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The Use of Methylphenidate in the
Treatment of ADHD: What is the Mechanism
for Treating Working Memory Deficits?

Nidhila Masha!* and Kathryn Dickerson!

Methylphenidate (MP), a drug which blocks dopamine reuptake, is most commonly used to treat Attention Deficit Hyperactivity
Disorder (ADHD), a disorder associated with a disrupted dopamine system in the brain. Though generally effective at treating
common ADHD symptomology (e.g. hyperactivity and impulsivity), MP is less effective at treating working memory deficits,
which are also associated with ADHD. Within working memory, MP is more effective at treating deficits in the visuospatial
component than it is in treating deficits in the audio-verbal component. This review aims to draw attention to the need for further
research on the mechanisms through which MP alleviates working memory deficits. Determining these mechanisms may allow
researchers to start developing ways to increase the efficacy of this drug at treating problems with auditory-verbal working memory.

INTRODUCTION

Attention Deficit Hyperactivity Disorder (ADHD), which affects
somewhere between 1-20% of school age children, is characterized
by symptoms of inattention, hyperactivity and impulsivity
2007, DSM-1V). All three of these symptoms
have been linked to abnormalities in the executive, frontal lobe
systems of the brain (Lazar and Frank, 1998). Furthermore, children
with ADHD are also at greater risk of presenting with other deficits
in executive function including motivation, planning, and working
memory (Edmund, 2003; Willcutt et al., 2005). This paper focuses
specifically on the working memory deficits associated with
ADHD, as prior studies have demonstrated that Methylphenidate
(MP), the drug most commonly used to treat ADHD symptomology,
is less effective at treating working memory deficits than it is at
addressing the core symptoms of ADHD such as hyperactivity
and impulsivity (Greenhill 2006; Bedard and Tannock, 2008).
For example, while MP does successfully alleviate some working
memory deficits associated with ADHD, its efficacy varies across
the different modalities of working memory (Bedard and Tannock,
2008). In order to determine the cause of this variation, further
research must be conducted on the mechanisms through which
MP alleviates working memory deficits, which can significantly
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impact the quality of life of individuals with ADHD.
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ADHD AND WORKING MEMORY

Deficits in working memory are common in patients with ADHD
(Barkley, 1997; Edmund, 2003; Willcutt et al., 2005). One theory
suggests that these deficits may occur because working memory
is modulated through dopaminergic systems (Goldman-Rakic
et al., 2003), and ADHD is associated with abnormalities in the
dopamine-reward pathway. Studies conducted on monkeys have
shown that working memory deficits can be induced through
administration of dopamine antagonists and that these induced
deficits can be discontinued through subsequent administration
of dopamine agonists (D’Esposito and Postle, 2015). Indeed,
individuals with ADHD have been found to have fewer dopamine
receptors and transporters available in the midbrain, where the
majority of dopamine in the brain is produced, and in the nucleus
accumbens, a structure that receives significant projections from
the midbrain and is integral to the dopamine-reward pathway
(Volkow et al., 2009).

According to the widely accepted Baddeley model (Baddeley,
1974), there are three components to working memory: the
visuospatial circuit which manages visual information, the verbal
circuit which manages auditory and phonological information,
and the central executive, which controls engagement of the
other two circuits and manages processes such as multitasking.
Though little research has been done to investigate the impact
of ADHD on central executive working memory, children with
ADHD have been shown to exhibit greater deficits in visuospatial
working memory than in auditory-verbal working memory
(Martinussen et al., 2005). As a result, most studies analyzing the
efficacy of different ADHD medications on working memory test
the medications’ effect on visuospatial working memory alone
(Tannock et al., 1995; Bedard and Tannock, 2008). However,
while deficits in auditory-verbal working memory are less severe
than their visuospatial counterparts, such deficits are still common
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and serve as detriments to quality of life. Consequently, there
is currently a need for more studies examining the efficacy of
common treatments like MP on non-visuospatial components of
working memory.

METHYLPHENIDATE AS A TREATMENT FOR ADHD

MP is the active component of the majority of drugs used to
treat ADHD. It hinders the reuptake of dopamine, allowing for
an accumulation of naturally released dopamine in the brain
(Sonders et al., 1997). Since ADHD symptomology is believed to
be caused, at least in part, by a shortage of dopamine transporters
and receptors, this suggests that the accumulation of dopamine
caused by MP would alleviate symptoms of ADHD. Studies
investigating the efficacy of MP as a treatment for ADHD have
confirmed that it successfully increases dopamine concentrations
in the brain; patients who had been given MP were significantly
more likely to report, or have guardians report, a remission of core
ADHD symptoms than patients who were administered a placebo
(Greenhill 2006).

