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Preface 
 

 

Mild cognitive impairment, also known as incipient dementia, or isolated memory 

impairment, is a diagnosis given to individuals who have cognitive impairments beyond that 

expected for their age and education, but that do not interfere significantly with their daily 

activities. It is considered to be the boundary or transitional stage between normal aging and 

dementia. Although MCI can present with a variety of symptoms, when memory loss is the 

predominant symptom it is termed "amnestic MCI" and is frequently seen as a risk factor for 

Alzheimer's disease. Studies suggest that these individuals tend to progress to probable 

Alzheimer‘s disease at a rate of approximately 10% to 15% per year. Additionally, when 

individuals have impairments in domains other than memory it is classified as non-amnestic 

single- or multiple-domain MCI and these individuals are believed to be more likely to 

convert to other dementias. This new and important book gathers the latest research from 

around the globe in this field and highlights related topics such as: cognitive aspects in 

epilepsy, cognitive impairment in children with ADHD, therapies for Alzheimer's disease, 

fetal alcohol spectrum disorders, and others. 

Chapter I - Epilepsy is a common medical problem. Several studies suggest that 

idiopathic generalized or focal epilepsies can adversely affect mental development, cognition 

and behavior. Epileptic patients may experience reduced intelligence, attention, problems in 

memory, language and frontal executive functions. The exact mechanisms of epilepsy-related 

cognitive dysfunction are poorly understood. Cognitive deficits with epilepsy may be 

transient, persistent or progressive. Transient disruption of cognitive encoding processes may 

occur with paroxysmal focal or generalized epileptic discharges while epileptogenesis-related 

neuronal plasticity, reorganization, sprouting and impairment of cellular metabolism are 

fundamental determinants for progressive cognitive deterioration. Also antiepileptic drugs 

(AEDs) have differential, reversible and sometimes cumulative cognitive adverse 

consequences. AEDs not only reduce neuronal irritability but also may impair neuronal 

excitability, neurotransmitter release, enzymes and factors critical for information processing 

and memory. The present article serves as an overview of recent studies in cognition in adult 

and children patients with epilepsy. In this review, we will also discuss the known adverse 

mechanisms of epilepsy and AEDs on cognition. 

Chapter II - Cognitive difficulties are now recognized as a major driver of functional 

impairment in children with ADHD.  However, to date, clinicians remain less aware of 
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feasible and appropriate statistical approaches to measure cognitive and behavioural change 

in their patients.  This chapter presents a practical statistical decision making rule and then 

outlines a clinician-friendly study design for ascertaining stimulant medication response in 

children with ADHD.  

Chapter III - The two major neuropathologic hallmarks of Alzheimer‘s disease (AD) are 

extracellular Amyloid beta (A ) plaques and intracellular neurofibrillary tangles (NFTs). 

Several additional pathogenic mechanisms likely play a role in the pathogenesis of the 

disease, including inflammation, oxidative damage, ion disregulation and cholesterol 

metabolism. A number of compounds have been developed, trying to interfere with the above 

mentioned altered mechanisms. Conversely to symptomatic drugs available to date, these new 

compounds are supposed to modify pathological steps leading to AD, thus acting on the 

evolution of the disease. Some of them are under clinical testing, others are in preclinical 

phases of development. In this chapter, the main pathogenic steps leading to 

neurodegeneration will be discussed, together with an update of potentially disease-

modifying drugs under testing. 

Chapter IV - The human prefrontal cortex (PFC) plays major roles in higher cognitive 

functions necessary for maintaining a healthy social life. Psychological and psychiatric 

problems are often associated with cognitive impairments associated with PFC. Thus, 

previous cognitive intervention studies have been conducted to improve the functions 

associated with PFC. In this chapter, first the authors describe the functions associated with 

PFC and its importance in cognitive intervention studies. Then, they describe recent 

advancements in cognitive intervention methods, particularly interventions to prevent 

cognitive decline in healthy older adults and those to enhance their emotional control and 

resilience in preschool children. They also discuss on transfer effects of previous cognitive 

intervention, which are often observed. Finally, they discuss on the unresolved issues on the 

mechanism underlying the effect of cognitive intervention. The authors consider that a deeper 

understanding of the effect of cognitive intervention will greatly contribute to human welfare 

and education for all generations. Further multidisciplinary research will be required to 

achieve this ultimate goal. 

Chapter V - Mild cognitive impairment (MCI) is arguably the earliest form of 

Alzheimer‘s disease (AD). Better understanding of brain changes in MCI may lead to the 

identification of therapeutic targets to slow the progression of AD. Oxidative stress has been 

implicated as a mechanism associated with the pathogenesis of both MCI and AD. In 

particular, among other markers, there is evidence for an increase in the levels of protein 

oxidation and lipid peroxidation in the brains of subjects with MCI. Several proteins are 

oxidatively modified in MCI brain, and as a result individual protein dysfunction may be 

directly linked to these modifications (e.g., carbonylation, nitration, modification by HNE) 

and may be involved in MCI pathogenesis. Additionally, Concanavalin-A-mediated 

separation of brain proteins has recently led to the identification of key proteins in MCI and 

AD using proteomics methods. This chapter will summarize important findings from 

proteomics studies of MCI, which have provided insights into this cognitive disorder and 

have led to further understanding of potential mechanisms involved in the progression of AD.  

Chapter VI - Dementia is one of the most predominant neurological disorders in the 

elderly. The prevalence and incidence of degenerative diseases, such as Alzheimer s disease 
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(AD) and vascular dementia, strongly correlate with age. Vascular dementia (VaD) is 

recognized as the second most prevalent type of dementia and described as a multifaceted 

cognitive decline resulting from cerebrovascular injury to brain regions associated with 

memory, cognition, and behavior. Vascular risk factors including diabetes, insulin resistance, 

hypertension, heart disease, smoking and obesity are each independently associated with an 

increased risk of cognitive impairment and dementia. This review will summarize relevant 

animal models for studying cognitive deficits as well as diagnostic assessment of VaD in 

humans with the intention of developing both an early diagnostic capability and future 

therapeutic interventions.  

Chapter VII - The morbidity and mortality from asthma remain high in patients over the 

age of 75 years in developed countries, in contrast to the improving mortality from that 

condition in children and younger adults. One of the reasons for this might be the relatively 

poor performance with inhaler devices confirmed by surveys of technique in elderly patients. 

Also, it has been shown that the most prominent determinants of adequate inhaler technique 

in old age are global cognitive function, frontal executive function and ideo-motor 

praxis. This review explores the pattern of observed and measured errors in the use of various 

inhalers in old age. The cognitive barriers to a successful grasp of inhaler technique are 

explained. The review then proceeds to describe a systematic research sequence by the author 

and others to identify factors that determine the likelihood of an aged person being able 

reliably to self-administer medication by the inhaled route, also drawing on parallel evidence 

from studies of spirometry technique. Relatively simple tests of cognition, praxis and 

executive function are described which have been shown to have predictive value in 

assessing frail elderly subjects for potential inhaler therapy or spirometry. The evidence 

presented can enable clinicians, particularly geriatricians, internists and pulmonologists to 

approach inhaled therapy for asthma and chronic obstructive pulmonary disease in a logical 

and effective way for their frail elderly patients. Further, it will be argued that the relation 

between congitive function and inhaler technique can be seen as a clinical metaphor for other 

self-administered tests or treatments, such as insulin therapy. There is scope for research to 

determine the predictive role of cognitive function tests in a wide range of self-treatment 

settings, particularly for patients with relatively mild unrecognized cognitive impairment. 

Chapter VIII - The pattern of childhood disability now facing practitioners and clinicians 

across the world is an ever changing landscape. Both educators and medical professionals are 

challenged to develop new skills and new practices in order to address the complex array of 

symptoms and behaviours presented to them by the children and families seeking their 

support. In stark contrast to the ‗traditional‘ range of intellectual disabilities, whose causes 

are known and researched, such as Fragile X Syndrome, Down‘s syndrome and autism 

spectrum disorders, practitioners are now faced with the challenge of ‗man-made‘ intellectual 

disabilities such as Foetal Alcohol Spectrum Disorders (FASD). Despite this disorder being 

regarded as the leading known cause of non-genetic intellectual disability in the Western 

World (Abel and Sokel 1987) with prevalence rates estimated at 1 in 100 (Autti-ramo 2002) 

there is scant public awareness of the dangers of drinking whilst pregnant, insufficient or 

contradictory guidance on ‗safe‘ limits, little or no professional knowledge base and a paucity 

of strategies to support those affected or their families. In a culture which sees binge drinking 

on the increase, the numbers of children with FASD are set to escalate. To what extent are 



Melanie L. Landow 

 

x 

our professionals ready for the challenges of this 21st Century intellectual disability? This 

chapter considers the neurological deficits of those affected by FASD, the implications for 

education both as a proactive and reactive strategy, the importance of early diagnosis and 

intervention, set within a context of need. 

Chapter IX - In this chapter the authors outline a systematic approach to test adaptation 

developed through more than a decade of research in child development in both urban and 

rural settings in East Africa.  

Rationale: The literature on the use of psychological tests in diverse cultures is rich in 

examples that illustrate the necessity of making modifications to test content and 

administration techniques. The need to make modifications stems from fundamental 

differences in cultural experience between test takers in rural Africa and test takers in North 

America and Europe, for whom the majority of assessments have been designed. Without 

these modifications the psychometric qualities of the test data may be questionable and the 

distribution of scores elicited show a lack of sensitivity to within-population differences.  

Based upon the premise that no instrument can claim to be culture-free the 

appropriateness of an instrument to a specific target population needs to be determined by 

evaluating its psychometric properties in context, as well as its cultural, developmental and 

health or educational relevance.  

The Special Case of Test Administrators: Beyond the characteristics of the test taker, 

those developing tests need also to consider the expertise of the potential test administrators. 

Few countries in Africa posses a psychological service, and therefore also lack training 

opportunities in test administration and interpretation. It is preferable to use test 

administrators who are more familiar to the client group and are fluent in the local languages 

to expert strangers who are unable to understand the child‘s responses. Research studies in 

resource-limited settings are therefore likely to be dependent upon technicians with limited 

experience to administer their test batteries. This lack of experience needs to be taken into 

account in both test selection and the design of test instructions. 

Chapter X - Quality indicators recommend a comprehensive support for informal 

caregivers of elders with cognitive impairment in order to delay nursing home placement of 

care recipients, since care comes at high financial, psychological and physical costs for the 

caregivers. However, according to a recent European survey caregivers often have to pay for 

home support services, which can be afforded only by about one out of every three people 

with dementia. In the last two decades both the workforce providing non-institutional 

personal assistance and the funding for such services have dramatically increased. Also, over 

the next twenty years the population aged 50 to 75, which represents the main source of 

family caregiving, is expected to decrease compared to the population aged 85 and older, 

which includes the main care recipients. Private caregiving will thus gain even more 

importance. Improved satisfaction with personal assistance and fewer unmet needs were 

reported after receiving consumer-directed services than after receiving agency-directed 

services. There are several concerns related to the actual provision of paid personal 

assistance. Hard work, stress and high risk of job burnout, low wage levels and limited health 

care benefits for personal assistance workers can explain high job turnover rates. High 

turnover itself leads to the potential for substandard care, especially when dealing with 

vulnerable elders with cognitive impairment. Dementia-specific training can support the 
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provision of high-quality care and also increase job satisfaction for workers. However, 

concerns have risen about inadequate education and training of care workers. Few studies 

have analyzed the quality of paid personal care for older adults with disabilities living at 

home, none of them specifically considering people with cognitive impairment. So far, 

providing personal aides with adequate training and acceptable job and general living 

conditions appears to be one of the strongest promoters of a better quality of care, especially 

for older adults with cognitive impairment.   

Chapter XI - Much research has been conducted in regard to identifying various 

etiological pathways of developmental disorders, particularly autism. The existing literature 

indicates potential roles of exposure to neurotoxic substances, including heavy metals and 

various synthetic chemicals, to the development and exacerbation of autistic symptoms. This 

paper will serve as a review of the relevant literature implicating environmental exposure to 

neurotoxic agents as a possible contributor to the development of autistic features. 
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Abstract 
 

Epilepsy is a common medical problem. Several studies suggest that idiopathic 

generalized or focal epilepsies can adversely affect mental development, cognition and 

behavior. Epileptic patients may experience reduced intelligence, attention, problems in 

memory, language and frontal executive functions. The exact mechanisms of epilepsy-

related cognitive dysfunction are poorly understood. Cognitive deficits with epilepsy 

may be transient, persistent or progressive. Transient disruption of cognitive encoding 

processes may occur with paroxysmal focal or generalized epileptic discharges while 

epileptogenesis-related neuronal plasticity, reorganization, sprouting and impairment of 

cellular metabolism are fundamental determinants for progressive cognitive deterioration. 

Also antiepileptic drugs (AEDs) have differential, reversible and sometimes cumulative 

cognitive adverse consequences. AEDs not only reduce neuronal irritability but also may 

impair neuronal excitability, neurotransmitter release, enzymes and factors critical for 

information processing and memory. The present article serves as an overview of recent 

studies in cognition in adult and children patients with epilepsy. In this review, we will 

also discuss the known adverse mechanisms of epilepsy and AEDs on cognition. 
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Abbreviations 
 

AEDs, antiepileptic drugs; TLE, temporal lobe epilepsy; SE, status epilepticus; KA, 

kainic acid; MRI, Magnetic Resonance Imaging; EEG, Electroencephalogram; BDNF, brain 

derived neurotrophic factor; CBZ, carbamazepine; PHT, phenytoin; VPA, valproate; PB, 

phenobarbital; GBP, gabapentin; OXC, oxcarbazepine; LTG, lamotrigine; TPM, topiramate; 

ZNS, Zonisamide; TGB, tiagabine; VGB, vigabatrin; LEV, levetiracetam; GABA, -amino 

butyric acid; NMDA, N-methyl-D-aspartate; AMPA, α-amino-3-hydroxy-5-methylisoxazole-

4-propionate; LTP, long-term potentiation. 

 

 

1. Introduction 
 

Epilepsy is one of the most common neurological disorders. It nearly affects 1% of the 

population with the highest incidence during the first year of life [1]. During the last years, 

the increasing evidence from experimental pathological studies and in vivo imaging, and 

neuropsychological studies of patients with long-term epilepsy, have substantially increased 

our awareness about the possibility that briefer recurring focal or generalized seizures may 

cause a striking progressive cognitive decline which can be more detrimental to an 

individual‘s overall life [2-4]. Determining the frequency of cognitive dysfunction due to 

epilepsy is difficult to estimate. Community based studies reported that approximately 26.4-

30% of children with epilepsy when first diagnosed, have evidence of subnormal global 

cognitive function or mental retardation with inferior academic achievement [5]. Problems in 

attention and memory are observed in about 30% of newly diagnosed and untreated epileptic 

patients with single or several seizures of cryptogenic origin [6].  

Recent epilepsy researches have uncovered that impairments of neuronal plasticity and 

accumulating neuronal damage which evolves over a period of time after the initial seizures 

may underlie cognitive impairment and behavioral changes associated with epilepsy [3,7]. In 

addition, the deleterious effect of antiepileptic drugs (AEDs), the only available treatment for 

epilepsy, on cognitive is well documented in epileptic patients and volunteer studies. In 

general, AEDs suppress or prevent seizure recurrence and secondary spread of epileptic 

activity to the surrounding normal brain through their blockage action on voltage dependent 

ion channels or their modulatory effect on excitatory or inhibitory neurotransmitters. In doing 

so, AEDs may abort some of the toxic mechanisms leading to neuronal damage. It is expected 

that AEDs could improve patients‘ cognitive functions by controlling the number of overt 

and subtle epileptic activities as well as improving the psychosocial environment which 

provides additional benefit to cognition. However, a deleterious effect on cognitions has been 

observed with some AEDs even in the therapeutic ranges of the drug. Even AEDs of little 

negative impact on cognition in normal subjects may have detrimental cognitive effects in 

patients with epilepsy [8,9]. Some patient groups may be at particular risk (e.g., fetus, 

children and elderly) [10-13]. Some parents reported difference in child cognition and 

behavior after starting therapy as impaired attention, vigilance, slowness in response, 

talkative less, or difficulty to control. Even in patients who do not report cognitive changes, 

neuropsychological tests have shown significant impairments [9].  
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The above information make neurologists and neuroscientist clearly recognize that 

prevention or suppressing seizures by AEDs is alone insufficient without clear predictions of 

disease outcome and a challenge is how to keep patients free of seizures without interfering 

with normal brain function.  

 

 

2. Epilepsy and Cognition 
 

Animal studies have paralleled human studies in that chronic idiopathic epilepsy can 

result in progressive cognitive decline and behavioral impairment in developing and mature 

brains. Problems in various cognitive domains are recorded with epilepsy including poor 

attention, problems in memory, language, frontal executive functions and reduced scores in 

intelligence tests [2]. 

 

 

2.1. Evaluation of Cognition: Basic Definitions 
 

The term cognition (obtained from the Latin word: cognoscere, ―to know or to 

recognize‖) refers to the set of integrated and inter-related mental processes and systems 

involved in acquiring knowledge and comprehending, storing, retrieving and using this 

knowledge to perform day-to-day activities. Cognition is considered an abstract property of 

advanced living organisms and is studied as a direct property of the brain or of an abstract 

mind. Most neuropsychological assessment models require the independent evaluation of 6 

specific areas of cognition (domains): 1) attention, 2) perception, 3) memory and learning, 4) 

executive functions, 5) verbal and language functions, and 6) spatial/constructural processing 

abilities. During infancy and early childhood, the more basic elements of attention and 

perception undergo the most rapid development, while in later childhood and adolescence, 

the development of higher-order linguistic, spatial and executive elements is primary [14-16]. 

Attention: a process that enables an individual to focus on the relevant information in the 

stimulus array while also inhibiting further processing of non-relevant information. Attention 

is the function of the frontal lobe. 

Perception: is the central step in the processing of sensory/attentional information 

perceived through sensory (olfactive, visual, gustative, tactile and auditory) systems. The 

perception representation areas of the brain (cortical associative areas) have the function to 

store shapes and structure of the objects, faces and words, making abstraction of their 

semantic meaning. The right half of the brain cortex stores the biographic memory, emotional 

recalls, autobiographic and time-related memories, like the first day of the high school. The 

left half of the brain cortex stores the cognitive and factual memories (like Cairo is the 

Egypt's capital, words, numbers and so on). The sensations reach the amygdala (brain's 

emotional center) to decide the autobiographic and emotional meaning of a sensation within 

seconds.  

Memory and learning: memory is the set of processes that temporarily holds new 

information while it is being utilized or processed for other purposes, or that more 

permanently holds learned information or experiences of the past generations and that of the 



Sherifa A. Hamed 

 

4 

others for future reference and use, while learning is defined as developing habits of thought 

or action. In general, memory may be A) Declarative (explicit): which include all deliberate, 

effortful and strategic activities with the main goal is to learn or remember, i.e. all the 

memories that can be recovered voluntary. Declarative memory is subdivided into: a) the 

immediate memory: which lasts milliseconds and allows one to memorize rapidly things like 

a phone number or a name, b) the short term or working memory: which is a temporary easy 

accessible storing of important information in consciousness to be useful in a particular 

activity, like the shopping list or dialing a phone number after having looked in your agenda, 

c) the long-term memory: it is subdivided into: i) the episodic history memory: which 

preserves and turned into conscious all the happenings of a lived personal episode which 

occurred at specific time and place, i.e. autobiographical information or events like 

"yesterday I made that thing", and ii) the semantic culture memory: which concerned with 

information poorly defined by tempro-spatial context. In other words, it represents what 

remains recorded in the brain after forgetting things following a learning process, from exams 

to experiences and decoding processes. This includes depersonalized information or facts as 

language, rules and general world knowledge. In the end, culture is what persists after we 

have forgotten it all. The hippocampus and the associated temporal lobe structures, 

mammillary bodies and dorsomedial nucleus of the thalamus are important for declarative 

memory [17,18]. B) Non-declarative (implicit or procedural): which include effortless 

remembering of habits and automatic behaviors with the goal of the activity is other than to 

remember. The cerebellum and basal ganglia have been found to be important in non-

declarative memory. In other words, the voluntary movements may first performed and 

controlled by relaying on cerebral feedback from sensory organs but after some practice, the 

same movement will be performed by feed-forward (subconscious control by the cerebellum 

and basal ganglia). The movements become more quickly and automatically performed with 

less conscious effort. Thus the cerebral cortex could be omitted from control process once the 

sequence (motor act) has been learned. The results of anatomical studies clearly indicate that 

the cerebellum and basal ganglia participate in multiple circuits or ‗loops‘ with cognitive 

areas of the cerebral cortex. The cerebellum is largely connected via the thalamus, to many 

brain areas relevant to cognition and behavior, including the dorsolateral prefrontal cortex, 

the medial frontal cortex, the parietal and superior temporal areas, the anterior cingulate, and 

the posterior hypothalamus [19-21]. The basal ganglionic-cortical circuits involved in non-

motor functions are connected to the dorsolateral prefrontal cortex (area 46), the lateral 

orbitofrontal cortex (area 12), and the anterior cingulate/medial orbitofrontal cortices (areas 

24 and 13). These frontal regions are known to be involved in planning, working memory, 

rule-based learning, attention, and other aspects of higher executive function [22]. In 

functional neuroimaging studies of normal subjects, the cerebellum is activated in tasks 

involving learning and word generation. The cerebellum stores the memory involving 

movement, like playing guitar or swimming [23]. In a PET study, Jueptner and colleagues 

[24,25] asked normal subjects to learn sequences of eight finger movements (key presses). 

They then compared the brain activity during learning of new sequences with that seen 

during performance of previously learned sequences. An examination of their data showed 

that rostrodorsal portions of the globus pallidus as well as portions of areas 9 and 46, the 

dorsolateral caudate, and the ventroanterior nucleus of the thalamus displayed increased 
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activation preferentially during the learning of new sequences. It is important to summarize 

that the extensive connections between the prefrontal cortex and other brain regions including 

hippocampus and temporal lobe explain the importance of frontal lobes in memory functions. 

Memory from the past has been found to be encoded in lateral and medial temporal systems 

while future memory is related to frontal-prefrontal cortex [26]. 

Executive functions: are those functions involved in deliberately pursuing any type of 

goal in the face of difficulty or stress, especially novel non-routine tasks or complex 

organizationally demanding tasks. This include the following: self-awareness of strengths and 

limitations, ability to set adequately reasonable goals, ability to plan and organize goal-

directed behavior, ability to self-initiate goal-directed behavior, ability to self-inhibit 

competing behaviors, ability to self-monitor behavior, ability to self-evaluate behavior in 

relation to goals, ability to solve problems and think and act strategically in the face of 

obstacles, ability to flexibly shift focus of attention, strategies, behaviors, and perspectives as 

required by context and goals and as dictated by feedback from previously unsuccessful 

behavior and strategies. Prefrontal cortex is responsible for executive functions [27,28].  

Verbal and language functions versus Spatial/constructural processing abilities: left 

cerebral hemisphere is responsible for all activities related to verbal materials such as 

naming, writing, word lists, stories, etc, whereas the right cerebral hemisphere is responsible 

for all activities related to non-verbal materials such as geometric, drawings, construction, 

dressing, facial recognition, etc [29].  

Neurological examination, computed tomography (CT), magnetic resonance imaging 

(MRI), electroencephalography (EEG) and positron emission tomography (PET) scans look 

at the structural, physical and metabolic condition of the brain while the neuropsychological 

(cognitive) testing is the only way to formally assess brain function. During the past decade 

neuropsychological testing has become very sophisticated. Specifically designed cognitive 

tests are used to measure a psychological function known to be linked to a particular brain 

structure or pathway. They are categorized according to the aspect or "domain" of cognitive 

ability that they aim to assess. However, the more common approach today, however, is to 

use a flexible battery based on hypotheses generated through a clinical interview, observation 

of the patient and review of medical records [30]. 

It must be remembered that the term cognition is not a synonym of intelligence quotient 

(IQ) or intelligence. IQ represents the summary scores on standardized ―intelligence tests‖. 

The IQ score may include measures of cognition, but can also include and often assess 

sensory, motor and related abilities that are not typically included under the term of 

cognition. Another important difference is that the traditional intelligence tests measure what 

is known as convergent thinking which means that there is just one correct answer to each 

question as definition of words, questions and arithmetic problems, but do not measure what 

is known as divergent thinking which means that there is multiple answers to one question. 

Convergent thinking is the function of the parietal and temporal lobes while divergent 

thinking is the function of the frontal lobe. This means that lesions in parietal or temporal 

lobes may produce reliable decrease in IQ but in frontal lobe lesions, IQ is often normal [31]. 

Thus, intelligence is term that can be narrowly employed to refer to those abilities that are 

evaluated by intelligence tests. 
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2.2. Evidences for Cognitive Impairment in Epilepsy 
 

Cognitive comorbidity associated with epilepsy is confirmed in pathological, 

psychological, physiological and imaging studies [32-37].  

 

2.2.1. Experimental Studies 
Kindling involves progressive potentiation of electrographic and behavioral seizure 

activity resulting from controlled repeated application of initially sub-convulsive electrical or 

chemical stimulation. In kindling models of TLE, the controlled repeated seizure discharges, 

trigger a precise sequence of complex activity-dependent neurodegenerative changes with 

features of excitotoxic active cell death [38]. Using a number of behavioral and cognitive 

tests as the radial arm maze and Morris water maze which assess hippocampus-dependent 

spatial learning and memory, it was demonstrated that multiple neonatal seizures in kindled 

rodents can be associated with reduced development of grey and white matter, lowered 

seizure threshold, memory impairment and significant long-lasting impairment of spatial 

learning, the severity of which correlates with the number of seizures experienced [7]. 

Assessment of functional properties of hippocampal circuitry in adult rats which experienced 

seizures induced by kainic acid on specific days during early postnatal development revealed 

presence of long-term loss of hippocampal plasticity manifested as reduced capacity of long-

term potentiation, reduced susceptibility to kindling, and impaired spatial learning, which 

was associated with enhanced paired-pulse inhibition in the dentate gyrus [39]. Kindling-

evoked seizure activity may thus prime synapses via calcium-dependent mechanisms, thereby 

affecting threshold, magnitude, and saturation of long-term plasticity at these synapses and 

this contributes to the alteration in memory performance and emotional behavior observed in 

TLE patients [40-42]. 

 

2.2.2. Neuropsychological Clinical Studies 
Large, comprehensive, long-term and cross-sectional neuropsychological studies in TLE 

patients spanning observational periods as long as 25-30 years have documented that the 

cumulative cognitive impairments increase proportionally with the duration and poor control 

of seizures or its intractability to AEDs [42-44]. Children with severe, frequent and prolonged 

seizures, children with severe epileptic syndromes and those acquire seizure from a variety of 

initial precipitating insults early in life, tend to show early rapid, marked and progressive 

intellectual decline [42]. However, patients with TLE may also develop poor performance on 

tests of memory function, as well as on measures of intelligence, language, and executive 

functions suggesting that cognitive dysfunction is not limited to limbic-related tasks [44]. 

Rzezak et al. [45] found frontal lobe dysfunction in children with TLE. The worst 

performance in those with mesial TLE was associated with early onset, longer duration of 

disease, and use of polytherapy. The authors suggested that temporal lobe epileptogenic 

activity affects the extratemporal regions that mediate attentional and executive functions. 

Guimarães et al. [46] did a comprehensive neuropsychological assessment to a population of 

children with TLE including: IQ; forward digit; Trail Making Test for Children B; Wisconsin 

Card Sorting Test; block design; Boston naming test, verbal fluency and wide range 

assessment of memory and learning testing including visual learning, verbal memory, visual 
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memory, delayed recall of verbal learning, delayed recall of stories and recognition of stories. 

The authors found that despite normal IQ, TLE presented with several neuropsychological 

deficits. The authors concluded that dysfunction of cerebral areas other than temporal lobe, 

particularly the frontal lobes, might be present in TLE. This is supported by the pronounced 

topographic organization of neocortical inputs along the septotemporal axis of the 

hippocampus documented in both anatomical and behavioral studies [47]. Moreover, recent 

studies signify the importance of cerebellum, basal ganglia and thalamus in cognition 

[23,26,48]. The adverse consequences of AEDs, on cognition and behavior must not be 

ignored when evaluating the results of neuropsychological studies [49]. 

 

2.2.3. Neuroimaging Studies 
A growing number of multi-parametric MRI follow-up and prospective longitudinal 

imaging studies in TLE indicate that progressive atrophy after the first SE evolves over a 

prolonged period of time (weeks, months, or even years) in the hippocampus, amygdala, 

thalamus and piriform cortex [50]. Some cross-sectional cohort studies reported association 

of cognitive deficits with smaller hippocampal volume in TLE [51]. Neuroimaging clinical 

studies also provide evidence that hippocampal volume reduction has been linked with the 

longer duration of epilepsy and considered a marker as well as a predictor of cognitive 

decline in patients with epilepsy. In the longitudinal study done by Briellmann et al. [37], 24 

patients with mild TLE were studied via quantitative MRI over 3.5 years, the volume of the 

hippocampus decreased by 10%, the degree of volume loss was correlated with the number of 

generalized seizures. Over a similar period, Fuerst et al. [52] observed hippocampal volume 

loss in 12 patients with refractory TLE by volumetric MRI. Liu et al. [53] observed 

progressive cortical volume loss in patients with recurrent neocortical epilepsy. Recent 

quantitative MRI volumetric studies confirmed the presence of volumetric abnormalities in 

both temporal and extratemporal regions consistent with the generalized cognitive 

compromise associated with early-onset localization-related epilepsy syndromes as TLE. 

Abnormalities were identified in amygdale, fornix, entorhinal cortex, parahippocampus [54], 

thalamus and basal ganglia [55], cerebellum [51] and whole brain volumes [56]. Hermann et 

al. [56] reported reduction in total cerebral white matter volume, increased total CSF and 

reduced gray matter volume, both ipsilateral and contralateral to the side of temporal seizure 

onset. Seidenberg et al. [57] reported bilateral thalamic volume reduction in chronic 

unilateral temporal lobe epilepsy. Thalamic atrophy was significantly correlated with 

performance in memory and non-memory cognitive domains. In support, generalized 

reduction of cerebral volume has also been observed in children with mixed seizures, as well 

as focal temporal and frontal lobe epilepsy which are proportionately associated with delayed 

neurodevelopment [58]. Results of volumetric quantitative MRI studies are in accordance 

with generalized reduction in neurospsychological function including intelligence, language, 

visuoperception, memory and executive function in patients with TLE [56]. The extensive 

networks and interconnections between cortical regions are considered a contributing factor 

for the demonstrated widespread and remote cerebral atrophy from the putative epileptic 

focus. Functional MRI studies revealed that retrieval from working memory is associated 

with activation of dorsolateral frontal cortex. Other cortical and thalamic brain areas are also 
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activated including the anterior cingulate cortex which is associated with executive function 

and the posterior parietal cortex which is associated with attention [59]. 

 

2.2.4 Neurophysiological Studies 
The P300 component of event related potential (ERP) is impaired in patients with 

epilepsy and correlates with the degree of cognitive impairment encountered in 

neuropsychological testing [5]. P300 is considered as a "cognitive" neuroelectrical 

phenomenon because it is generated in psychological tasks when subjects attend and 

discriminate stimuli that differ from one another on some dimensions. P300 is an objective, 

non-invasive and clinically relevant method for evaluation of mental processing. P300 

latency increases as the dementia symptoms increase, while P300 amplitude is depressed in 

all levels of dementia [60]. The hippocampus, thalamus and frontal cortex are possible 

locations of the P300 generators, structures important for learning and memory. Also the 

changes in electroencepahalography (EEG) peak frequency observed in quantitative occipital 

EEG are correlated with subjective cognitive complaints [61]. 

 

 

2.3. Factors Associated with Cognitive Deterioration in Patients with 
Epilepsy 

 

Cognitive issues in epilepsy are associated with number of variables including genetics, 

basic brain lesion, type of epilepsy, site and side of brain lesion, etiology of epilepsy, age at 

onset, duration of epilepsy, seizure frequency and severity, ictal as well as interictal transient 

focal or long-lasting EEG epileptic discharges, adverse effects from antiepileptic medications 

[9,62-65] and psychosocial variables [66,67].  

Genetics: hereditary predisposition to abnormal brain activity has been accounted for 30–

50% of phenotypic IQ variance of children born to mothers with epilepsy [68,69]. Age at 

onset: cognitive and behavioral functioning in patients with epilepsy is an important area in 

various age groups. Earlier studies reported that seizure onset before the age of 14 years is a 

risk factor for cognitive decline. In controlled studies, significant neuropsychological 

impairment has been demonstrated in children and adolescents with chronic epilepsy [10]. 

However, recent studies indicated that negative effect on cognition, even progressive 

cognitive deterioration, may occur in older adults with chronic partial or generalized seizure 

disorders. Type, site and side of epilepsy: some studies found greater cognitive problems in 

patients with generalized than partial seizures [70], others vice versa [71]. Complaints of 

memory difficulties are common among patients with TLE where memory-related brain 

structures are directly involved by seizure activity. TLE is associated with more memory 

impairments than extratemporal epilepsies and both have more memory impairments than 

that associated with generalized epilepsy [72,73]. Frontal lobe epilepsy is associated with 

performance deficits in executive functioning [74]. However, most recent case-control and 

longitudinal studies revealed that patients with generalized as well as localization-related 

epilepsies may develop poor performance on tests of memory function, as well as on 

measures of intelligence, language, and executive functions suggesting that cognitive 

dysfunction is not limited to limbic-related tasks presented in the hippocampus, amygdala or 
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the piriform cortex but extents to involve diverse brain areas [44,51,75]. The nature and 

localization of epilepsy is also important determinant of the extent and nature of cognitive 

deficits. Patients with secondarily generalized seizures showed greater impairment in 

concentration and mental flexibility than patients with complex partial seizures [76]. 

Problems of delayed recall of words were observed in newly diagnosed patients with partial 

seizures prior to medication [60]. TLE is associated with cognitive decline in confrontational 

naming, visual memory, verbal memory and motor speed [10]. TLE affects declarative 

memory systems, while non-declarative learning (e.g. procedural learning) appears more or 

less unaffected. Verbal oriented problems are specifically involved in left-sided epileptogenic 

foci. Left TLE, especially impairs verbal episodic memory (e.g. word list learning), long-term 

verbal associations, learning of semantically-related verbal information, speed of learning 

and delayed memory with deficits in consolidation of verbal information [10]. 

Visuoconstructive memory dysfunction has been found in patients with right TLE [72,73]. 

Silva et al. [73] found that epileptic patients with mesial temporal injuries had low cognitive 

performance in attentional span, memory, speech, daily problems resolution, while patients 

without injury showed more compensated cognitive performance except mild attentional 

alterations. Duration of epilepsy: cross-sectional and longitudinal studies of cognitive change 

in epilepsy suggest that longer duration of epilepsy is associated with decline in many areas 

of cognition [64]. Etiology of epilepsy: cognitive impairments are more prevalent in 

symptomatic and cryptogenic compared to idiopathic epilepsy [6]. Psychosocial variables: 

mood state in epileptic patients may be additional factor that negatively affects cognitive 

functions. Epileptic patients who are depressed may suffer a double burden of cognitive 

deficits [77]. Seizures occurring at school or work can result in poor self-perception and 

reduced social interaction. Stigma resulting from epilepsy and learning problems may lower 

the parental and teacher expectations. Decreased expectations can negatively affect the 

academic effort and consequently the performance. Scholastic underachievement, intellectual 

impairment, lower educational levels and potentially mental retardation are the long-term 

consequences in children with epilepsy, while low functional status, less educational levels, 

low rates of employment and poor quality of life are the long-term consequences in adults 

with epilepsy [66,67].  

In some patients with epilepsy, many of the above factors are inter-correlated and 

independently contributed making it difficult to clearly delineate the relative contribution of 

any given factor (e.g. cognitive deficits in epilepsy occur regardless patients' age, type and 

duration of epilepsy or associated diseases). 

 

 

2.4. The Pathophysiologic Mechanisms Underlying Cognitive Impairment 
in Epilepsy 

 

The mechanism of cognitive impairment in epilepsy is complex. Negative effects on 

cognition may occur in presence or absence clinically manifest seizures, convulsive or 

nonconvulsive SE that occur during awakening or during sleep, and may occur due to focal 

or generalized EEG epileptic discharges without epileptic symptomatology [63]. Cognitive 
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deficits associated with epilepsy and EEG epileptic discharges may be transient [78,79], 

persistent [80] or progressive [3,52].  

 

a) The Mechanisms of Transient Epileptic Amnesia Associated with 
Ictal and Subictal Epileptic Activity 

In transient epileptic amnesia, the main manifestation of seizures is recurrent episodes of 

amnesia. During manifest epilepsy and paroxysmal epileptic activity, transient disruption of 

cognitive processing is attributed to the following: a) the involvement of a neuronal circuitry 

in epileptic spiking rendering the same neurons unavailable for normal physiological 

processes, b) antidromic corticothtalmic backfiring, that would collide and annihilate any 

incoming information through orthodromic thalamocortical pathways, and 3) prolonged 

membrane hyperpolarization following paroxysmal depolarization shift mediated by recurrent 

postsynaptic inhibitory mechanisms which elelctrophysiologically correspond to the after-

coming slow wave [81,82]. Presence of slow EEG activity in the same regions showing 

abundant spike wave has been interpreted as reflecting increased cortical inhibition mediated 

by hypersynchronous GABAergic inhibitory postsynaptic potentials. This increment of 

cortical inhibition might temporarily alter normal physiological processing of cognitive 

disruptions [83]. High seizure frequency disrupts the first encoding state of the memory 

process and specifically disrupts attention, concentration and working memory. However, in 

individual cognitive performance, even single seizures can generate long-term attentional 

slowing in the post-ictal period that exists for at least 24 hours. A single tonic-clonic 

generalized seizure may have a lasting negative effect on attention for about 30 days [70].  

There may be an association between transient cognitive deficits and transient EEG 

epileptiform (generalized or focal) discharges that are not accompanied by obvious clinical 

events. This phenomenon is known as a state of transient cognitive impairment (TCI) [78]. It 

is found in about 50% of patients and regarded as subclinical or interictal [84]. These brief 

subclinical EEG paroxysms or TCI may cause deficits that usually pass unrecognized by 

standard memory tests, however, sensitive methods of observation as continuous 

psychological testing, commonly show brief episodes of impaired cognitive function during 

such discharges. TCI may adversely affect the patient's psychosocial functioning in daily life 

as educational skill, learning tasks, attention, behavior, sleep disruption and motor 

dysfunction [63]. TCI was first demonstrated during 3 cycles/second generalized spike-and-

wave discharges [78]. Sirén et al. [85] found that the duration of generalized 3-Hz spike-

wave discharges and clinical absence seizures was negatively correlated with performance on 

the visual memory tasks. TCI was also demonstrated in many cases of benign childhood 

epilepsy with centrotemporal spikes, a disorder once thought to have no adverse 

psychological effects [65]. TCI is not simple inattention. The effects of TCI are material and 

site specific, i.e. lateralized discharges are associated with deficits of functions mediated by 

the hemisphere in which the discharges occur (e.g. left-sided focal spiking frequently 

produces errors in verbal tasks, whereas right-sided discharges are often accompanied by 

impairment in handling nonverbal material). Conversely, specific tasks can activate or 

suppress focal discharges over the brain regions that mediate the cognitive activity in 

question. In patients with benign childhood epilepsy with centrotemporal spikes, deficits in 

IQ were found to be significantly correlated with the frequency of EEG spikes but not with 
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the frequency of seizures [86]. Autistic features observed in come children with epilepsy 

have been suggested as a consequence of apparently subclinical spikes interfering with 

specific cerebral processes [87].  

 

b) The Mechanisms of Cognitive Impairment Associated With 
Continuous Epileptic Activity during Sleep 

Recently, the mechanism of cognitive impairment of some specific epileptic syndromes 

with continuous spikes and waves during sleep (CSWS) has been explored [80]. Landau-

Kleffner syndrome (LKS) and the syndrome of continuous spike-and-wave discharges during 

slow sleep (CSWS) represent a spectrum of epileptic conditions which share many common 

features including: 1) onset during childhood, 2) deterioration of cognitive functions that 

were normally acquired in the past, 3) continuous spike-and-wave discharges during slow 

wave sleep, 4) pharmacological reactivity, 5) regression of the neuropsychological symptoms 

when the EEG abnormalities improves (spontaneously or after drugs as corticosteroids) and 

6) absence of obvious structural lesion detected by CT or MRI scan [88,89]. The cognitive 

deficits of children with CSWS are long-lasting, present during months or years, and 

complete recovery is unusual. The pathophysiology of cognitive deficits CSWS and LKF is 

complex and different from that described with TCI as some patients with CSWS or LKS 

may have a completely normal awake EEG while cognitive deficits are present in the awake 

state when interictal epileptiform discharges are rare or absent. Recently, positron emission 

tomography (PET) studies using [18F]-fluorodeoxyglucose (FDG) during acute and recovery 

phases of CSWS in a group of children with epilepsy, showed that increased glucose 

metabolism at the epileptic focus was associated with hypometabolism in distant connected 

areas and both hypermetabolism and hypometabolism resolved at the recovery phase of 

CSWS [90,91]. Altered effective connectivity between focal hypermetabolism (centro-

parietal regions and right fusiform gyrus) and widespread hypometabolism (prefrontal and 

orbitofrontal cortices, temporal lobes, left parietal cortex, precuneus and cerebellum) was 

found at the acute phase of CSWS and markedly regressed at recovery whether 

spontaneously or with corticosteroids [92]. The parietofrontal altered connectivity observed 

in patients with hypermetabolism is interpreted as a phenomenon of remote inhibition of the 

frontal lobes induced by highly epileptogenic and hypermetabolic posterior cortex [90]. 

 

c) The Mechanisms of Progressive Cognitive Deterioration with 
Epilepsy 

Many animal and human studies reported persistent and progressive cognitive decline 

and behavioral impairment in developing and mature brains with epilepsy [52]. In TLE, a 

specific stereotypical pattern of pathology occurs in the hippocampus, amygdale, entorhinal 

region, piriform cortex and mesdiodorsal thalamus, areas primarily involved in memory 

processing. In complex partial and generalized epilepsy, a characteristic pattern of 

hippocampal sclerosis occur [32] Loss of neural density in the left mesial temporal regions 

(i.e. CA3 of the hippocampus) and right hippocampal structures can explain the verbal and 

non-verbal memory impairments in patients with epilepsy [35]. Recent research data indicate 

that in TLE epilepsy, the loss of hilar cells of the dentate gyrus may be the underlying cause 

for the lowered seizure threshold [92], whereas damage to hippocampal principal cells is 
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often associated with memory impairment in animals [93] and humans [94]. 

Electrophysiological studies of the rodent hippocampus show that repeated seizure activity 

has a profound, deleterious effect on an important form of synaptic plasticity (LTP) which 

has been suggested to underlie memory formation. Long-term synaptic plasticity (e.g. long-

term potentiation or LTP and long-term depression or LTD) is though to be an important 

cellular mechanism for learning and memory [95]. Long-term potentiation (LTP) is defined 

as a persistent increase in the efficacy of synaptic connections induced by high frequency 

stimulation, while in long-term depression, a transient decrease in synaptic strength caused 

by repetitive stimulation of the presynaptic neuron. Most experimental and human studies of 

long-term synaptic plasticity have focused on the hippocampus, a structure related to learning 

and memory [18]. The induction of LTP and LTD requires the appropriate integration of 

GABAergic inhibitory and glutaminergic excitatory transmission [96]. Human 

neuropsychological studies indicates that hippocampal NMDA receptors are necessary for 

mediating repetition/recognition effects of limbic event-related potentials to continuous word 

recognition paradigms as well as for intact verbal memory performance [97]. In LTP, a train 

of postsynaptic potential (PSP) continues to come in, due to the high frequency stimulation, 

the NMDA receptor‘s channel is kept open causing Na+, K+ and Ca++ flow in through this 

channel and the Mg++ blockade is relieved. Ca++ inside the postsynaptic neuron triggers Ca++ 

dependent kinases (protein kinase C and Ca++/calmodulin kinase II) that induce LTP. This 

mechanism plays also an important role in memory formation and in epileptogenesis. In LTD, 

the slow process of building of the synaptic vesicle causes decrease in the neurotransmitter 

release and decrease in post-synaptic potentiation [98]. Repeated seizure activity has been 

found to incrementally cause an indiscriminate and widespread induction of LTP, consuming 

and reducing overall hippocampal plasticity available for information processing [99]. 

