adolesc Psychiatry 2007; 46:989–1002.

22 Biederman J. Attention-deficit/hyperactivity disorder: a selective overview.
Biol Psychiatry 2005; 57:1215–1220.

23 Hazell P. Drug therapy for attention-deficit/hyperactivity disorder-like
symptoms in autistic disorder. J Paediatr Child Health 2007; 43:19–24.

24 Connor DF, Steeber J, McBurnett K. A review of attention-deficit/hyperactivity
disorder complicated by symptoms of oppositional defiant disorder or
conduct disorder. J Dev Behav Pediatr 2010; 31:427–440.

25 The MTA Cooperative Group. Mediators and moderators of treatment
response for children with attention-deficit/hyperactivity disorder: the Multi-
modal Treatment Study of Children With Attention Deficit Hyperactivity
Disorder Study. Arch Gen Psychiatry 1999; 56:1088–1096.

26 Spencer TJ, Biederman J, Harding M, et al. Growth deficits in ADHD children
revisited: evidence for disorder-associated growth delays? J Am Acad Child
Adolesc Psychiatry 1996; 35:1460–1469.

27 Rieppi R, Greenhill LL, Ford RE, et al. Socioeconomic status as a moderator of
ADHD treatment outcomes. J Am Acad Child Adolesc Psychiatry 2002;
41:269–277.

28 Hinshaw SP. Moderators and mediators of treatment outcome for youth with
ADHD: understanding for whom and how interventions work. Ambul Pediatr
2007; 7 (1 Suppl):91–100.

29 The MTA Cooperative Group. A 14-month randomized clinical trial of
treatment strategies for attention-deficit/hyperactivity disorder. Arch Gen
Psychiatry 1999; 56:1073–1086.

30 Barbaresi WJ, Katusic SK, Colligan RC, et al. Modifiers of long-term school
outcomes for children with attention-deficit/hyperactivity disorder: does
treatment with stimulant medication make a difference? Results from a
population-based study. J Dev Behav Pediatr 2007; 28:274–287.
rized reproduction of this article is prohibited.


	The challenges to demonstrating long-term effects of psychostimulant treatment for attention-deficit/hyperactivity™disorder
	Introduction
	Methodological challenges
	Review of studies
	Conclusion
	References and recommended reading