Effects of Methylphenidate on different components of
working memory

Methylphenidate has been shown to successfully alleviate some
working memory deficits associated with ADHD (Tannock et al.,
1995; Tannock et al., 1995; Bedard and Tannock, 2008). However,
it achieves varying success across the different modalities of
working memory. While little research has been done on MP’s
effect on central-executive working memory, several studies
have tested its effect on visuospatial and auditory-verbal working
memory (Tannock et al.,, 1995; Tannock et al., 1995; Bedard
and Tannock, 2008). These studies have shown that MP is more
successful in increasing visuospatial working memory than it
is at increasing auditory-verbal working memory (Bedard and
Tannock 2008). While this variation in efficacy of MP across
different modalities of working memory is most pronounced in
children with ADHD and co-morbid anxiety, it is also present in
children who have ADHD but do not present with co-morbidities
(Bedard and Tannock, 2008). Granted, there is an ongoing dispute
about whether or not MP truly does have sub-optimal impacts
on populations with co-morbid anxiety, with different studies
providing conflicting evidence (Pliszka, 1989; Buitelaar et al.,
1995; Tannock et al., 1995; Diamond et al., 1999). However,
studies which demonstrated that MP is less effective at reducing
behavioral symptoms of ADHD in individuals with co-morbid
anxiety (Pliszka, 1989; Buitelaar et al., 1995; Tannock et al., 1995)
measured behavioral symptoms immediately after or during a
four-week MP administration trial. By contrast, the study which
showed no significant difference in symptom reduction between
individuals with and without comorbid anxiety (Diamond et
al., 1999) measured behavioral symptoms four months after the
MP administration trials. The implication suggests that, at least
in the short-term, MP does have sub-optimal impacts on the
symptomology of individuals with both ADHD and co-morbid
anxiety. Since nearly 25% of children with ADHD also suffer from
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Figure 1. Molecular structure of Methylphenidate.

an anxiety disorder (Anderson et al., 1987), there is a significant
need for research that explores and works towards amending
MP’s shortcomings in this specific clinical population. It is still
unknown why MP is relatively ineffective at alleviating deficits in
auditory verbal working memory, and why this inefficacy is more
pronounced for ADHD children with co-morbid anxiety. The first
step in solving this problem may be to investigate the mechanism
through which MP alleviates working memory.

Need for further research on mechanism through which MP
alleviates working memory

While several studies have shown that administration of MP
alleviates ADHD-related deficits in working memory (Tannock
et al., 1995; Bedard and Tannock, 2008), the mechanism
through which the drug alleviates such deficits is unclear. It was
initially assumed that because both core and non-core ADHD
symptomology can be traced back to the dopamine-reward
pathway, and because MP increases dopamine concentrations in
the brain, MP achieved all its alleviatory effects — including that on
working memory — by compensating for a shortage of dopamine
transporters/receptors was the mechanism. However, a recent
study demonstrated that MP-related dopamine increases have no
effect on hyperactivity, though administration of MP has been
shown to cause improvement in hyperactivity symptoms (Volkow
et al., 2011). It follows that increasing dopamine signaling is
not necessarily the mechanism through which MP exercises all
its alleviatory effects. No study has yet proven or disproven the
hypothesis that increasing dopamine signaling is the mechanism
through which MP alleviates working memory deficits.

An Alternative Mechanism: MP’s effect on working memory
Methylphenidate’s effect on working memory may be explained
through alternate mechanisms. For example, MP may increase

JYT | November 2019 | Vol. 37 Issue 5

© Masha and Dickerson, 2019

40



JY.f Journal of Young Investigators

working memory by causing vasodilation of arteries which supply
blood to the regions of the brain associated with working memory.
Methylphenidate administration has been shown to increase blood
flow to the dorsolateral prefrontal cortex, posterior parietal cortex
and right cerebellum; these increases correspond to improvements
in working memory (Mehta et al., 2000). However, it is still unclear
how and why MP targets vasculature supplying these regions of
the brain while sparing others.

DISCUSSION

While it is possible that MP improves working memory solely
through increasing dopamine concentrations, as is currently
believed, researchers have yet to categorically confirm or disprove
this theory. Since it is also possible that MP improves working
memory through multiple mechanisms, alternate ways through
which MP might improve working memory should be investigated
to assess whether MP-related increases in dopamine concentrations
are correlated with improvements in working memory. One
promising avenue of investigation includes exploring the
specialized way in which MP seems to affect cerebral vasculature.

Such research on the mechanism through which MP alleviates
working memory deficits could shed light on why MP is relatively
unsuccessful at treating auditory-verbal working memory
deficits, especially in children who suffer from both ADHD and
co-morbid anxiety. A better understanding of why MP fails to
adequately alleviate deficits in auditory-verbal working memory
could inform studies aiming to improve its efficacy in this field or
develop treatments capable of effectively addressing such deficits.
Auditory-verbal working memory affects sentence processing as
well as speed and accuracy of syntax comprehension (Caplan and
Waters, 1999). Deficits in this modality of working memory could
thus impact development of reading and writing skills. Developing
treatments capable of combating deficits in this modality of
working memory could thus greatly improve the quality of life of
children with ADHD, especially those who also suffer from co-
morbid anxiety.
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