 

 

3. Cognitive States with Antiepileptic Medications 
 

3.1. The Differential Effect of AEDs on Cognition 
 

Differential effects on cognition are seen with various AEDs. Carbamazepine (CBZ) 

[100,101], phenytoin (PHT) [102] and valproate (VPA) [103] can adversely affect cognition 

to a similar extent and appear to be less than that of barbiturates (PB) and benzodiazepines 

(BZ) [104,105]. The limited studies done to detect the effect of new AEDs on cognition 

revealed that topirmate (TPM) reported to have the worst effect on cognition [106] and 

zonisamide (ZNS) has mild adverse effect on cognition [107] while gabapentin (GBP) 

[8,107,109], lamotrigine (LTG) [110-112], tiagabine (TGB) [113,114], vigabatrin (VGB) 

[115,116] and levetiracetam (LEV) [117,118] have no adverse effect on cognition. However, 

even their modest effects can be clinically significant and impact the patient‘s quality of life. 

Increased doses of AEDs, rapid initiation and polytherapy entail an increased risk. In general, 

the cognitive effects of AEDs are less than the sum total of other factors and are usually 

reversible. Conversion of polytherapy to monotherapy may consequently improve cognitive 

functioning [119].  
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Phenobarbital (PB) and Benzodiazepine (BZ) 
Animal and human studies confirmed the deleterious effect of PB and BZ on cognition 

compared to other conventional and new AEDs. The offsprings of pregnant mice treated with 

PB demonstrated more hyperactivity, less rapid habituation, impaired performance in operant 

behavior, impaired performance in repeated acquisition task and a conditioned avoidance task 

compared to control offsprings [120],. Adult rats exposed to PB demonstrated deficits in 

hippocampal 8-arm maze, spontaneous alternations, and water maze performance [121]. In 

the largest prospective study done by Shapiro et al. [104] on a large number of children 

exposed to PB monotherapy in-utero (the number of children exposed to PB with mothers of 

epilepsy was 35 while 4705 of exposed children had mothers without epilepsy) demonstrated 

that the latter group did not differ from control children with respect to IQ measured at 4 

years of age. The study done by Reinisch et al. [105] on 114 male offspring demonstrated 

that the effect of PB exposure occurred if maternal treatment lasted for at least 10 days during 

pregnancy. The authors reported reduced verbal IQ scores (~7 IQ points) in two cohorts of 

men exposed in-utero. PB and BZ are known to impair cognition in healthy volunteers and 

patients with epilepsy [9]. Children on PB demonstrated low IQ that was improved with 

discontinuation of PB [122]. In the study of Farwell et al. [122], the long-term cognitive 

effects of early postnatal PB exposure was investigated in a randomized, placebo-controlled, 

blinded study with 217 toddler-aged children having febrile seizures, in which they were 

randomized to receive either PB (4–5 mg/kg/day) or placebo. Children were examined at age 

7, several years after discontinuation of PB, 64% of these children were examined with the 

Wide Range Achievement Test (WRAT-R) and the Stanford–Binet Intelligence Scale. 

Compared with the placebo group, PB exposed children were found to have significantly 

impaired performance in WRAT-R reading scores, but not in the Stanford–Binet Scale. 

Sulzbacher et al. [123] demonstrated that the deleterious effect of long-term use of PB 

remained several years after drug discontinuation when children were tested for cognition 3-5 

years later. This suggests that there is persistent complex effect of PB on developmental 

maturation in addition to interfering with acquired cognitive function.  

 

Phenytoin (PHT) 
PHT has shown mild adverse effect on cognition [124,125]. Limited animal studies 

revealed that PHT resulted in reduced brain weight, impaired startle responses, hyperactivity, 

alter neuronal membranes in the hippocampus, delay neurodevelopment and impair special 

memory and motor coordination when given to rats‘ mothers during pregnancy. The AED-

induced dysfunction in rats is related to both the dose and the duration of PHT exposure 

[104,126]. Shapiro et al. [104] reported reduced IQ results (five points lower than that of 

control children of mothers without epilepsy) in a cohort on cognition and PHT. To some 

extent, cerebellar atrophy a known association with chronic exposure or toxicity from PHT 

may be responsible for cognitive impairment in patients with epilepsy. It has been found that 

MRI cerebellar volumetric change is proportionately correlated with the chronic exposure or 

toxicity from PHT [48]. Purkinje cells of molecular layer were found to show selective 

vulnerability to both the excitotoxic and/or toxic PHT models of cerebellar atrophy [32].  
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Carbamazepine (CBZ) and Oxcarbazepine (OXC) 
CBZ utilization may be associated with mild cognitive dysfunction including excessive 

sedation, compromise in attention, concentration, visual motor coordination and psychomotor 

slowing [127]. Small risk in learning and memory has been registered especially with high 

serum concentrations of the drug. Some children are at high risk for developing cognitive 

side effects due to CBZ [100]. EEG slowing associated with CBZ might be significantly 

related to the magnitude of cognitive decline on later IQ subset performance [101].  

OXC is an analogue of CBZ, with a comparable anticonvulsant efficacy but has better 

cognitive profile compared to CBZ. It has both neuropsychological impairment and EEG 

slowing in healthy volunteers but of less magnitude compared to CBZ [128,129].  

 

Valproate (VPA) 
Behavioral studies demonstrated that prenatal VPA exposure decreases locomotor 

activity and increases swimming maze errors in rats tested by the 8-arm radial maze and 

passive avoidance test [130]. Studies revealed that children exposed to VPA in-utero had 

learning difficulties, behavioral problems, increased need for special education [103]. In one 

large prospective study, increased memory deficits, reduced verbal IQ by 8-15 points and 

excess of additional needs were reported in children exposed to VPA prenatally [131]. 

Studies in healthy volunteers revealed that VPA may produce a modest but statistically 

significant cognitive disruption [9]. 

 

Topiramate (TPM) 
TPM receives greatest concern among the new AEDs due to its documented worst 

cognitive profile. Its cognitive adverse events are reported in 10-20% [132,133]. The 

symptoms of cognitive deficits associated with TPM include: concentration/attention 

difficulty, confusion, abnormal thinking, slow thoughts, dull thinking, mental slowing, 

blunted mental reactions, word finding difficulties, calculation difficulties and memory 

impairment. The greatest changes were found in verbal IQ, verbal fluency, verbal learning 

and digit span [106]. Martin et al. [8] observed that among healthy young adults, the negative 

effects of TPM on measures of attention, word fluency, verbal memory and psychomotor 

speed, were greater than those with LTG and GBP when tested 3 hours after large initial 

doses and its effect persisted for 2- and 4-weeks intervals. Leonard et al. [134] found that 

motor tasks were affected with TPM as observed by bimanual sequential tapping. This is one 

of the motor measures that require the most cognitive processing, as patients must tap in a 

different specific sequential order with the two hands simultaneously. The task involves 

attention, perception and the capacity to monitor and coordinate out-of-phase movement. 

Functional MRI and cognitive testing revealed disruption of information processing in 

prefrontal cortex and more heterogeneous patterns of cortical activation with TPM [135]. Lee 

et al. [136] observed improvement in both verbal and non-verbal fluency scores by ≥70% 

after TPM discontinuation. Kockelmann et al. [137] and Huppertz et al. [138] reported 

significant improvement in performance on tests of verbal fluency, verbal working memory, 

spatial short-term memory and attentional functions after withdrawal of TPM. Whether TPM 

side effects are dose-dependent and if they critically depend on the speed of drug titration, are 

matters of debate [137]. It has been suggested that low starting dose, slow upward drug 
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titration and reduction of polytherapy will control seizures as well as produce tolerance to the 

drug with minimal cognitive side effects [106,119,136]. In the longitudinal study done by 

Thompson et al. [106], the authors demonstrated deterioration in verbal IQ, verbal fluency 

and verbal learning following introduction of higher doses of TPM (150-600mg/d) as 

adjunctive therapy in patients with epilepsy with improvement in verbal fluency, verbal 

learning, and digit span occurred when TPM was reduced or withdrawn. Reife et al. [133] 

observed psychomotor slowing with lower dosage (200mg/day) of TPM and language 

disturbances in higher doses.  

In contrast, recent animal studies have suggested some neuroprotective effects for TPM 

on cognition. Zhao and colleagues [139] administered TPM or saline during and following 

series of seizures in 25 neonatal rats. After completion of the TPM treatment, rats treated 

with TPM performed better in the water maze than rats treated with saline. Koh et al. [140] 

used a ‗‗two-hit‘‘ rodent seizure model to study the therapeutic efficacy of a postseizure 

treatment with TPM in reversing the perinatal hypoxia on later Kainite seizure-induced 

neuronal damage. The authors observed that repeated administration of TPM given for 48 

hours after hypoxia-induced seizures prevented the increased hippocampal neuronal injury 

induced by Kainite. 

 

Zonisamide (ZNS) 
Studies on the effect of ZNS were limited and controversial. Weatherly et al. [141] 

reported little cognitive decline in some patients with epilepsy on ZNS as add-on therapy. 

Recently, Park et al. [107] in a prospective randomized and open-labelled study, observed 

that after one year of starting treatment with ZNS (received as monotherapy in a dose of 100, 

200, 300, and 400mg/day), although ZNS decreased seizure frequency and EEG 

abnormalities, however, mood changes and cognitive deficits were observed in 15% and 47% 

of patients and were dose related. Cognitive performance was worse on delayed word recall, 

Trail Making Test Part B and verbal fluency. 

 

 

3.2. The Known and Hypothesized Mechanisms of Cognitive Impairment 
with AEDs 

 

In general, the mechanisms of AEDs are to reduce neuronal irritability and increase 

postsynaptic inhibition or alter synchronization of neural networks to decrease excessive 

neuronal excitability associated with seizure development and secondary spread of epileptic 

activity to the surrounding normal brain. AEDs modulate brain activity through their action 

on voltage dependent ion channels [sodium or Na+ and low threshold (T-type) calcium or 

Ca++ channels], inhibitory [GABA] and excitatory neurotransmitters and their receptors 

[142]. However, slowed motor and psychomotor speeds, poor attention and memory 

processing are common side effects of sodium channel blockade [144,145], increasing 

GABAergic inhibitory activity and decreasing neuronal excitability [145].  

Sodium channel blockade decreases the release of neurotransmitters including excitatory 

neurotransmitters and contravenes depolarization by interfering with propagation of action 

potentials i.e. limitation of sustained repetitive firing and stabilizing neuronal membranes 
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[143]. In hippocampal neurons, intracellular increased Na+ increases the probability to open 

NMDA receptors and thus might control excitatory synaptic transmission [144]. The 

cognitive side effects of some AEDs have been attributed to their Na+ channels blockade 

activity including: PHT, CBZ and OXC and VPA [143,145]. 

Increasing GABAergic brain activity by AEDs results in re-establishment of the 

background level of inhibition and helping the return of the nervous system to its normal 

balance between excitation and inhibition. Drugs that increase the extracellular levels of 

brain GABA or mimic GABA transmission are widely used in the treatment of epilepsy in 

children and adults including PB, BZ, VPA, GBP, TPM, ZNS and VGB [142,145]. In 

general, the mechanisms of enhancing GABA-mediated inhibition are: 1) Direct modulation 

of GABAergic neurotransmission induced by allosteric modulation of GABA receptors 

through direct binding to the receptors and changing its shape or configuration, hence 

increasing GABAergic inhibitory neurotransmission and inhibitory postsynaptic potential. PB 

directly binds to GABAA/benzodiazepine receptor complexes (GBRs) while BZ has a unique 

receptor site on GABA/Cl- channel complex and are potent GABA agonists, and 2) Indirect 

modulation of GABAergic neurotransmission through enhancing synthesis and/or decreasing 

reuptake of GABA.  

Drugs that mediate indirect modulation of GABAergic neurotransmission include: VPA, 

GBP, VGB, TGB, TPM, ZNS. VPA do not directly interact with GABA receptors, but they 

increase brain levels of GABA, possibly by enhancing glutamate decarboxylase or inhibiting 

GABA transaminase [146]. GBP is a structural analogue of the inhibitory neurotransmitter 

GABA. Nuclear Magnetic Resonance (NMR) Spectroscopy indicates that GBP enhances the 

levels of GABA in the brain and decreases brain glutamate concentration. Its actions include 

modulation of GABA synthesizing enzyme, glutamic acid decarboxylase (GAD) and 

glutamate synthesizing enzyme, branched-chain amino acid transaminase [147]. VGB is an 

AED that elevates brain GABA several-fold by irreversibly inhibiting the GABA-

metabolizing enzyme, GABA-transaminase [115]. TGB is selective GABA reuptake 

inhibitor. It induces its effect by increasing synaptic GABA availability via selective 

inhibition of the GAT-1 GABA transporter [148]. TPM rapidly raises brain GABA [149]. 

Mental slowing, memory impairment, inattention and language dysfunction are suggested to 

be due to increasing GABAergic activity in the prefrontal cortex caused by TPM [135].  

Drugs that directly increase GABAergic inhibitory neurotransmission and inhibitory 

postsynaptic potential as PB and BZ produce significant disruption of short-term memory and 

attention [5]. Indirect modulation of GABA neurotransmissions have modest (e.g. VPA) or 

even little effect on cognition than direct GABA modulation, i.e. GBP, VGB, TGB and LEV 

have good neuropsychological profile or little or negligible effect on cognition. 

Decrement in glutamate-mediated excitation as by antagonizing the response mediated 

by NMDA or AMPA/KA subtype of glutamate receptors are believed to underlie the 

mechanism of some AEDs as TPM [150]. Slowed motor and psychomotor speeds, poor 

attention and memory processing are adverse effects of reduced neuronal excitability as well 

as increasing GABAergic inhibitory activity on the brain.  

Some AEDs can cause cognitive deficits through multiple mechanisms. For example: 

VPA modest effect on cognition has been attributed to 1) indirect modulation of GABA 

neurotransmissions, 2) An enhancement of GABAA receptor-mediated hyperpolarizing 
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responses caused by VPA will inhibit the activation of NMDA receptors in a dose-related 

manner [151-153]. It suppressive effect on synaptic response mediated by NMDA receptors 

may contribute to the impairment of LTP and LTD caused by VPA [154]. Lee et al. [136] 

reported that VPA suppresses the expression of LTP in the CA1 region of the hippocampal 

slices. Gean et al. [154] reported that in rat amygdaloid slices, VPA suppresses response 

mediated by NMDA receptors in dose related manner, and 3) VPA reduces repetitive 

neuronal firing via blockade of voltage-dependant sodium (Na+) channels [146].  

Several mechanism(s) has been suggested to explain the adverse effect of TPM on 

cognition. TPM increases cortical GABA notably in the frontal lobes. GABAergic 

dysfunction in the prefrontal cortex could lead to mental slowing and subsequent spread of 

this dysfunction to the dorsolateral areas including Broca's area, could underlie impairments 

of language production with TPM [132]. Clinical studies demonstrated that TPM adverse 

effects on cognition including impaired concentration and memory, slowed thinking, and 

word finding difficulties have been attributed to its inhibitory effect on carbonic anhydrase 

isoenzymes II and IV, causing increased magnesium-dependent tonic inhibition of NMDA 

receptors and apoptosis [155]. TPM also has negative modulatory effect on the AMPA/KA 

subtype of glutamate receptors [149,155]. In addition, TPM blocks Na+ channels [156]. 

No studies were done to explore the mechanisms of cognitive deficits observed with 

Zonisamide (ZNS), however one can speculate that its blockage effect on voltage-sensitive 

Na+ channels and modulatory effect on GABA-mediated neurotransmission inhibition may 

explain the cognitive impairment elicited by ZNS [144].  

 

 

3.3. Mechanisms of the Beneficial Effect of AEDs on Cognition 
 

Some AEDs are able to improve cognition through mechanisms other than their 

anticonvulsant effect. In general, the beneficial effects of AEDs on cognition are due to: 1) 

reduction of seizure activity, 2) modulating effect on neurotransmitters, lowering 

excitotoxicity associated with a reduction in glutamate release from presynaptic terminals and 

by preventing anoxic depolarization capacities, 3) inhibition calcium-mediated cellular 

functions (protein phosphorylation and neurotransmitter release) and calcium-dependent 

depolarization 4) scavenging of free radicals, and 5) their psychotrophic effect.  

Several studies provide information about the beneficial effect of PHT on cognition. In 

support: 1) PHT was reported to prevent stress and corticosterone-induced reductions in CA3 

apical dendritic length and branch point numbers [157], 2) PHT may reverse stress-induced 

impairment of spatial learning and hippocampal atrophy [158], 3) PHT could keep LTP, an 

important component of memory, from being inhibited by stress [159], 4) In vivo, PHT 

decreased the dimension of cerebral infarct in animals with bilateral or unilateral carotid 

occlusion [160], and 5) Recently, PHT was found to be associated with increased 

hippocampal volume in patients with post-traumatic stress disorder (PTSD) assessed by MRI 

and this was associated with improvement in hippocampal-based verbal declarative memory 

function [161]. PHT has effect on glutamatergic function which affects brain structure. PHT 

arrests calcium-mediated cellular functions and calcium-dependent depolarization, both 

associated with neuronal death. It blocks cellular responses to excitatory amino acids. PHT 



Sherifa A. Hamed 

 

18 

antagonizes glutamate-induced excitation of cerebrocortical neurons and blocks the effect of 

glutamate at NMDA receptors [159,161,162].  

Several studies demonstrated that CBZ does not compromise and even improves the 

learning performance of non-epileptic animals in different learning and memory tasks 

[163,164]. Rostock et al. [164] reported that administration of low does of CBZ was able to 

reverse amnesia induced by electroconvulsive shock as well as to improve learning during an 

active avoidance test treated with repeated doses with ethanol. CBZ affords significant 

protection against glutamate neurotoxicity in hippocampal cell cultures and reduces NMDA-

mediated brain injury. It inhibits KA-induced Ca++ ion elevation [165]. Ambrosio et al. [166] 

suggested that at concentrations that do not cause toxicity, CBZ has a neuroprotective effect 

on KA-induced toxicity in hippocampal neurons which is essentially mediated by the 

activation of AMPA receptors. CBZ increases brain acetylcholine level in the hippocampal 

structure and simultaneously reduces choline level. The role of cholinergic function in 

memory and related cognitive processes is well known. Deterioration of cholinergic neurons 

in the medial septal nucleus that project to the hippocampus, amygdala and cortex (e.g. 

critical memory areas) was demonstrated in rat models of epilepsy [166]. In support: 

acetylcholine esterase inhibitors are shown to improve memory functioning in diverse 

neurological conditions [167]. The hippocampus, a cerebral structure highly involved in 

learning and memory, is a target for abundant cholinergic innervation and hippocampal 

nicotinic acetylcholine receptors that modulate synaptic plasticity via mechanisms involved 

in LTP [168]. The normothymic effect (effect on mood) of CBZ may be related to its impact 

on the neurotransmitter systems (GABA-ergic, serotoninergic, noradrenergic or adenosine 

and additionally demonstrate G-protein or inositol phosphate modulating effects [169]. 

GBP may also promote an improved mood and sense of well-being independent of 

seizure reduction and hence improvement of cognitive functions [108]. Dimond et al. [170] 

demonstrated increases in ratings of quality of life and well-being when patients were 

switched to this drug. Harden et al. [108] demonstrated significant reduction in depressive 

scores on a dysthymia rating scale in patients receiving GBP independent of seizure 

reduction.  

Although, no studies were done to explore the mechanisms of beneficial effect of LTG 

on cognition, however, the neuroprotective effect of LTG may be attributed to lowering 

excitotoxicity mainly in the hilus and the CA3 subfield of the hippocampus as well as the 

piriform cortex [169 ,171].  

Possible mechanisms underlying mechanisms by which LEV improves cognitive 

function and quality of life (QOL) remain unknown. LEV is postulated to inhibit seizure 

activity through a totally different mechanism. LEV seems to partially inhibit N-type high-

voltage–activated Ca++ currents and reduces the Ca++ release from intraneuronal stores. It also 

reverses inhibition of GABA and glycine gated currents induced by negative allosteric 

modulators, and effects voltage gated potassium channel conductance. LEV also has a 

specific stereoselective binding site in the CNS at the synaptic vesicle protein 2A (SV2A) 

[172]. LEV can reduce neuronal necrosis and maintain LTP in the hippocampus [173], which 

may also contribute to its effects on cognition. Piracetam and its derivative LEV belong to 

the pyrrolidine class; drugs in this class can protect against brain insults and have low 

toxicity [174]. They might enhance the efficacy of higher integration mechanisms in the brain 
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and improve mental function such as learning and memory, while protecting against seizures. 

Piracetam seems to improve learning, memory, and attention [175] and has been used to treat 

age-related cognitive disturbances and aphasia [176]. Hence it is reasonable to assume that 

LEV may also influence the metabolism of some frontal areas leading to improved cognitive 

function [118]. Zhou et al. [177] evaluated the effect of LEV as an add-on treatment, on 

cognitive function and QOL in patients with refractory partial seizures. Their study 

comprised two phases: a) a short-term phase (randomized, double-blind, placebo-controlled 

design) for 8-week baseline period, 4-week titration interval, and 12-week period at the 

maximum LEV dose (1500 mg twice daily), and b) a long-term phase (an open-label study) 

in which the maximum LEV dose was administered for another 24 weeks. After short-term 

LEV treatment, performance time on the Wisconsin Card Sorting Test (WCST) and Delayed 

Logic Memory were significantly improved for the patient but not the control group. 

Subscale scores on the QOLIE-31, including scores on cognitive functioning and social 

function, were also improved only with LEV group. At the end of the long-term phase, these 

improvements were maintained, and both groups performed better in more areas, as measured 

by the Trail Making Test, WCST, Delayed Visual Memory and the QOLIE-31 subscales.  

ZNS decreases secretion of excitatory amino acids and reduces post anoxic 

depolarization as well as scavenges of free radicals including hydroxyl and nitric oxide 

radicals and these effects are contributed to its neuroprotective effect against cognitive 

impairment [178]. 

 

 

4. The Vulnerability of Immature Brains 
 to the Cognitive Adverse Consequences  

of Epilepsy and Its Medications 
 

Normally, biological development and organization of the brain in human is very rapid 

in-utero and start to slow down in the second year of postnatal life [179]. Although gross 

organization is nearly complete by 2 or 3 years of age, maturation may continue through 

adolescence and beyond [180]. The period of infancy is characterized by peak hippocampal 

and cortical regional development, as well as myelinogenesis, dendritogenesis, and 

synaptogenesis in the brain and changes in these processes underlie deficits in spatial 

learning and memory processes [181]. Many of the human studies on cognition and behavior 

have focused on infants, preschool, and school-age children. There is a developmental 

component to the relation between poor seizure control and mental performance. The 

presence of epilepsy and its treatment during a period of maximal white-matter growth could 

affect development of white matter.  

 

 

4.1. The Vulnerability of Immature Brains to Seizures and Its 
Consequences 

 

Systematic studies indicated that neuronal computation of immature brain is different 

from mature brain and the vulnerability of the brain to seizures and its consequences is age-
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specific. Compared to adult brains, experimental studies showed that immature brains are 

highly prone to develop seizures and SE, but are more resistant to seizure and SE induced 

damage. Even if epilepsy occurs, it may not be intractable to treatment. In the developing 

brain, NMDA receptor subunits create populations of receptors that flux more Ca++, open 

more easily and block less frequently than mature forms, making the immature brains more 

electrically excitable with increased susceptibility to develop SE compared to mature brains 

[182,183]. Previous and recent studies indicated that structural, functional, and neuro-

chemical changes occur after brief and prolonged seizures in immature brains. However, not 

all of them are necessarily detrimental to brain function and the immature brain appears to be 

resistant to seizure-induced neuronal damage and neurogenesis [184,185]. Little or no 

neuronal damage in animal models of kindling and SE was observed in animals younger than 

3 weeks. Also, synaptic reorganization did not occur until after the third postnatal week. 

Repeated episodes of pilocarpine-induced SE during post-natal days 7–9 resulted in abnormal 

distribution of neocortical inter-neurons and reduction of natural apoptosis in rats at post-

natal day 35 and there was no hippocampal damage [186]. Occasional hippocampal damage 

can be detected in rats from the second post-natal week onwards but the pattern was different 

from that in adult rats. The damage might not be related to the seizure itself but to stress 

associated with the seizure [187].  

Studies examined the effects of electroconvulsive-induced seizures in rats at various 

developmental stages revealed that in early development, seizures selectively impaired 

myelin accumulation of proportion to their effect on brain growth [188]. In epileptic rats, 

examination of cerebroside and proteolipid protein, relatively specific myelin lipids, was 

found to be reduced by about 11-13% in immature rats [189]. Executive functions, mainly 

under frontal lobe control, seem to be particularly vulnerable to epileptic EEG activity during 

the period of maturation; their disruption possibly interferes with the normal development of 

learning processes [124]. Adults rats experiencing kainic acid-induced seizures on specific 

days during early postnatal development revealed the presence of a long-term loss of 

hippocampal plasticity as manifested by reduced capacity in LTP, which has been suggested 

to underlie memory formation, reduced susceptibility to kindling and impaired special 

learning [39].  

The Proposed mechanisms for the relative resistance of immature hippocampus to 

repeated seizures and SE-induced damage has been attributed to the fact that in immature 

brain there are: 1) preservation of GABA synthesis which declines with maturation [190], 2) 

increased expression of GABAA receptor-1 subunit in contrast to adults [191], 3) presence of 

mitochondrial uncoupling protein [192], 4) absence of mitochondrial oxidative stress [193], 

5) absence of glia activation and cytokine production [194], 6) absence of GluR2 down-

regulation or even up-regulation of GluR2 and down-regulation of GluR3 receptor subunits 

[195], and 7) presence of higher expression of growth factors and neurotrophins (as BDNF) 

[196]. 
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4.2. The Vulnerability of Immature Brain to the Cognitive Adverse 
Consequences of AED  

 

The effects of in-utero exposure to AEDs are increasingly being investigated and 

differential drug risk is considered for both anatomic and cognitive outcomes. Although 

information on the role of fetal and postnatal exposure to AEDs is limited in humans, there is 

a growing body of information from animals suggesting that AEDs may have substantial 

effects on brain development. The pathophysiologic mechanisms responsible for these 

deficits remain largely unknown, however, there is evidence that AEDs can adversely affect 

neuronal proliferation and migration and increase apoptosis [197-201].  

Normally, neuroblast migration is influenced by crucially promoting signals (motility, 

acceleratory and stop signals) from GABA and glutamate neurotransmittors that act on 

several receptors subtypes (GABAA, GABAB and NMDA). Neuronal migration may be 

influenced not only by genetic alterations but also by drug intake. GABAA agonists are 

frequently used in mothers with epilepsy or their offspring as sedatives and anticonvulsants. 

Neuronal migration can adversely be affected by AEDs [201]. Manent and colleagues [201] 

reported occurrence of hipocampal and cortical dysplasias in rat pups exposed to VGB and 

VPA in-utero. The authors found that prenatal exposure to VGB (200 mgkg/day), and VPA 

(100 mg/kg/day) from embryonic days 14 to 19 (in doses which are similar to those used 

clinically) resulted in neuronal migration defect and neuronal death observed postnatally in 

the form of hipocampal and cortical dysplasias. These effects were not found with CBZ (20 

mg/kg/day).  

There may be a relationship between AED-induced apoptosis and cognitive function. 

Recent discovery of neuronal apoptosis following in-utero AED exposure in animals during a 

period that corresponds to the third trimester and early infancy in humans raises further 

concerns. Utilization of PB to rat pups results in significant decreases in brain weight and 

DNA, RNA, protein, and cholesterol concentrations and reduced neuronal number [120,197]. 

Chronic exposure of cultured mouse spinal cord neurons to PB leads to reduced cell survival 

and decreased length and number of dendrite branches. Brain concentrations of dopamine and 

norepinephrine were reduced and the uptake of dopamine, norepinephrine, serotonin, and 

GABA into synaptosomal preparations of brain tissue was greater for offspring of pregnant 

mice treated with PB [198]. Studies demonstrate that PHT, PB, BZ, VGB and VPA cause 

wide spread apoptotic neurodegeneration in the developing rat brain at plasma concentrations 

relevant for seizure control in humans. In these studies, the drugs were administered to the 

fetus or rat pup during a period of intense synaptogenesis [199,200]. Jevtovic-Todorovic and 

colleagues [202] observed widespread apoptotic neurodegeneration and impaired long-term 

potentiation in hippocampal slices obtained from 7-day-old infant rats 3 weeks administered 

midazolam, nitrous oxide, and isoflurane. Persistent deficits in memory and learning were 

demonstrated when the rats were tested subsequently during the Morris water maze or the 

radial arm maze. In contrast, similar apoptotic effects were not seen at therapeutic dosages for 

CBZ, LEV, LTG, or TPM in monotherapy dosages [203-205]. However, preliminary results 

suggest that CBZ, LTG, and TPM, but not LEV, may potentiate cell death when given in 

combination with pro-apoptotic agents such as other AEDs. 
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The apoptotic effect of some AEDs appears to result from reduced neurotrophins and 

protein kinases, which are important for neuronal survival. Postnatal VPA exposure 

suppresses the synthesis of the neurotrophins, BDNF and neurotrophin-3 (NT-3) and reduces 

the levels of survival-promoting proteins in the brain, which reflected an imbalance between 

neuroprotective and neurodestructive mechanisms in the brain [199]. Lee et al. [206] found 

that VPA suppressed protein kinase C (PKC) activity in both membrane and cytosol 

compartments in hippocampal slices. PKC is highly enriched in the brain and plays a major 

role in regulating both pre- and postsynaptic aspects of neurotransmission, including neuronal 

excitability, neurotransmitter release, and long-term alterations in gene expression and 

plasticity. PKC is critical for the induction of LTP and LTD [207]. There is also evidence 

from lab studies that blockage of NMDA receptors can increase neuronal apoptosis resulting 

in chronic behavioral, structural and molecular effects. Harris et al. [208] studied the long-

term consequences of NK-801 (0.5 mg/kg), NMDA antagonist, in a group rats treated 

postnatally day 7. The authors observed reduced volume and neuronal number within the 

hippocampus and altered hippocampal NMDA receptor (NR1 subunit). The same treated 

adult rats with MK-801 developed prepulse inhibition deficits and increased locomotor 

activity. The same mechanism for neuronal apoptosis can be applied for AEDs that cause 

decrement in glutamate-mediated excitation by antagonizing the response mediated by 

NMDA or AMPA/KA subtype of glutamate receptors.  

 

 

5. Clinical and Research Implications 
 

a) The Nature, Timing and Course of Cognitive Progression with Epilepsy 
are of Considerable Concern as Follow 

 

It has been suggested that the first year of life is a critical period for the subsequent 

development of intellectual abilities. Development of epilepsy in the first year of life is 

associated with high incidence of intellectual impairment (82.4%) [34]. This highlights early 

identification and proper evaluation. Neurocognitive deficits may be subtle. Children born to 

mothers may have subtle deficits that may not be identified for years following delivery. 

Some learning deficits may not be apparent until the teenage years. Subtle neurocognitive 

deficits may induce long-term consequences and significantly reduce the child‘s likelihood of 

achieving success in school and eventually reduce employment opportunities. Even static 

cognitive impairment in children and adolescents with epilepsy may have lifespan 

implications. Research in general population has shown that lower childhood intelligence 

level at age 11 is associated with the risk of adverse cognitive outcome decades later [209]. 

Also it is important to note that children born to mothers with epilepsy who appear to be 

functioning within the normal range may have disorders higher cortical function (as memory, 

attention, speech and language, abstract thinking, and executive control) that are not manifest 

themselves until the child reaches grade school. Thus relying solely on IQ is insensitive for 

assessing cognition. Careful sensitive neuropsychological tests that require appropriate 

professional input may reveal specific impairments [208]. Hence, comprehensive 

pretreatment evaluation and judicious management of all factors that contribute to cognition, 
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behavior and educational problems in epilepsy, are essential for optimal outcome. For old 

individuals with chronic epilepsy, additional risk factors that are associated with abnormal 

cognition in which many of these risk factors present as early as midlife. It is important to 

systematically identify and treat known modifiable risk factors in order to protect and 

promote cognition in older persons with chronic epilepsy [210]. 

 

 

b) Optimized Therapeutic Modalities 
 

AEDs are the major therapeutic modality for control of seizures. Provided that treatment 

decision may have lifelong implications, the neurologists should be aware that the lack of 

cognitive side effects related to an AED should be relevant for their treatment decisions. For 

example, CBZ and LTG have been widely advocated for the treatment of women with 

epilepsy during pregnancy. Women on VPA should be discussed for gradual withdrawal of 

VPA and switch to one of the known safe AEDs during pregnancy. If there is no optimal 

seizure control with the alternative drugs, then alternative combination of low dose VPA with 

the additional drug might be acceptable. Also AEDs Levels should be monitored at least each 

trimester and for 2-3 months following delivery. Pharmacokinetic changes demand 

monitoring of free levels of highly protein bound AEDs to avoid confusion with increased 

seizures (or symptoms of toxicity) despite therapeutic total serum drug levels. If dose is 

increased during pregnancy, medication dose tapering should be anticipated in the 

postpartum period to avoid medication toxicity. 

The argument stated that "the optimal treatment for epilepsy is not only to control 

seizures but also to reduce the risk or consequences of cognitive impairments and behavioral 

abnormalities as much as possible", also has to be made for decisions about epilepsy surgery. 

Preliminary findings indicate that postsurgical training improves memory deficits and 

encourage further research. Epilepsy surgery is an option for patients intractable for medical 

treatment with focal seizures that arise from noneloquent brain regions. Because the 

epileptogenic tissue that is resected is dysfunctional, seizures are reduced and the use of 

AEDs is reduced, the risk of significant cognitive decline is generally reduced. However, the 

risks of functional impairment due to tissue ablation need to be weighted carefully against the 

benefits of surgery on seizure control and overall functional state. Damage of functional 

tissue, low mental reserve capacity, and poor seizure outcome increase the risk for 

postsurgical memory impairment whereas functional release due to seizure freedom 

counteracts negative impact. Patients older than 40 years may be at increased risk of memory 

impairment postoperatively. Risk for verbal memory decline occurs with left anterior 

termporal lobectomy (ATL) while visuospatial memory impairment occurs with right ATL 

[211]. 

Furthermore, multidisciplinary management strategies in epilepsy have also to address 

the psychosocial variables: Proper neuropsychological assessment of the child will help the 

school personnel for planning the academic strategies. Strategies such as social skills 

training, educational, speech and language interventions, and psychopharmacotherapy are 

necessary. It is important to indicate epilepsy-specific optimistic orientation and the potential 
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activities for overcoming stigma and increasing education and awareness related to epilepsy 

in community-based research studies [212,213]. 

 

 

c) Proper Assessment of the Neuropsychological Profile of the Available 
AEDs 

 

Most neuropsychological drug effects have been incompletely described. A recent 

American Academy of Neurology (AAN) and Child Neurology Society (CNS) practice 

guidelines stated that behavioral and cognitive side effects need to be better evaluated 

especially for new AEDs and individual risks as well as group differences assessed on tests of 

cognition [214]. Further investigations of mediating factors such as serum concentrations, co-

medication, and other potential risk factors are needed to enable appropriate targeting of 

treatment with the effective AED. 

 

 

d) The Need to Design Studies that Address the Developmental Issues in 
Epilepsy Management 

 

Experimental studies indicate that the immature brain responds differently to treatment 

than does the mature brain. Because AEDs have various adverse effects, which may interfere 

with normal developmental processes and affect cognitive functions, physicians must weigh 

up the adverse effects of more aggressive treatments with the benefits of complete seizure 

control. For example, it is known that glutamate plays key roles in successive steps of brain 

development. Interfering of glutamate receptors (as by NMDA blockers) may result in 

deleterious consequences in the developing brain [215], while antagonism of non-NMDA 

receptors (e.g., AMPA/KA) sites had shown neuroprotective and antiepileptogenic effect in 

immature as well as mature brains [140,216,217]. Furthermore, some AEDs which seem to be 

neutral in mature brains have shown neurotoxic effect and can exacerbate neuronal damage in 

some paradigms in immature brains (as VPA, PB, BZP and TGB) [200]. Large cohort and 

controlled prospective studies are necessary and should include a sufficient number of 

women and children exposed to newer AEDs. This demands provision of adequate 

information and counseling about drug treatment during childbearing years through epilepsy 

services programs. In addition, the basic mechanisms underlying AED-induced 

cognitive/behavioral teratogenesis need to be delineated through prospective clinical studies. 

Demonstrations in animals that AEDs can induce neuronal apoptosis in developing brains 

raise concern that similar adverse effects may occur in children exposed in-utero or in the 

neonatal period. 

 

 

e) The Need for Clear Definitions of the Clinical Paradigm and Adequate 
Outcome Measures 

 

Assigning cause or effect, or detecting positive therapeutic impact in ‗complex systems‘ 

of neural circuitry is critical because the aims are not necessarily equivalent. For example, it 
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is difficult to conclude that administration of AEDs during the acute or latency phase would 

have an effect on the molecular cascades underlying epileptogenesis or predict the risk for 

later adverse consequences on cognition or behavior. Thus, it is necessary to design specific, 

sensitive, long-term outcome measures to assess cognition in epilepsy. 
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Abstract 
 

Cognitive difficulties are now recognized as a major driver of functional impairment 

in children with ADHD.  However, to date, clinicians remain less aware of feasible and 

appropriate statistical approaches to measure cognitive and behavioural change in their 

patients.  This chapter presents a practical statistical decision making rule and then 

outlines a clinician-friendly study design for ascertaining stimulant medication response 

in children with ADHD.  

 

 

Introduction 
 

There is limited understanding of the problems associated with repeated 

neuropsychological assessment in children, including the statistics used to guide decisions 

about cognitive change. Further, clinicians rarely consider change in cognitive function when 

evaluating treatment response in individual children with ADHD. This is most likely due to a 

lack of suitable assessment tasks as well as clinicians‘ limited awareness of the appropriate 

statistical techniques for measuring cognitive change in individuals. This chapter outlines a 
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study investigating the application of a statistically principled decision rule to the cognitive 

and behavioural measures of individual children with ADHD in order to classify a 

significant, positive response to medication. The data demonstrate an evidence-based 

approach to clinical decision-making that can be used to evaluate cognitive and behavioural 

improvement in individual children with ADHD following treatment with stimulant 

medication. Then, a study investigating a novel ―intensive design‖ method for assessing 

stimulant medication-related improvement in cognitive function in children with ADHD is 

presented. The results demonstrate the effectiveness of the medication in improving 

behavioural symptoms of ADHD, as well as certain features of cognitive function 

(psychomotor, visual attention and learning). Overall, these findings support the use of a 

novel ―intensive‖ within-subjects design to examine the short-term effects of stimulant 

medication on cognitive and behavioural functions in children with ADHD. Further, this 

design is readily utilised in routine clinical practice. 

 

 

Study 1 
 

Attention-deficit/Hyperactivity disorder (ADHD) is characterised by developmentally 

inappropriate levels of inattention, and/or impulsiveness/overactivity (American Psychiatric 

Association, 1994). Stimulant medication is currently the most common and effective 

treatment for this disorder (Conners et al., 2001; Hoagwood et al., 2000). Successful response 

to treatment with stimulant medication is typically inferred from a reduction in behavioural 

symptoms, as determined by clinical judgment and/or parent and teacher behavioural ratings 

(Aman and Turbott, 1991). Although medication-responsiveness can vary according to many 

factors such as the severity of ADHD symptoms, medication dose, or the presence of 

comorbid disorders (Buitelaar et al., 1995; Denney and Rapport, 1999; DuPaul et al., 1994), 

the incidence of actual non-response is reported to be rare when thorough medication trials 

are conducted (Elia et al., 1991). In addition to improving behavioural symptoms, there is 

strong evidence to suggest that performance on tests of psychomotor, attention and memory 

also improves following treatment with stimulant medication (e.g., Bedard et al., 2003; de 

Sonneville et al., 1994; Douglas et al., 1995; Douglas et al., 1986; Mollica et al., submitted; 

for a review, see Rapport and Kelly, 1993). These findings suggest that improvement in 

cognitive function may be another useful marker of treatment response in individual children 

with ADHD (Rapport and Denney, 2000); therefore, it is important to improve current 

methods of assessing and analysing cognitive change in individuals with ADHD in order to 

accurately measure treatment outcomes. 

There are at least three reasons for the limited application of cognitive tests to assist 

clinical decisions about treatment response in ADHD. First, tests of cognitive function that 

are used by clinicians must support reliable inferences about the presence or absence of 

change in cognitive function in individual patients. This is in contrast to the use of 

neuropsychological tests in research studies, where inferences about change are based on the 

performance of groups of children, and are aimed primarily at developing brain-behaviour 

models of the disorder. In fact, it has been argued that the optimal characteristics of tests 

designed to detect cognitive change differ substantially from those of most conventional 
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neuropsychological tests (see Collie et al., 2003; Collie et al., 2003; Silbert et al., 2004). 

Collie and colleagues suggest that tests that are administered repeatedly should contain 

equivalent alternate forms, incorporate simple response requirements, and include a brief 

administration time to minimise the effects of practice. In addition, it is necessary that the 

performance metrics of such tests incorporate features that facilitate the detection of subtle 

cognitive change. These include a large range of scores to allow for performance variation, 

and scores that yield a normal data distribution. Because decisions about individuals are 

generally made without reference to a matched control group, it is necessary that the effects 

of repeated administration on a cognitive test be minimal, or if present be understood 

thoroughly.  

A second reason for the limited application of cognitive tests to assist clinical decisions 

about treatment response in ADHD concerns the analysis of data from individuals. The 

statistical methods required to guide decisions about cognitive improvement in individuals 

are not as well developed as the methods used to define cognitive impairment (typically a 

comparison to some normative range) or those used to compare the cognitive performance of 

groups of children before and after medication. However, an increasing specialisation in the 

identification of cognitive change, such as that which can result from concussion, has led to 

improved methods for guiding decisions about cognitive change in individuals (for a review, 

see Collie et al., 2002). These methods include Reliable Change Indices (RCIs) and related 

techniques (the Modified Reliable Change Indices (MRCIs) and Reliability-Stability Index), 

as well as simple and multiple regression techniques. However, most of these methods cannot 

be applied within clinical settings because they require data from some healthy comparison 

group tested over equivalent intervals to the patient of interest, and such data are rarely 

available for conventional neuropsychological tests (McCaffrey and Westervelt, 1995). 

The third issue for the limited application of cognitive tests to determining treatment 

response relates to the aspects of cognitive function assessed. At present, simple stimulus-

response tests are often used to measure change in the cognitive function of individual 

patients after medication (e.g., the Test of Variables of Attention (TOVA); Greenberg and 

Waldman, 1993; the VIGIL; Rodgers et al., 2003). Simple tests are attractive because they 

are generally brief (i.e., they require less than 30 minutes), deliver data that have good metric 

properties, and are not associated with substantial practice effects. However, as children with 

ADHD show impairment across a range of cognitive functions (e.g., attention, executive 

function, and memory; Barnett et al., 2001; Barnett et al., submitted), the measurement of 

single aspects of cognition may cause true medication-related improvement to be overlooked. 

