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The role of working memory impairment
in ADHD – new therapeutic indications
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Abstract: Many individuals aff ected with Attention Defi cit Hyperactivity disorder (ADHD) are faced with a constellation of 
symptoms and few therapeutic options. Although most of the drugs currently available for treatment are eff ective 
to some degree and target the inattention component, they lack the specifi city needed to treat cognitive symptoms. 
Many patients complain of memory defi cits as part their inability to cope with daily activities. We review here 
some concepts of working memory impairment in ADHD, and attempt to apply it to new therapeutic strategies 
that might prove valuable for treatment. Rivastigmine, a slowly reversible inhibitor of acetylcholinesterase and 
butyrylcholinesterase, could alleviate the cognitive symptoms of impaired attention (possibly improving working 
memory function) of patients with ADHD through their action on the prefrontal cholinergic system. Rivastigmine 
is currently used to improve cholinergic neurotransmission and cognitive function in Alzheimer’s disease (AD). Our 
discussion is aimed at broadening the spectrum of clinical diagnosis that could potentially benefi t from it.
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INTRODUCTION

Adult patients with ADHD struggle with inattention. They 
are easily distracted and have trouble paying attention and 
staying organized. They also have symptoms of hyperactivity 
and impulsivity, such as restlessness, fi dgeting, inability to 
slow down, and lack of inhibition during social interaction. 
While ADHD was initially considered a childhood problem, 
it is now very clear that this neuropsychiatric disorder often 
continues into adulthood.

New therapeutic strategies are needed to cope with the 
enormous economic impact of this condition. The prevalence 
of ADHD varies from 2.0%-6.3% [1] and up to 18% in some 
studies [2]. In a population-based cohort followed from birth 
through 19 years, the cumulative incidence of ADHD was 
16.0% using the most liberal defi nition, whereas the most 
restrictive estimate was 7.4% [3]. Prevalence for ADHD in 
adults is approximately 5%, or at least 11 millions of adults 
in the United States [4], and according to the National 
Comorbidity Survey Replication, 4.4% of adults in the US have 
ADHD [5]. More recent studies indicate that the persistence 
of symptoms of childhood ADHD into adulthood may be as 
high as 66-75%, and that between 1%-6% of the general adult 
population have appreciable evidence of ADHD [6, 7]. 

A diagnosis of ADHD should be considered in adults who 
have lifelong problems with inattention, disorganization and 
executive function, cognitive restlessness, vocational and 
academic underachievement, based on their intelligence and 
education, substance abuse, stability in relationships (e.g. 
multiple divorces), or who consistently engage in thrill-seeking 
and risky behaviors [6-11].

Health System impact is refl ected also on the increased 
likelihood to sustain severe injuries in ADHD [12], signifi cantly 

increasing the cost of medical care in multiple care delivery 
settings [13, 14].

The economic impact goes beyond the health care system 
since individuals with ADHD often fi nd themselves impaired 
in several aspects of daily life: academic/employment under 
achievement, driving diffi  culties, increased risk for smoking, 
alcoholism, illicit drug abuse, impaired social relationships 
(e.g. higher rates of divorce) with associated economic impact 
on society [15].

Clinical Manisfestations of ADHD
The core symptoms of ADHD disorder are developmentally 

inappropriate and maladaptive degrees of inattention, 
hyperactivity, and impulsivity, resulting in clinically 
signifi cant impairment in social, academic, or occupational 
functioning. 

Symptoms usually begin before 7 years of age and persist 
for at least 6 months in 2 or more settings (home, school, or 
play). The criteria for age of onset of symptoms have been 
questioned. Although hyperactivity is usually noted before 
the age of 7, inattentiveness that impairs function may not 
[15]. Table 1 shows DSM-IV criteria for the clinical diagnosis 
of ADHD.

However, not all DSM-IV symptoms are equally 
discriminative or equally predictive of impairment. Recent 
evidence using an algorithm based on ROC analysis improved 
clinical diagnostic performance in ADHD.

ADHD associated symptoms not essential to the diagnosis 
include fi ne neuromotor abnormalities, gross neuromotor 
abnormalities, clumsiness, tics, learning problems, speech 
and language delays, sleep disorders, enuresis, encopresis, 
immaturity, disorganization, poor peer interactions, 
oppositionality, emotional distress, and antisocial behaviors. 
They may be more troubling than the hyperactivity 
or inattention, and may be the motivation for seeking 
assistance.
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Prefrontal Cortex as a Neural Substrate for Attention
Brain imaging, electrical stimulation, and neurophysiological 

studies have all implicated the prefrontal cortex in the top-
down control of attention. Feedback from the prefrontal cortex 
has been proposed to bias activity in the visual cortex in favor 
of attended stimuli over irrelevant distracters. The prefrontal 
cortex plays an important role in attentional processes due in 
part to its contribution through working memory, as discussed 
below. 