Importantly, assessing medication effects with many different cognitive tests increases the 

time required for testing. 

Even if the time required to assess multiple cognitive functions can be minimised there 

remains an important statistical issue. When the criterion for classifying change is constant 

(e.g., improvement >1 standard deviation), the probability of detecting improvement or 

decline by chance increases with the number of tests given. For example, the probability of 

detecting change of one standard deviation unit in cognitive function using 10 tests is much 

greater than the probability of detecting change using a single test. To reduce the probability 

of Type I error as the number of tests in a battery increases, the criterion used to define 

change should be made more conservative. Ingraham and Aitken (1996) have shown that the 
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experiment-wise error rate can be controlled as the number of cognitive tests increase by 

increasing both the cut-off score required for a classification of change and the number of 

tests for which performance must exceed the cut-off score. According to their simulations, 

with 10 performance measures, a change rule requiring improvement greater than 1.65 SDs (p 

< .05 one-tailed) on two or more tests retains Type I error at less than.05. Another approach 

to controlling the experiment-wise error rate in multi-test cognitive batteries is to compute a 

composite score from all performance measures. The justification for this approach is that a 

criterion for change, such as improvement greater than 1.65 SD on at least two tests, will 

classify individuals as responders only if they show marked improvement in specific aspects 

of cognition, but not if they demonstrate subtle improvement across all or most domains. 

Small but positive changes across all tests will sum and increase the value of the composite 

score so that it can be differentiated reliably from zero (Rasmussen et al., 2001). In contrast, 

for individuals in whom no true cognitive change has occurred, change scores on individual 

cognitive tests would be both positive and negative, making their sum (i.e., the composite 

score) close to zero. However conclusions based on composite scores are limited to 

interpretation defined broadly by all tests in a battery, and don‘t allow consideration of 

performance changes on the specific measures of cognitive function from which the 

composite score is derived.  

Apart from absolute difference scores and percentage change scores, statistical 

approaches to defining change (for single tests or composite scores) require some estimate of 

normal variability in performance over time. This normal variability is used to determine 

whether any change observed in the performance of the individual patient is meaningful (for 

a review, see Collie et al., 2002). Different change statistics derive this estimate of normal 

variability from different data sources. For example, some RCIs use the SD of difference 

scores as their denominator (Rasmussen et al., 2001). The RCI is considered the superior 

statistic for guiding decisions about change (Collie et al., 2002), although the clinician is 

faced with the problem of deciding upon the most appropriate control group. In most 

circumstances, this problem can be overcome by estimating the stability of performance from 

a matched control group, assessed on the same cognitive tests at the same test-retest intervals 

as the patient of interest. For ADHD however, the selection of a control group may be 

problematic because researchers contend that, in addition to subtle impairments in cognitive 

function, children with ADHD also show greater variability in performance than healthy, age-

matched children without ADHD (Douglas, 1999). In fact, some argue that this increased 

variability is the cognitive hallmark of ADHD (Castellanos and Tannock, 2002), although the 

magnitude of this variability has not been quantified. If increased within-individual 

variability is part of the ADHD cognitive syndrome then the best estimate of normal 

variability in performance (in the absence of medication) would come from a group of 

children with ADHD who are assessed repeatedly while unmedicated. Thus, it is important to 

test the hypothesis that children with ADHD show greater variability in cognitive 

performance than that of age-matched children without ADHD. If the hypothesis is refuted, 

the stability data obtained from the group of healthy children would also provide an 

appropriate denominator to guide decisions about the significance of change in cognitive 

function in children with ADHD following medication. 
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The aim of the current study was to apply statistical decision rules to the cognitive test 

data of individual children with ADHD in order to classify whether each showed a cognitive 

response to medication. The ability of this technique to identify true treatment response was 

determined by the extent to which classifications of cognitive response were commensurate 

with classifications of behavioural response in the same children. Although there is some 

speculation that cognitive and behavioural responses to medication may be independent, 

previous published findings indicated that both cognitive and behavioural improvement 

occurred in the same ADHD group (Mehta et al., 2004; Pietrzak et al., 2006). Furthermore, 

behavioural response is the current standard by which medication response is determined, 

both clinically and in medication trials (Conners, 2002; Swanson et al., 1993). Therefore, 

behavioural response was used as a gold standard to determine the utility of the cognitive test 

and statistical rules in identifying treatment response. Before this analysis, we sought to 

determine whether the variability in cognitive performance in medication naïve children with 

ADHD was greater than that in age-, gender- and IQ-matched control children by computing 

estimates of test stability in the two groups and comparing them directly. To provide 

statistical power adequate to detect small differences in variability, we also compared the 

stability of performance in children with ADHD to that of a larger group of healthy children. 

 

 

Method 
 

Participants 
The data were obtained from children who participated in two separate studies (Mollica 

et al., 2005; Mollica et al., submitted; refer to these papers for more detailed information 

about participants, materials and procedures). The first participant group included 87 healthy 

children aged between 8 and 12 years (42 males; M = 120.10 months, 14.47). The remaining 

groups included 14 children with ADHD aged between 7 and 12 years (12 males, M = 110.71 

months 22.38) and 14 healthy children, each of whom was matched to a child with ADHD 

for gender and age (12 males, M = 111.50 months 20.73; t (26) = 0.10, p =.92). The FSIQ of 

these two groups was also equivalent (healthy mean = 104.43, 5.67; ADHD mean = 100.07, 

8.44; t (26)= 1.60, p=.12). Prior to enrolment in the study, all children with ADHD had met 

the DSM-IV symptom cut-off and impairment criteria for ADHD (combined type), as 

diagnosed by a child psychiatrist. The exclusion criteria for participants in the three groups 

have been described previously. 

 

Measures 
Behavioural measures: The Child Behavior Checklist- parent form (CBCL; Achenbach, 

1991) was completed for each participant prior to testing. The Rutter and Graham Interview 

Schedule was completed for each child during each testing session (Rutter and Graham, 

1968), from which a composite Hyperactivity (RGIS-H) rating was calculated. In addition, 

the Abbreviated Conners Rating Scale (ACRS; Conners, 1985) and the Children’s 

Impulsiveness Scale (CIS; Vance and Barnett, 2002) were completed within each testing 

session for the ADHD group and their matched controls. Total scores for the ACRS and CIS 

were used. 
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Table 1. Schedule of testing for the participants with ADHD and their matched 

 control group 

 

 Session A Two hour break Session B 

Day One Assessment 1 2.5mg dexamphetamine Assessment 2 

Day Two Assessment 3 7.5 mg dexamphetamine Assessment 4 

Day Three Assessment 5   

 

Cognitive measures: The participants were repeatedly assessed using the CogState 

battery. This battery comprises seven tasks that assess psychomotor function (detection task), 

visual attention (identification, matching and monitoring tasks), executive function (working 

memory and sorting tasks) and memory (learning task). The dependent variable for the tests 

of psychomotor function and visual attention was mean reaction time (RT). Accuracy (i.e., 

the percentage of correct responses) was recorded for the tests of executive function and 

memory. These performance measures were used because they are the most appropriate for 

measuring cognitive change with children: they cause minimal practice effects, yield normal 

distributions, and allow enough variation in performance to detect decline and improvement 

in performance (Mollica et al., 2005). A description of the battery's administration and the 

seven cognitive tasks has been detailed previously. 

 

Procedure 
The large group of healthy children was tested in groups of ten at their primary school. 

These children completed four administrations of the cognitive battery within a two-hour 

testing session, with 10-15 minute rest breaks in between administrations. In a separate study, 

the ADHD and matched control groups completed five administrations of the cognitive 

battery over three consecutive weekdays: two on day one, two on day two, and one on day 

three (see Table 1). Each testing session was completed within 30 minutes and participants 

had a two-hour break between sessions that were conducted on the same day. Immediately 

after completion of the first and third test sessions, the children with ADHD were 

administered a dose of stimulant medication. They received 2.5mg of dexamphetamine after 

session one and 7.5mg of dexamphetamine following session three (see Table 1; these doses 

are within the range of standard medication doses prescribed by the treating child 

psychiatrist). None of the matched control children were administered any medication 

throughout testing. Five children with ADHD were regularly taking stimulant medication 

prior to their involvement in the study: these children ceased taking their stimulant 

medication at least 24 hours prior to the first testing session and did not resume until the 

study was complete. Following each testing session, the assessor completed the RGIS for 

each child. In addition, the assessor completed the ACRS and CIS for each child in the 

ADHD group and their matched controls following each testing session. 

 

Statistical Analysis 

Treatment of Data from Cognitive Tasks and Behavioural Rating Scales 
Each participant‘s CBCL ratings were converted to standardised T scores. The healthy 

children‘s T scores were inspected to ensure that none exceeded 65 (Achenbach, 1991). The 
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RTs for each correct trial were identified and transformed using a logarithmic base 10 (log10) 

transformation to ensure that the data were suitable for parametric statistical analyses. The 

mean transformed RT for each individual was computed for the detection, identification, 

matching and monitoring tasks. For the working memory, sorting and learning tasks, the 

number of correct responses were recorded and expressed as a percentage of the total number 

of trials. Arcsine transformations were then applied to these percentage scores in order to 

normalise the data distributions (Winer, 1971). Once complete, data analysis proceeded in 

two stages. The first compared variability in behaviour and cognitive function between the 

different groups to determine the most appropriate denominator for change equations. The 

second investigated the cognitive and behavioural change scores for each test within the 

ADHD group and the matched control group.  

 

Stability of Cognitive Performance and Behavioural Ratings in ADHD 
For each measure, performance on the initial baseline was excluded because a practice 

effects was identified previously in this data set, which reflected familiarisation from the first 

to second assessment (Mollica et al., 2005). In order to keep the experimental design 

balanced, behavioural data from the first assessment were also excluded for the ADHD 

participants and their matched controls. Data from the multiple baseline conditions was then 

submitted to a series of one-way Analysis of Variance (ANOVA) in order to determine the 

mean square residual (MSr) on each cognitive task (i.e., assessments two, three and four for 

the large healthy group, and assessments three and five for the ADHD and matched control 

groups). The square root of the MSr was then calculated to determine the within-subjects 

standard deviation (WSD; Bland and Altman, 1996) for each group on all of the cognitive 

measures. The WSD was also calculated using the behavioural ratings of the ADHD group 

and their matched controls. The Fmax test statistic (Winer, 1971) was used to compare the 

magnitude of the estimates of variability for the behavioural measures between the ADHD 

group and their matched controls. For the WSD of the cognitive measures, two series of Fmax 

tests were conducted: the ADHD group was compared to each of the groups of healthy 

children in separate analyses.  

 

Defining Improvement on Cognitive and Behavioural Measures 
The number of individuals in the control and ADHD groups who showed improvement 

under the low or high dose condition was computed for each behavioural and cognitive 

measure. For each individual, data from the two baseline assessments (i.e., assessments three 

and five) were collapsed to form a single, average baseline measure. Exploratory analysis 

indicated no difference between the baseline assessments for any cognitive or behavioural 

measure. Performance for the average baseline condition was then subtracted from 

performance for the low and high dose conditions, respectively. This difference was 

expressed as a ratio of the WSD to determine the treatment response ratio. For the cognitive 

and behavioural measures, ratios greater than 1.65 (p < .05 one-tailed) were classified as a 

significant improvement. The number of individuals in the ADHD group showing 

improvement indicated the sensitivity of the test to stimulant medication. The false positive 

rate of the cut-off score was determined empirically by computing the number of individuals 
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in the (untreated) control group who showed improvement on each behavioural and cognitive 

measure.  

A response to treatment with stimulant medication might manifest as subtle improvement 

(i.e., less than the cut-off score) across a range of cognitive measures rather than as large 

improvement on two or more specific measures. Therefore, cognitive response was also 

classified using a composite score derived from change in performance on the seven 

cognitive performance measures (e.g., Rasmussen et al., 2001). This z-composite score was 

computed by summing the seven treatment response ratios for each individual in the ADHD 

and control groups for the low and high dose conditions. The SD of the z-composite score 

was computed from the control group and used as a denominator in the equation: 

 

z-composite score =   individual‘s sum of treatment response ratios 

SD of composite scores from the matched control group 

 

Cognitive z-composite scores exceeding 1.65 (p < .05 one-tailed) were used to classify 

general cognitive improvement. This method was also used to compute a z-composite score 

for the behavioural measures. 

 

Definition of Cognitive and Behavioural Treatment Response in Individuals 
The binomial probability tables of Ingraham and Aitken (1996) were used to determine 

the number of individuals that demonstrated significant improvement in cognitive or 

behavioural function following treatment with stimulant medication. For each individual, a 

cognitive treatment response was defined as a treatment response ratio of 1.65 or greater (p < 

.05, one-tailed) on two or more of the seven cognitive measures. Given the smaller number of 

behavioural measures, the less conservative treatment response ratio of 1.50 or greater (p < 

.05, one-tailed) on two or more measures was used to classify a behavioural treatment 

response. To check the model developed by Ingraham and Aitkin (1996) the same rules were 

applied to the behavioural ratings and cognitive performance of the non-ADHD, non-

medicated control group. Any classification of treatment response in this group would be a 

false positive classification.  

The possibility of an individual experiencing more subtle, but general improvement in 

function was investigated using the z-composite scores. For the cognitive and behavioural z-

composite scores, treatment response was classified if the value exceeded 1.65 (p < .05 one-

tailed). Therefore, to be classified as a cognitive responder an individual required a treatment 

response ratio of 1.65 or greater on two or more cognitive performance measures, a cognitive 

z-composite score of 1.65 or greater, or both. To be classified as a behavioural responder an 

individual required a treatment response ratio of 1.50 or greater on two or more behavioural 

rating scales, a behavioural z-composite score of 1.65 or greater, or both. 

 

Validity of Cognitive Responder Classification 
According to the criteria outlined above, each child could be classified into one of four 

response categories. These categories were: cognitive responder/behavioural responder (true 

positive classification), cognitive responder/behavioural non-responder (false positive 

classification), cognitive non-responder/behavioural responder (false negative classification) 



Cognitive Impairment in Children with ADHD 

 

47 

and cognitive non-responder/behavioural non-responder (true negative classification). The 

number of individuals within each of these classification categories was identified for both 

the low- and high-dose conditions separately. The association between the classification of 

cognitive and behavioural response was determined using the Chi-square test. The strength of 

the association between the magnitude of behavioural and cognitive response was then 

determined by calculating the Pearson‘s correlation coefficient (r) between the behavioural 

and cognitive z-composite scores at both the low- and high-dose conditions. Finally, the 

presence and strength of the association between the magnitude of cognitive response at the 

low- and high-dose conditions was examined by computing the Pearson‘s correlation 

coefficient between the cognitive z-composite score for both medication conditions. For all 

analyses, the alpha level used to indicate statistical significance was maintained at p < .05. 

This criterion was selected because this is a novel approach to investigating cognitive change 

in individual children, hence it was considered important to generate hypotheses for future 

investigation. 

 

 

Results 
 

Stability of Cognitive Performance and Behavioural Ratings in ADHD  
The WSD for each cognitive measure in the two control groups and the ADHD group is 

shown in Table 2. The magnitude of the WSD was similar between the ADHD group and 

both control groups. In fact, no significant differences were found between the ADHD and 

control groups for the stability of performance on any cognitive measure. In contrast, 

behavioural measures were significantly more variable in the ADHD group than in the 

matched controls. Therefore, the groups‘ respective WSDs were used as the denominator for 

computation of standardised response magnitude scores for the cognitive and behavioural 

measures.  

 

Defining Treatment Response for Cognitive and Behavioural 
Measures 

The number of individuals classified as showing improvement on each behavioural and 

cognitive measure in each group is shown in Table 3. Very few controls met the criteria for 

improvement on any behavioural measure. For the ADHD group, significantly more 

improvement was identified for the ACRS at the low- and high-dose and the CIS at the high-

dose. However, the behavioural z-composite score showed the greatest amount of 

improvement in the ADHD group as well as yielding no false positive classifications. 

For the cognitive performance measures, the number of individuals from the control 

group classified as showing improvement was uniformly low. The cognitive performance 

measures that were most sensitive to treatment response in children with ADHD were the 

detection task at both the low- and high-dose, and the identification and sorting tasks at the 

high-dose. Once again, the z-composite score was most sensitive to cognitive improvement 

following stimulant medication, as well as yielding no false positive classifications.  
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Table 2. A comparison of the within-subjects standard deviation (WSD) between a large 

sample of healthy control children (Control 1), a group of children with ADHD,  

and their matched control group (Control 2) 

 

 WSD Fmax statistic 

 Control 1 Control 2 ADHD Control 1 Control 2 

Measure (n = 87) (n = 14) (n = 14) vs. ADHD vs. ADHD 

Behavioural      

 ACRS - 0.57 1.94 - 11.58** 

 CIS - 0.73 1.6 - 4.80* 

 RGIS-H - 0.85 1.7 - 4.00* 

Cognitive      

 Detection 

(RT) 

0.05 0.05 0.06 1.44 1.44 

 Identificatio

n (RT) 

0.07 0.07 0.05 0.51 1.96 

 Matching 

(RT) 

0.07 0.06 0.05 1.96 1.44 

 Monitoring 

(RT) 

0.08 0.08 0.08 1.00 1.00 

 Working 

memory (Acc) 

0.12 0.14 0.10 0.69 1.96 

 Sorting 

(Acc) 

0.16 0.13 0.11 2.12 1.40 

 Learning 

(Acc) 

0.11 0.13 0.11 1.00 1.40 

Note. ACRS = Abbreviated Conners Rating Scale; CIS = Children‘s Impulsivity Scale; RGIS-H = 

Hyperactivity Composite score of the Rutter and Graham Interview Schedule; RT = reaction time; 

Acc = accuracy; * = p < .05; ** = p < .01. 

 

 

Defining Cognitive and Behavioural Treatment Response in 
Individuals 

The number of individuals in each group whose improvement in behaviour ratings or 

cognitive performance was sufficient to be classified as a behavioural or cognitive treatment 

response is shown in Table 4. None of the control children was classified as either a 

behavioural or cognitive responder. In comparison, a significant proportion of the ADHD 

group met the criteria for classification as both behavioural (Chi-square = 6.09; p < .05) and 

cognitive (Chi-square = 4.67; p = .05) responders at the low-dose medication condition. 

Furthermore, this proportion more than doubled for both behavioural (Chi-square = 18.12; p 

< .01) and cognitive (Chi-square = 15.56; p < .01) responder classifications at the high-dose 

medication condition.  

 

Validity of Cognitive Responder Classification 
Table 5 shows the association between the number of participants in each classification 

category within the ADHD group for the low- and high-dose medication conditions. No 

significant association was found between classifications of behavioural and cognitive 

response for the low-dose condition (Chi-square = 3.76; p = .10); however, the majority of 

cases in this analysis (57%) were classified as behavioural and cognitive non-responders. For 
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the high-dose condition, there was a significant association between classification as a 

behavioural and cognitive responder (Chi-square = 9.55; p = .01) with the majority of cases 

(71%) classified as responders across both domains.  

The magnitude of cognitive response observed in individual children with ADHD (as 

defined by the cognitive z-composite scores) was strongly associated with the magnitude of 

behavioural response in the same children (as defined by the behavioural z-composite score) 

for both the low- (r = .72; p < .01; see Figure 1) and high-dose conditions (r = .85; p < .01; 

see Figure 2). Finally, despite being too subtle to yield many cases of treatment response, the 

magnitude of cognitive response at the low-dose was associated significantly with the 

magnitude of cognitive response at the high-dose medication condition (r = .83; p < .01; see 

Figure 3) for the children with ADHD.  

 

Table 3. Number of participants demonstrating improvement on behavioural  

and cognitive measures 

 

Note. ACRS = Abbreviated Conners Rating Scale; CIS = Children‘s Impulsivity Scale; RGIS-H = 

Hyperactivity Composite score of the Rutter and Graham Interview Schedule;  

* = p < .05; ** = p < .01. 

 

 

Measure Group Low-dose High-dose 

  (Assessment two) (Assessment four) 

Behavioural    

 ACRS Healthy 0 0 

 ADHD 7** 8** 

 CIS Healthy 2 1 

 ADHD 6 8** 

 RGIS-H Healthy 1 2 

 ADHD 2 3 

 z-

composite 

Healthy 0 0 

 ADHD 3 11** 

Cognitive    

 Detection Healthy 0 0 

 ADHD 6** 7** 

              Identification Healthy 0 0 

 ADHD 3 4* 

 Matching Healthy 1 2 

 ADHD 3 5 

 Monitoring Healthy 0 1 

 ADHD 0 2 

 Working Healthy 0 0 

 memory ADHD 2 2 

 Sorting Healthy 0 0 

 ADHD 1 4* 

 Learning Healthy 0 0 

 ADHD 1 1 

 z-

composite 

Healthy 0 0 

 ADHD 2 10** 
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Table 4. Behaviour and cognitive responders for the ADHD group and their matched 

controls within each treatment condition 

 

  Condition  

Group Low-dose High-dose 

 (assessment two) (assessment four) 

Behavioural measures   

 Healthy 0 0 

 ADHD 5* 11** 

Cognitive measures   

 Healthy 0 0 

 ADHD 4* 10** 

Note. * = p < .05; ** = p < .01. 

 

Table 5. Summary of the number of children with ADHD in each classification category 

at both the low- and high-dose conditions 

 

 Cognitive Cognitive 

 response non-response 

Low-dose condition   

 Behavioural 

response 

3 2 

 Behavioural non-

response 

1 8 

High-dose condition**   

 Behavioural 

response 

10 1 

 Behavioural non-

response 

0 3 

Note. ** = p < .01. 

 

r
2
= .52

-1

-0.5

0

0.5

1

1.5

2

2.5

-4 -2 0 2 4 6

Cognitive z-composite score

B
e

h
a

v
io

u
ra

l 
z
-c

o
m

p
o

s
it
e

 

s
c
o

re

 

Figure 1. Scattergram of the z-composite scores for participants with ADHD in the low-dose condition. 
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Figure 2. Scattergram of the z-composite scores for participants with ADHD in the high-dose condition. 
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Figure 3. Scattergram of the cognitive z-composite scores for participants with ADHD at the low- and 

high-dose conditions. 

 

Discussion 
 

The results of this study indicate that the statistical method developed for defining 

cognitive and behavioural response to stimulant medication was able to identify individuals 

with ADHD who showed a true positive response without classifying any treatment response 

in healthy, non-treated children assessed at the same time intervals. By considering 

simultaneously both the criterion used to define change on each cognitive or behavioural 

measure as well as the number of measures given, the decision rule yielded a high sensitivity 

and high specificity to treatment response. Although preliminary, these results suggest that it 

is possible to develop an evidence-based approach to clinical decision-making about the 

response to medication of individual children with ADHD. Whereas clinicians are 
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experienced in making decisions about the effectiveness of medication on the basis of change 

in behavioural symptoms, the utility of cognitive function as a measure of treatment response 

in individual patients is not clear. By taking what has been learned about cognitive tests and 

statistical methods from other contexts (e.g., detecting cognitive decline after coronary 

surgery, concussion management; Collie et al., 2002) and modifying them so that they are 

appropriate for investigating ADHD, the current study provides a reliable method for 

identifying treatment response in individual children. 

In the children with ADHD, the cognitive and behavioural response to medication (as 

defined in this study) was remarkably consistent following the high dose of medication. Ten 

participants (71%) were classified as having responded to the medication on both the 

behavioural rating scales and cognitive performance measures. Furthermore, the three 

children who showed no behavioural response also showed no cognitive response (see Table 

5). The one inconsistent classification at the high dose occurred when a child who was 

classified as a behavioural responder did not satisfy the criteria for a cognitive response. 

However, inspection of the data for this case indicated that the child‘s cognitive composite 

score was actually 1.64; hence, she failed narrowly to satisfy the classification criterion for 

cognitive response (as shown in Figure 2). Thus, in contrast to the work of Sprague and 

Sleator (1977) the results of the current study suggest that a single dose of stimulant 

medication is effective in ameliorating behavioural and cognitive symptoms of ADHD.  

Of the three children with ADHD who showed no behavioural or cognitive response at 

the high-dose, two also showed no improvement in cognitive and behavioural function at the 

low-dose of medication. Interestingly, the characteristics of these two non-responders were 

qualitatively similar to profiles of children with ADHD that are proposed to demonstrate a 

poor response to stimulant medication (for a review, see Gray and Kagan, 2000). For 

example, these two children had clinically significant ratings on the Anxious/Depressed 

subscale of the CBCL (i.e., scores of 75 and 76; M for responders = 57.75 ±4.90), as well as 

relatively low baseline ratings of behavioural disturbance on the ACRS (i.e., mean baseline 

ratings of 4 and 1.5; M for responders = 8.69 ±2.97). One of these children also had a co-

morbid diagnosis of Generalised Anxiety Disorder. An increased severity of co-morbid 

internalizing symptoms such as anxiety and depression has been associated with a poor 

response to medication within both the cognitive and behavioural domains (DuPaul et al., 

1994; Swanson et al., 1978; Tannock et al., 1995). In addition, children who display less 

severe behavioural symptoms of ADHD, including those measured by the Conners‘ rating 

scales (i.e., the ACRS), are less likely to demonstrate medication-related improvement 

(Buitelaar et al., 1995; Efron et al., 1997; Taylor et al., 1987). Therefore, the non-

responsiveness of these two children is consistent with knowledge regarding variables that 

have been associated with poor response to stimulant medication in ADHD.  

The third behavioural and cognitive non-responder at the high medication dose actually 

showed significant improvement in both cognitive and behavioural function following the 

low-dose. Although this finding is in contrast with the linear dose-response effects that are 

typically observed in ADHD (Greenhill, 2001), it also highlights the importance of 

considering inter-individual variation in medication response. For example, this may 

represent a case where treatment was optimised at a low-dose of stimulant medication. 

Previous studies have defined treatment response, albeit primarily based on behavioural 
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symptoms, as occurring with improvement at either a low or high medication dose (e.g., 

Denney and Rapport, 1999). Had this same criterion been used in the current study, the 

number of true negatives would have been reduced to two and the number of true positive 

cognitive responders increased to 11 participants (79%).  

When considered as a continuous variable, the magnitude of treatment response on the 

cognitive performance measures was associated in a strong, linear fashion with the magnitude 

of treatment response on the behavioural rating scales (see Figures 1 and 2). Furthermore, 

strong dose response relationships were evident in the linear association between cognitive 

response at the low and high doses (see Figure 3). These results highlight the internal 

consistency of the decision rules applied to define treatment response. Although factors that 

predict treatment response have not yet been elucidated (Gray and Kagan, 2000), further 

investigation of possible predictor variables could occur using the current experimental 

design and cognitive assessment methodology in a larger sample. 

It is important to emphasise that the ability of the current methodology to identify 

treatment response in children with ADHD is not due only to the statistical criteria applied. 

The ability of the current study to detect cognitive change was based on a number of 

important methodological and statistical issues that were considered simultaneously in this 

study. For example, the performance measures to which the statistical rules were applied 

were selected because they yielded data that were normally distributed, did not suffer from 

floor or ceiling effects, and were not subject to range restriction (Mollica et al., 2005; Silbert 

et al., 2004). Furthermore, these performance measures were generated by a series of 

cognitive tasks that minimise the effects of practice, could be administered rapidly, and could 

be performed reliably by healthy children and children with ADHD (Mollica et al., 2005; 

Mollica et al., submitted). A study of groups of children has also indicated that the 

psychomotor function, attention, executive function and memory tasks were sensitive to both 

ADHD (when compared to healthy children) and the effect of stimulant medication (Mollica, 

et al., submitted). Finally, the current experimental design was developed to allow assessment 

of the effects of medication in children with ADHD without substantially disrupting clinical 

practice or requiring that medication be withheld for a substantial period of time. Thus, the 

development of the statistical approach used here could occur only after the foundations for 

data generation had been completed. Now that the methodology has been developed, it needs 

to be validated in other clinical settings using additional types of single-case investigations 

(e.g., Kent et al., 1999). 

Although the current study was designed to identify cognitive change in individual 

children, the results are also relevant to aetiological models of ADHD. For example, it was 

surprising to find that the stability of cognitive performance was equivalent in unmedicated 

children with ADHD and healthy matched controls (see Table 2). There appears to be general 

consensus in the literature that the cognitive performance of individual children with ADHD 

is subject to greater variability than in children without the disorder (Douglas, 1999). This 

variability is detected most reliably on simple stimulus response tasks, and in fact some tasks 

deliberately entail long administration times to accentuate inconsistent performance within a 

single assessment session. The reason for this variability in performance is not understood 

completely. For example, it is reasonable to expect that children whose disorder is 

characterised by a difficulty in sitting still and remaining ‗on task‘ show unreliable 
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performance on cognitive tasks that are long, repetitive, and simple. Alternatively, the 

variability in performance could reflect true central nervous system disruption. Recent 

reviews by Castellanos, Tannock, and colleagues have lead to the hypothesis of a brain-

behaviour model that links the performance variability shown by children with ADHD on 

clinical instruments to disordered temporal processing related to cerebellar dysfunction (see 

Castellanos and Tannock, 2002; Paule et al., 2000).  

In our research involving children and adults with different psychiatric disorders, we 

have employed brief testing sessions in order to maximise compliance and thereby attain data 

with the greatest reliability (e.g., Cairney et al., 2001; Maruff et al., 1996; Wood et al., 1999). 

Consequently, the cognitive tasks used here were designed to keep administration time under 

20 minutes. Therefore, in the ADHD group, the normal performance stability at baseline may 

have occurred because these children were not assessed for long enough, or, because seven 

different tasks were given within the 20 minute assessment, the duration of each task may 

have been too brief. Nevertheless, the current results suggest that short administration times 

did not decrease the sensitivity of the tasks to dysfunctions associated with ADHD. 

Moreover, these cognitive tasks provide reliable data with attractive statistical properties of 

normality and homogeneity of variance, which allow them to be investigated using the more 

powerful parametric statistical techniques.  

The data set used here to explore the classification of treatment response in individuals 

has been previously employed to study medication-related improvement in cognitive function 

at a group level in ADHD (Mollica et al., submitted). In this previous study, the ADHD group 

showed significant improvement in performance on the detection, identification, monitoring 

and learning tasks following the high-dose of stimulant medication. It may have been 

expected that these tasks would also possess the greatest sensitivity to medication-related 

improvement in individual children with ADHD. This was not the case, as the tasks for which 

the greatest number of significant responses occurred were the detection, identification, 

matching and sorting tasks (see Table 3).  

Interestingly, the cognitive composite score provided the greatest sensitivity to treatment 

response at both the low- and high-dose, while yielding no false positive classifications. In 

addition, the magnitude of response to treatment as defined by this cognitive composite score 

was correlated strongly between the low- and high-dose medication conditions. Although 

preliminary, these data suggests that response to stimulant medication may be characterised 

by subtle and generalised cognitive improvement rather than as a large improvement in 

specific aspects of cognitive function. These data are consistent with previous conclusions 

(Bergman et al., 1991) and highlight the heterogeneous nature of individual medication-

response in ADHD. They also show how the performance of individual children with ADHD 

can be analysed in group studies of ADHD, at least in the form of post-hoc analyses. The 

statistical methods presented here would be appropriate for such analyses provided that the 

tests used to assess cognitive function possess the desired metric properties (as discussed 

above and in Mollica et al., 2005).  

The findings of the current study are preliminary, and replication is warranted to address 

several limitations of this design. First, participants within the ADHD group were recruited 

from a Child and Adolescent Mental Heath Service and included children who required on-

going case management. Consequently, these children were more likely to experience an 
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increased rate of symptom severity and co-morbid difficulties. These clinical features may 

have influenced the participant‘s cognitive performance as well as their response to stimulant 

medication. In addition, these children were all diagnosed with ADHD-CT. Given the known 

differences in cognitive dysfunction across ADHD subtypes (Nigg et al., 2002), replication of 

this study using participants with primarily inattentive and hyperactive/impulsive subtypes 

would be of importance prior to clinical application of the methods described herein. Second, 

replication with a larger sample is warranted to add support to the inferences outlined above. 

Although clear trends in medication response were observed at the high-dose condition, it is 

of importance to validate these and the more general findings by using a larger group of 

participants and increasing the statistical power of analyses. In addition, the behavioural 

measures were specifically designed to be readministered at such brief intervals; the 

reliability and validity of these measures when used in this manner could be clarified with 

additional research. Finally, it may be useful to investigate the application of these cognitive 

assessment tasks and statistical methodologies across greater test-retest intervals. Although 

this brief medication trial was practical in minimising disruption to clinical management, 

increasing the time between assessments could be useful in aiding investigation into more 

long-term medication effects and potential side-effects. As outlined in a previous study, the 

integration of double-blind methodology is also important for future investigations to prevent 

the effects of experimenter bias or participant placebo effects (see Mollica et al., submitted). 

Overall, however, the statistical method explored within the current study appears to be a 

novel and effective way of empirically investigating the effects of stimulant medication on 

the cognitive and behavioural function of individual children with ADHD. 

The next study will outline a novel ―intensive design‖ method for assessing stimulant 

medication-related improvement in cognitive function in children with ADHD. 

 

 

Study 2 
 

Stimulant medication is currently the most effective pharmacological treatment for 

ADHD, although medication-responsiveness can vary according to many factors such as the 

severity of ADHD symptoms, medication dose, or the presence of co-morbid disorders 

(DuPaul et al. 1994; Buitelaar et al. 1995; Denney and Rapport 1999). The rate of true non-

response is less than 25% (Elia et al. 1991; Santosh and Taylor 2000; Clarke et al. 2002).  

In addition to the core symptoms of ADHD, impairment in cognitive function is reliably 

observed in ADHD and is an important aspect of the clinical presentation of this disorder 

(Denney and Rapport 2001; Castellanos and Tannock 2002). Further, improvement in 

cognitive function remains an important end point in studies assessing the effectiveness of 

novel and established therapies for ADHD (Gittelman-Klien and Klein 1975, 1976). Recent 

open-label and placebo-controlled trials demonstrate that stimulant medication improves 

cognitive function (de Sonneville et al. 1994; Efron et al. 1997; Bedard et al. 2003), although 

the majority of these studies base such conclusions on observations of improved performance 

on measures of speeded reaction time or inhibition. Although these improvements are 

reliable, their magnitude is generally moderate (an average effect size of 0.6) and less than 

the magnitude of improvement in ADHD symptoms (Greenhill 2001; Conners 2002). A small 
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number of studies have measured the effect of stimulant medication on higher-level cognitive 

functions such as executive function or memory in prospective studies and reported equivocal 

results (Gittelman-Klien and Klein 1975, 1976; Tannock and Schachar 1992; Aman et al. 

1998; Scheres et al. 2003). For example, some find no stimulant medication-related 

improvement in higher cognitive functions (Gittelman-Klien and Klein 1975; Scheres et al. 

2003), or where improvement is detected, the magnitude is small (effect sizes <0.5; 

Gittelman-Klien and Klein 1976; Brodeur and Pond 2001).  

There are a number of explanations for the different effects of stimulant medication 

observed across different cognitive functions. First, stimulant medication may exert greater 

effects on the simple cognitive functions required for tests such as the CPT, stop, and 

vigilance tasks compared to the more complex and multifactorial cognitive functions required 

for performance on executive function and memory tasks. Consequently, complex cognitive 

functions may require higher doses of medication to yield improvements of the same 

magnitude as that found for simple cognitive tasks (Swanson et al. 1991). Third, simple 

attention and motor tasks may be more sensitive to the measurement of cognitive change than 

tests of higher cognitive functions because these tests generally deliver more observations or 

trials per assessment, yield interval level data (e.g., reaction time) that are not constrained by 

floor or ceiling effects, and are less susceptible to the effects of practice than tests of higher 

cognitive function. For example, tasks such as the Wisconsin Card Sorting Task (WCST) and 

Tower of London (TOL) are commonly employed in ADHD research, yet they often yield 

restricted ranges of possible scores and may induce large practice effects when given 

repeatedly. These factors can reduce the sensitivity of such tests to subtle cognitive change 

(Basso et al. 1999; Collie et al. 2003). Finally, poor study designs can impede the detection of 

change. For example, inadequate control for the effects of repeated assessment, such as that 

found with natural history studies or studies without a crossover design, can produce data sets 

that obscure true change in cognitive function and promote erroneous inferences (McCaffrey 

and Westervelt 1995). Thus, to measure simultaneously the magnitude of stimulant 

medication-related improvement on tasks requiring either simple or complex cognitive 

functions, and to compare this to the magnitude of improvement in symptoms, it is necessary 

to control practice effects and to utilise tests that yield data that are optimal for the statistical 

analysis of change. 

We have recently modified a series of tests of psychomotor, attentional, executive and 

memory function so that they can be given rapidly and repeatedly, do not give rise to practice 

effects once individuals are familiar with the task requirements, and generate optimal data for 

the assessment of change. These tests can be performed easily by children and are sensitive to 

cognitive changes associated with head injury, and fatigue and alcohol intoxication in adults 

(Mollica et al. 2005; Falleti et al. 2003). Therefore, these cognitive tests may be also useful 

for assessing stimulant-related cognitive change in children with ADHD.  

Two experimental designs are typically used to study the effects of stimulant medication 

on cognitive function in ADHD: open-label and placebo controlled trials. In open-label trials, 

the participants, their parents and the assessors are aware of medication status, which can 

potentially influence performance or ratings. Also, the effect of repeated assessment cannot 

be determined because there is generally no appropriate unmedicated control group. Double-

blind, placebo-controlled crossover trial designs are now common in ADHD research and this 
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methodology does control the effects of expectancy and practice. However, such trials are 

expensive and require that children with ADHD have their medication withheld for a 

substantial period of time in order to complete the placebo condition (de Sonneville et al. 

1994). The withholding of medication or disruption to children‘s conventional clinical 

management may be warranted when there is good prima face evidence for medication 

efficacy and broader clinical trials are required for regulatory approval. However, hypothesis-

generating studies about the relationship between cognitive functions, symptoms, medication 

and the disorder may not warrant such disruption or expense. Given that the half-life of 

stimulant medication is generally short, it is possible to design a study in which practice 

effects are controlled, children are assessed on and off their medication at brief retest 

intervals, and reliable conclusions about the effect of medication on cognitive function can be 

made. Children with ADHD can act as their own controls by being assessed before and after 

taking medication on the same day (AB design). Repeating the cognitive assessments each 

day while the children are unmedicated, and also at the end of the trial, provides an estimate 

of any practice effects that may have arisen from the repeated assessment (ABA design). 

Furthermore, different doses of stimulant medication can be given on different days to 

determine whether dose-response relationships exist for any of the cognitive functions 

measured (ABACA design). Provided the assessments are brief, children and their parents are 

not inconvenienced and there will be minimal disruption to the child‘s conventional clinical 

management (Mollica et al. 2004). Uhlenhuth et al. (1977) and Klein (2008) strongly support 

such ―intensive designs‖ to determine whether a given child is actually responding to a 

particular treatment.  

The aim of the current study is to investigate the effect of low and high doses of 

stimulant medication on psychomotor, attentional, executive and memory function and 

compare this to the effect on symptoms in children with ADHD assessed using an ABACA 

experimental design. The null hypothesis is that there would be no differences in 

performance between the baseline and the low- or high-dose medication conditions in the 

ADHD group. 

 

 

Method 
 

Participants 
The participants included a clinical group of 14 children with ADHD [12 males; 110.71 

(22.38) months; full scale IQ 100.07 (8.44)] and a group of healthy children matched to the 

ADHD group for gender, age and full scale IQ [12 males; 111.50 (20.73); t (26) = 0.10, 

p=.92; full scale IQ 104.43 (5.67); t (26) = 1.60, p=.12]. All children with ADHD met DSM-

IV criteria for ADHD, combined type (ADHD-CT), defined by a semi-structured clinical 

interview with the child‘s parent(s) [Anxiety Disorders Interview Schedule for Children (A-

DISC) (Silverman and Albano 1996)] and a parent and/or teacher report assessing the core 

symptom domains of ADHD-CT being greater than 1.5 standard deviations above the mean 

for a given child‘s age and gender [Abbreviated Conners‘ Rating Scale (ACRS) score 21.48 

(4.73) (Conners 1997)]. The children were all medication naïve and met the inclusion criteria 

of living in a family home (and not in an institution) and attending normal primary schools. 
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Exclusion criteria for the ADHD group included: colour blindness, hearing impairment, a 

history of major neurological impairment, or a Full Scale Intelligence Quotient (FSIQ) below 

80. Five participants had co-morbid psychiatric diagnoses (oppositional defiant disorder n = 

3, generalised anxiety disorder n = 2).  

Healthy control participants were recruited from a primary school and selected to match 

each ADHD participant for age, gender and full scale IQ. Exclusion criteria for the healthy 

participants included: colour blindness; hearing impairment; past or present psychiatric or 

neurological disorder; an estimated FSIQ below 80; or a T score of 60 or greater on any 

subscale of the Child Behaviour Checklist- Parent and Teacher Form (CBCL; Achenbach, 

1991). No child in the healthy group received any medication during the study. No child 

withdrew or was excluded from the study. The study was approved by institutional ethics 

committees, and all children and their parents gave informed consent before beginning the 

study.  

 

Measures 
Intelligence testing. All of the children with ADHD completed the Wechsler Intelligence 

Scale for Children- Fourth Edition (WISC-IV) (Wechsler, 2004).  

Clinical measures. The CBCL attention subscale T score was used to compare the 

participant groups. The ACRS was used to rate the children‘s behaviour within each testing 

session (approximately 30 minutes duration). The Children‘s Impulsiveness Scale (CIS; 

Vance and Barnett 2002) comprises 10 items that list and describe common features of 

behavioural impulsivity. The assessor is required to indicate the frequency of these 

behaviours as displayed by each child according to a four-point scale ranging from zero 

(absence) to three (continuous). The total CIS score was analysed in the present study. The 

Revised Children’s Manifest Anxiety Scale (RCMAS; Reynolds and Richmond 1978) was 

used to gain subjective reports of anxiety. The total RCMAS score was analysed in the 

present study. The Rutter and Graham Interview Schedule (Rutter and Graham 1968) was 

employed to provide information about symptoms of anxiety and hyperactivity. Composite 

anxiety (RGIS-A) and hyperactivity (RGIS-H) ratings were analysed in the present study. 

Cognitive measures. The cognitive assessment battery was presented on lap top 

computers complete with headphones. All tasks within the battery were adaptations of 

standard neuropsychological and experimental psychological tests, and assess a range of 

cognitive functions such as psychomotor speed, attention, decision-making and working 

memory. This battery required approximately 15-20 minutes to complete. It consisted of 

seven tasks in the form of card games that were presented in succession on a green 

background. In order to aid individuals with the task, written instructions were presented to 

the left of the screen to indicate the rule for each new task. Participants were then given an 

interactive demonstration and, once they had successfully completed a sufficient number of 

practice trials to demonstrate their awareness of the rules, the task began.  

A grey keyboard resembling a computer keyboard appeared in the lower half of the 

computer screen and the cards associated with each task were presented in the upper half. 

Participants were only required to respond with two keys throughout the entire battery by 

using the ‗D‘ or ‗K‘ keys. The beginning of each new task was indicated with a shuffling of 

the cards. An error beep sounded when an individual pressed an incorrect key at any time. 
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Each trial was time limited and the same error beep sounded if a response was not made 

within the required time. Participants were able to pause the test at any stage using the 

‗Escape‘ key. The dependent variables recorded for each task included reaction time (RT) 

and accuracy (i.e., the percentage of correct responses). The seven tasks included in the 

battery have been described previously (Faletti et al. 2003).  

 

Procedure 
A parent/guardian for each child completed the CBCL prior to testing. Each participant 

completed five testing sessions over three consecutive weekdays at 1000 hours and 1300 

hours: two on day one, two on day two, and one on day three. Each testing session was 

completed within 30 minutes and participants had a two-hour break between sessions that 

were conducted on the same day. During this break, the children with ADHD had free time 

with a parent/guardian in a waiting room with a play area. The healthy children were tested at 

their primary school and participated in regular school activities between same-day testing 

sessions. 

The children were tested individually in a small, quiet room. At the beginning of each 

session participants completed the RCMAS independently. Next, children were seated at a 

computer and instructed to position their headphones. They were informed that instructions 

for each task would appear to the left of the screen and that they were required to complete 

each task as quickly and as accurately as possible. They were also told that an error beep 

would sound each time they made a mistake and that they could briefly pause the test if 

needed. The experimenter was seated next to participants throughout each trial and remained 

silent once the administration had begun. The children were informed that the experimenter 

was unable to provide assistance with the task itself; however, assistance was provided if a 

child demonstrated difficulty in reading or comprehending the task instructions. Following 

completion of the computerised task, the experimenter completed the ACRS, CIS and the 

RGIS for each child based on his or her behaviour during the entire testing session. 

Immediately after completion of the first and third sessions, the children with ADHD 

were administered a dosage of stimulant medication. They received 2.5mg of 

Dexamphetamine after session one and 7.5mg of Dexamphetamine following session three. 

The healthy children were not administered any medication throughout testing. 

 

Statistical Analysis 
Each participant‘s CBCL ratings were converted to standardised T scores. The healthy 

children‘s T scores were inspected to ensure that none exceeded 60. For each of the cognitive 

measures the number of correct responses was recorded and expressed as a percentage of the 

total trials. Arcsine transformations were then applied to these percentage scores in order to 

normalise the distributions of data in each group (Hopkins 2008). The reaction times (RTs) 

for each correct trial were identified and transformed using a log10 transformation. The mean 

log10 RT for each individual was computed for each test. 

For each measure, performance on the initial baseline was excluded because it is known 

that familiarisation can occur from the first to second assessment in healthy children (Mollica 

et al. 2005). In order to keep the experimental design balanced, clinical data from the first 

assessment was also excluded. Data for the remaining two baseline assessments (assessments 
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three and five) were then collapsed to form a single average baseline measure for each 

dependent variable. Exploratory analysis had indicated no difference between the baseline 

assessments for any cognitive measure.  

Cognitive performance and clinical ratings were compared between-groups only for the 

average baseline condition, as both groups were not medicated at the time of assessments two 

and four. For each statistically significant between-group difference, the magnitude of that 

difference was calculated using an estimate of effect size (Cohen‘s d; Cohen 1988).  

The main hypotheses in the study were tested by the presence of differences in 

performance between the baseline and the low- or high-dose medication conditions in the 

ADHD group. These were tested statistically by setting two orthogonal t-tests (average 

baseline versus low-dose medication condition, and average baseline versus high-dose 

medication condition) within a repeated measures analysis of variance (ANOVA). Inspection 

of any change in performance over the same assessment schedule in children without ADHD 

(using identical analyses) allowed us to determine the effect of repeated cognitive assessment 

independent of the state of disorder or medication. The magnitude of significant within-group 

differences was computed using a repeated measures effect size estimate (Dunlap‘s d; Dunlap 

et al. 1996). Data from the two groups were not compared directly in an ANOVA because 

this would have lead to an unbalanced design with medication status and group confounded. 

Despite the relatively large number of statistical tests conducted in this study, the alpha 

level used to indicate statistical significance was maintained at p ≤ .05. That criterion was 

selected because this is a relatively new approach to understanding the effects of medication 

on cognitive function and should therefore err toward generating hypotheses for future 

research. However, theoretical inferences were protected from false positive results because, 

even though many measures were used in the study, any change detected in the different 

cognitive and clinical measures following medication in the ADHD group was by definition 

correlated. In addition, by considering both the statistical significance and effect size of each 

comparison it was possible to identify any significant but meaningless differences (d < 0.2).  

 

 

Results 
 

Between-group Comparison on the Average Baseline Condition 
Group means for the clinical and cognitive measures on the average baseline condition 

are displayed in Table 1, together with the results of t-tests and an estimate of effect sizes. 

The ADHD group received significantly higher ratings for all of the clinical measures of 

ADHD-related symptomatology. The magnitude of the group differences was large on each 

of these measures (d = 2.40 to 4.60). The groups did not differ on subjective or objective 

measures of anxiety. For measures of cognitive function, the performance speed of the 

ADHD group was significantly slower on the detection, identification and simple matching 

tasks with these group differences being large in magnitude (ds > 1.00).  

 

Within-group Analysis of Change on Clinical and Cognitive Measures 
Group means for the clinical measures at each assessment are displayed in Table 2. A 

summary of the results of the t-tests used to compare performance between assessments and 
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estimates of effect sizes are shown in Table 3. For the healthy children, no differences were 

observed between average baseline and the second or fourth assessments on any clinical 

measure. For the ADHD group, a significant reduction in symptom severity from the average 

baseline was found on the ACRS, CIS and RGIS-H. On each of these measures, the 

magnitude of symptom reduction from baseline to the high-dose condition was substantially 

greater than that observed for the low-dose condition. Figure 1 illustrates effect sizes for the 

change in the clinical measures of both groups across assessment conditions. 

 

Table 1. Between-group comparison of clinical and cognitive measures at baseline 

 

Measures Group M SD t (26) d 

Clinical      

 ACRS healthy 1.89 1.42 -6.29** 2.58 

 ADHD 8.18 3.46   

 CIS healthy 2.93 1.43 -6.18** 2.40 

 ADHD 7.43 2.32   

 RGIS-H healthy 2.46 0.82 -6.21** 2.47 

 ADHD 5.46 1.61   

 RGIS-A healthy 0.00 0.00 -1.79 0.96 

 ADHD 0.18 0.37   

 CMAS healthy 7.89 4.36 -1.19 0.46 

 ADHD 10.57 7.22   

 CBCL- Att healthy 52.64 3.52 -11.92** 4.60 

 ADHD 73.07 5.36   

Cognitive      

 Detection healthy 2.54 0.08 -3.94** 1.52 

 ADHD 2.69 0.11   

 Identification healthy 2.80 0.09 -2.63** 1.01 

 ADHD 2.91 0.12   

 Simple 

matching 

healthy 2.91 0.09 -3.56** 1.36 

  ADHD 3.04 0.11   

 Monitoring healthy 2.63 0.09 -0.64 0.24 

 ADHD 2.66 0.12   

 Working 

memory 

healthy 1.30 0.12 0.46 0.18 

  ADHD 1.27 0.22   

 Complex 

matching 

healthy 1.25 0.20 1.40 0.53 

  ADHD 1.14 0.23   

 Learning healthy 1.03 0.12 1.33 0.50 

 ADHD 0.97 0.12   

Note. ACRS = Abbreviated Conners Rating Scale; CIS = Children‘s Impulsivity Scale; RGIS-H = 

Rutter and Graham Interviewing Schedule- Hyperactivity score; RGIS-A = Rutter and Graham 

Interviewing Schedule- Anxiety score; CMAS = Children‘s Manifest Anxiety Scale; ** indicates 

significant improvement from baseline, p < .01. 
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Table 2. Group means (SD) for the clinical and cognitive measures, within-group 

comparison across conditions and r2 values for the linear trendline equation 

 

  Average Assessment 2 Assessment 4  

Measures Group baseline (low dose) (high dose) r
2
 

Clinical      

 ACRS healthy 1.89 (1.42) 2.21 (1.93) 1.93 (1.44)  

 ADHD 8.18 (3.46) 4.86 (2.51)** 3.79 (1.63)** 0.92 

 CIS healthy 2.93 (1.43) 2.50 (1.34) 3.00 (1.30)  

 ADHD 7.43 (2.32) 5.71 (2.55)** 4.64 (1.91)** 0.98 

 RGIS-H healthy 2.46 (0.82) 2.71 (1.33) 2.64 (1.01)  

 ADHD 5.46 (1.61) 4.36 (1.78)** 3.21 (1.37)** 0.99 

 RGIS-A healthy 0.00 0.00 0.00  

 ADHD 0.18 (0.37) 0.21 (0.43) 0.07 (0.27) 0.65 

 RCMAS healthy 7.89 (4.36) 7.79 (3.79) 7.57 (4.01)  

 ADHD 10.57 (7.22) 12.00 (8.05) 10.64 (7.07) 0.01 

Cognitive      

 Detection healthy 2.54 (0.08) 2.56 (0.06) 2.55 (0.07)  

 ADHD 2.69 (0.11) 2.60 (0.08)** 2.57 (0.07)** 0.92 

 Identification healthy 2.80 (0.09) 2.81 (0.06) 2.84 (0.09)  

 ADHD 2.91 (0.12) 2.87 (0.14) 2.86 (0.14)* 0.89 

 Simple 

matching 

healthy 2.91 (0.09) 2.90 (0.09) 2.93 (0.10)  

 ADHD 3.04 (0.11) 3.03 (0.11) 3.00 (0.12) 0.92 

 Monitoring healthy 2.63 (0.09) 2.67 (0.12) 2.67 (0.08)  

 ADHD 2.66 (0.12) 2.67 (0.17) 2.60 (0.11)** 0.63 

 Working 

memory 

healthy 1.30 (0.12) 1.27 (0.18) 1.25 (0.15)  

 ADHD 1.27 (0.22) 1.18 (0.21) 1.28 (0.18) 0.01 

 Complex 

matching 

healthy 1.25 (0.20) 1.15 (0.23)
#
 1.20 (0.18)

#
  

 ADHD 1.14 (0.23) 1.05 (0.17) 1.17 (0.18) 0.06 

 Learning healthy 1.03 (0.12) 0.97 (0.11)## 1.01 (0.16)  

 ADHD 0.97 (0.12) 0.97 (0.16) 1.03 (0.14)* 0.75 

Note. ACRS = Abbreviated Conners Rating Scale; CIS = Children‘s Impulsivity Scale; RGIS-H = 

Rutter and Graham Interviewing Schedule- Hyperactivity score; RGIS-A = Rutter and Graham 

Interviewing Schedule- Anxiety score; CMAS = Children‘s Manifest Anxiety Scale; ** indicates 

significant improvement from baseline, p < .01; * indicates significant improvement from baseline, 

p < .05; 
##

 indicates significant decline from baseline, p < .01; 
#
 indicates significant decline from 

baseline, p < .05.  

 

Group mean performance on each of the cognitive measures is shown in Table 2. A 

summary of the results of the t-tests used to compare performance between assessments and 

estimates of effect size are shown in Table 3. For the healthy children, no change in cognitive 

performance was identified between the average baseline and the second or fourth 

assessments. A significant decline in performance accuracy was observed for the second and 

fourth assessments on the complex matching task and the second assessment on the learning 

task. The magnitude of these performance declines was low to moderate according to 

convention (d = -0.13 to -0.49; Cohen 1988). For the ADHD group, a significant 

improvement in performance on the detection task was observed from the average baseline to 

the low-dose and high-dose medication conditions. The magnitude of this improvement was 



Cognitive Impairment in Children with ADHD 

 

63 

greater for the high-dose condition (see Table 3). Improvements from the average baseline to 

the high-dose medication condition were also observed for performance speed on the 

identification and monitoring tasks, and performance accuracy on the learning task. The 

magnitude of improvements in performance for the ADHD group ranged from moderate to 

high (d = 0.41 to 1.04). Figure 1 displays the effect sizes of performance change on the 

cognitive measures for both groups across assessment conditions.  

 

Table 3. t-statistics and effects size estimates of the change in clinical and cognitive 

measures across assessment conditions within the healthy and ADHD groups 

 

 Baseline v low Baseline v high 

Measure Group t d t d 

Clinical      

ACRS healthy -0.87 0.18 -0.43 0.02 

 ADHD 4.28** 1.06 5.12** 1.52 

CIS healthy -0.96 0.31 0.35 -0.05 

 ADHD 3.78** 0.70 4.63** 1.30 

RGIS-H healthy 0.80 -0.22 0.75 -0.19 

 ADHD 3.08** 0.65 7.87** 1.48 

RGIS-A healthy - - - - 

 ADHD 0.43 -0.09 -1.38 0.32 

CMAS healthy -0.26 0.02 -0.82 0.07 

 ADHD 1.57 -0.18 0.13 -0.01 

Cognitive      

Detection healthy 0.96 -0.20 0.49 -0.06 

 ADHD -4.27** 0.90 -5.82** 1.07 

Identification healthy 0.49 -0.11 1.61 -0.36 

 ADHD -1.39 0.33 -2.37* 0.41 

Simple matching healthy -0.60 0.12 1.02 -0.25 

 ADHD -0.92 0.14 -1.51 0.33 

Monitoring healthy 1.53 -0.32 1.84 -0.43 

 ADHD 0.37 -0.05 -3.08** 0.54 

Working memory healthy 0.90 -0.25 1.35 -0.40 

 ADHD 1.78 -0.45 -0.13 0.04 

Complex matching healthy 2.27# -0.47 2.11# -0.31 

 ADHD -1.86 0.43 -0.63 0.17 

Learning healthy 2.98## -0.50 0.53 -0.14 

 ADHD -0.17 0.03 -2.47* 0.45 

Note. ACRS = Abbreviated Conners Rating Scale; CIS = Children‘s Impulsivity Scale; RGIS-H = 

Rutter and Graham Interviewing Schedule- Hyperactivity score; RGIS-A = Rutter and Graham 

Interviewing Schedule- Anxiety score; CMAS = Children‘s Manifest Anxiety Scale; ** indicates 

significant improvement from baseline, p < .01; * indicates significant improvement from baseline, p < 

.05; 
##

 indicates significant decline from baseline, p < .01; 
#
 indicates significant decline from baseline, 

p < .05. 
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Note. • =lowdose-baseline comparison and ◦=highdose-baseline comparison;  

* = significant improvement in comparison to the average baseline condition. 

Figure 1. Changes in the clinical and cognitive measures across conditions for the healthy (upper) and 

ADHD (lower) groups, as estimated by effect size.  

 

Discussion 
 

The results of the study indicate that a novel within-subjects design can be used to 

examine the short-term effects of stimulant medication on cognitive and behavioural 

functions in children with ADHD, without substantially altering their clinical management. 

First, as expected, children with ADHD showed high levels of disordered behaviour when 

unmedicated, although self-reported and objective ratings of anxiety were within normal 

range. With medication, the levels of ADHD symptoms and hyperactive behaviour were 

reduced in a dose-dependent fashion. When considered against the conventions for 

determining experimental effect sizes, the magnitude of improvement with the highest dose 

was large (Cohen, 1988). Despite this reduction however, there was still overlap between 

distributions of pre- and post-medication symptom ratings. Thus, stimulant medication did 

not ameliorate symptoms completely in children with ADHD, even at high doses. 

Interestingly, the unmedicated children with ADHD performed worse than age-, IQ-, and 

gender-matched controls only in the speed of psychomotor function (detection task) and the 

speed of visual attentional functions (identification and simple matching tasks). The 

magnitude of these impairments ranged from moderate to large. Following the low dose of 

stimulant medication, performance improved significantly only in the speed of psychomotor 

function (detection task). However at the higher dose, improvements were observed in the 

speed of psychomotor function (detection task), visual attention (identification and 

monitoring) and in the accuracy of learning. Although the magnitude of these medication-
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related improvements was moderate to large, it was more subtle than that observed for the 

response of behavioural symptoms to stimulant medication in the same children (Figure 1).  

The larger effect of stimulant medication on ADHD symptoms relative to cognitive 

function has been reported previously and described in research reviews; yet there is 

currently no explanation for this difference (Greenhill 2001; Conners 2002). It is possible that 

the cognitive sequelae of ADHD are more complex than the characteristic behavioural 

symptoms and are therefore more treatment resistant. Alternatively, the cognitive 

dysfunctions may be comparatively less severe than the behavioural problems, thus the 

magnitude of improvement required to normalise cognitive function is substantially less. The 

results of the current study support the latter proposal. First, the magnitude of group 

differences at baseline was substantially greater for the behavioural measures (see Table 1). 

In addition, observation of the means in Table 2 shows that during the high-dose medication 

condition, the ADHD group was comparable to the healthy group across most cognitive 

measures (Cohen‘s d < 0.30 for the detection, identification, working memory, complex 

matching and learning tasks) but not those of clinical function. Thus, the larger effect of 

stimulant medication on behavioural symptoms compared to cognitive function in children 

with ADHD may simply reflect a greater degree of dysfunction within the behavioural 

domain.  

Although the interrelationships between cognitive function, behavioural symptoms and 

stimulant medication are central to current neurobiological theories of ADHD, surprisingly 

few studies have investigated these factors concurrently using a prospective design. Where 

these studies have been conducted, the results have varied between them. Some variation in 

research findings may reflect methodological differences, such as the types of tests used, the 

sample sizes studied, inclusion/exclusion criteria for ADHD, or the time period over which 

pre and post-medication assessment occurred. Despite this variability, there is consistent 

evidence that the speed of performance is improved following stimulant medication on 

relatively simple speeded response tasks (vigilance and reaction time tasks). This also 

occurred in the current study, where performance improved on the psychomotor and visual 

attention tasks following medication. Unfortunately, as few studies have reported the 

medication-related effect sizes (or provided statistics sufficient for their post-hoc calculation) 

it is not possible to determine whether the magnitude of improvement differs between 

experimental conditions. Alternatively, some studies report that the magnitude of 

improvement in performance on simple speeded psychomotor or visual attentional tasks 

shows a linear response relationship with the dose of stimulant medication (Barkley et al. 

1991; O‘Toole et al. 1997). Although within the current study improvements over baseline at 

the low and high medication dose were observed only on the measure of psychomotor 

function, linear trends were fitted to the mean cognitive performance of the ADHD group 

across the baseline, low and high dose conditions. These trends were significant for the 

detection, identification and simple matching tasks, with the variance in performance 

explained by medication approximately 90% for each task. Thus, robust dose response 

relationships were also detected. Medication was also found to facilitate performance 

accuracy on the learning task within the present study. Again, a significant linear trend was 

observed with approximately 75% of the variance in performance explained by medication 

dose. Similarly, other studies have reported improvement in memory and learning with low to 
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moderate doses of stimulant medication in children with ADHD (Sprague and Sleator 1977; 

Evans et al.1986; Barkley et al. 1989). This consistency of outcome on learning task 

performance is also provocative, as memory impairment is not generally considered within 

current cognitive neuroscience models of ADHD.  

Cross-sectional studies of cognitive function in ADHD consistently find impairment in 

executive function (for a review, see Pennington and Ozonoff, 1996; Kempton et al., 1999; 

Barnett et al., 2001, 2005; Shallice et al., 2002; Vance et al. 2003). However, we found no 

impairment on the tasks used to assess executive function in the current study. Although the 

performance accuracy of children with ADHD was lower on the tasks of executive function 

(working memory and complex matching tasks), these group differences did not reach 

statistical significance. The magnitude of impairment was, however, moderate (ds < 0.54), 

suggesting this may have been due to insufficient statistical power. The tasks that are 

typically employed to investigate executive dysfunction in children with ADHD vary greatly, 

but often include the WCST (Seidman et al. 1997; Houghton et al. 1999; Klorman et al. 

1999), TOL (Aman et al. 1998; Nigg et al. 2002; Sonuga-Barke et al. 2002) or the spatial 

working memory task from the CANTAB battery (SWM; Barnett et al. 2005). We did not use 

such tests because we considered them inappropriate for the detection of change within a 

study that repeatedly assessed cognition using brief test-retest intervals. Future studies should 

examine newly developed measures of executive function for children that are suitable for 

repeated administration. This is important because executive dysfunction is known to be 

associated with increased academic and social difficulties (Clark et al. 2002). 

One limitation of this study design was that the children, their parents and the assessor 

were always aware of medication status and the specific dose administered. In order to blind 

people completely to the medication status, the current design could be modified so that the 

drug (at different doses) or placebo were not identifiable and then randomised. Such 

measures were not taken within the current study, as we primarily sought to determine the 

practicality and statistical power of the design for assessing the effects of medication on 

symptoms and behaviour. The overall findings of this study demonstrate the design to be a 

novel, effective method for doing so. 
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Abstract 
 

The two major neuropathologic hallmarks of Alzheimer‘s disease (AD) are 

extracellular Amyloid beta (A ) plaques and intracellular neurofibrillary tangles (NFTs). 

Several additional pathogenic mechanisms likely play a role in the pathogenesis of the 

disease, including inflammation, oxidative damage, ion disregulation and cholesterol 

metabolism. A number of compounds have been developed, trying to interfere with the 

above mentioned altered mechanisms. Conversely to symptomatic drugs available to 

date, these new compounds are supposed to modify pathological steps leading to AD, 

thus acting on the evolution of the disease. Some of them are under clinical testing, 

others are in preclinical phases of development. In this chapter, the main pathogenic 

steps leading to neurodegeneration will be discussed, together with an update of 

potentially disease-modifying drugs under testing. 

 

 

1. Introduction 
 

Alzheimer‘s disease (AD) is the most common cause of dementia in the elderly, with a 

prevalence of 5% after 65 years of age, increasing to about 30% in people aged 85 years or 

older. It is characterized clinically by progressive cognitive impairment, including impaired 

judgement, decision-making and orientation, often accompanied, in later stages, by 
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psychobehavioural disturbances as well as language impairment. Mutations in genes 

encoding for myloid Precursors Protein or presenilins 1 and presenilin 2 genes (APP, 

PSEN1 and PSEN2, respectively) account for about 3% of cases, characterized by an early 

onset (before 65 years of age). So far, 31 different mutations have been described in the APP 

gene in 83 families, together with 175 mutations in PSEN1 and 14 mutations in PSEN2 

(http://molgen-www.uia.ac.be).  

The two major neuropathologic hallmarks of AD are extracellular Amyloid beta (A ) 

plaques and intracellular neurofibrillary tangles (NFTs). The production of A , which 

represents a crucial step in AD pathogenesis, is the result of cleavage of APP, that is 

overexpressed in AD [1]. A  forms highly insoluble and proteolysis resistant fibrils known as 

senile plaques (SP). NFTs are composed of the tau protein. In healthy subjects, tau is a 

component of microtubules, which represent the internal support structures for the transport 

of nutrients, vesicles, mitochondria and chromosomes within the cell. Microtubules also 

stabilize growing axons, which are necessary for the development and growth of neurites [1]. 

In AD, tau protein is abnormally hyperphosphorylated and forms insoluble fibrils, originating 

deposits within the cell. 

A number of additional pathogenic mechanisms, possibly overlapping with A  plaques 

and NFTs formation, have been described, including inflammation, oxidative damage, iron 

disregulation, cholesterol metabolism. In this chapter, these mechanisms will be discussed 

and treatments under development to interfere with these pathogenic steps presented.  

 

 

2. Pathogenic Mechanisms at the Basis  
of Alzheimer’s Disease 

 

2.1. Role of Amyloid Protein 
 

The APP plays a central role in AD pathogenesis and in AD research, as it is the 

precursor of A , which is the heart of the amyloid cascade hypothesis of AD. 

The human APP gene was first identified in 1987 by several laboratories independently. 

The two APP homologous, APLP1 and APLP2, were discovered several years later. APP is a 

type I membrane protein. Two predicted cleavages, one in the extracellular domain ( -

secretase cleavage) and another in the transmembrane region ( -secretase cleavage) are 

necessary to release A  from the precursor protein. Notably, APP is located on chromosome 

21, and this provided an immediate connection to the invariant development of AD pathology 

in trisomy 21 (Down‘s syndrome) individuals. The first mutations demonstrated to be 

causative of inherited forms of familial AD were identified in the APP gene [2], providing an 

evidence that APP plays a central role in AD pathogenesis. Notably, only APP but not its 

homologous APLP1 and APLP2 contain sequences encoding the A  domain.  

Full-length APP undergoes sequential proteolytic processing. It is first cleaved by -

secretase (the so-called non-amyloidogenic pathway) or -secretase (amyloidogenic pathway) 
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within the luminal domain, resulting in the shedding of nearly the entire ectodomain and 

generation of - or -C-terminal fragments (CTFs). The major neuronal -secretase, named 

BACE1 ( -site APP cleaving enzyme), is a transmembrane aspartyl protease which cleaves 

APP within the ectodomain, generating the N-terminus of A  [3]. However, several zinc 

metalloproteinases such as TACE/ADAM17, ADAM9, ADAM10 and MDC-9, and the 

aspartyl protease BACE2, can cleave APP at the -secretase site [4] located within the A  

domain, thus precluding the generation of intact A .  

The second proteolytic event in APP processing involves intramembranous cleavage of 

- and -CTFs by -secretase, which liberates a 3kDa protein (p3) and A  peptide into the 

extracellular milieu. The minimal components of -secretase include presenilin (PS)1 or PS2, 

nicastrin, APH-1 and PEN-2 [5]. Protein subunits of the -secretase assemble early during 

biogenesis and cooperatively mature as they leave the endoplasmic reticulum. Biochemical 

evidence is consistent with PS1 (or PS2) as the catalytic subunit of the -secretase. APH-1 

and PEN-2 are thought to stabilize the -secretase complex, and nicastrin to mediate the 

recruitment of APP CTFs to the catalytic site of the -secretase. Major sites of -secretase 

cleavage correspond to positions 40 and 42 of A .  

Amyloidogenic processing is the favoured pathway of APP metabolism in neurons, due 

to the greater abundance of BACE1, whereas non-amyloidogenic pathway predominates in 

other cell types.  

It appears that none of the above mentioned secretases have unique substrate specificity 

towards APP. Besides APP, a number of other transmembrane proteins undergo ectodomain 

shedding by enzymes with -secretase activity. Regarding BACE1, its low affinity for APP 

lead to the hypothesis that APP is not its sole physiological substrate. Similarly, PS1 and PS2 

play a crucial role in intramembranous -secretase cleavage of several type I membrane 

proteins other than APP, including Notch1 receptors and its ligands [6]. A number of 

functional domains have been mapped to the extra- and intracellular region of APP, including 

metal (copper and zinc) binding, extracellular matrix components (heparin, collagen and 

laminin), neurotrophic and adhesion domains. Thus far, a thropic role for APP has been 

suggested, as it stimulate neurite outgrowth in a variety of experimental settings. The N-

terminal heparin-binding domain of APP also stimulates neurite outgrowth and promotes 

synaptogenesis. In addition, an ―RHDS‖ motif near the extralumenal portion of APP likely 

promotes cell adhesion, possibly acting in an integrin-like manner. Similarly, APP 

colocalizes with integrins on the surface of axons at sites of adhesion [7,8].  

Despite APP was initially proposed to act as a cell surface receptor, the evidence 

supporting this hypothesis has been unconvincing. Only recently, aside of from interactions 

with extracellular matrix proteins, a candidate ligand has been proposed. In was in fact 

reported that F-spondin, a neuronal secreted signalling glycoprotein that may function in 

neuronal development and repair, binds to the extracellular domain of APP as well as of 

APLP1 and APLP2 [9]. This binding reduces -secretase cleavage of APP, suggesting 

therefore that F-spondin binding may regulate APP processing. 

APP-deficient animals are a useful model to better understand the role of APP. Deficient 

APP mice did not show major phenotypic abnormalities [10]. However, APLP2-/-/APLP1-/- 

and APP-/-/APLP2-/- mutants, but not APP-/-/APLP1-/- animals, showed early postnatal 

lethality, indicating that members of the APP gene family are essential genes, which exhibit 
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partial overlapping functions. Deficiency of all the APP genes lead to death shortly after 

birth. The majority of animals studied showed cortical dysplasia suggestive of migrational 

abnormalities of the neuroblasts and partial loss of cortical Cajal Retzius cells [11]. Taken 

together, these findings presented a convincing picture that members of the APP family play 

essential roles in the development of the nervous system related to synapse structure and 

function as well as in neuronal migration.  

Given the trophyc properties of APP, it would be natural to predict that overexpression of 

APP would lead to phenotypes related to the enhanced neurite outgrowth and cell growth, 

which indeed was demonstrated [12]. However, convincing negative phenotypes, in which 

APP does not act as trophyc factor, has been reported as well. For example, over-expression 

of APP in cells induced to differentiate into neurons lead to cell death [13]. Genetic in-vivo 

engineering to over-express APP carrying various familial AD mutations in transgenic mice 

resulted in the development of A  deposition and A  associated changes in the brain, 

including loss of synaptic markers, thus confirming the pathogenic nature of these mutations 

[14]. 

 

 

2.2. Tau and Alzheimer’s Disease 
 

Tau is relatively abundant in neurons but is present in all nucleated cells and functions 

physiologically to bind microtubules and stabilize microtubule assembly for polymerization. 

Tau encoding gene (MAPT: Microtubule Associating Protein Tau) consists of 16 exons. In 

the adult brain, alternative splicing of tau nuclear RNA transcribed on exons 2, 3, and 10, 

results is six tau isoforms, having either three or four peptide repeats of 31 or 32 residues in 

the C terminal region encoded on exon 10, comprising the microtubule binding domain or 

differing in the expression of zero, one or two inserts encoded on exon two and three. During 

neurodegeneration, tau is abnormally phosphorylated. The profile of alternative splicing 

differs among phatological phenotypes, such that tau accumulation in AD is a mixture of 3R 

and 4R tau, Pick disease tends to be 3R tau, corticobasal degeneration and progressive 

supranuclear palsy tends to be 4R tau, and so-called argyrophilic grain disease accumulates 

small inclusions comprised of 3R tau [15]. 

 

 

2.3. Role of Inflammation in Alzheimer’s Disease 
 

The fibrillar deposition of extracellular A is closely associated with a 

neuroinflammatory response, which includes a local up-regulation of acute-phase proteins, 

complement fragments, cytokines and other inflammatory mediators [16]. So far, 

epidemiological studies suggested that inflammatory processes play a role in the pathogenesis 

of AD. Prospective case-cohort studies showed that higher serum levels of certain acute-

phase proteins are a risk factor for the development of AD [17-19]. Moreover, 

epidemiological studies indicate that longstanding use of non-steroidal anti-inflammatory 

drugs can prevent or delay the development of AD [20].  
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Microglial cells are the major producers of inflammatory factors. During the early stages 

of AD pathogenesis, activated microglia were clustered within classic (dense-cored) plaques 

in the AD neocortex [21]. These plaques showed strong immunostaining for complement 

factor C1q and serum amyloid P component (SAP). Plaque-associated factors C1q and SAP 

may trigger microglia to secrete high levels of proinflammatory cytokines [22].  

Activated microglial cells colocalize with A , and in vitro studies demonstrated that A  

induces the production of Tumor Necrosis Factor (TNF)  in such cells [23]. This cytokine is 

a pleiotropic factor acting as an important mediator of inflammatory responses in a variety of 

tissues. Levels of TNF  in CSF from AD patients are 25-fold higher than in CSF from age-

matched controls [24], suggesting a role for inflammation in neurodegeneration. 

Nevertheless, other findings demonstrated a protective effect of TNF  as it likely protects 

neurons against A triggered citotoxicity [25].  

In AD, an increased production of IL-1 has been demonstrated by 

immunohistochemistry. In particular, it is expressed by microglia localized around amyloid 

deposits, possibly participating to plaque formation [26].  

Conflicting results have been reported with regard to IL-6 levels in serum and CSF of 

AD patients. However, it has been shown that its mRNA levels are increased in the entorhinal 

cortex and the superior temporal gyrus of AD patients [26].  

Additional cytokines of the IL-6 family are IL-11 and leukaemia inhibitory factor (LIF) 

[27]. Interleukin-11 mean levels were significantly increased in AD and Frontotemporal 

Lobar Degeneration (FTLD) as compared with controls, whereas CSF LIF levels were not 

detectable either in patients or controls [28]. In accordance with previous results [29], in AD 

patients, a significantly positive correlation between Mini Mental State Examination 

(MMSE) scores and IL-11 CSF concentration was observed [28]. 

In contrast with the previously described cytokines, Transforming Growth Factor beta 

(TGF- ) has mainly an anti-inflammatory action. Several data show that its levels are 

increased in the brain of AD patients, as well as in plasma and CSF. In addition, TGF- was 

also found both in amyloid plaques and tangles [26].  

As a general comment, microglial-produced ―inflammatory‖ cytokines have neurophatic 

as well as neuroprotective actions. For instance, whereas excess levels of TNF  might cause 

neurotoxicity, low-dose TNF  could, alternatively, trigger the neuroprotective and/or anti-

apoptotic genes [30]. The role of glial cells is to support and sustain proper neuronal function 

and microglia are no exception to this general principle. In acutely injured central nervous 

system (CNS) microglia have a neuroprotective and pro-regenerative role [31]. Therefore, the 

primary mode of action of microglia seems to be the protection of the central nervous 

systems. Nevertheless, upon excessive or sustained activation, microglia could significantly 

contribute to chronic neuropathologies, leading to neurotoxicity [22]. 

Chemokines are low molecular weight chemotactic cytokines that have been shown to 

play a crucial role in early inflammatory events. Based on the arrangement of cysteine 

residues, they are divided into two main groups: CXC or -chemokines, i.e Interferon- -

inducible Protein-10 (IP-10) and Interleukin-8 (IL-8), responsible for attracting neutrophils, 

and CC or -chemokines, i.e Monocyte Chemotactic Protein-1 (MCP-1), and Macrophage 

Inflammatory Protein-1  and (MIP-1 and ), which act basically on monocytes [32].  
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Upregulation of a number of chemokines has been associated with AD pathological 

changes [33]. IP-10 immunoreactivity was markedly increased in reactive astrocytes in AD 

brains, as well as the level of its expression. Astrocytes positive for IP-10 were found to be 

associated with senile plaques and showed an apparently coordinated upregulation of MIP-1  

[34,35]. Significant increased IP-10 levels were observed in CSF from patients with mild AD 

as compared with severe AD. Similarly to mildly impaired AD, IP-10 increased levels were 

also found in subjects with amnestic MCI [29]. Regarding MCP-1 and IL-8, significantly 

higher levels were found in all AD patients as compared with healthy subjects, and highest 

peaks were observed in mild AD and Mild Cognitive Impairment (MCI) [29].  

With regard to a possible use of chemokine to easily predict evolution from MCI to AD, 

few investigation in serum have been so far carried out, despite a growing body of evidence 

supporting the hypothesis that some peripheral biochemical modifications also occur very 

early during AD pathogenesis. For instance, serum MCP-1 levels have been demonstrated to 

be increased in MCI subjects, similarly to findings described in the CSF [36]. Conversely, IP-

10 serum levels were not increased in AD patients, but were found to correlate with aging 

[37]. 

 

 

2.4. Role of Oxidative Damage 
 

Oxidative stress is supposed to play a relevant role in the pathogenesis of several 

neurodegenerative diseases, including AD. A  and other lesion-associated proteins are a 

major source of Reactive Oxygen Species (ROS) and other toxic radicals [38]. Increasing 

evidence supports a role of oxidative stress and impaired energy metabolism in the 

pathogenesis of the disease: an increase in DNA, lipid and protein oxidation metabolites has 

been observed in blood as well as post-mortem brain samples from AD patients compared 

with healthy subjects [39]. Free radicals are produced by mitochondria, as a side product, 

during the reduction of molecular oxygen. The production of radicals is thought to be higher 

in cerebral tissue, particularly vulnerable to free radical damage because of its low content of 

antioxidants, high content of polyunsaturated fatty acids in neuronal membranes and high 

oxygen requirements for its metabolic process [40]. Further observations indicate reduced 

cerebral metabolism in AD [40] as well as reduced activities of specific mitochondrial 

enzyme complexes, such as cytochrome oxidase [41-43]. Alterations in these key enzymes 

can favour the aberrant production of ROS. Intracellular oxidative balance is tightly regulated 

and, therefore, an upregulation of antioxidant compensatory mechanisms would be expected 

in AD. The induction of Cu/Zn superoxide dismutase, catalase, glutathione peroxidase 

(GSHPx), glutathione reductase (GSSG-R), peroxiredoxins and a number of heat shock 

proteins [44] suggests that vulnerable neuronal cells mobilize antioxidant defence in the face 

of increased oxidative stress [38]. On the other hand, the Total Antioxidant Capacity (TAC; 

including glutathione, ascorbic acid, uric acid and bilirubin) was shown to be reduced by 

24% in plasma samples from AD patients [45]. A link between oxidative stress and 

hyperhomocysteinemia, which is a known risk factor for the development of AD [46], has 

been hypothesized, as homocysteine (Hcy) influences DNA repair, promoting the 

accumulation of DNA damage caused by oxidative stress [47]. Recent in vitro studies 
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demonstrate that Hcy increases levels of thiobarbituric acid reactive substances, which 

represent an index of peroxidation, and decreases levels of total-trapping antioxidant 

potential in a model of rat hippocampus [48]. High tHcy levels are at present considered one 

of the major risk factors for the development of AD as a strong, graded association between 

tHcy levels and the risk of dementia and AD has been demonstrated [46]. In this regard, there 

are evidences that tHcy levels are increased in late onset AD (LOAD; disease onset >65 

years), but not in early onset AD (EOAD; disease onset 65 years), suggesting an influence 

on this parameter of other pathological conditions, mainly vascular diseases, which often co-

occur with LOAD [49]. 

Similarly to inflammation, emerging evidence indicates that oxidative damage to 

neuronal RNA and protein is an early event in AD pathogenesis [50]. In this regard, oxidative 

imbalance is likely to be present in subjects with MCI. Both in MCI and in AD patients, 

plasma mean levels of non-enzymatic antioxidants and lower activity of antioxidant enzymes 

appeared to be lower than in controls, with no parallel induction of antioxidant enzymes [51]. 

In this regard, it has been recently shown that subjects with MCI have plasma, urine and 

cerebrospinal fluid (CSF) levels of the isoprostane 8,12-iso-iPF2a -VI, which is a marker of 

in vivo lipid peroxidation, higher than healthy subjects [52]. This evidence clearly indicates 

that oxidative imbalance and subsequent oxidative stress are early events in AD evolution, 

and are probably secondary to other mechanisms specific to AD but not present in other 

neurodegenerative diseases [53]. 

On the basis of these studies, ROS, tHcy, and TAC were evaluated in samples from 

patients with AD, MCI and Vascular dementia (VaD), compared with age-matched healthy 

subjects. Total Hcy levels were significantly increased in AD as well as in VaD patients 

compared with controls. Notably, tHcy levels slightly increased were found in MCI patients 

compared with controls. As regards ROS levels, no significant differences were shown 

between patients and controls. TAC was significantly lower in AD patients than in either 

healthy subjects or VaD patients. No correlation between ROS and TAC levels in each 

subject was observed [54]. In conclusion, an alteration of some biochemical factors involved 

in oxidative stress occurs in AD patients. Both tHcy and TAC modifications seem to be early 

events in the pathogenesis of AD, whereas ROS levels appear to be correlated with age rather 

than with a specific dementing disorder. This consideration leads to the hypothesis that 

oxidative imbalance observed in AD is mainly due to a decreased TAC rather than to an 

increased production of ROS [54]. 

 

 

2.5. Role of Ions 
 

It was first observed in 1994 that A  becomes amyloidogenic upon reaction with 

stoichiometric amounts of Zn2+ and Cu2+ [55]. A  is rapidly precipitated by Zn2+. Cu2+ and 

Fe3+ also induce marked A  aggregation, but only under mildly acidic conditions [56], such 

as those believed to occur in AD brain. The precipitation of A  by these ions is reversible 

with chelation [57], in contrast with fibrillization, which is irreversible. Cu, Fe and Zn play 

more of a role than merely assembling A . When binding Cu2+ or Fe3+, A  reduces the metal 
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ions and produces H2O2 by double electron transfer to O2. In addition, A  promotes the Cu-

mediated generation of toxic lipid oxidation product 4-hydroxynoneal (see [56] for review). 

 

 

2.6. Role of Cholesterol and Vascular-related Risk Factors 
 

It has been repeatedly shown that Apolipoprotein (Apo)E 4 carriers have a higher risk to 

develop AD. Since ApoE is the major cholesterol transporter in the central nervous system, a 

link between cholesterol and AD is suggested. The brain is the most cholesterol-rich organ of 

the body, which is synthesized by astrocytes. Additional vascular-related risk factors for AD 

include hypertension, atrial fibrillation, hyperhomocysteinemia, atherosclerosis , stroke (see 

[58] for review). 

Hypertension is the strongest risk factor for AD and VaD when these conditions are 

considered together [59]. The penetrating arteries in the circle of Willis are particularly 

sensitive to the effects of hypertension and suffer early and selective damage during chronic 

hypertension [60]. Hypertension is closely associated with atherosclerosis and vascular 

function, and in the brain this results in hypoperfusion and ischemic conditions of the nucleus 

basalis Meynert. Targeting molecular mechanisms and using dietary methods and therapies 

are grounded in reducing free radicals and and associated oxidative stress related damage 

initiating hypertension [61]. 

 

 

3. Disease Modifying Drugs for Alzheimer’s 
Disease Treatment 

 

3.1. Drugs Interfering with A  Deposition 
 

3.1.1. Anti-Amyloid Aggregation Agents 
A number of anti-A  aggregation agents are currently in clinical testing. Despite their 

biological mechanisms of action are not completely understood , they are believed to prevent 

fibril formation and to facilitate soluble A  clearance. The most studied is named 

tramiprosate (AlzhemedTM, Neurochem, Inc.), a glycosaminoglycan (GAG) mimetic. GAGs 

binds to soluble A , promoting fibril formation and deposition of amyloid plaques. GAG 

mimetics compete for GAG-binding sites, thus blocking fibril formation and reducing soluble 

A  [62]. In transgenic mice, tramiprosate reduces plaque burden and decreases CSF A  

levels, but cognitive and behavioural outcomes in this animal model have not been reported 

[63]. A phase I study in healthy adults demonstrated the drug is well tolerated. A 3-month 

phase II study was subsequently conducted in 58 patients with mild to moderate AD, who 

were randomized to tramiprosate 50 mg, 100 mg or 150 mg twice a day or placebo. Patients 

who completed the study were eligible for a 21-month open-label extension with 150 mg 

twice daily. Baseline CSF A  levels declined by up to 70% after 3 months for patients 

randomly assigned to the 100-mg or 150-mg twice-daily group. However, no differences 

were observed in cognitive functions between the tramiprosate and placebo groups [64]. A 

phase III study was then carried out in the US in 1052 patients with AD to test tolerability, 
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efficacy and safety of the drug. The study failed to show any significant effect. Multiple 

factors likely contributed to the failure of the study. Overall, variability among the 67 clinical 

sites in the trial overwhelmed the observed treatment effects. In particular, changes in 

people‘s concomitant treatment with cognitive-enhancing drugs including cholinesterase 

inhibitors, memantine and antidepressants affected the results for the primary cognitive 

endpoints based on neuropsychological testing. Unexpected problems also arose in the 

control group, confounding the interpretation of Alzhemed efficacy. Thirty percent of the 

control group did not decline in cognition over the 18-month trial period, whereas a portion 

of this group unexpectedly showed a significant improvement in cognition. Another similar 

trial conducted in Europe has been discontinued. In addition, recent data suggest that 

tramiprosate promotes an abnormal aggregation of the tau protein in neuronal cells [65], 

emphasizing the importance of testing on both types of pathology (amyloid and tau) the 

potential drugs to be used for the treatment of AD.  

Another molecule under testing is named colostrinin. It is a proline-rich polypeptide 

complex derived from sheep colostrum (O-CLN; ReGen Therapeutics), which inhibites 

A aggregation and neurotoxicity in cellular assays and improves cognitive performance in 

animal models [66]. A 3-week phase I study in patients with AD demonstrated it is well 

tolerated [67]. A subsequent phase II trial demonstrated modest improvements in MMSE 

scores for patients with mild AD over a treatment period of 15 months, but this beneficial 

effect was not sustained during 15 additional months of continued treatment [68]. 