In humans, as demonstrated by a recent fMRI study, complex 
mental operations rely on a distributed cortical network 
(parasagittal, left parietal and left dorsolateral prefrontal 
cortices) involving attention, executive function and short 
term mnemonic processes [16]. Humans are able to target 
information stored in the working memory and use it to guide 
attention during object search. Moreover, working memory 
and attentional processes could be functionally separated in 
a behavioral task involving shifting attention during visual 
search tasks when the identity of the visual target was stable 
across time [17]. Attention processes maintain feature binding 
in short-term memory in humans [18] and in nonhuman 
primates, the prefrontal cortex plays a critical role in the 
ability to fl exibly reallocate attention in a top-down approach 
on the basis of changing task demands: macaques with lesions 
in the lateral prefrontal cortex depict attentional defi cits 
independent of oculomotor control [19].

The lateral prefrontal cortex is also critically involved in 
broad aspects of executive behavioral control and strategic 
behavioral planning. The implementation of behavioral rules 

and in setting multiple behavioral goals has recently been 
documented in both human and nonhuman primates. Novel 
fi ndings of neuronal activity have specifi ed how neurons in 
this area take part in selective attention for action, and in 
selecting an intended action [20].

Involvement of Prefrontal Cortex in ADHD
The prefrontal cortex also plays an important role in 

certain memory processes. Working memory, the type of 
memory subserved by prefrontal cortex, is often aff ected in 
individuals with ADHD, and correlate well with prefrontal 
cortical ineffi  ciency [21]. Adults with prefrontal lesions have 
little diffi  culty learning new information, but perform poorly 
in tasks requiring recall of previously learned information 
when internally generated strategies are employed [22]. 
Patients with prefrontal lesions also do not use eff ectively 
organizational strategies when initially encoding information, 
and have diffi  culty fi ltering out irrelevant information during 
retrieval. Impairments in working memory is characteristic 
of ADHD patients [23, 24], although this symptom is not 
specifi cally identifi ed in DSM-IV criteria. Patients often 
describe diffi  culty ‘keeping in mind’ itemized information, 
such as remembering telephone numbers for short periods 
of time. They also have more diffi  culty solving arithmetic 
problems, attributable to working memory defi cits [25, 26].

The Barkley model [4, 25] of ADHD predicts concomitant 
defi cits in working memory and in the development of a sense of 
time as a consequence of poor behavioral inhibition. Reduced 
lateral prefrontal activation in adult patients with attention-
defi cit/hyperactivity disorder during a working memory task (n-
back paradigm) has been recently reported using near-infrared 
spectroscopy [27]. Moreover, in a recent Chinese study using 
a resting-state fMRI based classifi er, increased activity of both 
the prefrontal cortex and anterior cingulate cortex was found 
in ADHD [28]. In addition, familial vulnerability to attention-
defi cit/hyperactivity disorder has been reported to be related 
to atypical prefrontal activity during cognitive control tasks 
(stimulus sensitive). The same study also found defi cits in the 
cerebellum associated with cognitive control (time sensitive) 
in ADHD patients using functional neuroimaging [29] and 
independently replicated by Valera et al [30]. In another fMRI 
study, a decreased activation in the ventral prefrontal cortex 
of ADHD subjects and their aff ected relatives was shown 
to be associated with poor inhibitory control, and proposed 
as a neuroimaging tool indicator to identify intermediate 
phenotypes in studies investigating gene eff ects in ADHD [31]. 
In addition, response inhibition defi cits have been observed in 
ADHD patients even when the executive function demands 
of tasks are minimal [32]. 

Altered electroencephalogram performance in ADHD 
regarding time estimation parameters as indicators of working 
memory performance has also been reported and proposed 
as an electrophysiological tool for diagnosis and follow up of 
ADHD patients [33]. An increased interhemispheric theta 
and beta coherence, as well as an excessive beta power on 
EEG profi le, has been recently found in ADHD underlying 
brain dysfunction in the frontal lobes [34]. Aberrant neural 
oscillatory activity in cortical-striatal-thalamo-cortical circuits 
has been recently postulated in ADHD, and compensatory 
systems within the prefrontal cortex have been suggested 
as modulating the misguided striatal and thalamocortical 
oscillations [35].