In 2000, McLaurin et al. [69] described a compound, named scyllo-inositol, which is able 

to stabilize oligomeric aggregates of A  and to inhibit A  toxicity. Scyllo-inositol (AZD103) 

dose-dependently rescued long-term potentiation in mouse hippocampus from the inhibitory 

effects of soluble oligomers of cell-derived human A  [70]. This compound is in Phase II 

clinical trials (Transition Therapeutics/Elan). 

 

3.1.2. Amyloid Removal: Vaccination  
In 1999 Schenk et al. [71] demonstrated that immunization with A as an antigen 

attenuated AD-like pathology in transgenic mice over-expressing the APP gene by removing 

amyloid from the central nervous system. This transgenic mouse model of AD progressively 

develop several neuropathological features of the disease in an age-related and brain-region-

dependent manner. Immunization of young animals with A  prevents the development of 

plaque formation, neuritic dystrophy and astroglyosis, whereas in older animals, vaccination 

reduces extent and progression of AD-like pathologies. Given these preclinical results, a 

multicenter, randomized, placebo-controlled, phase II double-blind clinical trial using active 

immunization with A 42 plus adjuvant was started in 2001 on 300 patients using the pre-

aggregated A  peptide AN1792. However, following reports of aseptic meningo-encephalitis 

in 6% of treated patients, the trial was halted after 2-3 injections. Of the 300 patients treated, 

60% developed antibody response. The final results of the trial were published in 2005 [72].  

Double-blind assessment were maintained for 12 months, demonstrating no significant 

differences in cognition between antibody responders and placebo group for ADAS-Cog, 

Disability Assessment for Dementia (DAS), Clinical Dementia Rating, Mini Mental State 

Examination and Clinical Global Impression of Change. In a small subset of patients, CSF 

tau levels were decreased in antibody responders but A  levels were unchanged.  
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A quite disappointing observation was the finding of greater brain volume decrease and 

great ventricular enlargement at MRI in responders than in placebo patients [73]. 

Nevertheless, this brain atrophy was not associated with worsening of cognitive 

performances. A possible explanation is that the brain volume changes observed may result 

from an association between amyloid removal and intracerebral fluid shifts.  

Long-term follow-up of treated patients and further analysis of autopsy data modified 

and moderated the negative impact of the first results, encouraging additional clinical 

attempts. Subsequent observations on AN1792 vaccinated patients or transgenic models and 

on brain tissue derived from mice and humans using a new tissue amyloid immunoreactivity 

(TAPIR) method suggested that antibodies against A -related epitopes are capable of 

slowing the progression of neuropathology in AD. Hock and Nitsch [74] followed for four 

years 30 patients who received a prime and booster immunization over the first year after 

vaccination, providing further support to continue investigation of antibody treatment in AD.  

In 2008 a paper was published describing the relation between A 42 immune response, 

degree of plaque removal and long-term clinical outcomes [75]. In June 2003, 80 patients (or 

their caregivers), who had entered the phase I AN1792 trial in 2000, gave their consent for 

long-term clinical follow-up and post-mortem neuropathological examination. In patients 

who received immunisation, mean A  load was lower than in the placebo group. Despite this 

observation, however, no evidence of improved survival or an improvement in time to severe 

dementia was observed in such patients. Therefore, plaque removal is not enough to halt 

progressive neurodegeneration in AD, prompting some intriguing challenges to the amyloid 

hypothesis. 

Although severe adverse events occurred in the first AN1792 trial and cognitive results 

were unclear, immunization was not abandoned, but the treatment was modified from active 

into passive in order to avoid excessive activation of the T-cell response and thus prevent 

complications. The humanized monoclonal anti-A  antibody Bapineuzumab (Wyeth and 

Elan) has been tested in a phase II trial in 200 patients with mild to moderate AD. The 18-

month, multi-dose, one-to-one randomization trial was conducted at about 30 sites in the US. 

It was designed to assess safety, tolerability and standard efficacy endpoints (ADAS-Cog, 

Neuropsychological Test Battery, DAS) of multiple ascending doses of Bapineuzumab in 

patients. On May 21, 2007, Elan and Wyeth announced their plans to start a phase III clinical 

trial of Bapineuzumab. The decision to launch phase III studies prior to the conclusion of the 

ongoing phase II was based on the totality of the accumulated clinical data from phase I, 

phase II and a 4.5-year follow-up study of those patients involved in the original AN1792 

trial. 

 

-Secretase Inhibition  
Several compounds which inhibit -secretase activity in the brain have been identified. 

Nevertheless, -secretase has many biologically essential substrates [76]. One of the most 

physiologically important -secretase substrate in the Notch signaling protein, which is 

involved in the differentiation and proliferation of embryonic cells, T cells, gastrointestinal 

goblet cells and splenic B cells. Experience with transgenic mice showed that the 

administration of a -secretase inhibitor in doses sufficient to remove A  concentrations 
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interferes with lymphocyte differentiation and alters the structure of intestinal goblet cells 

[77]. Therefore, safety is a very important consideration for this kind of compounds.  

A nonselective -secretase inhibitor named LY450139 (Eli Lilly) has been evaluated in a 

phase I placebo-controlled study in 37 healthy adults (at doses ranging from 5 to 50 mg). A  

CSF levels were reduced in both active treatment and placebo groups, but differences were 

not statistically significant. Transient gastrointestinal adverse effects (bleeding, abdominal 

pain) were reported by 2 subjects treated with 50 mg [78]. A subsequent phase II randomized, 

controlled trial was carried out in 70 patients with AD. Patients were given 30 mg for 1 week 

followed by 40 mg for 5 weeks. Treatment was well tolerated. No significant changes in 

plasma and CSF A 40 and A 42 were observed [79]. 

Subsequently, a multicenter, randomized, double-blind, dose-escalation, placebo-

controlled trial was carried out. Fifty-one patients with mild to moderate AD were 

randomized to receive placebo, or LY450139 (100 mg or 140 mg). The LY450139 groups 

received 60 mg/day for two weeks, then 100 mg/day for six weeks, then either 100 or 140 

mg/day for six additional weeks. Primary outcomes included safety, tolerability and 

CSF/plasma A  levels; secondary outcome was neuropsychological testing. LY450139 was 

generally well tolerated at doses of up to 140 mg/day for 14 weeks. However, adverse events 

were seen, including 3 possible drug rashes, 3 reports of hair color change and 3 adverse 

event-related discontinuation, therefore a close clinical monitoring will be needed in future 

studies. Plasma A , but not CSF, levels were reduced in treated patients, consistent with 

inhibition of -secretase. No differences were seen in cognitive or functional measures [80]. 

 

3.1.4. Selective A 42-Lowering Agents (SALAs) 
Tarenflurbil is the first compound in this new class of drugs, which modulate -secretase 

activity without interfering with Notch or other -secretase substrates [81]. It binds to a -

secretase site other than the active/catalytic center of relevance to production of A 2, 

thereby altering the conformation of -secretase and shifting production away from A 42 

without interfering with other physiologically essential -secretase substrates.  

Tarenflurbil (MPC-7869; Myriad Pharmaceuticals; FlurizanTM) is the pure R-enantiomer 

of flurbiprofen. It shifts cleavage of APP away from A 42, leading to the production of 

shorter non-toxic fragments [82,83]. In contrast with S-flurbiprofen or other non-steroidal 

anti-inflammatory drugs (NSAIDs), it does not inhibit cyclo-oxygenase (COX) I or COX 2 

and it is not associated with gastrointestinal toxicity [84]. In mice, treatment with tarenflurbil 

reduces amyloid plaque burden and prevents learning and behavioural deterioration [85]. 

A 3-week, placebo-controlled, phase I pharmacokinetic study of tarenflurbil (twice-daily 

doses of 400, 800 or 1600 mg) in 48 healthy, older volunteers, showed that the drug is well 

tolerated , with no evidence of renal or gastrointestinal toxicity. CSF was collected at 

baseline and after 3 weeks. The compound penetrated the blood brain barrier in a dose-

dependent manner. No significant changes of A 42 CSF levels were shown after treatment. 

However, in plasma, higher drug concentrations were related to statistically significant lower 

A  levels [86]. 

Myriad conducted a large, placebo-controlled Phase II trial for Flurizan of 12 month-

duration in 210 patients with mild to moderate AD (MMSE score: 15-26). Patients were 

randomly assigned to receive Tarenflurbil twice per day (400 mg or 800 mg or placebo) for 
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12 months. Primary outcome measures for the trial were the rate of change (slope of decline) 

of: activities of daily living, quantified by the Alzheimer‘s Disease Cooperative Study—

Activities of Daily Living inventory (ADCS-ADL), global function, measured by the Clinical 

Dementia Rating-sum of boxes (CDR-sb), cognitive function, measured by the Alzheimer‘s 

disease Assessment Scale-cognitive subscale (ADAS-cog). In a 12-month extended treatment 

phase, patients who had received tarenflurbil continued to receive the same dose, and patients 

who had received placebo were randomly assigned to tarenflurbil at 800 mg or 400 mg twice 

a day.  

A preliminary analysis revealed that patients with mild AD (MMSE: 20-26) and 

moderate AD (MMSE: 15-19) responded differently to tarenflurbil in the ADAS-Cog and the 

ADCS-ADL, therefore these groups were analyzed separately. Patients with mild AD in the 

800 mg tarenflurbil group had lower rates of decline than did those in the placebo group in 

the activities of daily living, whereas slowing of cognitive decline did not differ significantly. 

In patients with moderate AD, 800 mg tarenflurbil twice per day had no significant effects on 

ADCS-ADL and ADAS-Cog and had a negative effect on CDR-sb. The most common 

adverse events included diarrhoea, nausea and dizziness. Patients with mild AD who were in 

the 800 mg tarenflurbil group for 24 months had lower rates of decline for all three primary 

outcomes than did patients who were in the placebo group for months 0-12 and a tarenflurbil 

group for months 12-24 [87].  

Given these results, two phase III study were carried out, in US and in Europe. 

ActEarliAD trial was started in 2007 all over Europe. It is a 18-month, multinational, 

randomized, double-blind, placebo controlled study in over 800 patients with AD. Patients 

enrolled in the trial were treated with 800 mg twice a day of either Flurizan or placebo and 

attended periodic physician visits for analysis of their performance on memory, cognition and 

behavioral tests. The two primary clinical endpoints of the trial were the change in cognitive 

decline and function, as measured by the ADAS-cog, and changes in activity of daily living, 

as measured by the ADCS-ADL. A secondary endpoint of the trial was the change in overall 

function, measured by the CDR-sb. Additional exploratory outcome measures were designed 

to assess the psychological, physical and financial impact of this disease on caregivers and 

medical resources. The trial was designed to meet the requirements of the European Agency 

for the Evaluation of Medicinal Products (EMEA) for marketing of Flurizan in Europe. The 

global endpoints in this trial were identical to those in the US trial. As was the case with the 

phase II trial, all patients in the phase III studies are allowed to take currently standard of care 

medicines in addition to Flurizan or placebo, provided their dose has been stable for 6 

months.  

Disappointingly, on July 2, 2008, the sponsor of Flurizan announced that this -secretase-

modulating agent had fallen flat in its definitive Phase III trial and was finished as a 

development product (www.alzforum.org). In fact, on both primary efficacy endpoints, the 

ADAS-Cog and the ADCS activities of daily living scales, the treatment and placebo curves 

overlapped almost completely, and there was no effect whatsoever in the group as a whole. In 

addition, while the overall side effect profile was similar between placebo and treatment 

groups, anemia, infections and gastrointestinal ulcers appeared more often in people on 

Flurizan than in the placebo group. 

http://www.alzforum.org/
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3.2. Drugs Interfering with Tau Deposition 
 

A phase II trial of a tau-blocking compound named methyl thioninium chloride (MTC) is 

ongoing (TauRx Therapeutics, RemberTM). This is a reducing agent better known as 

methylene blue, a deep blue dye used in analytical chemistry, as a tissue stain in biology and 

in various industrial products. MTC interfere with tau aggregation by acting on self-

aggregating truncated tau fragments [88]. The company conducted a phase II trial 

randomizing 321 patients with mild or moderate AD to treatment with either placebo or one 

of three oral doses of MTC: 30 mg, 60 mg or 100 mg three times a day. Patients were not 

taking acetylcholinesterase inhibitors or memantine. Primary outcomes were to compare the 

effect of MTC to placebo on cognitive abilities measured by the ADAS-Cog at 24 weeks. 

Preliminary results were presented at the 2008 International Conference on Alzheimer‘s 

disease [89]. The 100mg dose was found to have a formulation defect limiting release of the 

therapeutic form of MTC, therefore this arm was discontinued. A significant improvement 

relative to placebo of -5.4 ADAS-cog units in CDR-moderate subjects at the 60mg dose was 

shown. There was no placebo decline in CDR-mild AD over the first 24 weeks preventing 

initial efficacy analysis. Significant efficacy was demonstrated separately in mild and 

moderate subgroups [89]. A problem with the use of this drug is that urine become blue, 

resulting in a lack of blinding.  

An interesting approach to block tau deposition is to inhibit kinases responsible for tau 

hyperphosporylation. Despite the large number of tau phosphorylation sites and the ability of 

multiple kinases to phosporylate individual sites, Glycogen Synthase Kinase 3 (GSK3 ) has 

emerged as potential therapeutic target (see [90] for review). The most studied compound 

able to inhibit GSK3 is lithium, but several other compounds are under development 

(reviewed in [91]). 

 

 

3.3. Anti-inflammatory Drugs 
 

A large body of epidemiologic evidence suggested that long-term use of NSAIDs 

protects against the development of AD [20,92]. Nevertheless, prospective studies of 

Rofecoxib, Naproxen or Diclofenac failed to slow progression of cognitive decline in patients 

with mild to moderate AD [93-95], as well as celecoxib [96], dapsone [97], 

hydroxychloroquine [98], nimesulide [99]. In contrast, Indomethacin may delay cognitive 

decline in this subset of patients, but gastrointestinal toxicity is treatment-limiting [100,101]. 

Because of general concerns about lack of efficacy, gastrointestinal toxicity, myocardial 

infarction and stroke, NSAIDs are not considered to be viable treatment options for patients 

with AD. 

A rapid improvement in verbal fluency and aphasia following perispinal etanercept 

administration was described [102]. Etanercept is a TNF  inhibitor, which acts by blocking 

the binding of this cytokine to its receptor. It was tested in 12 patients with mild to severe 

AD, at a dose of 25-50 mg weekly for six months, showing improvement in a number of 

neuropsychological testing, particularly in verbal fluency [102]. 
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3.4. Drugs Preventing Oxidative Damage 
 

Ginkgo biloba extracts have antioxidant activity, and counteract the aggregation or 

deposition of A  in vitro and in animal models. These promising preclinical hints lead to the 

development of a large trial. The GEM study is a Randomised, double-blind, placebo-

controlled trials designed to test whether EGb 761, a commercial extract contained in many 

over-the-counter ginkgo preparations, at a dose of 120 mg twice a day, could delay the onset 

of AD in older adults. Participants included 2587 cognitively normal elderly volunteers, and 

482 with MCI. Half subjects received the treatment, half the placebo. All of them were 

followed for an average of 6.1 years. The measured endpoints was onset of dementia of any 

cause, or AD. No differences were found in the incidence of all-cause dementia, or AD in 

particular, between the ginkgo takers and the placebo group [103]. 

Additional potential antioxidants include mitoquinone (Antipodian Pharmaceuticals), 

vitamin E, and natural polyphenols such as green tea, wine, blueberries and curcumin. 

Clinical trial with vitamin E and omega-3 fatty acids did not show beneficial effects in AD 

patients (see [104] for review).  

A trial to determine whether reduction of homocysteine levels with high-dose high-dose 

folate, vitamin B(6), and vitamin B(12) supplementation can slow the rate of cognitive 

decline in subjects with AD has been tried in a multicenter, randomized, controlled clinical 

trial named VITAL (High Dose Supplements to Reduce Homocysteine and Slow the Rate of 

Cognitive Decline in Alzheimer's Disease). Four hundred and nine individuals with mild to 

moderate AD (MMSE between 14 and 26, inclusive) and normal folic acid, vitamin B(12), 

and Hcy levels were included. Participants were randomly assigned to 2 groups of unequal 

size (60% treated with high-dose supplements [5 mg/d of folate, 25 mg/d of vitamin B(6), 1 

mg/d of vitamin B(12)] and 40% treated with identical placebo); duration of treatment was 18 

months. The main outcome measure was the change in the cognitive subscale of the 

Alzheimer Disease Assessment Scale (ADAS-cog). A total of 340 participants completed the 

trial. Although the vitamin supplement regimen was effective in reducing Hcy levels, it had 

no beneficial effect on the primary cognitive measure, rate of change in ADAS-cog score 

during 18 months or on any secondary measures [105]. 

 

 

3.5. Drugs Interfering with Metals 
 

PBT2 was designed to modify the course of AD by preventing metal-dependent 

aggregation, deposition, and toxicity of Aβ. PBT2 acts at three levels of the ―amyloid 

cascade‖: it inhibits the redox-dependent formation of toxic soluble oligomers, prevents 

deposition of Aβ as amyloid plaques, and promotes clearance by mobilizing and 

―neutralizing‖ Aβ from existing deposits [106]. PBT2 has been recently tested in a phase II 

trial. Seventy-eight patients with mild AD were randomly assigned to PBT2 50mg, PBT2 

250mg or placebo (in addition to acetylcholinesterase inhibitors) for 12 weeks. No serious 

adverse events were reported by patients on PBT2. Patients treated with PBT2 250 mg had a 

dose-dependent and significant reduction in CSF A 42 concentration compared with those 

treated with placebo [107]. Cognitive efficacy was however restricted to two measures only, 
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therefore future larger and longer trials are needed to test the efficacy of this drug on 

cognition. 

The parent compound clioquinol (PBT1, Prana Biotechnology) was tested in a clinical 

trial for AD, showing a reduction in the rate of cognitive decline in the subgroup of more 

severely affected patients only [108]. According to Cochrane Collaborative study, it was not 

clear from this trial that clioquinol showed any positive clinical result. The two statistically 

significant positive results were seen for the more severely affected subgroup of patients; 

however, this effect was not maintained at the 36-week end- point, and this group was small 

(eight treated subjects). The sample size was small. Details of randomization procedure or 

blinding were not reported [109]. 

 

 

3.6. Statins 
 

Epidemiological studies indicated that patients treated for cardiovascular disease with 

cholesterol-lowering therapy (statins) showed a decreased prevalence of AD [110].  

Simvastatin is a pro-drug, hydrolyzed in vivo to generate mevinolinic acid, an active 

metabolite that is structurally similar to HMG-CoA. This metabolite competes with HMG-

CoA for binding HMG-CoA reductase, a hepatic microsomal enzyme. Simvastatin 

metabolites are high affinity HMG-CoA reductase inhibitors, reducing the quantity of 

mevalonic acid, a precursor of cholesterol.  

CLASP is an ongoing randomized, double-blind, pacebo controlled, pararallel 

assignment, phase III trial to investigate the safety and effectiveness of simvastatin to slow 

the progression of AD. The clinical trial include the treatment of patients with mild to 

moderate AD, and the objective is to evaluate the safety and efficacy of simvastatin to slow 

the progression of AD, as measured by ADAS-cog. Measures of clinical global change 

(ADCS-CGIC), mental status, functional ability, behavioral disturbances, quality of life and 

economic indicators will be made also. Sample size will include 400 participants enrolled 

from approximately 40 sites. Study medication will be as follows: 20mg of simvastatin or 

matching placebo to be given for 6 weeks, followed by 40mg of simvastatin or matching 

placebo for the remainder of the 18-month study period. 

The Lipitor's Effect in Alzheimer's Dementia (LEADe) study tests the hypothesis that a 

statin (atorvastatin 80mg daily) will provide a benefit on the course of mild to moderate AD 

in patients receiving background therapy of a cholinesterase inhibitor (donepezil 10mg daily). 

An international, multicenter, double-blind, randomized, parallel-group study with a double-

blind randomized withdrawal phase of patients with mild to moderate AD (Mini-Mental State 

Examination [MMSE] score, 13 to 25) was started. Inclusion criteria included age 50 to 90 

years, receiving donepezil 10mg for at least 3 months before randomization, and low-density 

lipoprotein cholesterol levels (LDL-C) 2.5 to 3.5 mmol/L (95 to 195 mg/dL). Co-primary end 

points are changes in ADAS-cog and ADCS-CGIC scale scores. A confirmatory end point is 

rate of change in whole brain and hippocampal volumes in patients who were enrolled in the 

magnetic resonance imaging substudy. Enrollment of 641 subjects is complete [111]. 
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Table. Potentially disease-modifying drugs tested in clinical trials in patients with AD 

 

 Name N. of 

patients  

Duration 

(months) 

Mode of Action Clinical 

trial phase 

Results  Ref. 

Drugs influencing A  

deposition 

       

Anti-aggregants Tramiprosate 

(AlzhemedTM) 

1052 18 GAG mimetic Phase III 

 

No efficacy (definitive)  

 Colostrinin 

 

105 15+15 

extension 

Inhibits A  aggregation 

 

Phase II 

 

Modest improvement in 

MMSE (not definitive) 

[68] 

 

 Scyllo-inositol 

(AZD103) 

340* 18 Inhibits A  aggregation Phase II Ongoing   

Vaccination 

 

AN1792 

 

300 halted after 

12 months 

A  removal (active 

immunisation) 

Phase II 

 

Unclear cognitive results-

severe adverse events 

(definitive) 

[71,72] 

 

 Bapineuzumab 

 

200 18 A  removal (passive 

immunisation) 

Phase III 

 

Ongoing  

 

 

-secretase inhibitors 

 

LY450139 

 

51 

 

3 Inhibits -secretase 

 

Phase II 

 

No changes in cognitive 

measures 

Phase III trial ongoing   

[80] 

 

SALAs Tarenflurbil (FlurizanTM) 210 

 

>800 

12+12 

extension 

18 

Inhibits -secretase Phase II 

 

Phase III 

No effect on cognition  

 

No effect on cognition 

(definitive) 

[87] 

Drugs influencing tau 

deposition 

       

 MTC (RemberTM) 321 6 Interferes with tau aggregation Phase II Improvement in cognition (not 

definitive) 

[89] 

Anti-inflammatory drugs        

 Rofecoxib 

 

351 

692 

12 

12 

NSAID, inhibits COX2  

 

Phase III 

Phase III 

No efficacy (definitive) 

No efficacy (definitive) 

[93,94] 

 



 

 

Table. Potentially disease-modifying drugs tested in clinical trials in patients with AD (Continued) 

 

 Name N. of 

patients  

Duration 

(months) 

Mode of Action Clinical 

trial phase 

Results  Ref. 

 Naproxene 

 

351 

 

12 Non-selective NSAID 

 

Phase III 

 

No efficacy (definitive) [94] 

 

 Diclofenac 41 25 weeks NSAID Phase II No efficacy (definitive) [95] 

 Celecoxib  52 weeks NSAID Phase II No efficacy (definitive) [96] 

 Hydroxychloroquine 20 3 NSAID Phase II No efficacy (definitive) [98] 

 Nimesulide 40 6 NSAID,  inhibits COX2  

 

Phase II No efficacy (definitive) [99] 

 Indomethacin  

 

6 NSAID  Phase II No efficacy-toxicity 

(definitive) 

[100] 

 

 Etanercept 12 6 Inhibits TNF-  Open study Improvement in cognition (not 

definitive) 

[102] 

Drugs preventing oxidative 

damage 

       

 Folate/B6/B12 340 18 Reduction of Hcy Phase III No effects [105] 

Drugs interfering with metals        

 PBT2 78 

 

3 Metal-protein attenuation Phase II 

 

Improvement in cognition (not 

definitive) 

[107] 

 

 Clioquinol 

 

36 

 

9  Inhibits zinc and copper from 

binding to A

Phase II 

 

Reduction in cognitive decline 

in more severely affected 

patients only (definitive) 

[108] 

 

Statins        

 Simvastatin 400* 18 Cholesterol reduction Phase III Ongoing  

 Atorvastatin 641 20 Cholesterol reduction Phase III Ongoing [111] 

*estimated. 



In: Cognitive Impairment: Causes, Diagnosis and Treatments ISBN 978-1-60876-205-7 

Editor: Melanie L. Landow © 2009 Nova Science Publishers, Inc. 

 

 

 

 

 

 

 

Chapter IV 
 

 

Cognitive Interventions to Improve 
Prefrontal Functions 

 

 

Yoshiyuki Tachibana , Yuko Akitsuki and Ryuta Kawashima 
Department of Functional Brain Imaging, IDAC, Tohoku University, 

Sendai, Japan 

 

 

Abstract 
 

The human prefrontal cortex (PFC) plays major roles in higher cognitive functions 

necessary for maintaining a healthy social life. Psychological and psychiatric problems 

are often associated with cognitive impairments associated with PFC. Thus, previous 

cognitive intervention studies have been conducted to improve the functions associated 

with PFC. In this article, first we describe the functions associated with PFC and its 

importance in cognitive intervention studies. Then, we describe recent advancements in 

cognitive intervention methods, particularly interventions to prevent cognitive decline in 

healthy older adults and those to enhance their emotional control and resilience in 

preschool children. We also discuss on transfer effects of previous cognitive 

intervention, which are often observed. Finally, we discuss on the unresolved issues on 

the mechanism underlying the effect of cognitive intervention. We consider that a deeper 

understanding of the effect of cognitive intervention will greatly contribute to human 

welfare and education for all generations. Further multidisciplinary research will be 

required to achieve this ultimate goal. 

 

 

Keywords: prefrontal cortex, cognitive intervention, executive function, transfer effects, 

older adults, early childhood 
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1. Functions of Human Prefrontal Cortex 
 

The human prefrontal cortex (PFC) plays major roles in higher cognitive functions 

necessary for maintaining a healthy social life. For example, patients with PFC lesions have 

difficulties in planning and controlling their emotions. Such patients, however, have no 

cognitive dysfunction of language, memory, and sensory (Damasio, 1995). The first seminal 

case of a prefrontal brain lesion was that of Phineas Gage (Damasio et al., 1994). His frontal 

lobes were damaged by a railway construction accident in 1848. Although he retained normal 

memory, and speech and motor skills, his personality changed after the accident. He became 

irritable, quick-tempered, and impatient. Owing to these changes, his friends described him as 

―no longer Gage.‖ He was a capable and efficient worker before the accident. After the 

accident, however, he was unable to complete multiple tasks. His case became the focus of 

attention in studies of the importance of PFC functions. 

Previous neuroimaging studies showed that dysfunction of PFC is related to various 

psychiatric disorders, such as, schizophrenia (Lawrie et al., 2008; Weinberger et al., 2001); 

depression (Drevets, 2000); bipolar disorder (Adler et al., 2006; Monkul et al., 2005); mild 

cognitive impairment (Petrella et al., 2006; Prvulovic et al., 2005); and Attention Deficit / 

Hyperactivity Disorder (ADHD) (Valera et al., 2007). Furthermore, decrease in PFC volume 

was observed in people exposed to repeated stressors (Liston et al., 2006; Radley et al., 

2006), suicide victims (Rajkowska, 1997), criminals diagnosed as sociopaths (Pridmore et al., 

2005; Yang et al., 2008), and drug addicts (Wilson et al., 2004; Yucel and Lubman, 2007). It 

is also suggested that neurological representations of various psychological stases are 

associated with PFC, such as, feeling of guilt or remorse (Kiehl, 2006; Martens, 2001); 

interpretion of reality (Abraham and von Cramon, 2009; Blackwood et al., 2001); and lying 

(Spence et al., 2008; Spence and Kaylor-Hughes, 2008). 

 

 

2. Functions Associated with PFC as Target  
of Intervention Studies 

 

As mentioned above, PFC is deeply associated with a healthy social life. Thus, previous 

intervention research was conducted to improve the functions associated with PFC (Details 

will be provided later in this article). It is also noteworthy that cognitive intervention aimed at 

improving the functions associated with PFC is considered to be useful for primary 

prevention of psychiatric or psychological disorders (Blair and Diamond, 2008). In particular, 

interventions for older adults and children have been the focus of much attention owing to 

their importance as preventive strategies; namely, to prevent dementia in older adults and to 

enhance healthy development in children.  

It should be stressed that the target functions associated with PFC in cognitive 

intervention studies differ across age groups. This is because PFC is one of the last regions to 

reach maturity during the course of development in humans (Fuster, 2002). Thus, the 
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developmental state of PFC differs with age (Lemaitre et al., 2005). For example, gray matter 

volume does not reach adult levels in the dorsolateral prefrontal cortex until at least the end 

of adolescence (Whitford et al., 2007). Moreover, myelination of the dorsolateral prefrontal 

cortex continues into the 20s or possibly 30s (Huttenlocher and Dabholkar, 1997).  

On the basis of these developmental characteristics of PFC, most of the cognitive 

interventions in early childhood are aimed at improving executive function; executive 

function is vastly developed in early childhood between 3 and 5 years old (Garon et al., 

2008). During the preschool years, enhancement of executive function is regarded as one of 

the most important factor for healthy development (Blair and Diamond, 2008). The details of 

the importance of executive function in cognitive intervention for children will be discussed 

later.  

By contrast, cognitive interventions for older adults (aged more than 60 years) have 

targeted a broader range of functions associated with PFC; PFC has already reached maturity 

by this age (Hubert et al., 2007; Olesen et al., 2007). For older adults, interpretations in many 

studies aimed to maintain various functions in daily life to prevent dementia (Fillit et al., 

2002; Kramer et al., 2005).  

 

 

3. Transfer Effects of Cognitive Interventions 
 

Transfer effects were observed in cognitive intervention studies, which means that the 

effects (i.e., improvements) of a particular cognitive aspect directly targeted by a training 

program generalize to either related cognitive constructs or behaviors associated with the 

trained construct (Thorell et al., 2009). For example, Thorell et al. (2009) observed that 

children trained in working memory showed transfer effects to attention. Moreover, Olesen et 

al. (2004) showed that training in working memory tasks increase brain activity in 

multimodal areas of the prefrontal and parietal cortices. This might be related to the 

observation that certain areas of the frontal and parietal lobes seem to be multimodal, rather 

than being associated with any one type of sensory stimulus, and are activated by both 

hearing and vision working memory tasks (Klingberg and Roland, 1997). Thus, the authors 

claimed that developing a multimodal area would probably be more useful than developing 

an area that is only associated with one function, for example, hearing. That is building up 

bottleneck areas through intervention would be beneficial in enhancing many functions. 

In this article, we will describe some transfer effects of intervention studies targeting the 

functions associated with PFC. We, however, think it is beyond the scope of this review to 

cover all the cognitive interventions for older adults and children in every detail. Instead, we 

describe selected studies with highly relevant findings in this review. 
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4. Recent Advancements in Cognitive 
Intervention Methods 

 

1) Interventions for Older Adults 
 

Kawashima et al. (2005) developed a cognitive intervention program named ―Learning 

Therapy‖ for senile dementia. The concept of the program was based on the findings of 

neuroimaging and clinical studies. Learning Therapy has been developed to stimulate the 

cognitive functions of the dorsolateral PFC, as well and the temporal and parietal association 

cortices. Learning Therapy has two characteristics that distinguish it from previous methods 

of cognitive rehabilitation. One is that this method is based on the findings of previous 

neuroscience research―that is, solving arithmetic problems and reading aloud bilaterally 

activate the dorsolateral PFC of humans (Kawashima et al., 2004; Miura et al., 2003). The 

second is that it aims to mediate the transfer of different cognitive functions within the 

dorsolateral PFC―that is, from reading aloud and solving arithmetic problem functions 

toward general cognitive functions such as communication, independence, and 

conceptualization. The materials for the training program were two tasks in arithmetic and 

Japanese language, which were systematized basic problems in reading and arithmetic. This 

is based on the findings of previous brain imaging studies indicating that reading sentences or 

words aloud and simple arithmetic operations activate PFC (Kawashima et al., 2004; Miura et 

al., 2003; Miura et al., 2005). On the other hand, both reading aloud and solving arithmetic 

problems require working memory. Thus, prefrontal stimulation by reading aloud and solving 

arithmetic problems may lead to the positive transfer effects on other cognitive functions 

(Kawashima et al., 2005). It is noteworthy that the authors developed the training program 

such that the reading aloud and solving arithmetic problems are very simple and easy tasks 

that even people with senile dementia can understand, perform, and continue the tasks. 

Thirty-two people were recruited from a nursing home in Japan. The participants were 

randomly assigned to these two groups: sixteen participants in the experimental group and 

sixteen in the control group. All of the participants in both groups were clinically diagnosed 

as having senile dementia of the Alzheimer type on the basis of the criteria of the American 

Psychiatric Association‘s Diagnostic and Statistical Manual of Mental Disorders, 4th edition 

(DSM-Ⅳ). The participants in the experimental group were instructed to perform a training 

program using learning tasks in reading and arithmetic for 2-6 days a week. The function of 

the frontal cortex of the subjects was assessed using the Frontal Assessment Battery (FAB) 

test at the bedside. After 6 months of training, the FAB score of the experimental group 

decreased slightly over the 6-month period, and the difference in the score between the 

experimental and control groups was statistically significant. They also observed the 

restoration of communication skills and independence in the experimental group. Their 

results indicate that the learning tasks of reading aloud and arithmetic calculation can be used 

for cognitive rehabilitation of dementia patients.  

Uchida and Kawashima (2008) then applied a similar daily cognitive training program to 

a study of 124 community-dwelling healthy seniors aged 70 to 86 years (mean age = 76.2 

years). The aim was to evaluate the effects of training on cognitive functions, particularly on 

the functions associated with PFC. The study design was a single-blind randomized 
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controlled trial. In this study, neuropsychological measures were determined prior to and six 

months after the intervention (post-test) by the following tests: mini-mental state examination 

(MMSE), FAB test at bedside, and digit-symbol substitution test (DST) of WAIS-R. 

Interestingly, the results showed that the speed of processing (as measured by DST) and 

executive function (as measured by FAB) showed a statistically significant improvement in 

the post-test compared with the pretest. It is noteworthy that these properties are not directly 

tied to the contents of the intervention. Moreover, such an improvement was maintained up to 

six months of follow-up tests in only the experimental group. The results of their 

investigations indicate that the transfer effects of the cognitive intervention by reading and 

solving arithmetic problems on nontargeted cognitive functions was demonstrated in this 

study. The results also demonstrated that cognitive training has the beneficial effects of 

maintaining and improving cognitive functions.  

On the other hand, Ball et al. (2002) and Jobe et al. (2001) performed a very large scale 

intervention study of independently living vital older adults. Two thousand eight hundred and 

thirty-two participants aged 65 to 94 years (mean age = 73.6 years) were recruited from 

senior housing, community centers, and hospital/clinics in six metropolitan areas in the 

United States. The subjects were randomly assigned to one of four groups: memory training 

group (verbal episodic memory: n = 711), reasoning training group (ability to solve problems 

that follow a serial pattern: n = 705), speed of processing training group (visual search and 

identification: n = 712), and control condition group. For the three treatment groups, booster 

training was provided to 60% of randomly selected initially trained subjects 11 months after 

the initial training was provided. Functional activities were measured by performance-based 

and self-reported questionnaires on cognitive function and cognitively demanding everyday 

functioning (See Table. 1) immediately after the intervention and at 2- and 5-year follow-ups. 

The results indicated that each intervention improved the targeted cognitive ability compared 

with the baseline before the intervention started. Ball et al. determined the percentage of 

participants who showed reliable improvement in each training group. A participant was 

classified as having improved reliably on a particular measure of his or her performance 

when the measure at a follow-up exceeded the baseline measure of the performance by 1 

standard error of measurement (Dudek, 1979). The percentages of participants in the speed of 

processing, reasoning, and memory interventions who showed reliable cognitive 

improvement after the interventions were 87%, 74%, and 26%, respectively. Moreover, 

booster training enhanced training gains in speed and reasoning interventions, which were 

maintained at 2-year follow-up. Training effects were of a magnitude equivalent to the 

amount of decline expected in older adults without dementia over 7- to 14-year intervals. 

Willis et al. (2004) assessed the long-term effects of this training program. Their assessment 

using the self-reported instrumental activities of daily living (IADL) test indicated that 

reasoning training resulted in less functional decline. Each intervention produced immediate 

improvement in the cognitive ability, which was retained for five years. At year five, 

participants in all three intervention groups reported less difficulty in performing the IADL 

test compared with the control group. However, this effect was significant only for the 

reasoning training group. Neither speed of processing training nor memory training had a 

significant effect on IADL. 



 

Table 1. Cognitive interventions for older adults 

 

 
Cognitive intervention studies, with highly relevant findings, to improve prefrontal functions of older adults are described in this table. These are the summaries 

of the papers, which is described in this review.  



 

 

Table 2. Cognitive Interventions for children 

 

 
 



 

 

Table 2. Cognitive Interventions for children (Continued) 

 

 
Cognitive intervention studies, with highly relevant findings, to improve prefrontal functions of children are described in this table. These are the summaries of 

the papers, which is described in this review. 
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Another intervention study was carried out by Edwards et al, (2002). They evaluated the 

extent to which a standardized speed of processing training transfers to similar and dissimilar 

speeded cognitive measurements as well as to other domains of cognitive functioning in older 

adults. Ninety-seven older adults aged 60 to 87 years (mean age = 73.7 years) were randomly 

assigned to either the intervention group or the control group. The subjects of the intervention 

group received ten 1-hour sessions of speed of processing training for six week. They were 

administered a battery of cognitive tests (See Table. 1) and the timed IADL Test. Their 

intelligence, memory, attention, verbal fluency, visual-perceptual ability, speed of processing, 

and functional abilities were assessed by the tests. The subjects of the intervention group 

showed some improvement in speed of processing measures, including performance of the 

IADL test. However, the effects did not transfer to other domains of cognitive functioning. 

Their results indicated that the speed of processing training can transfer to the performance of 

the IADL test. Furthermore, Edwards et al., (2005) extended their investigation by assigning 

the subjects into the social- and computer-contact control group. The results were consistent 

with those of the authors‘ previous study of the transfer of a speed of processing intervention 

(Edwards et al., 2002).  

Mahncke et al., (2006) developed a computer-based program for healthy adults. Most 

older adults experience nonpathological losses in cognitive function, frequently called ―age-

related cognitive decline (ARCD)‖ (Bischkopf et al., 2002; Fillit et al., 2002; Ritchie et al., 

2001). Their study targeted ARCD. One hundred and eighty-two community-dwelling, 

healthy older adults aged 60 to 87 years (mean age = 70.9 years) participated in the study. 

They were assigned to the computer-based intervention program or the no-contact control 

group. The program focused on processing speed and working memory. In the intervention 

program, the participants performed the exercises for one hour per day five days a week for 

eight to ten weeks. After the intervention period, not only task-specific performance but also 

nonrelated standardized neuropsychological measures of memory were improved. The data at 

three-month follow-up were compared with those at pretraining, and the results indicated that 

the enhancement of the performance of the digit span forward task was maintained in the 

intervention group.  

Stuss et al. (2007) performed a randomized control trial to evaluate a cognitive 

rehabilitation program. The purpose of their study was to enhance the general strategic 

abilities in ways that would be expressed in a broad range of functional domains. On the 

other hand, Craik et al. (2007) examined 49 elderly adults who were cognitively normal and 

participated in a twelve-week intervention program. The training program consisted of three 

distinct modules, each requiring four consecutive weeks. The participants met once a week in 

three-hour sessions. The modules were presented in a fixed order: memory training, goal 

management seminars, and psychosocial training (Craik et al., 2007; Stuss et al., 2007). The 

authors used a cross-over design; the participants were assigned to either the ―early-training 

group (ETG)‖ or ―late-training group (LTG).‖ During the intervention periods, the 

participants were assigned a homework for one hour every day. The authors used the alpha 

span test (Craik, 1986), Brown-Peterson test (Floden et al., 2000, modification), and Hopkins 

verbal learning test-revised to measure the effects of the intervention on memory. There was 

no improvement in most outcome measures of working memory, primary memory, or 

recognition memory after the intervention nor at any of the additional two assessments for 
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three months after follow-up. Memory enhancement in the tests was restricted to the ETG, 

possibly because the LTG lost their motivation as a consequence of their delayed training 

(Craik et al., 2007). Furthermore, improvement in the performance of an untrained simulated 

IADL task, in which participants had to set up carpools or assign people to swimming 

lessons, was observed immediately after the intervention. However, six months later, only the 

ETG group maintained the effects.  

Oswald et al. (1996) conducted an intervention study in the SIMA (Maintaining and 

Supporting Independent Living in Old Age) project. Three hundred and seventy-five 

community-dwelling older adults aged to 75 to 89 years (mean age = 79.5 years) participated 

in the study. Their study aimed at identifying the importance of memory and psychomotor 

factor in cognitive training. Three different intervention programs were developed and 

applied for nine months to the following groups: 1) group for the competence-training 

program, aimed at conveying general strategies of coping with age-related changes and 

everyday problems of older adults; 2) group for the memory-training program based on a 

multi-storage model of memory and aging of memory; 3) group for the psychomotor-training 

program aimed at fostering coordination and security of motoricity taking age-related 

psychomotoric decreases into consideration; 4) group for the combined competence- and 

psychomotor-training program; and 5) group for the combined memory- and psychomotor-

training program (Oswald et al., 1996). The participants were randomly assigned to one of 

the five groups. The interventions were held once a week over thirty sessions, each lasting 

two to three hours for nine months. The specific intervention measures were achieved in 

several small groups of 15 to 20 participants. The measures were recorded by two group 

supervisors. The training measures were evaluated hierarchically at different levels: global 

constructs (e.g., cognitive status), subconstructs (e.g., fluid and crystallized cognitive 

performance), and individual measurement parameters (e.g., speed of information 

processing). Both of the memory training group and memory plus psychomotor training 

group had higher scores than the control group after the intervention in processing speed, 

attention, reasoning, and memory. The memory plus psychomotor training group showed the 

largest effects on the composite cognitive index across the five-year follow-up period. In 

addition, only the memory plus psychomotor training led to an improvement of psychomotor 

performance. Neither psychomotor training alone nor memory training alone resulted in the 

amelioration of symptoms of dementia.   

 

 

2) Interventions for Children 
 

ⅰ) Importance of Executive Function (EF) 

Prefrontal functions are deeply associated with children‘s social and emotional 

development (Monk, 2008). In particular, executive function (EF) has been revealed to play 

major roles in prefrontal functions (Elliott, 2003). Recently, it has also been suggested that 

EF has three components: shifting of mental sets, monitoring and updating of working 

memory, and inhibition of prepotent responses (Miyake et al., 2000). To clarify the profiles 

of these three components, Miyake and colleagues had the subjects perform a set of 

frequently used executive tasks: the Wisconsin Card sorting Test (WCST), Tower of Hanoi 
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(TOH), random number generation (RNG), operation span, and dual tasking. Confirmatory 

factor analysis indicated that the three executive functions moderately correlated with one 

another and were clearly separable. Many recent executive function studies are based on their 

model (Bull and Scerif, 2001; Garon, Bryson, and Smith, 2008).  

It has been suggested that inhibitory control plays a central role in fostering self-

regulation, by delaying responses, which enables one to have behavioral flexibility and make 

a strategic selection of alternative behaviors (Barkley, 2001; Miyake et al., 2000). Inhibitory 

control may also play a critical role in academic learning, by promoting children's capacity to 

think about multiple dimensions of perspectives on a problem (Blair and Razza, 2007; Vivas 

et al., 2007). Working memory may also foster the acquisition of academic knowledge by 

allowing children to hold more information for a longer period of time, engage in mental 

rehearsal, and thereby increase opportunity for consolidation of information into long-term 

memory (Bull and Scerif, 2001).  

On the other hand, some researchers use the term ―EF skills‖ to refer to a complex but 

well-defined set of cognitive regulatory processes (Friedman et al., 2006) that underlie 

adaptive, goal-directed responses to novel or challenging situations (Hughes and Graham, 

2002). EF capacities appear to play a central role in fostering the focused and rule-governed 

behavior that supports both cognitive and social-emotional adjustments (Bierman et al., 

2008). 