Table 1 DSM-IV criteria for the clinical diagnosis of ADHD.

Inattention has been defi ned as the presence of 6 of the following
9 characteristics:

(1) Often fails to pay close attention to details, or makes careless mistakes in 
schoolwork, work, or other activities.

(2) Often has diffi  culty sustaining attention in tasks or play activities.
(3) Often does not seem to listen when spoken to directly.
(4) Often does not follow through on instructions, and fails to fi nish schoolwork, 

chores, or duties in the workplace (not due to oppositional behavior or 
failure to understand instructions).

(5) Often has diffi  culty organizing tasks and activities.
(6) Often avoids, dislikes, or is reluctant to engage in tasks that require 

sustained mental eff ort (schoolwork or homework).
(7) Often loses things necessary for tasks or activities (e.g. toys, school 

assignments, pencils, books, or tools).
(8) Is often easily distracted by extraneous stimuli.
(9) Is often forgetful in daily activities.

Hyperactivity-impulsivity is defi ned by the presence of 6 of 9 behaviors, 6 
of which relate to hyperactivity and 3 to impulsivity.

(1) Often fi dgets with hands or feet or squirms in seat.
(2) Often leaves seat in classroom or in other situations in which remaining 

seated is expected.
(3) Often runs about or climbs excessively in inappropriate situations (in 

adolescents or adults, this may be limited to subjective feelings of 
restlessness).

(4) Often has diffi  culty playing or engaging in leisure activities quietly.
(5) Is often „on the go” or often acts as if „driven by a motor.”
(6) Often talks excessively.
(7) Often blurts out answers before questions have been completed.
(8) Often has diffi  culty waiting for his/her turn.
(9) Often interrupts or intrudes on others (butts into conversations or 

games).
Four attention defi cit hyperactivity syndromes have been defi ned
in DSM-IV, depending on combination of symptoms.
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Disease States and the Prefrontal Cortex Cholinergic 
System

ADHD: Functional and morphological studies in Attention 
Defi cit Hyperactivity Disorder aff ected individuals suggest 
a prefrontal cortex dysfunction. This cortical region is 
regulated by subcortical systems, including noradrenergic, 
dopaminergic, cholinergic, serotonergic, and histaminergic 
pathways. A wealth of data in humans and in animal models 
demonstrates dopamine [36, 37] and noradrenergic [38-40] 
regulation as the base of current ADHD therapeutic strategies. 
The current view, based the behavioral disturbances of ADHD 
as the result of an imbalance between NE and DA systems 
in the prefrontal cortex, with inhibitory DA activity being 
decreased and NE activity increased relative to non-ADHD 
subjects. 

AD: Modulation of the cholinergic neurotransmitter system 
results in changes in memory performance, including working 
memory, in animals and in patients with Alzheimer disease. 
Using PET in healthy individuals during performance of a 
working memory task, a continuous infusion of physostigmine, 
an acetylcholinesterase inhibitor, improved working memory 
effi  ciency, as indicated by faster reaction times, and correlated 
well with a reduced working memory task-related activity in 
anterior and posterior regions of right midfrontal gyrus, a 
region shown previously to be associated with working memory 
[41]. These results suggest that enhancement of cholinergic 
function can improve processing effi  ciency, and thus reduce 
the eff ort required to perform a working memory task, and 
that activation of the right prefrontal cortex is associated 
with task eff ort. In a more recent study, Furey et al [42] 
documented the relationship between the behavioral eff ects 
of cholinergically-induced improvements in working memory 
performance on task-induced neural activity in multiple 
cortical regions associated with early processing (medial 
occipital visual cortex), and regions associated with attention, 
memory encoding, and memory maintenance (right frontal 
cortex, left temporal cortex, left anterior cingulate, and left 
hippocampus). The involvement of the cholinergic system in 
the prefrontal cortex has also been postulated as one modulated 
by experience in animal models of aging [43], and in human 
studies using PET in the elderly during a working memory 
task [44]. In agreement with this, both catecholaminergic 
and cholinergic systems are known to mutually interact in the 
prefrontal cortex and have been shown to infl uence executive 
cognitive functions, such as „resistance to interference” and 