The neural areas that underlie EF skills include structures in the dorsolateral prefrontal, 

anterior cingulate, and parietal cortices, which have extensive interconnections with the 

ventral medial frontal and limbic brain structures associated with emotional reactivity and 

regulation. In combination, these cortical and limbic structures support the emotion-arousal 

system associated with behavioral inhibition in reaction to punishment or novelty and those 

associated with behavioral responses to a reward; they are also involved in responses to threat 

and stress (Blair et al., 2005). That is, the self-regulation processes that develop in the 

prefrontal cortex serve to modulate, either by enhancing or inhibiting, the reactive state of 

this arousal system (Derryberry and Rothbart, 1997). As such, the executive regulatory 

system directly affects and is affected by emotional and autonomic responses to stimulation. 

It plays a central role in the development of the ability to regulate attention, emotion, and 

behavior during the preschool years (Rueda et al., 2005).  

Regarding the features of EF development, EF develops rapidly from three to five years 

old (Zelazo et al., 2003). This rapid development of EF enables children to think and behave 

more flexibly, to decrease their impulsivity, and to be more self-regulated (Rueda et al., 

2005). The development of EF from three to five years old is quite important and thus 

interventions during this period have a large effect on children‘s EF development (Garon et 

al., 2008). Dysfunction of EF causes emotional regulation and behavioral problems, including 

aggression, depression, and attention disorders (Barkley, 2001). On the basis of these 

findings, many preventive interventions were developed focusing on supporting improved 

emotion regulation and problem-solving skills in which EF and the functions of the prefrontal 

lobe play a central role (Greenberg, 2006).  
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ⅱ) Interventions for Children’s EF Enhancement 

Diamond et al. (2007) developed a preschool program to improve cognitive control. 

Their curriculum named ―The Tools of the Mind (Tools)‖ was designed to improve the EF of 

preschoolers in regular classrooms with regular teachers at a minimal cost. The Tools 

curriculum is based on Vygotsky's theory related to EF and its development. Its core is 40 

EF-promoting activities, such as telling oneself out loud what one should do (―self-regulatory 

private speech‖), dramatic play, and aids to facilitate memory and attention. The teachers of 

the Tools curriculum spend up to 80% of day classes promoting EF skills. As a control 

condition, they used a District‘s version of the Balanced Literacy curriculum (dBL). The 

curriculum developed by the school district was based on balanced literacy and included 

thematic units. Although Tools and dBL covered the same academic contents, dBL did not 

address EF development. One hundred and forty-seven preschoolers aged 4 to 5 years (mean 

age = 5.1 years) participated in the study. Sixty-two children received the dBL curriculum, 

and eighty-five children received the Tools curriculum. The children‘s cognitive abilities 

were assessed by neuropsychological tests for EF. The children in the Tools curriculum 

significantly performed better on measures of EF than those in the dBL curriculum. As the 

Tools curriculum uses mature, dramatic plays to help improve EFs, Diamond et al. (2007) 

suggested that such plays are essential for EF development.  

Domitrovich and colleagues developed a program named Promoting Alternative 

Thinking Strategies (PATHS) (Greenberg and Kusche, 1998) for preschool-aged children in 

―Head Start‖ (Domitrovich et al., 2007). Head Start is a federally sponsored early childhood 

education program in U.S.A. developed to reduce socioeconomic disparities in school 

readiness (Currie and Thomas, 1995). In the Head Start, the PATHS program was planned as 

a universal, teacher-taught social-emotional curriculum to improve children‘s social 

competence and reduce problem behavior. Dormitrovich and colleagues performed a 

randomized clinical trial to evaluate the efficacy of a preschool version of the PATHS 

curriculum and determined whether the curriculum improved children‘s social competence 

and reduce problem behavior. Twenty classrooms in two Pennsylvania communities 

participated in the study. The participants in the study were two hundred and forty-six 

children aged 4 to 5 years (mean age = 4.3 years). Forty-seven percent of the children were 

African-American, 38% were European-American, and 10% were Hispanic. Seventy-two 

percent of the primary caregivers were biological mothers. The mean annual income of 

families was $7039. The curriculum was divided into thematic units that included lessons on 

compliments, basic and advanced feelings, a self-control strategy, and problem solving. The 

self-control strategy was a revised version of the ―Turtle Technique‖ (Robin, Schneider et al., 

1976). The primary objectives of the curriculum were to (1) develop the children's awareness 

of and the ability to communicate their own and others‘ emotions; (2) develop self-control of 

arousal and behavior; (3) promote positive self-concept and peer relations; (4) develop 

children‘s problem solving skills by fostering the integration of their self-control, affect 

recognition, and communication skills; and (5) create a positive classroom atmosphere that 

supports social-emotional learning. The project was conducted over a three-year period. 

Teachers in the ten intervention classrooms implemented weekly lessons and extension 

activities during the 9-month period. Child assessments were collected at the beginning and 

end of the school year. The teachers‘ and parents‘ assessments of the children‘s behaviors 
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were also collected at the same time. Analysis of covariance was used to control for baseline 

differences between the groups and pretest scores on each of the outcome measures. The 

results suggest that after exposure to PATHS, the intervention group showed higher emotion 

knowledge skills and was rated by parents and teachers as more socially competent than their 

peers. Furthermore, teachers rated children in the intervention group as less socially 

withdrawn at the end of the school year than the control group. 

To enhance school readiness, Bierman et al. (2008) developed the Head Start REDI 

(Research-Based, Developmentally Informed) program. Their program included the 

preschool PATHS curriculum and components targeting language abilities and emergent 

literacy skills. In this study, the researchers compared the progress of students who received a 

conventional Head Start curriculum to those who received a curriculum that aimed to 

enhance the areas of social and emotional learning and prereading skills. The majority of 

Head Start programs in the U.S.A. use either the High/Scope curriculum, first developed in 

1962 (Currie and Thomas, 1995), or the Creative Curriculum for Preschool, first developed in 

1978 (Dodge, Colker, and Heroman, 2002). Both of these core curricula emphasize the 

importance of child-initiated learning supported by positive teacher-child relationships and 

strategic learning interactions. On the other hand, social-emotional competencies (in areas of 

prosocial behaviors, aggression control, emotional understanding, social problem-solving 

skills, and learning engagement) can be enhanced using systematic instructional approaches 

in the classroom (Elias et al., 1997). The study of Bierman et al. (2008) was carried out at 

forty-four Head Start centers in Central Pennsylvania. The participants in the study included 

two cohorts of 356 4-year-old children (mean age = 4.49; 17% Hispanic, 25% African 

American). The centers were randomly assigned to either the intervention or comparison 

condition. Classrooms in the same center were always assigned to the same condition, to 

avoid inadvertent contamination of condition within centers. As compared with the children 

in the conventional Head Start program, the children in the REDI program scored higher on 

several tests of emotional and social development than the children in the traditional 

program. This included recognizing others‘ emotion and responding appropriately to 

situations involving a conflict. Moreover, the parents of children in the REDI group reported 

fewer instances of impulsivity, aggression, and attention problems than the parents of 

children in the conventional program. The children in the REDI program also scored higher 

than those in the conventional program in several tests of prereading skills (e.g., vocabulary, 

combining letter sounds together to form words, separating words into their component letter 

sounds, and in naming the letters of the alphabet). The interactions between emotion and 

cognition discussed in the report of Bierman et al. (2008) suggest that focusing on developing 

emotional, attention, and behavioral regulation in children at risk of school failure may be an 

effective strategy for promoting school success throughout the school years. It will be better 

than focusing only on acquiring academic content, such as exclusively focusing on teaching 

the basics of early literacy and math.  

On the other hand, Kawashima and colleagues proposed an intervention play program 

named ―NOUTORE play‖ (NOUTORE means brain training in Japanese) for mother and 

child (Tachibana et al., in press). Their intervention program had two purposes. One is to 

enhance attachment between mother and child. Another is to enhance children‘s cognitive 

development using specific games in the program. The games were selected from the tasks 
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used in previous neuroimaging studies and thse tasks were demonstrated to be associated 

with PFC activation. In contrast to Diamond and Greenberg's program, Kawashima‘s 

intervention program was designed for healthy and nonsocioeconomically disadvantaged 

children. To identify the effects of this intervention on children‘s cognitive development and 

on maternal and child mental health, the researchers used a group randomized controlled trial. 

Two hundred and thirty-eight pairs of mother and child with typical development aged 4 to 6 

(mean age = 5.1) from a kindergarten in Japan participated in this study. The pairs of mother 

and child were instructed to play at home for about ten minutes the five times a week for 

three months in accordance with the program schedule. The participants were randomly 

assigned to the intervention group or the control group. Parental Stress Index (PSI: for 

mothers), and the S-S intelligence test and Goodenough draw-a-man intelligence test (for 

children) were used before and six weeks after the intervention period. Post-preintervention 

changes in the test scores of the intervention group were compared with those of the control 

group. PSI indicated that the program helped mother and child to develop attachments 

between each other and enhanced maternal and child mental health. The results of the 

cognitive tests of children revealed that the program enhanced the children‘s working 

memory and performance intelligence quotient. Thus, the intervention program developed by 

Kawashima et al. enhanced not only children‘s cognitive development but also maternal and 

child mental health.  

Rueda et al. (2005) studied an executive attention intervention for preschool children 

with typical development. They found that attention involves separable networks that 

compute different functions. One of these, the executive attention network, involves the 

anterior cingulate and lateral prefrontal areas and is activated strongly in situations that entail 

attentional control (Bush et al., 2000; Fan et al., 2005). Rueda et al. (2005) explored how a 

specific educational intervention targeting at the executive attention network might affect the 

development. Thus, the training program was designed to enhance executive attention. The 

program contained computerized games for executive attention. Forty-nine 4-year-old 

children (25 males; mean age, 52 months; SD, 2.2 months) and twenty-four 6-year-old 

children (12 males; mean age, 77 months; SD, 3.2 months) participated in the study. Twenty 

four 4-year-old children participated in Experiment (Exp.) 1, 25 4-year-old children in Exp. 

2, and 24 6-year-old children in Exp. 3. For each experiment, the children were randomly 

divided into the experimental (to-be-trained, n = 12) group and the control (n = 12, n = 13 in 

Exp. 2 only) groups. Exp. 1 and Exp. 2 differed only in the control group. In Exp. 1, the 12 

control children came to the laboratory only twice with no intervention. In Exp. 2, the control 

group underwent five sessions over a 2- to 3-week period during which they watched popular 

children‘s videos. The experimental and control groups were treated exactly the same as in 

Exp. 2, but Rueda et al. added one more exercise to complete the 5 training sessions. On the 

first day, the children were examined in terms of attention (children‘s version of the Attention 

Network Test (Child ANT), and intelligence (Kaufman Brief Intelligence Test, KBIT), and 

parent-reported children‘s temperament (Children‘s Behavior Questionnaire: CBQ). Then, 

the children underwent 5 days of training over a 2-to 3-week period. The children were 

presented with five pieces fish arranged horizontally on the monitor screen in the Child ANT. 

The task was to respond to the center fish on the screen by pressing a key in the direction in 

which the fish pointed. In congruent trials, the flanking fish pointed in the same direction as 
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the center fish. In incongruent trials, the flanking fish pointed in the opposite direction. The 

conflict score was obtained by subtracting congruent reaction time from incongruent reaction 

time. On the final day the children underwent the same examinations as on day 1. On the 

final day, the caretakers were given the temperament questionnaire (Rothbart et al., 2001) to 

take home and return after filling it out on the basis of observations 2 weeks after the final 

session. Assessment sessions involved ERP recording during the performance of Child ANT. 

Cheek swabs were collected from most of the 6-year-old children and genotyping of DAT1 

gene was performed. Marked improvements in executive attention and intelligence were 

found. After 5 days of executive attention training, the intervention group improved to a 

significantly greater extent than the control group in the KBIT. In addition, Rueda et al. 

found no significant training effects on a version of the flanker task (a type of inhibition test). 

The attention training program used by Rueda et al. did not improve inhibitory control in 

preschoolers, as measured on the basis of performance in the flanker task. Analysis of ERPs 

revealed that the training had a specific effect on the scalp distribution of ERPs, which was 

similar to the training effect on children‘s development. Their studies also showed evidence 

of generalization of the benefits of training to aspects of intelligence that were quite remote 

from the exercises. The improvement was small in overall intelligence and greatest in the 

subscale of abstracting reasoning skills. The matrices scale measures more culture-free 

aspects of intelligence such as simultaneous processing, nonverbal reasoning, and fluid 

thinking. Genetic analysis of the 6-year-old children revealed that the long form of DAT1 

gene was associated with a stronger effortful control (inhibition ability) and less surgency 

(extroversion). Their findings suggest that the less outgoing and more controlled children 

may be less in need of attention training. The executive attention measure is related to 

executive attention during childhood (Posner et al., 2001). Posner et al. revealed that effortful 

control have a strong heritability and it is related DAT1 polymorphism. Rueda et al. indicated 

that the surgency difference may result from a greater control of action in children with the 

pure long allele. 

Thorell et al. (2009) verified the effectiveness of their computer program training for 

executive function in preschool children. Their program was found effective for children with 

ADHD (Klingberg et al., 2005; Klingberg et al., 2002), for people recovering from a stroke 

(Westerberg et al., 2007), and for healthy adults (Olesen et al., 2004). The program enhanced 

the subjects‘ cognitive abilities including working memory. Children between the ages of 4 

and 5 years (M = 56 months) participated in the study. They were assigned to the working 

memory (WM) training group (n = 17, nine boys), active control (inhibition training) group 

(n = 18, nine boys), or the passive control group (n = 16, seven boys). The WM training 

group children received computerized training of either visuospatial working memory or 

inhibition for 5 weeks. The active control group played commercially available computer 

games, and the passive control group took part in only before and after intervention period. 

Thorell et al. suggested that working memory training had significant effects on the 

performance of nontrained working memory tasks within both the spatial and the verbal 

domains. They also considered that working memory training has significant transfer effects 

on laboratory measures of attention. On the other hand, inhibitory control of the WM training 

group did not show any significant effects compared with the inhibitory control of the control 

group, although the children of the WM training group showed improved performance in at 
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least some of the tasks they were trained on (the go/no go tasks, the flanker task, but not stop-

signal tasks). 

As reviewed in this article, cognitive interventions improved the children's cognitive 

functions and enhanced their executive functions. These findings are very important, because 

enhancing the children‘s executive function leads to reduction of their behavior problems, 

such as aggressive, disruptive, and withdrawn behaviors. It also develops their social-

emotional competence (Domitrovich et al., 2007). Improving the children‘s cognitive 

functions, particularly executive function, can strengthen their resilience (Greenberg, 2006). 

 

 

5. Future Directions of Cognitive Interventions 
 

The intervention studies indicated that trainings of the functions associated with PFC 

improves not only the targeted abilities but also the untrained cognitive abilities. Not much is 

known, however, about the mechanism underlying this transfer effects, and the issue on 

which cognitive functions can be trained and to what extent the effect of cognitive training 

can be generalized to other cognitive functions and behavior are also unclarified. It is 

indicated that daily activities such as reading, playing board games, playing musical 

instruments, and dancing are associated with cognitive enhancement and prevent dementia 

(Verghese et al., 2003). This suggests that various daily activities might enhance cognitive 

abilities. Still, further neuroscientific studies should be performed to identify the effects of 

daily activities as cognitive trainings.  

Recently, neuroimaging studies have revealed that cognitive trainings affect brain 

plasticity (Johansson, 2004; Watanabe et al., 2007). A recent positron emission tomography 

(PET) study indicated that a cognitive intervention in which participants perform working 

memory tasks with a difficulty level close to their individual capacity limit induces changes 

in cortical dopamine D1 receptor binding (McNab et al., 2009). This study showed that 

cognitive interventions can induce neuroendocrinal changes. However, only few 

neuroendocrinal studies on the effect of cognitive interventions have been conducted. Further 

interdisciplinary studies in various fields of neuroscience (e.g., collaboration with 

neuroendocrinal and neuroimaging researchers) should be conducted to clarify the 

transference effects of cognitive trainings/interventions.  

 

 

6. Conclusions 
 

We have reviewed previous studies on cognitive interventions that targeted the functions 

associated with PFC, as these functions are deeply associated with a healthy social life. 

Recently, these interventions have been reported to be useful for primary prevention of 

psychiatric or psychological problems (Busse et al., 2009; Holcomb, 2004). For example, 

cognitive interventions are suggested to prevent the development of dementia and cognitive 

decline (Uchida and Kawashima, 2008) and also to enhance a healthy social life in healthy 

adults (Willis et al., 2006). Moreover, cognitive interventions are indicated to prevent the 

development of psychological problems (Greenberg, 2006) and enhance school readiness and 
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healthy minds in children (Blair, 2003). However, not much is known about the 

neurobiological/neuroendocrinal basis of cognitive interventions and the mechanism 

underlying the transfer effects, which are often observed in intervention studies. And the 

issue on which intervention (i.e., contents of intervention) is most effective remains 

unclarified. Further multidisciplinary investigations should be performed. We believe that a 

deeper understanding of the effects of cognitive interventions will contribute greatly to 

human welfare and education for all generations. 
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Abstract 
 

Mild cognitive impairment (MCI) is arguably the earliest form of Alzheimer‘s 

disease (AD). Better understanding of brain changes in MCI may lead to the 

identification of therapeutic targets to slow the progression of AD. Oxidative stress has 

been implicated as a mechanism associated with the pathogenesis of both MCI and AD. 

In particular, among other markers, there is evidence for an increase in the levels of 

protein oxidation and lipid peroxidation in the brains of subjects with MCI. Several 

proteins are oxidatively modified in MCI brain, and as a result individual protein 

dysfunction may be directly linked to these modifications (e.g., carbonylation, nitration, 

modification by HNE) and may be involved in MCI pathogenesis. Additionally, 

Concanavalin-A-mediated separation of brain proteins has recently led to the 

identification of key proteins in MCI and AD using proteomics methods. This chapter 

will summarize important findings from proteomics studies of MCI, which have provided 

insights into this cognitive disorder and have led to further understanding of potential 

mechanisms involved in the progression of AD.  
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1.0. Introduction 
 

Mild cognitive impairment (MCI) can be considered as the earliest form of Alzheimer‘s 

disease (AD) existing as a transitional state between normal aging and AD [1-3]. MCI exists 

in two forms: amnestic MCI and nonamnestic MCI [2, 3]. Amnestic MCI patients are able to 

perform normal daily living activities and have no signs of dementia; however, they do have 

cognitive complaints that include bursts of episodic memory loss [1, 4]. In some cases, 

amnestic MCI patients can develop AD at a rate of ~10 to 15% annually, however in other 

cases, the patients revert back to normal conditions [5]. Pathologic characteristics of MCI are 

similar to those of AD. For example, MCI patients have hippocampal, entorhinal cortex (EC), 

and temporal lobe atrophy based on magnetic resonance imaging studies [6-8], synapse loss, 

neuronal loss, low cerebrospinal fluid (CSF)-resident β amyloid levels [6], genetic risk 

factors including preponderance in APOE4 allele [9, 10], and increased levels of oxidative 

stress [11-20].  

Oxidative stress is one of the underlying indices associated with MCI, AD, and other 

neurodegenerative disorders such as Parkinson‘s disease and amyotrophic lateral sclerosis. 

Specifically in MCI, there is substantial evidence for increased levels of oxidative stress in 

the brains and in plasma of MCI subjects [11-23]. Our laboratory has reported an increase in 

the levels of protein carbonyls (PCO) [11, 16] and 3-nitrotyrosine (3NT)-modified proteins 

[21], both of which are markers of protein oxidation. Additionally, we have reported an 

increase in the levels of 4-hydroxynonenal-(HNE) bound proteins, indicating an increase in 

the levels of lipid peroxidation products [13]. Others have observed decreases in the levels of 

antioxidant enzymes and antioxidant enzymatic activity in brain and in plasma [22-24], 

increased levels of oxidative stress in nuclear and mitochondrial DNA [25, 26], increased 

levels of isoprostanes [27], and increased lipid peroxidation as measured by free HNE levels, 

thiobarbituic substances, and malondialdehyde [16, 20]. It is believed that oxidative stress 

also is related to several vascular factors, such as heart disease, hypertension, and diabetes 

mellitus that conceivably contribute to the conversion of MCI into AD. 

It is important to understand more about the events that lead to the progression of AD 

from MCI in order to develop potential therapeutics that can delay or stop AD onset. Thus, 

proteomics can provide considerable insight into specific pathways that are influenced by 

MCI and which eventually aid in the progression of disease. To this end, we and others have 

investigated the changes associated with the proteomes of MCI subjects relative to normal 

age-matched healthy controls [11, 19, 28-33]. These studies include the search for candidate 

biomarkers of MCI which eventually lead to AD [29, 30, 33], changes in the expression 

levels of proteins [28], specific levels of protein oxidation as measured by PCO [11], 3NT-

modified proteins [19], and lipid peroxidation as measured by HNE-bound proteins [32]. 

More recently, we have also investigated other post-translational modifications that change in 

subjects with MCI such as glycosylation [31]. This chapter summarizes the key findings from 

proteomics and redox proteomics studies in MCI and their implications in AD research. 
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2.0. Two-Dimensional (2D) Gel Electrophoresis 
(GE) Based Proteomics 

 

The proteomics techniques used in the studies described herein follow the general 

approach outlined in Figure 1. Here proteins are extracted from brain, CSF, plasma, or other 

bodily tissues obtained from MCI subjects and normal age-matched controls. Extracted 

proteins are subjected to isoelectric focusing (IEF)/sodium dodecyl sulfate (SDS) 

polyacrylamide gel electrophoresis (PAGE), better known as 2DGE. In this approach, 

proteins are separated in a first dimension based on their isoelectric point and in a second 

dimension based on their migration rate through the gel, which often corresponds to 

molecular weight. Image analysis software is used to align spots across the gels obtained 

from all of the samples, and protein spots that exhibit significant changes (based on Student‘s 

t-tests or analysis of variance) in expression levels between MCI and controls are excised. 

Excised spots are subjected to in-gel trypsin digestion and analyzed using matrix assisted 

laser desorption ionization (MALDI) or electrospray ionization (ESI) mass spectrometry 

(MS). Data from MS experiments are then submitted to appropriate databases using search 

engines such as MASCOT [34] for protein identification. 

 

 

Figure 1. Schematic overview of the 2D GE experiment on brain or CSF from subjects with MCI and 

age-matched controls.  
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Figure 2. Schematic overview of the redox proteomics approach applied for the analysis of oxidatively 

modified proteins such as protein carbonyls (PCO), 3-nitrotyrosine (3NT) modified proteins and HNE-

modified proteins. Extracted proteins are derivatized with 2,4-dinitrophenylhydrazine (DNPH) only for 

the analysis of PCO and separated with IEF/SDS PAGE. 2D gels are then transferred onto a 

nitrocellulose membrane and 2D Oxyblots are probed with anti-DNP (or anti-3NT, anti-HNE) 

antibodies and visualized using a secondary antibody linked with a colorimetric alkaline phosphatase 

assay. Specific oxidative levels of proteins are calculated by normalizing the intensity of spots in the 2D 

Oxyblot (Iblot) to the intensity of the corresponding spot in a 2D gel (Igel). This calculation is carried out 

similarly for PCO, 3NT, and HNE. Protein spots exhibiting significant changes in oxidative 

modification are then excised, digested in-gel by trypsin, analyzed with MALDI or ESI-MS/MS, and 

identified with database searching as illustrated in Figure 1. 

This general approach can also be adapted for the analysis of post-translational 

modifications. For example, changes in glycosylation of proteins can be analyzed by using 

affinity chromatography for purification of glycoproteins. Extracted proteins can be separated 

with Concanavalin-A lectin affinity columns which isolate proteins that contain asparagine 

(N)-linked carbohydrates. In some cases, Con-A may also have nonspecific interactions and 

isolate proteins based on its hydrophobic binding domain [35].  

Oxidative modification of proteins can also be detected using the 2D GE approach with 

the incorporation of Western blotting analysis [36]. Figure 2 shows a schematic of the general 

approach used to detect PCO, 3NT-modified proteins, and HNE-bound proteins. As shown in 

Figure 2, for the detection of PCO, extracted proteins are derivatized with 2,4-
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dinitrophenylhydrazine (DNPH), which forms a Schiff base with carbonyl groups on 

proteins. DNPH-derivatized proteins are then separated using 2D GE, and the spots on gels 

are transferred onto a nitrocellulose membrane forming a 2D Western blot or 2D Oxyblot. 

Immunochemical detection using a primary anti-DNP antibody that recognizes DNP 

hydrazone adducts is applied to the 2D Oxyblots, and oxidized spots are visualized with a 

secondary antibody linked to a colorimetric alkaline phosphatase assay. Similarly, for the 

detection of 3NT- and HNE-modified proteins non-derivatized extracted proteins are 

separated with 2D GE, transferred onto an 2D Oxyblot, and immunochemically detected with 

anti-3NT and anti-HNE, antibodies, respectively. Imaging analysis software and statistical 

approaches are applied as illustrated in Figure 1 in order to align 2D images and identify 

spots that have significant changes in oxidative modification. Specific carbonyl (or 3NT, 

HNE) levels of proteins are measured by normalizing the density of spots in the 2D Oxyblot, 

to the density of the same spot in a 2D gel analysis of the sample (separate experiment). 

Protein spots of interest (those exhibiting significant elevation or reduction in oxidative 

modification) are then excised from the gel, tryptically digested, analyzed by MS, and 

identified as described in Figure 1.  

 

 

3.0. Candidate Biomarkers in CSF 
 for the Progression of MCI to AD 

 

CSF presents another biological fluid that can relay specific information about 

neurological molecular changes because the fluid encompasses the extracellular space 

surrounding the brain. Table 1 lists proteins that were identified as having significant changes 

in expression in CSF of MCI subjects relative to normal controls. Kim and coworkers have 

performed proteomics analysis on CSF from normal cognitive controls, MCI, and AD 

patients and identified three proteins which may be candidate markers for the diagnosis MCI 

and its progression into AD[29, 30]. The protein, fibrinogen γ-A chain, was detected as 

having a gradual elevation of expression in MCI and AD [30]. Fibrinogen γ -A chain is a part 

of the 340 kDa hexameric soluble glycoprotein (consisting of α, β, and γ chains) that is 

synthesized in the liver. This protein is involved in the polymerization of fibrin, blood 

coagulation, signal transduction, platelet activation and binding, and thrombin binding [37]. 

Fibrinogen has also been shown to have elevated expression levels during inflammation and 

in cardiovascular disease [37]; thus, its elevation in MCI may be reflective of early events of 

neuroinflammation. The other two proteins, plasma retinol-binding protein (RBP) and 

haptoglobin precursor allele 1, were detected as having a significant decrease in expression in 

CSF from MCI (and AD) patients relative to normal age-matched controls by 38% and 63%, 

respectively [29]. RBP is a 21 kDa carrier protein that tightly binds retinol allowing for it to 

freely circulate through plasma. Haptoglobin is a tetrameric protein that is a part of the acute 

phase response and binds free hemoglobin. Through binding of hemoglobin, haptoglobin 

inhibits oxidative activity of hemoglobin, prevents iron loss in the kidneys, and protects the 

kidneys against damage that could be caused by hemoglobin [38]. The effects of decreased 

expression of RBP and haptoglobin in MCI is not clearly understood [29].  
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Table 1. Candidate Biomarker Proteins in CSF of MCI 

 

Protein Change in MCI Ref 

C3a des-Arg ↑ Simonsen et al. 2007 

C4a des-Arg ↑ Simonsen et al. 2007 

Fibrinogen γ-chain A ↑ Lee et al. 2007 

Haptoglobin precursor allele 1 ↓ Jung et al. 2008 

Phosphorylated osteopontin C-terminal fragment ↑ Simonsen et al. 2007 

Plasma retinol-binding protein ↓ Jung et al. 2008 

Ubiquitin ↑ Simonsen et al. 2007 

β2-Microglobulin ↑ Simonsen et al. 2007 

 

Using 2D GE coupled to surface-enhanced laser desorption ionization (SELDI)-MS, 

Simonsen et al. identified a panel of 17 proteins that may be potential biomarkers of patients 

with MCI that convert to AD and of patients with MCI who do not progress to AD [33]. Of 

the 17 proteins, four proteins were down-regulated and 13 proteins were up-regulated in CSF 

of MCI patients that converted to AD relative to stable MCI patients and normal healthy 

controls [33]. Five proteins were identified with MS and have elevated expression in MCI 

patients that progress to AD: ubiquitin, C3a anaphylatoxin des-Arg, C4a anaphylatoxin des-

Arg, β2-Microglobulin, and phosphorylated osteopontin C-terminal fragment. β-amyloid can 

bind to C1q and subsequently activate the complement cascade resulting in the production of 

C3a and C4a, as well as C5a peptides [39]. Osteopontin is a glycoprotein and 

proinflammatory cytokine involved in bone synthesis and various aspects of immunity such 

as chemotaxis [40], cell adhesion and wound healing [41], cell activation and cytokine 

production [41], and apoptosis [42, 43]. Elevation of the complement peptides and 

osteopontin in MCI patients that progress to AD suggests that innate immunity including 

inflammation in MCI patients may become activated and stay activated in the progression of 

disease. β2-Microglobulin is a part of the class I major histocompatibility complex and 

mediates amyloid fibril formation in vitro [44]and in the presence of transition metal cations 

[45]. Ubiquitin is used to target proteins for degradation by the 26S proteasome [46], and has 

been immunhistochemically shown to be present in neurofibrillary tangles (NFT) and senile 

plaques (SP) [47]. 

 

 

4.0. Proteomics Analyses of Brain 
from MCI Patients 

 

An alternative approach to 2D GE that was recently used in proteomic comparisons of 

brain from MCI subjects relative to normal cognitive controls, is the PowerBlot proteomic 

approach (BD Transduction Laboratories). This approach uses a large-scale Western Blot 

approach to identify 750+ proteins simultaneously in a single experiment. Using the 

PowerBlot approach, Ho et al. detected 50 candidate proteins that had >2.0 fold-change in 

the EC region of MCI patients relative to normal cognitive controls [28]. Of the 50 proteins 

detected, 23 proteins were identified and could be functionally clustered into the following 
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categories: neurotransmitter-related, cytoskeleton/cell adhesion, cell cycle/cell proliferation 

related, apopotosis related, transcription/translation related, and others. Neurotransmitter-

related, apoptosis-related, and transcription/translation-related proteins were decreased in the 

EC of MCI patients, while cytoskeleton and cell cycle-related proteins included both 

increased and decreased proteins in MCI patients [28]. Several of these functional categories 

are similar to those observed in oxidatively modified proteins in MCI hippocampal brain 

regions and are discussed below. 

 

 

5.0. Redox Proteomics Analyses of Brain  
from MCI Patients 

 

Table 2 lists significantly elevated oxidatively modified proteins (i.e., PCO-, 3NT-, and 

HNE-modified) from the hippocampal and inferior parietal lobule (IPL) brain regions of MCI 

subjects relative to age-matched normal controls that were identified by our laboratory. 

 

Table 2. Functional Categorization of Oxidatively Modified Proteins Identified in 

Brains of MCI Patients 

 Table I. Functional Categorization of Oxidatively Modified Proteins Identified in Brains of MCI patients. 

Functional Categories Protein Oxidative Modifications

Energy/mitochondrial dysfunction α-enolase PCO, 3NT, HNE

aldolase 3NT

malate dehydrogenase 3NT

glucose-regulated protein precursor 3NT

lactate dehydrogenase HNE

phosphoglycerate kinase HNE

pyruvate kinase PCO, HNE

ATP synthase α-chain HNE

Lipid abnormalities & cholinergic dysfunction neuropolypeptide h3 HNE

Excitotoxicity glutamine synthetase PCO

Cell cycle, tau phosphorylation, A β production PIN1 PCO

Neuritic abnormalities & structural dysfunction DRP2 3NT

fascin 1 3NT

β actin HNE

Antioxidant defense/Detoxification system dysfunction GSTM3 3NT

MRP3 3NT

peroxiredoxin 6 3NT

HSP70 3NT, HNE

carbonyl reductase 1 HNE

Cell signaling dysfunction 14-3-3-γ 3NT

Protein synthesis alterations Initiation factor α HNE

Elongation factor Tu HNE  
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To-date these are the only reports of specific oxidatively modified proteins in MCI brain that 

may be relevant to the progression of AD [11, 19, 32]. These proteins can be grouped into 

several functional categories and were significantly oxidatively modified by one or more of 

the three oxidative parameters: PCO, 3NT, and HNE. 

 

 

5.1. Energy or Mitochondrial Dysfunctions and Alterations 
 

As listed in Table 2, several proteins involved in energy and/or mitochondrial-related 

pathways have significantly elevated levels of oxidative modification in the hippocampal or 

IPL regions of brains from subjects with MCI. These proteins are α-enolase, aldolase, 

pyruvate kinase (PK), malate dehydrogenase (MDH), lactate dehydrogenase (LDH), ATP 

synthase, phosphoglycerate kinase (PGK1), and glucose regulated protein precursor. 

Glycolysis plays an important role in supplying energy to the brain because glucose is the 

primary source of energy. Alterations in glucose metabolism and tolerance have been 

identified in brains of MCI and AD patients from positron emission tomography scanning, 

[48-50] and oxidatively modified glycolytic proteins have been identified in MCI and AD 

brain, and models thereof [12, 51]. α-Enolase, aldolase, PK, PGK1, and LDH are enzymes 

involved in or related to the glycolysis pathway. Increased oxidation of α-enolase, LDH, and 

PK has been shown to lead to loss of protein function measured by decreased enzymatic 

activity in MCI brain [11, 32]. Alterations in glycolysis could lead to less ATP production 

which is detrimental to cells requiring ATP to carry out normal functions, including signal 

transduction, maintenance of ion gradients, and protein synthesis, and detrimental to ATPases 

which are responsible for proper maintenance of ion pumps, lipid asymmetry, and 

intracellular communication. The observed impairments to glycolytic proteins in MCI brain 

suggest that energy metabolism is a key player in the progression of MCI to AD. This is 

further supported by the increased oxidation in MDH, ATP synthase α-chain, and glucose 

regulated protein precursor. ATP synthase α-chain is a component of complex V which plays 

a key role in energy production and undergoes a series of coordinated conformational 

changes in order to produce ATP. Oxidative modification to ATP synthase leads to reduced 

enzymatic activity [32]. Because ATP synthase is involved in the electron transport chain 

(ETC), alterations to its activity could result in an electron leakage from ETC carrier 

molecules, which would lead to an increase in reactive oxygen species (ROS). These ROS 

could then contribute to the observed increase in oxidative stress parameters in MCI brain 

[11, 13, 16, 20, 21, 25-27]. An overall decrease in ATP production due to dysfunction of 

glycolytic enzymes, ATP synthase, and glucose regulated protein precursor (from oxidative 

modification) could ultimately lead to Ca2+ dyshomeostasis and make neurons susceptible to 

excitotoxicity and cell death. From these studies it is apparent that potential preventative 

targets for AD could be targeted to restoring energy metabolism in earlier disease stages in 

MCI. In contrast to the usual observation of decreased enzymatic activity of oxidatively 

modified proteins, oxidative modification of MDH leads to increased activity [32]. The basis 

of this unusual observation remains unclear.  
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5.2. Neuritic Abnormalities/Structural Dysfunction 
 

Oxidatively modified proteins in MCI related with neuritic and structural functions are 

dihydropyrimidinase like-2 (DRP2), β-actin, and fascin 1. DRP-2 is involved in axonal 

outgrowth and transmission and modulation of extracellular signals through the protein 

collapsin [52, 53]. In AD, DRP-2 also has increased oxidation [54, 55], which may be 

reflective of increasing neuritic degeneration, shortened dendritic length, and synapse loss as 

MCI progresses to AD. β-actin is crucial for proper maintenance of cellular and cytoskeletal 

integrity and morphology. High levels of actin can be found in growth cones, presynaptic 

terminals and dendritic spines, and thus its oxidation could lead to elongation of growth 

cones and synapse loss. Alterations in cellular integrity could be detrimental to cellular 

trafficking of key proteins involved in neurotransmission. Fascin 1, also known as p55, is a 

structural protein involved in cell adhesion and motility [56-58] and is used as a marker of 

normal dendritic function [59]. Overall, oxidation of structural proteins which could result in 

altered functionality ultimately can lead to impaired structural integrity, shortened dendritic 

lengths and faulty axonal growth, loss of interneuronal connections and poor 

neurotransmission. Neuritic abnormalities and structural dysfunction are documented in AD 

brain and thus may be key events in the loss of neurotransmission in MCI to AD. 

 

 

5.3. Excitotoxicity 
 

Overstimulation of neurons can result from an increase in the levels of extracellular 

glutamate. Glutamine synthetase, which converts glutamate to glutamine, was oxidatively 

modified in MCI brain and has been shown to have decreased activity [11]. Thus, decreased 

glutamine synthetase activity directly leads to a buildup in glutamate, which can lead to 

excitotoxicity. This phenomenon also affects Ca2+ homeostasis and eventually leads to 

neuronal death. Similar changes in glutamine synthetase oxidation and activity were observed 

in AD brain [60-62], and suggest that synapse loss observed in AD brain occurs early on in 

MCI with a contribution by excitotoxicity. 

 

 

5.4. Lipid Abnormalities and Cholinergic Dysfunction 
 

Neuropolypeptide h3 [(also known as phosphatidylethanolamine binding protein 

(PEBP)] is an enzyme involved in acetylcholine production and may play roles in 

phospholipid asymmetry. Oxidation of neuropolypeptide h3 in MCI brain and possible loss of 

function correlates well with the already known cholinergic loss observed in AD brain [63-

66]. Also, loss of phospholipid asymmetry has been reported in MCI and AD brain [67-69], 

and thus oxidation of PEBP could play a role in lipid peroxidation events which lead to 

cellular apoptosis. 
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5.5. Antioxidant Defense/Detoxification System Dysfunction 
 

Proteins involved in the antioxidant defense and detoxification system work to remove 

harmful species such as free radicals and toxic compounds from the cell. Peroxiredoxin 6 

(PR6), multidrug resistance protein 3 (MRP3), glutathione-S-transferase Mu 3 (GSTM3), 

heat shock protein 70 (HSP70), and carbonyl reductase are oxidatively modified brain 

proteins in MCI. PR6 is an antioxidant enzyme that reduces the reactive nitrogen species, 

peroxynitrite, and was detected as having elevated nitration levels in MCI. PR6 also reduces 

reactive phospholipids and hydroperoxides [70] and has other roles which include cell 

differentiation, apoptosis, and detoxification [71]. Nitration of PR6, which could lead to loss 

of function, may result in increased levels of nitrated proteins, such as those detected in MCI 

brain [19, 21] . PR6 and GSTM3, a detoxification enzyme, form a complex that alters 

individual enzymatic activities [71] but which works to protect cells from toxic species such 

as HNE. GST catalyzes the conjugation of the low molecular weight intracellular thiol, 

glutathione, with toxins, and these toxins are transported out of the cell by MRP [72-74]. 

Oxidation and potential loss of function of PR6, MRP3, and GSTM3 could impair the cell‘s 

ability to remove toxicants leading to an increase in toxic species that subsequently attack 

cellular molecules (e.g., increased PCO, 3NT, or HNE) and lead to cell death. These 

observations in MCI brain are consistent with changes to MRP, GST, and PR6 which are 

observed in AD brain [73, 75], and demonstrate that proper antioxidant and detoxification 

defense systems may help to delay the progression of MCI to AD. 

HSP70 is a molecular chaperone protein that repairs misfolded proteins and helps in the 

transportation of misfolded proteins to the proteasome. HSP70 belongs to the class of HSPs 

that also protect proteins from various stresses, such as oxidative damage [76]. Nitration of 

HSP70, leading to loss of function, could result in buildup of misfolded proteins and hence 

protein aggregates and ―clogging‖ of the proteasome. Carbonyl reductase is an enzyme that 

reduces carbonyl compounds to their corresponding alcohols. HNE-modification of carbonyl 

reductase is rather interesting considering that it has been shown to reduce HNE levels [77], 

and thus its oxidative modification by HNE would lead to an increase in HNE available for 

attack on proteins such as those HNE-modified proteins identified in subjects with MCI [32]. 

 

 

5.6. Cell Signaling Dysfunction 
 

14-3-3 γ belongs to a family of scaffolding proteins that normally bridges glycogen 

synthase kinase 3β (GSK-3β) and tau by forming a multiprotein tau phosphorylation complex 

[78]. Other functions include signal transduction, protein trafficking, and metabolism [79, 

80]. 14-3-3 γ was observed as nitrated in MCI brain and has previously been observed to 

have elevated expression levels in AD brain [81, 82] and in AD CSF [83]. Nitration of 14-3-3 

γ may contribute to tau hyperphosphorylation and thus NFT formation and dysfunction in cell 

signaling, events which are consistent with changes observed in AD brain.  
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5.7. Cell Cycle; Tau Phosphorylation; Aβ Production 
 

Peptidyl-prolyl cis/trans isomerase 1 (Pin1) is a multifunctional protein involved in the 

cell cycle, tau phosphorylation, and Aβ production and regulates cellular processes such as 

protein folding, transcription, intracellular transport, and apoptosis [84-86]. Pin1 is oxidized 

in MCI brain [11] and has been previously reported as oxidized in AD brain [55]. Pin1, 

through its interactions with kinases and phosphatases such as GSK-3β, can directly regulate 

the phosphorylation of the tau protein [84, 87]. Thus, inactivation of Pin1 as a result of 

oxidative modification directly leads to hyperphosphorylation of tau and an increase in NFT. 

Pin1 has also been shown to bind to APP and influence the production of Aβ [84, 88]. 

Altered regulation of cell cycle processes by oxidized Pin1 may be related to elevation of cell 

cycle proteins in brain of MCI subjects [89]. Therefore, alterations to Pin1 activity also may 

lead to an increase in Aβ and SP. Oxidative impairment of Pin1 in early stages of AD, such as 

MCI, is consistent with and likely contributes to the major pathological hallmarks of AD: SP, 

NFT, and synapse loss. 

 

 

5.8. Protein Synthesis Alterations 
 

Initiation factor α (eIF-α) and elongation factor Tu (EF-Tu) are proteins involved in 

protein synthesis. eIF-α has been reported to have roles in cell proliferation and senescence 

[90], cytoskeletal organization [91], and apoptosis [92]. EF-Tu is a nuclear-encoded protein 

that assists in the translation of proteins in the mitochondria [93]. Specifically, EF-Tu binds 

aminoacylated tRNA in the cytoplasm and hydrolyzes GTP in order to allow the 

aminoacylated tRNA to enter the A site of the ribosome. Nitration of these proteins can 

directly influence protein synthesis. Decreased protein synthesis has been reported in MCI 

and AD [94-96], and thus these alterations are consistent with these reports. Alterations to 

protein synthesis in MCI may result in a reduction of key proteins necessary to combat many 

of the cellular insults observed in AD brain, which not only could result in compromised 

neuronal functions, but also contribute to progression of MCI to AD. 