„attentional switching”, as well as mnemonic encoding and 
retrieval processes, through the interaction with the temporal 
lobes. Although no full-scale clinical trials on the eff ects of 
pharmacological agents on verbal perseveration have been 
conducted to date, existing preclinical trials suggest that 
both presynaptic and postsynaptic dopaminergic agents 
can reduce perseverative response by increasing inhibitory 
control processes. Cholinesterase inhibitors and other 
cholinergic agents have been shown to reduce perseverative 
responding by reducing verbal intrusions [45]. Also, choline 
acetyltransferase activity in the prefrontal cortex has been 
found to be reduced in late stages of Alzheimer’s disease [46], 
suggesting increased severity of clinical progression toward 
dementia. The eff ects of acetylcholinesterase inhibitors on the 
cerebral cholinergic neuronal system in the prefrontal cortex 
have also been investigated in nonhuman primate models 

combining PET and microdialysis. In the referred study, by 
using an oculomotor delayed response task, aged monkeys 
showed impaired working memory performance compared 
to young monkeys, and the impaired performance was partly 
improved by the administration of donepezil [47, 48]. At the 
molecular level, long-lasting alternative splicing of neuronal 
acetylcholinesterase pre-mRNA occurs during neuronal 
development and following stress in the prefrontal cortex, 
possibly altering synaptic properties in this brain region [30], 
and the loss of frontal cortical nAchRs (specifi cally alpha7 and 
alpha4beta2 nAchR subtypes) are correlated to a decline in 
both working and reference memory function in Alzheimer’s 
disease [49].

Schizophrenia: Despite the limited experimental 
evidence for abnormal cholinergic neurotransmission in 
psychiatric disorders, increased understanding of the role of 
acetylcholine in the human brain and its relationship to other 
neurotransmitter systems has led to a rapidly growing interest 
in the cholinergic system in schizophrenia [50]. Impairments 
in attentional functions represent a core aspect of the cognitive 
symptoms of schizophrenia. Attentional performance has been 
demonstrated to depend on the integrity and activity of cortical 
cholinergic inputs. In a recent study, impaired prefrontal 
acetylcholine release measured during the performance 
of an attentional task in a pharmacological animal model 
of schizophrenia, have suggested loss of cognitive control 
associated with cholinergic dysregulation [51].

Acetylcholine and other neurochemical systems
in Working Memory

The prefrontal cortex innervated by the monoamines, 
dopamine (DA), noradrenaline (NA), and serotonin, as well 
as acetylcholine, has a marked infl uence on prefrontal working 
memory processes. However, their diff erential contribution to 
prefrontal functioning is less well understood. Some evidence 
supports the hypothesis that these neurochemical systems 
recruit distinct fronto-executive operations via a synergistic 
interaction with the PFC. Thus depletion of prefrontal 
serotonin selectively disrupts reversal learning, but not 
attentional set formation or set shifting. In contrast, depletion 
of prefrontal DA disrupts set formation, but not reversal of 
learning. NA depletion on the other hand specifi cally impairs 
set-shifting, whereas its eff ects on reversal learning remain 
unclear. Finally, depletion of prefrontal acetylcholine has 
no eff ect on either set formation or set shifting, but impairs 
serial reversal learning [52]. Diff erent nicotinic acetylcholine 
receptor subtypes appear to modulate dopamine release 
from the striatum and prefrontal cortex [53]. Also, selective 
blockade of D3 receptors in the prefrontal cortex facilitates 
frontocortical cholinergic transmission, and improves social 
memory in rats [54].

Evidence for acetylcholinesterase inhibition (ACHEI) 
improving working memory, attention, and memory

Evidence for the eff ect of rivastigmine on cortical AChE 
activity is found in the literature, with emphasis on the role 
of frontal AChE inhibition to explain clinical improvement 
in behavioral and attentional symptoms of AD [55, 56]. To 
date, some clinical trials have used add-on therapy with 
acetylcholinesterase inhibitors in schizophrenia as cognitive 
enhancers [57, 58]. However, many studies have been negative 
or inconclusive.
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Studies have reported benefi cial eff ects of cholinergic 
enhancers, e.g., rivastigmine, on memory in schizophrenia [59], 
while others have not [60]. These discrepancies are possibly 
related to the lack of specifi city of the tests used. Guillem et 
al [61] have recently investigated the eff ect of rivastigmine 
on memory in schizophrenia using event-related potentials 
(ERPs). The results showed a trend for a benefi t of rivastigmine 
on memory. ERP analysis revealed that rivastigmine aff ects 
the amplitudes of two components elicited within 150-300 
ms over posterior (reduced N2b) and frontal sites (enhanced 
P2a). It also enhanced the magnitude of the memory (old/
new) eff ect on two later components over posterior (N400) 
and frontal sites (F-N400). Together, these results suggest 
that rivastigmine improves selective attention by enhancing 
interference inhibition processes (P2a), and lowering the 
reactivity to incoming stimulus (N2b). It also improves the 
integration of information with knowledge (N400) and with 
its context (F-N400). 