 

 

6.0. Concanavalin-A Associated Glycoproteins 
 in Brain Regions from MCI Patients 

 

DRP-2, glucose-regulated protein 78 (GRP78), protein phosphatase-related protein Sds-

22, glial fibrillary acidic protein (GFAP), and β-synuclein were isolated in the ConA 

associated protein fraction using lectin affinity chromatography coupled to 2D GE and 

identified as having altered levels in the brains of subjects with MCI relative to age-matched 

controls [31]. DRP-2 and GRP78 were detected as significantly decreased and GFAP and 

protein phosphatase –related protein Sds22 as significantly increased in the hippocampal 

brain region of MCI patients, while β-synuclein was significantly decreased in the inferior 

parietal lobule region of MCI patients relative to age-matched controls [31]. DRP-2 as 

(discussed above) is a structural protein involved in axonal outgrowth and neuronal 
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communication thus, its decreased expression may be indicative of neuritic dysfunction that 

occurs early in MCI and continues with disease progression into AD. GRP78 is an 

endoplasmic reticulum (ER) associated protein that belongs to the HSP70 protein family and 

is involved with the unfolfed protein response (UPR). HSP70 is significantly oxidatively 

modified in MCI brain (see Table 2). Because GRP78 normally reduces the levels of amyloid 

precursor protein (APP) and Aβ40 and 42 secretion [97], decreased expression of GRP78 in 

MCI brain could possibly play roles in the elevation of APP and Aβ levels found in AD 

brain. Also, alteration to GRP78 expression may disrupt Ca2+ homeostasis [98]. Conflicting 

reports of GRP78 expression in AD have been reported [99, 100], and thus its role in MCI 

progression to AD is not completely clear. Activation of the UPR in the ER might also mean 

that GRP78 is less available for refolding other damaged proteins or shuttling them to the 26S 

proteasome for degradation.  

Protein phosphatase-related protein Sds22 is involved in the cell cycle and was detected 

as increased in MCI brain, the significance of this increase in the progression of MCI to AD 

is yet to be determined but as noted above, cell cycle proteins are elevated in brains of 

subjects with MCI [89]. β-synuclein is involved in synaptic functions, similar to the functions 

of α-synuclein in Parkinson‘s disease. β-synuclein also binds to Aβ [101] and has previously 

been shown by our laboratory to be oxidized in vivo following injection of Aβ(1-42) [102[. 

Decreased expression of β-synuclein in MCI brain could be related with altered synaptic 

functions which occur also due to the oxidatively modified proteins involved in synaptic 

functions mentioned above. GFAP, a glial specific intermediate filament protein is 

significantly increased in MCI brain. GFAP is involved in cytoskeletal integrity and 

maintenance of cellular shape and movement in astrocytes. Increased expression of GFAP in 

MCI brain is consistent with increased expression levels in AD [103] and with inflammation 

related to NFT and SP [104]. This finding provides further evidence supporting the notion 

that neuroinflammation is an event that occurs in the early stages of AD (MCI) and continues 

with disease progression. 

 

 

7.0. Conclusion 
 

This chapter has summarized some of the key findings from proteomics studies involving 

comparisons of brain and CSF in MCI subjects relative to normal age-matched controls. 

Candidate biomarkers of MCI that may help in early AD diagnosis were identified in CSF 

and may be useful as additional markers for AD diagnosis to the traditional tau (τ and p), and 

Aβ40 and 42 markers. Expression and redox proteomics analyses of various brain regions 

(e.g., EC, IPL, and hippocampus) revealed that a number of processes are altered in MCI 

including, neurotransmitter-related, apoptosis-related, energy/mitochondrial dysfunction, 

neuritic abnormalities/structural dysfunction, excitotoxicity, lipid abnormalities and 

cholinergic dysfunction, antioxidant defense/detoxification systems, cell signaling 

dysfunction, cell cycle/tau phosphorylation/Aβ production, and transcription/translation 

(protein synthesis) alterations. It is apparent that MCI to AD progression is a multifactorial 

process in which many pathways may be potential targets for intervening therapeutics. A 

large number of energy-related proteins were oxidatively modified in MCI further supporting 
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the concept that normal energy maintenance is crucial and lacking in MCI and AD brain. In 

addition to oxidative modifications, concanavalin-A associated proteins have altered 

expression levels in IPL and hippocampal regions of MCI patients. These proteins are 

involved in structural integrity and molecular chaperoning, and altered levels of these 

proteins are congruent with the observed oxidative modifications and hence alterations of 

several structural and antioxidant defense/detoxification proteins. Proteomics has provided 

much insight into pathways that are related to MCI and with its progression to AD. Each of 

these pathways should be further investigated for their potential as therapeutic targets for 

early AD diagnosis, treatment, and/or prevention. 
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Abstract 
 

Dementia is one of the most predominant neurological disorders in the elderly. The 

prevalence and incidence of degenerative diseases, such as Alzheimer s disease (AD) and 

vascular dementia, strongly correlate with age. Vascular dementia (VaD) is recognized as 

the second most prevalent type of dementia and described as a multifaceted cognitive 

decline resulting from cerebrovascular injury to brain regions associated with memory, 

cognition, and behavior. Vascular risk factors including diabetes, insulin resistance, 

hypertension, heart disease, smoking and obesity are each independently associated with 

an increased risk of cognitive impairment and dementia. This review will summarize 

relevant animal models for studying cognitive deficits as well as diagnostic assessment of 

VaD in humans with the intention of developing both an early diagnostic capability and 

future therapeutic interventions.  

 

 

Introduction 
 

Dementia, derived from the Latin demens (without mind), is a clinical syndrome 

characterized by a cluster of symptoms and indications manifested by difficulties in memory, 

disturbances in language, psychological and psychiatric changes, and a general impairment in 

successfully completing everyday tasks [1, 2]. Dementia is a common and growing problem, 
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affecting 5% of the population over the age of 65 and 20% over the age of 80. The number of 

people living with dementia will almost double every 20 years, to 42 million by 2020 and 81 

million by 2040, assuming no changes in mortality and no effective prevention strategies or 

curative treatments [3].  

 

 

The Importance of the Vascular System in Neuronal Function  
 

A normal neuronal-vascular relationship is critical for normal brain functioning. A 

healthy brain relies on all of the cells of the neurovascular unit - neurons, astrocytes, brain 

endothelium, pericytes, vascular smooth muscle cells (VSMC), microglia and perivascular 

macrophages - to function properly and communicate with each other in order for neuronal 

synapses and circuitries to maintain normal cognitive functions [4].  

Some brain disorders may have a vascular origin. Vascular cells, i.e., endothelium and 

pericytes, can directly affect neuronal and synaptic functioning through changes in the blood 

flow, BBB permeability, nutrient supply, faulty clearance of toxic molecules, failure of 

enzymatic functions, altered secretion of trophic factors and matrix molecules, abnormal 

expression of vascular receptors and induction of ectoenzymes [5] (Figure 1). In response to a 

vascular insult, signals from neurons and astrocytes recruit microglia, which, when activated, 

secrete several proinflammatory cytokines [6]. This further aggravates the neuronal injury 

and synaptic dysfunction. In the case of a primary neuronal disorder, vasculo-glial activation 

follows and may critically modify progression of the disease [5, 7]. 

 

 

Vascular Dysfunction Can Lead to Cognitive Impairment 
 

Vascular dementia (VaD) is the second-most-common cause of dementia in the elderly, 

after Alzheimer's disease (AD) [8]. VaD is a highly heterogenous disorder and is defined as a 

loss of cognitive function resulting from ischemic, hypoperfusive, or hemorrhagic brain 

lesions due to cerebrovascular disease or cardiovascular pathology [9]. As the brain lacks a 

reserve of glucose and oxygen, it is wholly dependent on a constant blood supply. A threat to 

cerebral perfusion is likely to have dramatic consequences on neuronal functions. Vascular 

diseases may lead to activated astrocytes and microglial cells resulting in elevated 

expressions of inducible nitric oxide synthase (iNOS) and release of neurotoxic reactive 

oxygen species and nitric oxide (Figure 2). The inflammatory mechanisms may be aggravated 

by continuous release of chemokines such as CCL2 and CCL3 by astrocytes. Furthermore, 

oxidative stress and glucose starvation may lead to the impairment of astrocyte glutamate 

uptake which in turn results in glutamate neurotoxicity. 
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Figure 1. Different types of diseases with vascular pathology. (A) CAA is characterized in the 

deposition of amyloid proteins around the blood vessels in the brain which may disrupt vascular 

endothelium and induce microhemorrhage. (B) Diabetes and Atherosclerosis are characterized by 

intimal plaques containing lipids resulting in reduce blood flow. (C) Hypertension promotes cerebral 

artery disruption and fibrinoid necrosis of the vascular wall. (D) Ischemic stroke blocks blood flow, as a 

result embolus forms, resulting in small-vessel occlusions with multiple artery and brain lesions. 

 

Neurodegenerative Diseases with Cognitive Impairment and Vascular 
Pathology 

 

Disorders of dementia are multi-factorial and are caused by an interaction of genetic and 

environmental factors acting throughout the life of an individual. Different types of dementia 

can have different courses, with different patterns of symptoms and can respond differently to 

treatment. The main types of dementia are: AD (about 50% of cases), VaD (about 25%), 

Mixed Alzheimer‘s disease and vascular dementia (included in the above, 25%), Lewy body 

dementia (15%) and all others (about 5% combined) including frontotemporal dementia, 

focal dementias (such as progressive aphasia), subcortical dementias (such as Parkinson‘s 

disease dementia) and secondary causes of dementia syndrome (such as intracranial lesions) 

[2].  

Although the underlying cause for most VaD cases have not clearly been established 

[10], several reports suggest that vascular risk factors could affect the neurodegenerative 

processes leading to dementia, in general, as well as Alzheimer's disease and vascular 

dementia, in particular [11]. Thus, for example, smoking [12], diabetes [11, 13], high blood 

pressure [11], hypercholesterolemia [14], poor respiratory function [15] and/or previous 
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history of cardiovascular disease [16] have been associated with both the incidence of 

dementia and a higher risk of dementia related mortality [10]. 

 

Alzheimer’s Disease 
Alzheimer‘s disease is the most common type of dementia. In its early stages, AD is 

characterized by subtle impairments in memory associated with other cognitive deficits. In 

patients aged 65 years or older, who have some kind of cognitive decline, it accounts for over 

50% of cases. Progression to full dementia may take several years following the signs of mild 

cognitive impairment (MCI) at the early stage of AD [17]. The main cause of AD is generally 

attributed to the increased production and accumulation of amyloid-β (Aβ), as well as 

neurofibrillary tangle (NFT) formation. The main role of Aβ, as a mediator in AD, is inferred 

from its accumulation in the brain several decades before the disease becomes evident. 

Furthermore, tri-chromosome 21 Down syndrome patients present with a significantly higher 

incidence of AD symptoms by their late 30‘s than the average population. As a result of this 

observation and since the gene for the amyloid precursor protein is located on chromosome 

21, strength the important role of Aβ in the pathogenesis of AD. While early research 

indicated that the fibril form of Aβ was toxic, in more recent papers, the toxicity to the 

neurons seems also to be derived from soluble Aβ oligomers [18, 19]. The classical view is 

that A  is deposited extracellularly, however, emerging evidence from transgenic mice and 

human patients indicate that this peptide can also accumulate intra-neuronally, which may 

contribute to disease progression [20]. Aβ can adversely affect distinct molecular and cellular 

pathways, thereby facilitating tau phosphorylation, aggregation, mis-localization and 

accumulation. Intracellular abnormally phosphorylated tau and Aβ exhibit synergistic effects 

that ultimately lead to an acceleration of the neurodegenerative mechanisms related to 

metabolism, cellular detoxification, mitochondrial dysfunction and energy deficiency. These 

mechanisms, in turn, result in the formation of neuritis plaques [21]. 

The fact that cerebrovascular diseases and AD share common risk factors may indicate 

on common pathogenic mechanisms. In AD, the deposition of Aβ is found both in brain 

tissue (neuritic plaques) and on the wall of cerebral blood vessels (cerebral amyloid 

angiopathy or CAA). Moreover, the vascular pathology in AD is not limited to the 

accumulation of Aβ on the vessel wall, but is also characterized by atherosclerosis, vascular 

fibrosis, and structural and inflammatory changes of blood vessels [22]. Evidence suggests 

that cerebrovascular pathologies, such as atherosclerotic lesions, structural and inflammatory 

alterations as well as impaired hemodynamic responses, are early features of AD [23, 24]. 

Indeed, although Aβ is the major component of the amyloid deposits, other molecules are 

also associated with these deposits (e.g., ferritin, components of the complement pathway, 

1-antichymotrypsin, 2-macroglobulin, LDL-receptor related protein, APP, 

acetylcholinesterase, laminin, glycosaminoglycans and the apolipoproteins, E and J [25-27].  

In AD, there is evidence of denervated cortical microvessels. Perivascular cholinergic 

(ACh) nerve terminals from the basal forebrain, which are important regulators of cortical 

cerebral blood flow (CBF) [28, 29], are also denervated. These alterations impair the ability 

of the brain to maintain CBF. In addition, there is evidence of degenerative changes in 

endothelial and smooth muscle cells in AD [30]. Indeed, perfusion deficits in AD often 

precede the neurodegenerative changes [5]. 
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Figure 2. Hypothetical mechanisms involved in vascular pathology leading to neuronal death. 

Mechanisms resulting in vascular pathology lead to alteration of the blood-brain barrier and decreases 

in glucose concentration (1) and oxygen transport (2). Stress to vessels will lead to micro-hemorrhage 

and edema (3) and to activated astrocytes and microglial cells resulting in elevated expressions of 

inducible nitric oxide synthase (iNOS), release of neurotoxic reactive oxygen species and nitric oxide 

(4). The inflammatory mechanisms may be aggravated by continued release of chemokines such as 

CCL2 and CCL3 by astrocytes as well as impairment in glutamate uptake (5). Vascular pathology leads 

to neuronal stress and may eventually lead to neuronal death with cognitive consequences.  

 

Cerebral Amyloid Angiopathy 
Cerebral amyloid angiopathy (CAA) is defined as deposition of vascular amyloid in the 

walls of the meningeal and parenchymal arteries, arterioles, capillaries and, albeit rarely, 

veins. Veins can also present with thickening walls and smooth muscle cells (SMC) 

degeneration. These symptoms can further spread into the surrounding neuropil, deposit in 

the glia limitans or in the capillary wall [31, 32]. The vascular amyloid deposits in CAA, like 

senile plaques in AD, are composed primarily of the β-amyloid peptide (Aβ), a 39–43 amino 

acid fragment of the β-amyloid precursor protein (APP) [32]. Furthermore, the short form of 

Aβ (Aβ1–40) is the predominant form in cerebral blood vessels, whereas the long form (Aβ 

1–42) is more abundant in brain parenchyma. However, a number of other molecules, arising 

from both local and circulating sources, can be associated with Aβ deposits; these include 

extracellular matrix proteins [33], α1-antichymotrypsin [34], apolipoprotein E [25], ubiquitin 
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[35], serum amyloid P [36], acetylcholinesterase [37], cystatin C [38] and complement 

components [39]. 

Although numerous conditions can promote cerebrovascular amyloidogenesis, the most 

salient risk factors for CAA are advancing age, Alzheimer's disease, and genetic influences 

[40]. While most cases of CAA or AD are sporadic, various mutations have been found to 

associate with cases of familial disease, including several mutations of APP. CAA incidence 

increases with age to almost 100% after 80 years and AD ranges from 70 to 97.6% [41]. The 

most widely recognized clinical manifestation of CAA is intracerebral hemorrhage (ICH) 

[32]. ICH related to CAA typically occurs in the cortical or cortico-subcortical brain regions 

most heavily involved in CAA. Brains with ICH caused by CAA demonstrate extensive 

replacement of blood vessel walls with amyloid as well as evidence of breakdown of 

amyloid-laden vessels such as concentric cracking, microaneurysms and fibrinoid necrosis 

[32, 42].  

Cognitive impairment has been observed in both familial [43] and sporadic [44] instances 

of severe CAA. These observations suggest that CAA can cause clinically important vascular 

dysfunction [45, 46] . The type of vessel involved and distribution of CAA may differently 

affect cognition. Capillary CAA has been shown to be more closely associated with impaired 

cognition than CAA of larger blood vessels [47]. Although CAA is most prevalent in the 

posterior regions of the cerebral hemispheres, the association between CAA and clinical 

dementia has been reported to be strongest for frontal CAA [48, 49].  

 

Diabetes 
Diabetes is another risk factor for stroke and VaD. Diabetic patients have twice the risk 

of developing cognitive impairment [50, 51]. A possible mechanism is the impaired brain 

perfusion due to endothelial oxidative damage and alteration of the blood-brain barrier 

resulting from excessive glycosylation [52] (Figure 1). Diabetic patients also present high 

blood viscosity, which is a blood flow-reducing factor. Although these vascular factors may 

increase dementia risk through cerebral small- or large-vessel disease, they may also act 

through noncerebrovascular mechanisms (e.g. directly affect amyloid accumulation in the 

brain [53] and disrupt brain amyloid-β clearance by competing for the insulin degrading 

enzyme.) 

 

Hypertension  
High blood pressure (HBP) or hypertension is defined as high pressure (tension) in the 

arteries. Hypertension is also associated with increased vascular permeability and protein 

extravasation. This permeability leads, in turn, to chronic edema and tissue necrosis [54] 

(Figure 1). Hypertension is a risk factor for stroke, ischemic white-matter lesions, 

cardiovascular disorders, and vascular dementia. Several studies have suggested a positive 

correlation between hypertension and cognitive impairment, such as AD. Possible 

mechanisms may correspond to incidents of micro- hemorrhaging (Figure 2) that link to a 

reduction in glutamate and oxygen absorbance of neurons. Furthermore, local inflammation 

can increase production of reactive oxygen species (ROS) and neurodegeneration. High 

blood pressure precedes AD by decades. In the studies that demonstrated a significant 

positive correlation between cognitive impairment and hypertension, the neuropsychologic 
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domains predominantly affected were learning, memory, attention, and mental flexibility 

[55]. 

 

Ischemic Stroke 
Dementia may occur in 25% to 33% of ischemic stroke cases at age 65 and older. Post 

stroke VaD may be caused by large-vessel disease with multiple strokes (multi infarct 

dementia) or by a single stroke (strategic stroke VaD). A common form is subcortical 

ischemic VaD caused by small-vessel occlusions with multiple lacunas and by hypoperfusive 

lesions resulting from stenosis of medullary arterioles. The evidence also suggests that a 

neuronal energy crisis, brought on by a relentless chronic brain hypoperfusion (CBH), is 

responsible for protein synthesis defects that later result in the classic AD neurodegenerative 

lesions. Subcortical ischemic vascular dementia (SIVD) has been proposed as a subtype of 

vascular cognitive impairment [56]. A rare disorder known as cerebral autosomal dominant 

arteriopathy with subcortical infarctions and leukoencephalopathy (CADASIL) is the most 

common hereditary subcortical vascular dementia and may lead to SIVD in the absence of 

Alzheimer's disease. It is caused by a defective NOTCH3 gene, which encodes a 

transmembrane receptor. Smooth muscle cells in small arteries throughout the body 

degenerate and vessel walls become fibrotic. In the brain, this results in circulatory 

disturbances and lacunar infarcts, mainly in cerebral white matter and deep gray matter, 

resulting in VaD. 

 

 

Diagnostic of Vascular Dementia 
 

Vascular dementia is diagnosed based on history, symptoms and cognitive tests as well 

as ruling out other causes of dementia. History may include a history of stroke or 

hypertension. Diagnosis of vascular dementia requires two main criteria: 1) cognitive 

impairment and 2) vascular brain lesions that can be imaged. Criteria for the diagnosis of 

VaD was described by the National Institute of Neurological Disorder and Stroke—

Association Internationale pour Recherche et l'Enseignment en Neuroscience (NINDS-

AIREN) [8, 57]. These criteria recognized the identity of VaD as a separate etiological 

condition and led to a growing number of international epidemiological studies for early 

diagnosis and controlled clinical trials for the symptomatic treatment of VaD. 

 

Cognitive Impairment 
The most commonly used cognitive assessment tool is the mini-mental state examination 

(MMSE). The test is based on a brief 30-point questionnaire in a number of areas including 

arithmetic, language use and comprehension and basic motor skills [2, 58]. A score of <24 

suggests dementia. Nevertheless, the test results may be affected by mental disorders, a 

physical disability (inability to hear or read instructions properly) or a motor deficit (that 

affects writing and drawing skills, for example). Therefore, the MMSE test is usually 

performed with other cognition screening tests such as the Mini-Cog assessment instrument 

and the memory impairment screen [2]. The Mini-Cog assessment test combines two simple 

cognitive tasks (three-item word memory and clock drawing) with an empirical algorithm for 
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scoring and was developed for screening people of low education and language skills. This 

test appears to satisfy most standards for brief cognitive screens and is currently being used 

by doctors even when dementia is in a mild or subclinical stage [59]. The Memory 

Impairment Screen (MIS) test is a brief, 4-minute four-item delayed free- and cued-recall 

memory impairment test. The MIS uses controlled learning to ensure attention, induce 

specific semantic processing and optimize encoding specificity to improve detection of 

dementia. The MIS was reported to be valid screening for AD and other dementias [60].  

 

Dementia Imaging Methods 
 

i) Magnetic Resonance Imaging 
Magnetic resonance imaging (MRI) commonly demonstrates three types of abnormalities 

in patients with vascular dementia disease [61]: i) Cortical infarctions provide evidence of 

cerebrovascular abnormality and are more common in VaD rather than other types of 

dementia [62]. ii) Areas of abnormally high signal on T2 weighted MRI are commonly seen 

in patients with dementia [63, 64]. iii) Accelerated atrophy compared with normal elderly 

individuals [65]. There are evidences that both the distribution and rate of atrophy differ 

depending on the cerebrovascular disease [66]. Recently, global MRI diffusion changes have 

been shown to be sensitive to clinically relevant microstructural alterations and may be useful 

markers of CAA-related tissue damage [67]. 

 

ii) Positron Emission Tomography  
Positron emission tomography (PET) studies with (18)F-2-fluoro-2-deoxy-D-glucose 

(FDG) have demonstrated that individuals with mild cognitive impairment (MCI) , linked to 

vascular dementia, have reduced glucose transport across the BBB prior to neurodegeneration 

and brain atrophy [68]. The significantly reduced glucose uptake is specifically located in the 

right precuneus, posterior cingulate, right angular gyrus, and bilateral middle temporal 

cortices [68]. A longitudinal study using FDG-PET imaging with follow-up PET exams has 

suggested that reductions of glucose utilization by the hippocampus during normal aging can 

predict cognitive decline years in advance of the clinical diagnosis [69].  

 

 

Animal Models for Vascular Dementia 
 

Animal models are essential for understanding mechanisms of disease and to 

development of therapeutic intervention. Nevertheless, animal models rarely mimic human 

disease progression. In this review, we aim to summarize different animal models that present 

with some of the affects of cerebrovascular dysfunction and may be used to investigate VaD. 

Several tests have been developed to study cognitive functions in animals. Different tests 

have been designed to examine different cognitive domains. Studies on cognitive functions, 

for example in rodents, have so far preferentially explored learning and reference memory 

using tests such as the Water Maze test and the Radial Arm Maze test [70, 71]. These tests 

include a training phase and are frequently associated with reward or punishment. The results 

of these studies nearly always demonstrate alteration in learning and reference or visuospatial 
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memory. Other studies for cognitive tests explore functions associated with the frontal-

subcortical circuits [72], as opposed to the hippocampus [73], such as the Y Maze Test [74] 

and the Object Recognition Test [75]. These tests focus on spatial and non-spatial working 

memory using no-reward, no-punishment procedures. Nevertheless, the relevance of 

cognition tests in animals to VaD aspects in humans remains an open question. 

 

Animal Models of Cerebral Amyloid Angiopathy  
There are two naturally occurring models of CAA that are currently being studied. Both 

non-human primates and canines develop vascular β-amyloidosis naturally as they grow old 

[40] and are thus good models for CAA. The main obstacles to studying these animals are 

their relatively long life spans. Different transgenic mice models were established that 

experience accelerated cerebrovascular pathology. Nevertheless, in most animal models, 

cerebrovascular pathology is usually part of a global cerebral pathology, which makes it 

difficult to isolate vascular impairment from the effectors of the observed pathology. 

 

i) Non-human Primate Model of CAA 
Nonhuman primates probably represent the best model because their vascular 

architecture and their gyrencephalic brain with extensive white matter more closely 

resembles that of humans [76]. CAA is a common finding in aged non-human primates, 

occurring in species ranging from lemurs (Microcebus murinus [77]) to chimpanzees (Pan 

troglodytes [78]). Intriguingly, whether amyloid is deposited mainly in the parenchyma of the 

brain or in the vascular wall is species-specific to a certain degree, presenting unique 

opportunities for probing the cellular and molecular correlates of CAA. For example, CAA 

abounds specifically in squirrel monkeys starting at age 15 years[40]. Unfortunately, in 

squirrel monkeys, CAA also correlates with cerebral plaque so the direct relevance of CAA 

to cognition is unclear.  

 

ii) Canine Model for CAA 
Multiple investigators have confirmed CAA in aged dogs [79, 80]. As in humans, the 

presence of CAA in dogs is positively correlated with the incidence of intracerebral 

hemorrhage [81]. Within the vessel wall, canine amyloid deposits are usually associated most 

closely with the intercellular spaces of the tunica media, similar to deposits in humans [82] 

and non-human primates [83], and supporting the potential role of vascular smooth muscle 

cells in the generation of CAA [84]. 

In arteries, smooth muscle cell atrophy is evident in advanced CAA in canine [40]. 

Amyloid angiopathy appears to begin in larger brain-supplying arteries, and progresses into 

smaller vessels [85]. Canine CAA particularly afflicts the leptomeningeal arteries [85] and 

the parenchymal vessels, including capillaries [81]. Cognitive damage correlates with the 

extent of Aβ deposits in the cerebral cortex and CAA [86]. However, in spite of the dog's 

relevance as a wild-type model for the study of AD, there is no clear evidence regarding the 

effect of cerebrovascular dysfunction on cognition in this model. 
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iii) Transgenic Mice Model for CAA 
Since, naturally occurring animal models of CAA are not well suited for the laboratory, a 

variety of transgenic murine models have been developed. These models demonstrate 

cerebral amyloidosis similar to that of humans and are mostly based on the involvement of 

Alzheimer‘s Aβ in CAA as part of parenchymal amyloid, or primarily parenchymal amyloid 

[87]. Two molecules have been implicated in the cerebrovascular pathology of AD: (i) Aβ, 

which in soluble form directly alters cerebrovascular functions; and (ii) Transforming Growth 

Factor-β1(TGF-β1), which promotes the synthesis of extracellular matrix proteins and 

contributes to vascular remodeling following injury or lesion [88].  

Transgenic mice that over-express mutated forms of the human amyloid precursor 

protein (APP; APP mice) exhibit mostly cerebral amyloid deposition of Aβ1-42 along with 

cerebrovascular deposition of Aβ1-40. The Aβ-induced oxidative stress impairs 

cerebrovascular dilatory responses to acetylcholine (ACh), calcitonin gene-related peptide 

(CGRP) and other endothelium-dependent dilators [24, 89], in addition to altering 

autoregulation [90] and functional hyperaemia [89]. Transgenic mice overexpressing the 

Swedish mutation of APP develop cognitive impairment at 6 months of age and amyloid 

plaques at 9–12 months [91]. However, the earliest abnormality observed in these mice is a 

profound alteration in the regulation of the cerebral circulation at 2–3 months of age. In 

mouse models of familial AD harboring the Dutch and Iowa vasculotropic APP mutations, 

the dense plaques may develop initially on blood vessels or as classical CAA because of 

inefficient Aβ clearance across the blood-brain barrier (BBB) and/or perivascular Virchow-

Robin arterial spaces, respectively [5, 92]. The E693Q mutation in the amyloid beta precursor 

protein (APP) leads to cerebral CAA, with recurrent cerebral hemorrhagic strokes and 

dementia [93]. In contrast to AD, the brains of those affected by hereditary cerebral 

hemorrhage with amyloidosis–Dutch type (HCHWA-D) show few parenchymal amyloid 

plaques. Neuronal overexpression of human E693Q APP in mice (APPDutch mice) caused 

extensive CAA, smooth muscle cell degeneration, hemorrhages and neuroinflammation. This 

HCHWA-D mouse model is the first to develop robust CAA in the absence of parenchymal 

amyloid, highlighting the key role of neural Aβ production to vascular amyloid pathology 

and emphasizing the differing roles of Aβ 1-40 and Aβ 1-42 in vascular and parenchymal 

amyloid pathology. Dementia in humans with the HCHWA-D mutation is associated with 

CAA, independent of hemorrhagic strokes [94]. Nevertheless, cognition impairment in 

HCHWA-D has yet to be reported. 

Transforming growth factor-β1 (TGF-β1) is a multifunctional cytokine that is a major 

regulator of the immune response; it has profound effects on vasculogenesis, angiogenesis 

and the maintenance of vessel wall integrity. Furthermore, cortical TGF-β1 messenger RNA 

(mRNA) levels correlate positively with the degree of cerebrovascular amyloidosis in AD 

cases, and TGF-β1 immunoreactivity in such cases is elevated along the cerebral blood 

vessels [95]. There are also positive correlations found between TGF-β1 polymorphisms and 

CAA [96, 97]. Co-expression of TGF-β1 with hAPP/Aβ in bigenic mice result in 

cerebrovascular and meningeal amyloid deposition at 2–3 months of age [98]. APP/TGF-β1 

mice show a prominent perivascular astrocytosis and age-related deposition of amyloid 

around cerebral blood vessels [98]. These structural alterations translate into regional 

decreases in CBF [99], compatible with a reported decrease in glucose metabolism in several 
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brain regions [100]. They also exhibit deficits in cerebrovascular dilatory responses to ACh 

and CGRP and, with aging, in contractile responses to endothelin-1 (ET-1; [24]), in addition 

to cerebral hypoperfusion [99] and hypometabolism [100]. Recent results from our lab [101] 

suggest a correlation between cognitive impairment and CAA levels in TGF-β1 mice. 

 

Animal Models of Hypertension 
Spontaneously hypertensive rats (SHR) and SHR-stroke-prone (SHRSP) are considered 

among the best animal models for assessing hypertension and stroke, respectively and might 

serve as a suitable animal model for vascular dementia in humans caused by cerebrovascular 

lesions. SHR were developed in Japan in 1963 by pairing Wistar rats (defined Wistar Kyoto 

rats, WKY) with high blood pressure. Successive breeding of SHR produced a substrain with 

higher blood pressure than SHR [102]. Males of this substrain, in which stroke occurs 

spontaneously in 100% of cases, were labeled SHRSP [102, 103]. 

Significantly decreased acetylcholine levels in both the cerebral cortex and the 

hippocampus in SHRSP compared to age-matched Wistar Kyoto (WKY) rats (normotensive 

animals of the same SHR strain) were observed. This decrease may be related to impairment 

of learning-memory function and abnormal behavior. In SHRSP, increases in blood viscosity, 

hematocrit and fibrinogen might produce the formation of thrombus and induce cerebral 

infarction.  

In SHR, hyperactivity, hyper-reactivity, lower levels of anxiety, and a decrement in 

habituation capability as well as a severe deficit in attention and decreased learning ability in 

several behavioral tasks were described by various groups [104, 105]. However, it has been 

suggested that behavioral changes observed in SHR reflect a decreased ability to deal with 

threatening situations [106]. Therefore, these animal models cannot be considered to have 

been conclusively investigated in terms of learning and memory skills. Although SHR and 

SHRSP may represent animal models of VaD, they were characterized primarily from a 

morphological point of view [107], further work is necessary to characterize their behavioral 

and neuro-chemical attributes. 

 

Animal Models of Diabetics 
Hyperglycaemia is strongly related to brain and vascular disorders [108, 109]. Animal 

models of ‗induced diabetes‘ suggest that diabetes has direct neurodegenerative affects. The 

majority of studies show results in the hippocampus – the area associated with learning and 

memory and the first structure to be affected by the neurodegeneration in Alzheimer‘s 

disease. Risk-enhancing mechanisms of vascular dysfunction include the affects of increased 

advanced glycation end products, oxidative stress, inflammation, macrovascular and 

microvascular injury. Both large and small blood vessels are susceptible to alterations from 

diabetes. Endothelial cell dysfunction associated with small vessel (known as 

microangiopathy) is a primary factor in the development and progression of diabetes-related 

disabilities. Studies of effects of streptozotocin-induced diabetes have shown that diabetes-

induced perturbations to cerebral microvessels may disrupt homeostasis and contribute to 

long-term cognitive and functional deficits of the central nervous system [110]. Obese 

animals with insulin resistance mimicked the human form of the early stages of Type 2 
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Diabetes. These animals have also shown promise in modeling VaD through protein –lipid 

vascular deposition.  

 

Animal Model for Ischemic Stroke 
Subcortical vascular dementia is characterized by small vessel disease involving white 

matter changes and lacunar infarctions. White matter lesions are observed in rodent models of 

chronic cerebral hypoperfusion in which the bilateral carotid arteries are stenosed or ligated 

[111] as well as in stroke-prone spontaneously hypertensive rats which have small vessel 

pathology [112]. Such WM lesions seem contribute to frontal hypometabolism and executive 

dysfunction [113, 114]. Recently, a model of vascular dementia rats was established by 

inducing a short middle cerebral artery occlusion (MCAO) without concomitant sensorimotor 

deficits. These animals have shown significant cognitive deficiency in different cognition 

tasks [115]. 

 

 

Conclusions 
 

The cerebrovascular system plays a critical role in maintaining normal brain function. 

The development of dementia in several neurodegenerative diseases has been shown to 

correlate well to impairment of the cerebrovascular system and in these cases has been 

defined as vascular dementia. Therefore, therapeutic approaches that aim to reduce vascular 

toxicity and re-establish normal function may prevent or reverse cognitive impairment. At the 

moment, once vascular dementia is clinically established, treatment aims primarily at slowing 

the progression of the disease by prevention of stroke recurrence. Although the efficacy of 

antithrombotic therapy in stroke prevention is well documented, the role of this approach in 

preventing cognitive decline is still to be proven. Animal models are essential for 

understanding the mechanisms of vascular disease and for developing therapeutic 

interventions. Nevertheless, whether animal models accurately mimic all different aspects of 

VaD progression in human remains an open question. Elucidating the molecular pathways 

linking the individual vascular risk factors and cerebrovascular changes leading to cognitive 

impairment is the crucial next step in the study of vascular cognitive impairment. Therefore, 

studies that aim to explicate the aspects of vascular disease that correlate to cognitive decline 

in animal models, are crucial for identifying future treatment strategies.  
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Abstract 
 

The morbidity and mortality from asthma remain high in patients over the age of 75 

years in developed countries, in contrast to the improving mortality from that condition 

in children and younger adults. One of the reasons for this might be the relatively poor 

performance with inhaler devices confirmed by surveys of technique in elderly patients. 

Also, it has been shown that the most prominent determinants of adequate inhaler 

technique in old age are global cognitive function, frontal executive function and ideo-

motor praxis. This review explores the pattern of observed and measured errors in the use 

of various inhalers in old age. The cognitive barriers to a successful grasp of inhaler 

technique are explained. The review then proceeds to describe a systematic research 

sequence by the author and others to identify factors that determine the likelihood of an 

aged person being able reliably to self-administer medication by the inhaled route, also 

drawing on parallel evidence from studies of spirometry technique. Relatively simple 

tests of cognition, praxis and executive function are described which have been shown to 

have predictive value in assessing frail elderly subjects for potential inhaler therapy or 

spirometry. The evidence presented can enable clinicians, particularly geriatricians, 

internists and pulmonologists to approach inhaled therapy for asthma and chronic 

obstructive pulmonary disease in a logical and effective way for their frail elderly 

patients. Further, it will be argued that the relation between congitive function and 

inhaler technique can be seen as a clinical metaphor for other self-administered tests or 

treatments, such as insulin therapy. There is scope for research to determine the 
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predictive role of cognitive function tests in a wide range of self-treatment settings, 

particularly for patients with relatively mild unrecognized cognitive impairment. 

 

 

Keywords: cognitive function, executive function, praxis, inhaler technique, asthma, 

COPD, elderly 

 

 

Introduction 
 

Patients with severe cognitive impairment, for example those with advanced Alzheimer‘s 

disease, are clearly not capable of coping with complex aspects of self-care, so arrangements 

are made to compensate for this disability. Overtly demented patients, if they need for 

example inhaled drug treatment, have alternative therapies such as nebulisers and direct 

supervision by attendants. At the other end of the spectrum, elderly patients with intact 

cognition can almost always manage their own medications, including sequenced devices 

such as inhalers. Probably the most vulnerable group are those with subtle non-apparent 

cognitive impairment who are often prescribed devices that they are unable to learn to use 

effectively. It is that group that will be the main object of this review. Since much of the 

work in this domain has been conducted on patients‘ use of inhaler devices and spirometry, 

the review will largely set out the problem in the context of inhaled respiratory drugs. To set 

the scene; many elderly patients require maintenance respiratory therapy through delivery of 

drugs to the airways by means of inhaler devices to achieve optimal management of their 

obstructive airways disease. This applies to asthmatic patients of all ages, and also confers 

benefit in an important proportion of people with chronic obstructive pulmonary disease 

(COPD). A large proportion of elderly subjects with these conditions have a degree of 

cognitive impairment, including problems with executive function and praxis. However, to 

achieve an adequate therapeutic effect, there must be sufficient deposition of drugs in the 

medium and small airways [1]. If the delivery device is patient-activated, this requires a 

competent inhaler technique, irrespective of the design and relative complexity of the specific 

inhaler. Even an optimal inhaler technique results in the deposition of only between 15 and 

30% of the inhaled dose in the medium and small airways, depending on the design of the 

inhaler [1,2]. More importantly, that proportion is reduced significantly by minor 

inadequacies of technique and drastically reduced to sub-therapeutic proportions for patients 

with an overtly inadequate technique [1-7]. Consequently, it can be seen that issues of inhaler 

technique over ride all other considerations when trying to achieve satisfactory maintenance 

inhaler therapy in patients with asthma and COPD. In this review it will be explained how 

cognitive function is the main determining factor for inhaler technique, and it can be argued 

that the relationship between cognitive function and the effective use of inhalers can be seen 

as a metaphor for a wide range of self-applied treatments in frail old age. Indeed, in the case 

of respiratory therapy, while a substantial amount of research has been carried out to compare 

the relative efficacies of different types of bronchodilator and inhaled corticosteroid 

medications, the real issue for many patients is the suitability, patient preference and usability 

of the inhaler itself [8-11], and this trend is exaggerated in the presence of cognitive 
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impairment. This review explores the use of inhaler devices in frail elderly patients. Both 

asthma and COPD have a high prevalence in old age so it is commonplace for family 

physicians, specialists in respiratory medicine, geriatricians, and specialists in internal 

medicine to face the dilemma of how best to assess an elderly patient for inhaled maintenance 

therapy and choose an appropriate means of delivery. This clinical challenge will be used to 

illustrate the need to account for a patient‘s cognitive state, including subtle degrees of 

impairment, when deciding how best to apply patient-managed treatments in old age. 

 

 

The Scale of the Problem 
 

In most countries the prevalence of asthma and COPD are not known accurately, though 

both are clearly common illnesses. In the United Kingdom the prevalence of asthma has been 

demonstrated at between 3 and 7% of the population over the age of 65, depending on 

geographical region and the definitions used [12-14]. Similar limitations apply to prevalence 

studies carried out in the United States of America, though figures in the region of 3% of 

elderly adults are indicated [15]. It is not known whether asthma is becoming commoner in 

older adults, as has been shown to be the case in children in some developed northern 

countries, though there is evidence of underdiagnosis of the condition in old age [14,16,17]. 

The figures for COPD are also unreliable. As mean life expectancy rises it is to be expected 

that the number of people surviving with obstructive airways disease who also have impaired 

cognition will grow in proportion to the prevalence of dementia. It has been demonstrated, 

using overall mortality data that the death rate from asthma in the United Kingdom has fallen 

progressively over the last three decades in children, young adults and those of middle age 

[18]. However, there has been no similar fall in the mortality from asthma in old age [18]. 

Reasons for this will clearly be complex, and are likely to be related to co-morbidity patterns 

and improvements in the diagnosis of asthma in old age, which will proportionally inflate the 

mortality statistics with time. Factors relating to the reduced ability of older people 

subjectively to detect deterioration in their airways resistance might also contribute to delays 

in seeking appropriate medical help. In addition to this, an important consideration is the fact 

that a proportion of elderly patients develop physical and cognitive problems that prevent the 

acquisition and retention of a useful inhaler technique, and that proportion rises with 

increasing age [19].  

 

 

Errors in Inhaler Technique Observed 
in Elderly Patients 

 

Several surveys, conducted in community and hospital settings, have shown that in old 

age a significant proportion of patients, ostensibly established on inhaler therapy, have an 

inadequate technique [20-22]. Interest in this field was stimulated by a study carried out by 

the author in 1986 that showed that 40 percent of community dwelling patients with a mean 

age of 80 years had a completely inadequate technique with a metered dose inhaler [20]. A 

number of subsequent surveys demonstrated a similar finding, and the use of less technically 
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demanding devices has been shown to reduce this percentage only moderately, unless a 

substantial programme of screening and training was undertaken [23-27]. In most studies, the 

commonest errors in technique have been related to poor coordination between actuation of 

devices and inhalation; sometimes referred to as hand-lung in-coordination [20,28,29]. These 

include, for metered dose inhalers: failure to actuate the device in the early phase of 

inhalation, actuation without inhalation and actuation at the end of inhalation or during 

exhalation [20,]. In extreme cases, patients were completely unable to use a device, for 

example by attempting to inhale the dose through the nose, or were non-compliant [20,30]. 

Lesser errors included failure to breath-hold at the end of inhalation and slightly late 

inhalation or actuation [20,31]. For dry powder devices the main errors relate to problems 

with capsule loading and priming, inadequate inspiratory effort with some models, and 

uncertainty about remaining dose content. The majority of such errors inevitably lead to a 

reduction in therapeutic efficacy. Certain other commonplace errors are related to the specific 

technology of devices, for example, failure to turn the scraper ring on the TurbohalerTM.  

 

 

Non-cognitive Barriers to an Effective  
Inhaler Technique 

 

The most important factor in this domain centres around manual dexterity, and to a lesser 

extent vision [8,10,19,25,28]. There is ample evidence that patients with weak or painful 

hands are unable to use inhalers that require actuation by compression of a valve, such as a 

pressurized metered dose inhaler [19]. Patients with chronic inflammatory arthropathies, such 

as rheumatoid arthritis, are a typical example. Adapter aids, based on the fulcrum principle, 

are available for such devices and they can be of help, but for patients with conditions such as 

rheumatoid disease, pain and weakness often remain insurmountable barriers. The same also 

applies if patients have painful elbow or shoulder joints and are therefore unable easily to 

raise an inhaler to their mouth. Finger weakness and poor dexterity, often due to neurological 

conditions, is an important reason for failure to use correctly inhaler devices with complex 

loading sequences, as is the case with some dry powder inhalers. Of course, there are some 

aspects of dexterity that are determined by cognitive processes such as ideo-motor and 

ideational praxis, so there is a clear overlap between physical and cognitive disabilities in 

many individuals. Reduced vision can make it impossible for some patients to manipulate 

complex devices, particularly the loading sequences, and also makes it impossible for some 

patients to read dose meters or instructions. Visual problems are also a barrier to adequate 

interpretation of colour coded inhaler canisters. Impaired hearing can also cause some 

problems, particularly during the training phase of inhaler usage, though this barrier is 

relatively easy to surmount, providing patients have good vision and adequate cognitive 

function. 
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The Importance of Cognitive  
and Executive Function 

 

This part of the review will examine a sequence of pieces of research that has explored 

the relationship between inhaler technique and cognitive function in old age. It will be shown 

that these factors are overwhelmingly the most important in determining whether or not an 

elderly person can acquire and retain adequate inhaler technique. Research by other workers 

will be referred to throughout, and for clarity, the work will be presented in approximate 

chronological order. 