To the best of our knowledge, the therapeutic effi  cacy of 
rivastigmine in ADHD has not yet been evaluated. However, 
there are reports of improvement in attentional defi cits in AD 
[62] and in dementia of Lewy bodies [63].

CONCLUSIONS

New studies are needed to address the physiopathology of 
working memory defi cits in ADHD. Recent evidence from both 
animal and human studies reveals a possible role of working 
memory impairment in global cognitive function of ADHD. 
Although it is impossible to know a priori whether Acetyl 
cholinesterase inhibitors (AChEI) may increase functional 
performance in patients aff ected with ADHD, scientifi c 
evidence is rapidly accumulating to account for prefrontal 
cortex defi cits in this group of patients.

REFERENCES

 1. Szatmari P: The epidemiology of attention-defi cit hyperactivity 
disorders. Child Adolesc Psychiatr Clin N Am 1992, 1, 361-371.

 2. Rowland AS, Lesesne CA, Abramowitz AJ: The epidemiology of 
attention-defi cit/hyperactivity disorder (ADHD): a public health view. 
Ment Retard Dev Disabil Res Rev 2002, 8(3), 162-170.

 3. Barbaresi WJ, Katusic SK, Colligan RC: How common is attention-
defi cit/hyperactivity disorder? Incidence in a population-based birth 
cohort in Rochester, Minn. Arch Pediatr Adolesc Med 2002, 156(3), 
217-222.

 4. Barkley RA, Murphy KR, Fischer M: ADHD in adults: What science 
says. The Guilford Press 2008, (Chapter 2: A revised Neuroanatomy of 
Frontal-Subcortical Circuits), 9-25.

 5. Kessler RC, Adler L, Barkley R, Biederman J, Conners CK, Demler 
O, Faraone SV, Greenhill LL, Howes MJ, Secnik K, Spencer T, Ustun 
TB, Walters EE, Zaslavsky AM: The prevalence and correlates of adult 
ADHD in the United States: results from the National Comorbidity 
Survey Replication. Am J Psychiatry 2006, 163(4), 716-723. 

 6. Wender PH, Wolf LE, Wasserstein J: Adults with ADHD: an overview. 
Annals of the New York Academy of Sciences 2001, 931, 1-16.

 7. Wilens TE, Biederman J, Spencer TJ: Attention defi cit/hyperactivity 
disorder across the life span. Ann Rev Med 2002, 53, 113-131.

 8. Faraone SV, Biederman J, Spencer T: Attention-defi cit/hyperactivity 
disorder in adults: an overview. Biol Psychiatry 2000, 48, 9-20.

 9. Quinn PQ and Nadeau KG: Gender Issues and AD/HD: Research, 
Diagnosis and Treatment. Silver Spring, MD. Advantage Books 2002.

10. Searight HR, Burke JM, and Rottnek F: Adult ADHD: Evaluation and 
treatment in family medicine. Amer Fam Phys 2000, 62, 2077-2086.

11. Szymanski ML, Zolotor A: Attention-defi cit/hyperactivity disorder: 
management. Amer Fam Phys 2001, 64, 1355-1362.

12. DiScala C, Lescohier I, Barthel M, Li G: Injuries to children with attention 
defi cit hyperactivity disorder. Pediatrics 998, 102, 1415-1421.

13. Guevara JP, Stein MT: Evidence-based management of attention defi cit 
hyperactivity disorder. BMJ 2001, 223, 1232-1235. 

14. Brown RT, Freeman WS, Perrin JM: Prevalence and assessment of 
attention-defi cit/hyperactivity disorder in primary care settings. 
Pediatrics 2001, 107(3), 43.

15. Applegate B, Lahey BB, Hart EL: Validity of the age-of-onset criterion 
for ADHD: a report from the DSM-IV fi eld trials. J Am Acad Child 
Adolesc Psychiatry 1997, 36, 1211-21.

16. Mellers JD, Bullmore E, Brammer M, Williams SC, Andrew C, Sachs 
N, Andrews C, Cox TS, Simmons A, Woodruff  P: Neural correlates 
of working memory in a visual letter monitoring task: an fMRI study. 
Neuroreport 1995, 7(1), 109-112.

17. Woodman GF, Luck SJ, Schall JD: The role of working memory 
representations in the control of attention. Cereb Cortex 2007, 17, 
Suppl 1, i118-i124. 

18. Johnson JS, Hollingworth A, Luck SJ: The role of attention in the 
maintenance of feature bindings in visual short-term memory. J Exp 
Psychol Hum Percept Perform. 2008, 34(1), 41-55.

19. Rossi AF, Bichot NP, Desimone R, Ungerleider LG: Top down attentional 
defi cits in macaques with lesions of lateral prefrontal cortex. J Neurosci 
2007, 27(42), 11306-11314. 

20. Tanji J, Hoshi E: Role of the lateral prefrontal cortex in executive 
behavioral control. Physiol Rev 2008, 88(1), 37-57.

21. Sheridan MA, Hinshaw S, D’Esposito M: Effi  ciency of the prefrontal 
cortex during working memory in attention-defi cit/hyperactivity 
disorder. J Am Acad Child Adolesc Psychiatry 2007, 46(10), 1357-
1366.

22. Shimamura AP: Memory and the prefrontal cortex. Annals of the New 
York Academy of Sciences 1995, 769, 151-159. 

23. Stevens MC, Pearlson GD, Kiehl KA: An FMRI auditory oddball study 
of combined-subtype attention defi cit hyperactivity disorder. Am J 
Psychiatry 2007, 164(11), 1737-1749.

24. Brocki KC, Nyberg L, Thorell LB, Bohlin G: Early concurrent and 
longitudinal symptoms of ADHD and ODD: relations to diff erent types 
of inhibitory control and working memory. J Child Psychol Psychiatry 
2007, 48(10), 1033-1041. 

25. Barkley RA, DuPaul GJ, McMUrray MB: Comprehensive evaluation of 
attention defi cit disorder with and without hyperactivity as defi ned by 
research criteria. Journal of Consulting and Clinical Psychology 1990, 
58(6), 775-789.

26. Hale TS, Bookheimer S, McGough JJ, Phillips JM, McCracken JT: 
Atypical brain activation during simple & complex levels of processing 
in adult ADHD: an fMRI study. J Atten Disord 2007, 11(2), 125-140. 

27. Ehlis AC, Bähne CG, Jacob CP, Herrmann MJ, Fallgatter AJ: Reduced 
lateral prefrontal activation in adult patients with attention-defi cit/
hyperactivity disorder (ADHD) during a working memory task: A 
functional near-infrared spectroscopy (fNIRS) study. J Psychiatr Res 
2008, Jan 26 (accepted for publication; Abstract ahead of print).

28. Zhu CZ, Zang YF, Cao QJ, Yan CG, He Y, Jiang TZ, Sui MQ, Wang 
YF: Fisher discriminative analysis of resting-state brain function for 
attention-defi cit/hyperactivity disorder. Neuroimage 2007, Dec 3 
(accepted for publication; Abstract ahead of print).

29. Mulder MJ, Baeyens D, Davidson MC, Casey BJ, van den Ban E, van 
Engeland H, Durston S: Familial vulnerability to ADHD aff ects activity 
in the cerebellum in addition to the prefrontal systems. J Am Acad Child 
Adolesc Psychiatry 2008, 47(1), 68-75.

30. Valera EM, Faraone SV, Biederman J, Poldrack RA, Seidman LJ: 
Functional neuroanatomy of working memory in adults with attention-
defi cit/hyperactivity disorder. Biol Psychiatry 2005, 57(5), 439-447. 

31. Durston S, Mulder M, Casey BJ, Ziermans T, van Engeland H: Activation 
in ventral prefrontal cortex is sensitive to genetic vulnerability for 
attention-defi cit hyperactivity disorder. Biol Psychiatry 2006, 60(10), 
1062-1070.

32. Wodka EL, Mahone EM, Blankner JG, Larson JC, Fotedar S, Denckla 
MB, Mostofsky SH: Evidence that response inhibition is a primary 
defi cit in ADHD. J Clin Exp Neuropsychol 2007, 29(4), 345-356. 

33. Madera-Carrillo H, González-Garrido AA, Gómez-Velázquez FR, 
Enríquez-de Rivera DZ: Quantitative electroencephalogram analysis 
confi rms the presence of frontal lobe defi cit among attention defi cit 
disorder with hyperactivity children. Gac Med Mex 2007, 143(5), 391-
400.

34. Clarke AR, Barry RJ, McCarthy R, Selikowitz M, Johnstone SJ, Hsu 
CI, Magee CA, Lawrence CA, Croft RJ: Coherence in children with 
Attention-Defi cit/Hyperactivity Disorder and excess beta activity in 
their EEG. Clin Neurophysiol 2007, 118(7), 1472-1479.



5The role of working memory impairment in ADHD
Zimbul Albo et al

Journal of Pre-Clinical and Clinical Research, Vol 2, No 1

35. Sukhodolsky DG, Leckman JF, Rothenberger A, Scahill L: The role of 
abnormal neural oscillations in the pathophysiology of co-occurring 
Tourette syndrome and attention-defi cit/hyperactivity disorder. Eur 
Child Adolesc Psychiatry 2007, 16, Suppl 1, 51-59. 

36. Viggiano D, Vallone D, Sadile A: Dysfunctions in dopamine systems 
and ADHD: evidence from animals and modeling. Neural Plasticity 
2004, 11(1-2), 97-114. 

37. Durston S, Fossella JA, Mulder MJ, Casey BJ, Ziermans TB, Vessaz MN, 
Van Engeland H: Dopamine transporter genotype conveys familial risk 
of attention-defi cit/hyperactivity disorder through striatal activation. 
J Am Acad Child Adolesc Psychiatry 2008, 47(1), 61-67.

38. Viggiano D, Ruocco LA, Arcieri S, Sadile AG: Involvement of 
norepinephrine in the control of activity and attentive processes in 
animal models of attention defi cit hyperactivity disorder. Neural 
Plasticity 2004, 11(1-2), 133-149. 

39. Russell V, Allie S, Wiggins T: Increased noradrenergic activity in 
prefrontal cortex slices of an animal model for attention-defi cit 
hyperactivity disorder – the spontaneously hypertensive rat. Behav 
Brain Res 2000, 117(1-2), 69-74. 

40. Sagvolden T, Xu T: Amphetamine improves poorly sustained attention 
while d-amphetamine reduces overactivity and impulsiveness as well as 
improves sustained attention in an animal model of Attention-Defi cit/
Hyperactivity Disorder (ADHD). Behav Brain Func 2008, 4, 3-15. 

41. Furey ML, Pietrini P, Haxby JV, Alexander GE, Lee HC, VanMeter J, 
Grady CL, Shetty U, Rapoport SI, Schapiro MB, Freo U: Cholinergic 
stimulation alters performance and task-specifi c regional cerebral blood 
fl ow during working memory. Proc Natl Acad Sci USA 1997, 94(12), 
6512-6516. 

42. Furey ML, Pietrini P, Alexander GE, Schapiro MB, Horwitz B: 
Cholinergic enhancement improves performance on working memory 
by modulating the functional activity in distinct brain regions: a 
positron emission tomography regional cerebral blood fl ow study in 
healthy humans. Brain Res Bull 2000, 51(3), 213-218.

43. Segovia G, Del Arco A, Garrido P, de Blas M, Mora F: Environmental 
enrichment reduces the response to stress of the cholinergic system 
in the prefrontal cortex during aging. Neurochem Int 2007 (ahead of 
print).

44. Freo U, Ricciardi E, Pietrini P, Schapiro MB, Rapoport SI, Furey ML: 
Pharmacological modulation of prefrontal cortical activity during a 
working memory task in young and older humans: a PET study with 
physostigmine. Am J Psychiatry 2005, 162(11), 2061-2070. 

45. McNamara P, Albert ML: Neuropharmacology of verbal perseveration. 
Semin Speech Lang 2004, 25(4), 309-321. 

46. Minger SL, Honer WG, Esiri MM, McDonald B, Keene J, Nicoll JA, 
Carter J, Hope T, Francis PT: Synaptic pathology in prefrontal cortex is 
present only with severe dementia in Alzheimer disease. J Neuropathol 
Exp Neurol 2001, 60(10), 929-936.

47. Tsukada H: Pre-clinical evaluation of eff ects of acetylcholinesterase 
inhibition on the cerebral cholinergic neuronal system and cognitive 
function: PET study in conscious monkeys. Nippon Yakurigaku Zasshi 
2004, 124(3), 153-161. 

48. Tsukada H, Nishiyama S, Fukumoto D, Ohba H, Sato K, Kakiuchi 
T: Eff ects of acute acetylcholinesterase inhibition on the cerebral 
cholinergic neuronal system and cognitive function: Functional imaging 
of the conscious monkey brain using animal PET in combination with 
microdialysis. Synapse 2004, 52(1), 1-10.

49. Chan WK, Wong PT, Sheu FS: Frontal cortical alpha7 and alpha4beta2 
nicotinic acetylcholine receptors in working and reference memory. 
Neuropharmacology 2007, 52(8), 1641-1649.

50. Hyde TM, Crook JM: Cholinergic systems and schizophrenia: primary 
pathology or epiphenomena? J Chem Neuroanat 2001, 22(1-2), 53-
63.

51. Kozak R, Martinez V, Young D, Brown H, Bruno JP, Sarter M: 
Towards a neuro-cognitive animal model of the cognitive symptoms 
of schizophrenia: disruption of cortical cholinergic neurotransmission 
following repeated amphetamine exposure in attentional task-
performing, but not non-performing, rats. Neuropsychopharmacology 
2007, 32(10), 2074-2086. 

52. Robbins TW, Roberts AC: Diff erential regulation of fronto-executive 
function by the monoamines and acetylcholine. Cereb Cortex 2007, 17, 
Suppl 1, i151-i160. 

53. Cao YJ, Surowy CS, Puttfarcken PS: Diff erent nicotinic acetylcholine 
receptor subtypes mediating striatal and prefrontal cortical [3H] 
dopamine release. Neuropharmacology 2005, 48(1), 72-79. 

54. Millan MJ, Di Cara B, Dekeyne A, Panayi F, De Groote L, Sicard D, 
Cistarelli L, Billiras R, Gobert A: Selective blockade of dopamine D(3) 
versus D(2) receptors enhances frontocortical cholinergic transmission 
and social memory in rats: a parallel neurochemical and behavioural 
analysis. J Neurochem 2007, 100(4), 1047-1061.

55. Kaasinen V, Någren K, Järvenpää T, Roivainen A, Yu M, Oikonen V, 
Kurki T, Rinne JO: Regional eff ects of donepezil and rivastigmine on 
cortical acetylcholinesterase activity in Alzheimer’s disease. J Clin 
Psychopharmacol 2002, 22(6), 615-620. 

56. Liang YQ, Tang XC: Comparative eff ects of huperzine A, donepezil and 
rivastigmine on cortical acetylcholine level and acetylcholinesterase 
activity in rats. Neurosci Lett 2004, 361(1-3), 56-59.

57. Stip E, Sepehry AA, Chouinard S: Add-on therapy with acetyl-
cholinesterase inhibitors for memory dysfunction in schizophrenia: 
a systematic quantitative review, Part 2. Clin Neuropharmacol 2007, 
30(4), 218-229.

58. Chouinard S, Sepehry AA, Stip E: Oral cholinesterase inhibitor add-on 
therapy for cognitive enhancement in schizophrenia: a quantitative 
systematic review, Part I. Clin Neuropharmacol 2007, 30(3), 169-182.

59. Figiel G, Sadowsky C: A systematic review of the eff ectiveness of 
rivastigmine for the treatment of behavioral disturbances in dementia 
and other neurological disorders. Curr Med Res Opin 2008, 24(1), 157-
166.

60. Sharma T, Reed C, Aasen I, Kumari V: Cognitive eff ects of adjunctive 
24-weeks Rivastigmine treatment to antipsychotics in schizophrenia: a 
randomized, placebo-controlled, double-blind investigation. Schizophr 
Res 2006, 85(1-3), 73-83.

61. Guillem F, Chouinard S, Poulin J, Godbout R, Lalonde P, Melun P, 
Bentaleb LA, Stip E: Are cholinergic enhancers benefi cial for memory in 
schizophrenia? An event-related potentials (ERPs) study of rivastigmine 
add-on therapy in a crossover trial. Prog Neuropsychopharmacol Biol 
Psychiatry 2006, 30(5), 934-945.

62. Gauthier S, Juby A, Rehel B, Schecter R: EXACT: rivastigmine improves 
the high prevalence of attention defi cits and mood and behaviour 
symptoms in Alzheimer’s disease. Int J Clin Pract 2007, 61(6), 886-
895.

63. McKeith I, Del Ser T, Spano P, Emre M, Wesnes K, Anand R, Cicin-Sain 
A, Ferrara R, Spiegel R: Effi  cacy of rivastigmine in dementia with Lewy 
bodies: a randomised, double-blind, placebo-controlled international 
study. Lancet 2000, 356(9247), 2031-2036.