 

 

Overall Cognitive Function and the Role  
of Screening Tests 

 

In the early 1980s there was a strong clinical impression that many elderly patients were 

not using their inhaler devices correctly. A systematic scrutiny of the literature at that time 

showed that there were no properly collected data to demonstrate the scale of the problem or 

to look into factors associated with a poor technique in older adults. Consequently, we 

embarked upon a preliminary community-based survey in Manchester, UK, which 

demonstrated that only 60% of the patients surveyed had a technique sufficiently competent 

to deliver an adequate dose from a metered dose inhaler [20]. Indeed, only 10% of those 

surveyed had an ideal technique and 40% had a completely incompetent technique (certain to 

provide no delivery of the drug to the target airways), despite being on prescribed inhaled 

therapy for a mean of more than four years. Further exploration of associated characteristics 

revealed that an incompetent technique within this age group was not related to age, the 

underlying respiratory diagnosis, the duration of inhaled therapy or the place of initial inhaler 

training. However, a very strong association was demonstrated between an incompetent 

technique and the abbreviated mental test score (AMTS) of <7/10. In that study no patients 

with a score of <7/10 had a competent technique. In some ways this small study was a turning 

point in our understanding of the determinants of inhaler technique in old age. A clear-cut 

association with cognitive function had been demonstrated. Several larger studies followed in 

the subsequent few years that showed a similar proportion of community dwelling patients 

with an incompetent inhaler technique in the elderly age group, and also confirmed the strong 

association with an abnormal score on cognitive screening tests. This was shown to be the 

case, not only for the abbreviated mental test score, but also for the Mini Mental State 

Examination (MMSE), in which case a score of <24/30 was strongly associated with an 

inadequate technique with a metered dose inhaler. This finding was reinforced by a study of 

cognitively intact elderly subjects that showed a high (around 80 percent) proportion with an 

adequate technique [22]. This body of evidence led to recommendations that cognitive 

function should be taken into account when assessing elderly patients for inhaled respiratory 

therapy and was embedded in national guidelines for asthma, nebuliser therapy and COPD 

[32-34]. 
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Despite the strong association described above, a number of unanswered questions 

remained. For example, in our original study published in 1986, we observed that while 

patients with a low abbreviated mental test score almost invariably could not use a metered 

dose inhaler, there were other patients with a normal abbreviated mental test score who were 

also unable to use an inhaler correctly. This led to the question as to whether other higher 

functions, if impaired, might also be a barrier to a good inhaler technique. Furthermore, the 

late 1980s saw the appearance of a wide range of alternative inhaler devices, many of which 

were clearly easier to use than standard metered dose inhalers in that they required fewer 

operational steps and less coordination. We therefore felt it was important to establish 

whether cognitive screening tests could be as useful for the new inhaler devices as they had 

proved to be for metered dose inhalers. We conducted a study of the ability of patients(50 

patients age 70 years or more), 36 female, mean age 81 years with normal cognition 

(abbreviated mental test score 8-10/10), borderline cognition (abbreviated mental test score 

7/10) and three groups of patients with impairment, each with abbreviated mental test scores 

of 6/10, 5/10 and 4/10 respectively. These patients were inhaler-naïve and their ability to 

acquire and retain a competent technique with three different inhaler devices was studied. We 

included a relatively complex device (standard pressurized metered dose inhaler) that 

requires a 5-stage closely coordinated technique, a 4-stage device (metered dose inhaler with 

large-volume spacer) and a 3-stage device (breath-actuated inhaler). Patients in each of the 

cognitive groups received training and testing on all of the inhalers in sequence. In essence, 

we showed that cognitive scores remained highly predictive of the likelihood of a patient 

acquiring and retaining an adequate inhaler technique. Furthermore, a threshold analysis 

enabled us to demonstrate that some patients with cognitive impairment could learn to use the 

simpler devices, and again we demonstrated that an abbreviated mental test score of <7/10 

predicted the likelihood that some patients would fail to learn the technique. In the case of the 

most complex devices, all failed [35]. Around the time that the study was published, other 

researchers were conducting comparative technique-acquisition studies with various inhaler 

devices, often taking into account cognitive screening scores in older patients. Broadly 

speaking, those studies confirmed our original finding that patients with impaired cognition 

on screening tests are not able to learn to use complex inhaler devices and only a small 

proportion can manage the relatively simple devices [25,29,30].  

 

 

The Importance of Praxis  
and Ideo-motor Function 

 

Having established the importance of global cognitive function in this context, we turned 

our attention to the exploration of other cognitive states with demonstrable functional 

deficits, to try to explain why some patients with apparently normal cognition on screening 

tests are still unable to master the use of an inhaler. Using an inhaler, particularly a relatively 

complex device requiring close hand-lung coordination, would be expected to be impaired by 

dyspraxia. Patients with overt dyspraxic conditions due, for example, to hemispheric stroke 

are often not able to perform complex sequenced movements. However, it is known that a 

number of conditions common in old age can result in a more global form of dyspraxia that 
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may not be clinically obvious or easily demonstrated by superficial examination. Such 

conditions include Alzheimer‘s Disease, fronto-temporal dementias and multi-infarct brain 

disease. To explore this, we performed a study of patients above the age of 75 with a normal 

abbreviated mental test score (8-10/10) [37]. Patients were inhaler-naïve and received 

standardized training in the use of the metered dose inhaler. Retained technique was assessed 

against a scoring scale of 0 – 10 where 10 represented the perfect technique and 0 represented 

the worst possible technique. The scale also had a threshold embedded in it at the 5-6 level, 

such that a score of 5 or less indicated an incompetent technique and a score of 6 or more 

indicated a competent technique. Patients also had the Mini Mental State Examination [38] 

performed as well as the Ideational Dyspraxia Test [39], Ideo-motor Dyspraxia Test (IMDT) 

[40], Geriatric Depression Scale [41] and Barthel ADL (Activities of Daily Living) Index 

[42]. We found that the inhaler score correlated positively and significantly with the Ideo-

motor Dyspraxia Test (r = 0.45, P=0.039) and the Mini Mental State Examination (r = 0.48, 

P=0.032). There was no relationship with the Barthel ADL Index, Geriatric Depression Scale 

or Ideational Dyspraxia Test. This established a broad relationship between inhaler 

competence, global cognition and praxis. More importantly, we demonstrated a threshold 

effect in that no subject with a Mini Mental State Examination score of <23/30 had an 

adequate inhaler score. Furthermore, about 90 percent of patients with an adequate inhaler 

score had an Ideo-motor Dyspraxia Test score of 14/20 or more (14 is usually accepted as the 

threshold of normal) [43](P<0.01). This study gave us two further important insights. Firstly, 

some patients failed to learn to use inhalers despite a normal abbreviated mental test score 

simply because that test had not detected their globally reduced cognition. The more 

sophisticated Mini Mental State Examination is therefore probably more accurate in that 

context. Secondly, very clear correlative and threshold relationships have been demonstrated 

between the ability to acquire inhaler technique and a normal Ideo-motor Dyspraxia Test 

score. Of course, it is necessary to acknowledge the tautology embedded in this observation 

in that acquiring an inhaler technique is in itself a test of ideo-motor praxis. Nevertheless, this 

was an important step in our understanding of the factors that determine whether or not an 

elderly subject can learn to use inhalers.  

 

 

Executive Function 
 

Learning complex purposeful movement sequences is dependent on executive function 

for which intact frontal lobe processing is required [44]. This is subtly different from the 

function of praxis, described above, which is largely a parietal lobe or fronto-parietal 

function. Therefore, it might be expected that impairment of executive function would be an 

even more powerful predictor of poor inhaler technique acquisition than global cognitive 

function or praxis. To determine this, we conducted a study in which 30 inhaler-naïve elderly 

subjects, 21 female, with a mean age of 85, received standardized training in metered dose 

inhaler and TurbohalerTM techniques, the retention of which was scored on an analogue scale 

(for metered dose inhalers) or as a competence threshold for the TurbohalerTM. The patients 

also had their Mini Mental State Examination performed as well as an established test of 

executive function, suitable for elderly subjects, known as EXIT25 [45]. All the subjects had 
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normal abbreviated mental test screening scores. We confirmed a significant positive 

correlation between the metered dose inhaler analogue score and the Mini Mental State 

Examination (r = 0.54, P <0.002) and demonstrated a highly significant negative correlation 

with EXIT25 (in which higher scores indicate greater impairment)(r = -0.702, P <0.0001). A 

similar threshold to that in the above study was found for the Mini Mental State Examination, 

in this case <24/30, for predicting inability to acquire a competent TurbohalerTM technique. 

Furthermore, an EXIT25 score of >14/25 was highly predictive of being unable to learn to 

use, and retain, a TurbohalerTM. Similar thresholds applied to the standard metered dose 

inhaler [46]. 

Thus, in this sequence of studies we established and confirmed the importance of 

cognitive and executive function in inhaler self-administration, and demonstrated the 

practical utility of quick and simple screening tests as predictors of successful acquisition and 

retention of adequate inhaler technique. 

 

 

Another Example – Cognitive Function as a 
Determinant of Acceptable Spirometry Technique 

 

The importance of these higher brain functions in establishing inhaler technique is 

reinforced by similar findings in research conducted to find the factors that determine an 

adequate forced spirometry technique in older subjects. Such research has confirmed that 

global cognitive function is also the most important factor in that context, the only other 

significant factor being an individual‘s level of educational attainment [47-49]. As with 

inhaler technique, age in itself is not a bar to the acquisition of the technique. One important 

factor, highlighted by the work on spirometry technique and inhaler use, is the importance of 

a good training programme, sympathetic trainers and technicians and reinforcement. In 

inhaler research, several studies have demonstrated the substantially higher success rates in 

inhaler training programmes conducted by trained and dedicated staff [24,27,30]. This 

applies at all ages and there is some evidence that it is effective in elderly subjects with 

normal cognitive scores or very slight cognitive impairment. However, further research is 

required to confirm this for a range of inhalers, and to establish the forms of training most 

helpful in older subjects. It is also possible that those with overt impairment of cognition, 

praxis or executive function might respond to enhanced training, though the evidence base in 

that domain is very thin and deserves systematic study. 

The most recent phase in the research sequence described above has been a study to 

determine whether even simpler and quicker tests can be used to identify older patients who 

are unlikely to be able to self-administer an inhaler. The preliminary work has shown that 

ability to copy a diagram consisting of two intersecting pentagons to the standard required by 

the mini-mental state examination [38] has a crude predictive power comparable with the 

whole mini-mental test [50, 51]. This is perhaps not surprising given that the act of 

complying with an instruction to copy two overlapping pentagons is in itself an example of 

integrated cognitive, executive and ideo-motor function. Another candidate test is CLOX 

[52], a clock face drawing test validated for assessing executive function in elderly people. In 

a recent study comparing CLOX 1 and 2 with the MMSE it was found that the MMSE had 
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better overall predictive power, with an MMSE below 24/30 predicting inability to perform 

spirometry, or learn inhaler technique, with a higher specificity than CLOX [53, 54] 

 

 

Implications for the Design of Devices  
for the Self-administration of Drugs 

 

There is an obvious need to take into account cognitive, executive and ideo-motor factors 

when choosing a delivery device for a particular inhaled therapy, otherwise therapeutic 

failure can occur despite using an inherently efficacious drug. Perhaps the best example of 

this applies to inhaled post-exposure influenza prophylaxis. The patients most likely to 

benefit from such treatment are those with chronic cardio-pulmonary conditions, many of 

whom are frail and elderly. If the delivery device is technically complex, and there is a need 

to begin treatment immediately, there is little time for inhaler technique training. In a study 

conducted in the United Kingdom [36], it was shown that approximately 60% of the intended 

target population for post-exposure influenza prophylaxis were unable to master a sufficiently 

good technique to use the treatment effectively. On the other hand, younger cognitively intact 

patients could be expected to acquire the technique without difficulty, though they were the 

least likely to benefit from the treatment. Parallel considerations need to be taken into 

account for other devices, such as insulin pens, topical applicators, multi-dose drug regimens 

etc. Further, with the development of a wide range of nano-engineered drug preparations for 

systemic drug delivery through the pulmonary route, it can be expected that patients with 

poor inhalation technique due to cognitive impairment will not be able to benefit reliably 

from the technology [55].  

 

 

Summary 
 

Research has shown that relatively quick and simple cognitive screening tests can be 

used to determine the likelihood of an elderly patient being able to learn to use a self-

administered inhaler. The evidence, as it stands, supports the following points: 

 

 patients with an Abbreviated Mental Test Score of < 7/10 are almost never able to 

learn to use the more complex inhalers such as pressurized metered dose inhalers, 

and can not usually master even the simplest of devices 

 this is also the case for a Mini-Mental State Examination score of < 24/30, and/or an 

EXIT25 score of > 14/25 

 patients who are overtly dyspraxic or who have an abnormal score on screening for 

sub-clinical dyspraxia are also usually not able to learn to use an inhaler 

 weak and/or painful hands and poor vision are a substantial barrier to the successful 

use of an inhaler 

 clinicians should prescribe the most operationally simple device as clinical 

considerations allow to elderly patients in anticipation of the high likelihood of some 

degree of cognitive/executive impairment at the time of prescription or in the future.  
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 Training and reinforcement improve the acquisition and retention of a satisfactory 

technique in some older patients with normal cognitive screening test scores and 

might be useful for patients with slight cognitive impairment. 

 Patients with definite cognitive impairment will not be able to use an inhaler 

independently and will require assisted administration with, for example, a large 

volume spacer or nebuliser  

 

 

References 
 

[1] Newman SP, Moren F, Pavia D, Sheahan NF, Clarke SW. Deposition of pressurized 

aerosols in the human respiratory tract. Thorax 1981;63:52-5. 

[2] Newman SP, Pavia D, Clarke SW. How should a pressurized beta-adrenergic 

bronchodilator be inhaled? Eur. J. Resp. Dis. 1981;62:3-20. 

[3] Usmani OS, Biddiscombe MF, Nightingale JA, Underwood SR, Barnes P. Effects of 

bronchodilator particle size in asthmatic patients using monodisperse aerosols. J. Appl. 

Physiol. 2003;95:2106-12. 

[4] Lawford P, McKenzie D. Pressurized aerosol technique; influence of breath-holding 

time and relationship of inhaler to mouth. Br. J. Dis. Chest 1982;76:229-33. 

[5] Newman SP, Pavia D, Garland N, Clarke SW. Effects of various inhalation modes on 

the deposition of radio-active pressurized aerosols. Eur. J. Resp. Dis. 1982;63(supp 

119): 57-65. 

[6] Newman SP, Clarke SW. Therapeutic aerosols 1 – physical and practical 

considerations. Thorax 1983;38:881-6. 

[7] Laube BL, Norman PS, Adams GK. The effect of aerosol distribution on airway 

responsiveness to inhaled methacholine in patients with asthma. J. Allergy Clin. 

Immunol. 1992;89:510-18. 

[8] Molimard M, Raherison C, Lignot S, Depont F, Abouelfath A, Moore N. Assessment 

of handling of inhaler devices in real ilfe: an observational study in 3811 patients in 

primary care. J. Aerosol. Med. 2003;16:249-54. 

[9] Lenney J, Innes JA, Crompton GK. Inappropriate inhaler use: assessment of use and 

patient preference of seven inhalation devices. EDICI. Respir. Med. 2000;94:496-500. 

[10] Todd MA, Baskett JJ, Richmond DE. Inhaler devices and the elderly. N. Z. Med. J. 

1990; 103:43-6. 

[11] Welch MJ, Nelson HS, Shapiro G et al. Comparison of patient preference and ease of 

teaching inhaler technique for Pulmicort Turbohaler versus pressurized metered dose 

inhalers. J. Aerosol. Med. 2004;17:129-39. 

[12] Soriano JB, Kiri VA, Maier WC, Strachan D. Increasing prevalence of asthma in UK 

primary care during the 1990s. Int. J. Tuberc. Lung Dis. 2003;7:415-21. 

[13] Bannerjee DK, Lee GS, Malik SK, Daly S. Underdiagnosis of asthma in the elderly. Br. 

J. Dis. Chest 1987;81:23-29. 

[14] Dow L, Coggon D, Osmond C, Holgate ST. A population survey of respiratory 

symptoms in the elderly. Eur. Respir. J. 1991;4:267-72. 



The Critical Role of Cognitive Function in the Effective Self-Administration… 

 

171 

[15] Gwynn RC. Risk factors for asthma in US adults: survey from the 2000 Behavioural 

Risk Factor Surveillance System. J. Asthma 2004;41:91-8. 

[16] Dow L, Fowler L, Phelps L et al. Prevalence of untreated asthma in a population 

sample of 6000 older adults in Bristol, UK. Thorax 2001;56:472-6. 

[17] Enright PL. The diagnosis and management of asthma is much tougher in older 

patients. Curr. Opin. Allergy Clin. Immunol. 2002;2:175-81. 

[18] Campbell MJ, Cogma GR, Holgate ST, Johnston SL. Age specific trends in asthma 

mortality in England and Wales 1983-95. The results of an observational study. Brit. 

Med. J. 1997;314:1439-41. 

[19] Gray SL, Williams DM, Pulliam CC et al. Characteristics predicting incorrect metered-

dose inhaler technique in older subjects. Arch Intern. Med. 1996;156:984-8. 

[20] Allen SC, Prior A. What determines whether an elderly patient can use a metered dose 

inhaler correctly? Br. J. Dis. Chest 1986;80:45-9. 

[21] Armitage JM, Williams SJ. Inhaler technique in the elderly. Age Ageing 1988;17:275-8. 

[22] Ho SF, O‘Mahony MS, Steward JA, Breay P, Burr ML. Inhaler technique in older 

people in the community. Age Ageing 2004;33:185-8. 

[23] Jones V, Fernandez C, Diggory P. A comparison of large volume spacer, breath-

activated and dry powder inhalers in older people. Age Ageing 1999;28:481-4. 

[24] Connolly M. Inhaler technique of elderly patients: comparison of metered dose inhalers 

and large volume spacer devices. Age Ageing 1995;24:190-2. 

[25] Diggory P, Bailey R, Vallon A. Effectiveness of inhaled bronchodilator delivery 

systems for older patients. Age Ageing 1991;20:379-82. 

[26] Renwick DS, Connolly MJ. Improving outcomes in elderly patients with asthma. Drugs 

Aging 1999;14:1-9. 

[27] Dow L. Asthma in older people. Clin. Exp. Allergy 1998;28(supp 5):195-202. 

[28] Goodman DE, Israel E, Rosenberg M et al. The influence of age, diagnosis and gender 

on proper use of metered dose inhalers. Am. J. Respir. Crit. Care Med. 1994;150:1256-

61. 

[29] Chapman KR, Love L, Brubaker H. A comparison of breath-actuated and conventional 

metered-dose inhaler inhalation techniques in elderly subjects. Chest 1993;104:1332-7. 

[30] Johnson DH, Robart P. Inhaler technique of outpatients in the home. Respir. Care 

2000;45:1182-7. 

[31] van Beerendonk I, Mesters I, Mudde AN, Tan TD. Assessment of the inhalation 

technique in outpatients with asthma or chronic obstructive pulmonary disease using a 

metered-dose inhaler or dry powder device. J. Asthma 1998;35:273-9. 

[32] The British Thoracic Society. The British guidelines on asthma management; 1995 

review and position statement. Thorax 1997;52;S1. 

[33] The British Thoracic Society. Guidelines on the use of nebulisers. Thorax 1997;52:S2. 

[34] The British Thoracic Society. Guideline for the management of COPD in primary and 

secondary care. Thorax 2004;59:S1. 

[35] Allen SC. Competence thresholds for the use of inhalers in people with dementia. Age 

Ageing 1997;26:83-6. 



S. C. Allen 

 

172 

[36] Diggory P, Fernandez C, Humphrey A, Jones V, Murphy M. Comparison of elderly 

people‘s technique in using two dry powder inhalers to deliver zanamivir: randomized 

controlled trial. Brit. Med. J. 2001;322:577-9. 

[37] Hodkinson HM. Evaluation of a mental test score for assessment of mental impairment 

in the elderly. Age Ageing 1972;1:233-8. 

[38] Folstein FM, Folstein SE, McHugh PR. Mini-mental state: a practical method for 

grading the cognitive state of patients for the clinician. J. Psychiatr Res. 1975;12:189-

198. 

[39] Nelson HE. A modified card sorting test sensitive to frontal cortex defects. Cortex 

1976; 12:313-24. 

[40] Delis DC, Squire LR, Bihrle A et al. Componential analysis of problem-solving ability: 

performance of patients with frontal lobe damage and amnesic patients on a new 

sorting test. Neuropsychologia 1992;30:683-97. 

[41] Yesavage JA. Development and validation of a depression screening scale: a 

preliminary report. J. Psychiatr Res. 1983;17:37-49. 

[42] Mahoney F, Barthel D. Functional evaluation. The Barthel Index. Maryland State Med. 

J. 1965;14:61-5. 

[43] Allen SC, Ragab S. Ability to learn inhaler technique in relation to cognitive scores and 

tests of praxis in old age. Postgrad. Med. J. 2002;78:37-9. 

[44] Royall DR, Chiobo LK, Polk MJ. Correlates of disability among elderly retirees with 

‗subclinical‘ cognitive impairment. J. Gerontol. A Biol. Sci. Med. Sci. 2000;55:M541-6. 

[45] Royall DR, Mahurin RK, Gray KF. Bedside assessment of executive cognitive 

impairment: the executive interview. J. Am. Geriatr. Soc. 1992;40:1221-6. 

[46] Allen SC, Jain M, Ragab S, Malik N. Acquisition and short term retention of inhaler 

techniques require intact executive function in elderly subjects. Age Ageing 2003; 

32:299-302. 

[47] Bellia V, Pistelli R, Catalano F et al. Quality control of spirometry in the elderly – the 

SARA study. Am. J. Respir. Crit. Care Med. 2000;161:1094-1100. 

[48] Pezzoli L, Giardini G, Consonni S et al. Quality of spirometric performance in older 

people. Age Ageing 2003;32:43-6. 

[49] Carvalhaes-Neto N, Lorino H, Gallinari C et al. Cognitive function and assessment of 

lung function in the elderly. Am. J. Respir. Crit. Care Med. 1995;152:1611-5. 

[50] Allen SC, Yeung P. Inability to draw intersecting pentagons as a predictor of 

unsatisfactory spirometry technique in elderly hospital inpatients. Age Ageing 2006; 

35:204-5. 

[51] Allen SC, Yeung P, Janczewski M, Siddique N. Predicting inadequate spirometry 

technique and the use of FEV1/FEV3 as an alternative to FEV1/FVC for patients with 

mild cognitive impairment. 

[52] Royall DR, Cordes JA, Polk M. CLOX: an executive clock drawing task. J. Nerol. 

Neurosurg. Psychiatry 1998;64:588-94. 

[53] Baxter M, Warwick-Sanders M, Allen SC. Comparison of four tests of cognition as 

predictors of ability to acquire metered dose inhaler technique in old age Age Ageing 

2009: in press (abstract) 



The Critical Role of Cognitive Function in the Effective Self-Administration… 

 

173 

[54] Baxter M, Warwick-Sanders M, Allen SC. Comparison of CLOX, MMSE and 

pentagon copying for predicting spirometry performance. Age Ageing 2009: in press 

(abstract) 

[55] Allen SC. Are inhaled systemic therapies a viable option for the treatment of the elderly 

patient? Drugs Aging 2008;25:89-94.  

 

 





In: Cognitive Impairment: Causes, Diagnosis and Treatments ISBN 978-1-60876-205-7 

Editor: Melanie L. Landow © 2009 Nova Science Publishers, Inc. 

 

 

 

 

 

 

 

Chapter VIII 
 

 

Foetal Alcohol Spectrum Disorders:  
The 21st Century Intellectual Disability 

 

 

Teresa Whitehurst  
Sunfield Research Institute, West Midlands, 

United Kingdom 

 

 

Abstract 
 

The pattern of childhood disability now facing practitioners and clinicians across the 

world is an ever changing landscape. Both educators and medical professionals are 

challenged to develop new skills and new practices in order to address the complex array 

of symptoms and behaviours presented to them by the children and families seeking their 

support. In stark contrast to the ‗traditional‘ range of intellectual disabilities, whose 

causes are known and researched, such as Fragile X Syndrome, Down‘s syndrome and 

autism spectrum disorders, practitioners are now faced with the challenge of ‗man-made‘ 

intellectual disabilities such as Foetal Alcohol Spectrum Disorders (FASD). Despite this 

disorder being regarded as the leading known cause of non-genetic intellectual disability 

in the Western World (Abel and Sokel 1987) with prevalence rates estimated at 1 in 100 

(Autti-ramo 2002) there is scant public awareness of the dangers of drinking whilst 

pregnant, insufficient or contradictory guidance on ‗safe‘ limits, little or no professional 

knowledge base and a paucity of strategies to support those affected or their families. In a 

culture which sees binge drinking on the increase, the numbers of children with FASD 

are set to escalate. To what extent are our professionals ready for the challenges of this 

21st Century intellectual disability? This chapter considers the neurological deficits of 

those affected by FASD, the implications for education both as a proactive and reactive 

strategy, the importance of early diagnosis and intervention, set within a context of need. 
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Background 
 

Care, education and support for children with disabilities and their families is high on the 

agenda of developing countries. A wide range of government policies and initiatives in the 

United Kingdom seek to protect and include such children to ensure they are treated as 

valued and equal members of society with much done to change historic conceptualisations 

of disability (DfES, 2003; DfES, 2007; DoH, 2004; Whitehurst, 2007; United Nations, 1989). 

Ideally, children diagnosed with a disability at birth are surrounded by plethora of services 

which aim to maximise the potential of early intervention, seeking the best possible quality of 

life for the child and their family. These opportunities, however, are dependent upon early 

diagnosis, the provision of local services and a sound body of professional knowledge.  

Much is now known about the aetiology, diagnosis and assessment of intellectual and 

neurodevelopmental disabilities such as Autistic Spectrum Disorder, Down‘s Syndrome and 

Fragile X Syndrome with subsequent interventions now well in place. However, whilst 

medical advances have greatly improved the detection of these conditions, either at birth or as 

a consequence of later neurodevelopmental assessment, many children affected by maternal 

prenatal alcohol consumption remain undetected. Even where a full diagnosis can be made 

knowledge and understanding of the disorder in the United Kingdom, both from a medical 

and educational perspective, is poor. Families remain therefore bereft of the services and 

support they need. 

 

 

Britain’s Binge Drinking Culture 
 

British government concern regarding drinking habits, especially amongst teenagers, has 

been the focus of much debate in recent years. Alcohol misuse, in the form of binge drinking, 

is a distinctive characteristic of the British drinking culture (Parliamentary Office of Science 

and Technology, 2005), with over 26% of teenagers reporting 3 or more binge drinking 

episodes within the previous month (Plant and Plant, 2006). A binge is defined in the UK as 

the consumption of 6 or more units for a woman and 8 or more for a man, drinking on a 

single occasion. This definition is based guidelines issued by the Department of Health 

(1995) which recommend a maximum daily alcohol intake of 3-4 units for men and 2-3 units 

for women (Parliamentary Office of Science and Technology, 2005). Numbers of female 

teenagers (aged 15 and 16) admitting to binge drinking 3 or more times in the past month 

now exceed the number of males of the same age (Plant and Plant, 2006). 

Research by Plant (2001) revealed that 8% of British women aged 18-24 women were 

drinking at high risk consuming over 35 units of alcohol per week. Coincidentally this is also 

the age group of women most at risk of unplanned pregnancy. Dex and Joshi (2005) reported 

that 84% of mothers under 20 years of age had unplanned pregnancies. More generally, mean 

alcohol consumption by young teenagers aged 11-15 has almost doubled since 1990 rising 

from an average of 5 units per week to almost 10 (DCSF 2008; DoH, 2008). With alcohol 

now more affordable consumption has increased in the general population (DoH, 2008) 

leading unsurprisingly to an increase in hospital admissions for alcohol related harm (Jones et 

al, 2008). The number of female hospital admissions in the UK for alcohol related harm was 
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approximately 250,000 for the period 2006/07. With trends towards an increase in drinking 

amongst women it is inevitable that numbers of children born damaged as a result of maternal 

prenatal alcohol consumption will continue to increase. 

 

 

The Effects of Alcohol on the Developing Foetus 
 

First officially recognised by Jones and Smith in 1973, Foetal Alcohol Syndrome (FAS) 

has received considerable worldwide attention in recent years. Prenatal alcohol exposure has 

now been recognised as a major public health issue in all industrialized nations as well as in 

many developing countries where alcohol abuse by women of childbearing age is common. 

Indeed, foetal alcohol exposure is the leading known preventable cause of intellectual 

disabilities in the Western world (Abel and Sokel, 1987, Stratton, Howe and Battaglia, 1996). 

Alcohol is a teratogenic compound (ie: a substance which interferes with the normal 

development of the embryo or foetus) that readily crosses the placenta (British Medical 

Association, 2007). The immature blood filtration system and liver function in the foetus 

cannot process and eliminate alcohol as it can in the adult thus resulting in damage to the 

unborn child. The following diagram outlines the impact of alcohol throughout the duration 

of pregnancy: 

 

 
Coles, 1994. 

Diagram One: The impact of Alcohol on the Foetus throughout pregnancy. 
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The darker areas in the diagram represent times when alcohol damage to the foetus is at 

its greatest, whilst lighter areas represent times when less significant harm, but harm 

nonetheless, may be inflicted. 

The essential principles of the teratogenic effects of prenatal alcohol involve: 

 

a) The dosage of alcohol – even a low dosage may be teratogenic 

b) The timing (trimester) of the exposure during pregnancy. Each trimester of 

pregnancy has specific teratogenic effects; drinking in the first trimester results in 

facial dysmorphology and growth deficiencies whilst second and third trimester 

exposure has the most effect on central nervous system development, especially the 

neurotransmitter development. 

c) Medical factors particular to the mother. These include chronicity of alcoholism in 

the mother and her general nutritional status, as well as the protective factor of her 

specific genetic endowment. 

 

(adapted from O‘Malley, 2007) 

 

The term Foetal Alcohol Spectrum Disorders (FASD) has been developed in more recent 

years, operating as an umbrella term for a set of disorders caused by the consumption of 

alcohol by a mother whilst pregnant (Mukherjee, Hollins and Turk, 2006). These disorders 

exist on a spectrum ranging from the full presentation of Foetal Alcohol Syndrome (FAS) to a 

set of conditions affecting the neuro-behavioural presentations of the condition without 

encompassing all of the features. 

Full FAS is defined by evidence of pre and post natal growth retardation, central nervous 

system dysfunction (eg: neurocognitive deficits, learning disability, mental retardation) 

specific facial dysmorphology (eg; short palpebral fissures, flattened philtrum and thin upper 

lip) and a history of prenatal alcohol exposure (Hoyme et al, 2005; Bishop, Gahagan and 

Lord, 2007). The diagram below illustrates these features: 

 

 

Diagram Two: Facial Dysmorphology associated with FAS. 
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Figure Three: Differentiating the presentation of FASD. 

Facial dysmorphia occurs only at a discrete stage of the pregnancy, within a two week 

period, and thus not all children damaged by alcohol present with the full range of criteria 

necessary for a diagnosis of FAS. Estimates of the number of diagnosable cases of FAS 

among heavily drinking women have been placed at between 10-40% (Jones and Smith, 

1975), although it is accepted that this figure will vary internationally (Abel, 1995) and be 

subject to constant revision as diagnostic criteria are refined. However, escaping facial 

dysmorphia does not protect children from being at serious risk of developing behavioural, 

cognitive and physical problems associated with alcohol damage which may occur at other 

times throughout the pregnancy. In reviewing the literature Evenson (1991) identifies that 

only the most severely affected children are discussed while the other 80%, many 
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undiagnosed, are at risk for developing significant problems. Where prenatal exposure to 

alcohol can be confirmed two ‗labels‘ exist under the umbrella term Foetal Alcohol Spectrum 

Disorders (O‘Malley 2007); Foetal Alcohol Syndrome (FAS) and Alcohol Related 

Neurodevelopmental Disorder (ARND). A diagnosis of ARND is made when maternal 

alcohol consumption can be confirmed alongside prominent neurocognitive deficits but in the 

absence of facial features or growth retardation. Two other labels are also commonly used; 

Alcohol Related Birth Defects (ARBD) and Partial Foetal Alcohol Syndrome (PFAS). A 

diagnosis of ARBD is made when maternal alcohol consumption can be confirmed alongside 

behaviour or structural abnormalities but where facial features may be absent whilst PFAS 

requires evidence of maternal drinking combined with some facial features and 

neurocognitive deficits but other features may be absent. It is important to note that these 

disorders are experienced on a continuum with mild to severe presentation. However, whilst 

FAS is a clinical diagnosis, FASD is not (Astley and Clarren 2000). 

An overview of the characteristic features of these disorders can be seen in the diagram 

above. 

 

 

Epidemiology of FASD 
 

Worldwide incidence of FAS is estimated at 0.97 per 1000 but it is important to note that 

this data is based almost exclusively on research conducted within the USA (British Medical 

Association, 2007). It has been estimated that in Western countries as many as 9 per 1,000 

live births involve children affected by FAS, Partial Foetal Alcohol Syndrome or Alcohol 

Related Neurodevelopmental Disorder (Autti-Rämö, 2002). The incidence of FASD within 

the UK is currently unknown. Figures are collected in England and Scotland for FAS (but not 

FASD) whilst there is no data at all collected in Northern Ireland and Wales. It is, however, 

generally accepted that the incidence of children presenting with the effects of prenatal 

alcohol exposure in its variety of forms is around the 1 in 100 figure reported by Autti-Rämö, 

(2002). It is important also to note that as more complete diagnoses and broader definitions of 

FASD become available, prevalence and incidence may increase. 

It should also be noted that these epidemiological figures represent only the clinical 

picture of those cases which come to the attention of the medical profession. Irrespective of 

difficulties with differential diagnosis there may be personal and moral factors which prevent 

the true extent of the problem being known. 

 

 

The Impact of Alcohol upon the Developing Brain 
 

Alcohol induced damage to the brain of a developing child has been replicated in animal 

studies and in nerve cell cultures (Michaelis and Michaelis, 1994) whilst techniques such as 

MRI scans have facilitated the study of the living brain enabling researchers to determine the 

extent and location of the structural damage. Ikonomidou et al (2000) report that an apoptotic 

degenerative reaction which deletes neurones from developing brain sites can be induced 

through exposure to alcohol in a rat brain at specific developmental times resulting in 
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generalised loss of brain mass with specific loss of cerebellar and hippocampal neurons. This 

is mediated via a dual mechanism; blocking NMDA Glutamate Receptors and through 

excessive activation of GABA receptors. Synaptogenesis, neuronal migration and 

fasciculation may all be compromised even with low alcohol consumption (Charness, Safran 

and Perides, 1994). Neuroimaging studies have revealed specific abnormalities in the brains 

of children exposed to maternal prenatal consumption of alcohol. A reduction in the size of 

the basal ganglia is noted (Mattson et al, 1996a) which has been associated with spatial 

memory deficits and problems with set shifting in animals (Mattson et al 1996b; Mattson and 

Riley, 1999). The basal ganglia/caudate pathway is particularly important for relaying 

information to the frontal lobes whilst also acting as an emotional regulator. Deficits in this 

region may therefore also extend to perseveration tendencies, attentional problems and 

impaired executive functioning. Frontal lobes have been noted to be thin and small (Riley, 

2008). This area of the brain has a major role in higher intellectual functioning 

communicating with other brain regions to facilitate executive functioning (organising, 

prioritising, controlling impulses, self-awareness, initiating and ending tasks, problem 

solving), motor function, spontaneity, memory, risk taking, interpreting feedback from the 

environment, rule compliance, judgment, language, social and sexual behaviour. The 

complex interplay between the frontal lobe and other brain regions is vulnerable to a range of 

neurodevelopmental frontostriatal disorders such as Tourette‘s Syndrome, Attention Deficit 

Hyperactivity Disorder, Obsessive Compulsive Disorder and Autism, with many of these 

disorders sharing common phenotypical presentation with FASD. Abnormalities in the 

parietal lobe have been noted giving rise to problems with spatial representations, writing, 

mathematics and self care skills. Another feature typical of this disorder is a reduction in the 

size of the cerebellum, a structure important for balance, gait, cognition and co-ordination. 

Additional tasks of the cerebellum include measuring time, directing attention and 

implications for classical conditioning. Hypoplasia or agenesis of the corpus callosum, an 

important bundle of nerve fibres connecting the left and right hemispheres and implicated in 

communication, is also evident. Seven percent of children with FAS may lack a corpus 

callosum which is at a rate of twenty percent higher than that found in the general population 

(Riley et al 1995). Diffusion Tensor Imaging has shown that a brain affected by prenatal 

alcohol has abnormalities in grey matter structures, such as the basal ganglia and the 

thalamus which act as relay station to integrate incoming sensory and monitor input before 

passing this to the cortex , alongside a reduction in volume of white matter with the corpus 

callosum and tracts connecting to the temporal lobe being the most affected (Rasmussen, 

2008). This would indicate that there is a deficit of myelin which is essential to ensure the 

brains ‗communication system‘ works effectively. Brain imaging data has been shown to be 

concordant with both physical and behavioural manifestations of this disorder. 

Children affected by prenatal maternal alcohol consumption suffer from both primary 

and secondary disabilities in a range of domains, the effects of which are experienced 

throughout the life span. Although intellectual disability is not a feature of the diagnostic 

criteria of FAS it is well reported that children prenatally exposed to alcohol have a 

compromised level of intellectual function. Studies by Streissguth, Barr and Sampson (1990) 

suggest that exposure to as little as one ounce of alcohol per day has been associated with 

decrements of six to seven points in an IQ score. These children have an inability to link 
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cause and effect and often experience serious problems with maths due to the effect of 

alcohol on the development of the parietal lobe (Goswami and Bryant, 2007). Affected 

children experience communication difficulties presenting as speech delays or impediments, 

receptive and expressive difficulties (Shaywitz, Caparulo and Hodgson, 1981; Tenbrinck and 

Buchin, 1975) and problems with word comprehension. Verbal learning has been shown to 

be impaired with affected children experiencing problems at the encoding level rather than 

retention and recollection (Mattson et al, 1996b). Behaviourally these children present with 

attentional problems, poor impulse control, working memory problems and poor adaptive 

functioning (O‘Malley, 2007) and are often misdiagnosed with Attention Deficit 

Hyperactivity Disorder (ADHD) (Coles et al, 1997). Qualitative differences in attention were 

noted by Coles et al (1997) in a comparison between children with and without FAS. 

Children in the former group displayed evidence of difficulty in focusing and sustaining 

attention whilst children in the latter group were able to maintain and focus attention but 

displayed difficulties in the subsequent shifting of their attention. Children with FASD 

experience problems in the domain of social interactions. Whilst they may be eager to make 

friends, they simply don‘t understand the nuances required to formulate friendships. 

Similarities in the difficulties experienced by children with FASD have been compared to 

those of children with autistic spectrum disorders. Phenotypical presentation is startlingly 

similar but has been found to differentiate at the level of social interaction (Bishop, Gahagan 

and Lord, 2007). However, in the absence of full birth mother history and distinctive facial 

features, differential diagnosis at a phenomenological level would be difficult. Children and 

young people affected by prenatal maternal alcohol consumption frequently meet the 

diagnostic criteria for autistic spectrum disorder and Asperger‘s Syndrome. Whilst their 

presenting features may be similar, the underlying causal factors may be different. However, 

until diagnostic systems are developed which allow for discrimination between disorders on 

the autistic spectrum and those which emanate from prenatal maternal alcohol consumption, 

interpretation is open to misdiagnosis. 

The large variations seen in the presentation of the spectrum of foetal alcohol disorders 

may be explained as a consequence of the timing and varying amount of prenatal alcohol 

consumed by the mother impacting to varying degrees upon the circuits which comprise the 

frontrostriatal system. These systems are crucial to willed action and are intimately involved 

in planning the what, how and when of our actions (Bradshaw, 2001).  

Subsequent secondary disabilities have been noted including psychiatric and mental 

health problems, drug and alcohol dependency and encounters with the criminal justice 

system. Foetal Alcohol Syndrome is estimated to cost the USA $2.9 million per individual 

over the lifespan with much of this cost attributable to the secondary disabilities including 

disrupted education, contact with the law, mental health problems, alcohol and drug misuse, 

inappropriate sexual behaviour and inability to obtain and maintain employment and 

independent living (Peadon, Fremantle, Bower and Elliott, 2008). The table below shows the 

relationship between psychiatric/social dysfunction and FASD: 
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Table 1. Percentage of those with FASD suffering Secondary Disabilities 

 

Problem Percentage 

Mental Health/Psychiatric 

Problems 

94% 

Problems with Employment 80% 

Patient in Dependent 

Living 

80% 

Inappropriate Sexual 

Behaviour 

45% 

Disrupted School 

Experience 

43% 

Trouble with the law 42% 

Confinement for a Crime 35% 

Mental Hospital Admission 23% 

Drug/Alcohol in-patient 

treatment Admission 

15% 

Reported in O‘Malley, 2007 p10. 

 

Children affected by prenatal alcohol consumption also suffer from a range of physical 

symptoms. Eyes are a continuum of the central nervous system and are a sensitive indicator 

of heavy prenatal alcohol exposure (Autti-Rämö, 2002). Consequent problems with their eyes 

include drooping eyelids, myopia, blindness, underdeveloped optic nerve. Children also 

experience problems with their ears (hearing loss, recurrent ear infections, central auditory 

processing disorder secondary to brain damage), teeth (faulty enamel, improper alignment or 

misshapen teeth) musculo-skeletal (minor problems with hands, fingers, arms, toes; cervical 

spine abnormalities; some problems with joint movement; thoracic abnormalities), internal 

organs (septal defects of heart, underdeveloped or misplaced kidneys) and genitourinary 

problems (abnormal genital development) (Mukherjee, 2007). 

 

 

Professional Knowledge of FASD  
 

With the majority of research having been conducted in the United States knowledge of 

FASD in the UK is limited both at public and professional levels. Whilst information 

regarding the dangers of drinking is a point of political and media concern, its relationship to 

the potential harm to the unborn child is rarely mentioned. Within the educational arena there 

has been almost no systematic research on the needs of students with FASD or on the best 

educational strategies (Ryan and Ferguson, 2006a) or any systematic training for teachers to 

educate young people on the consequences of maternal alcohol consumption. FAS has been 

identified as the leading cause of birth defects in the United States (Evensen 1991) and yet 

still these children are not recognised and included in the Individuals with Disabilities 

Education Improvement Act (IDEIA) thus rending them ineligible for services. With FASD 

barely on the UK radar the situation is even more disconcerting. Ryan and Ferguson (2006a, 

2006b) point out that most children with FASD are not placed in special schools and 
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therefore it is important for all teachers to have at their disposal a sound knowledge of the 

learning needs of this group of students and a range of interventions and strategies at their 

disposal in order to modify and adapt their instructional techniques. Within the medical 

profession there is little evidence of the knowledge or understanding of the disorder either at 

a General Practitioner level or even paediatric level (Nanson et al, 1995). Even when children 

are born displaying facial features and were a result of high risk pregnancies routine 

paediatric screening failed to identify the disorder (Stoler and Holmes 1999). Furthermore, 

despite the mothers in the latter study being within a high risk group, 73% of the case notes 

contained no record of maternal alcohol consumption. Expectant mothers are rarely advised 

at point of contact with the midwife of the potential dangers of continuing drinking during 

pregnancy. Kesmodel et al (2002) found that 65% of pregnant women received little or no 

information from their midwife with a majority of 74% believing it was acceptable to 

continue drinking. Peadon et al, (2008) suggest that ‗training needs to be accessible to all 

health professionals who are in the position to identify children who need assessment (p8). 

 

 

Implications for Education 
 

It would appear that the role of the educational system with regards to FASD is two fold. 

Firstly, educationalists have the potential to influence the likelihood of children being born 

with FASD by providing sound education on the consequences of drinking during pregnancy. 

Young people cannot be expected to take action and responsibility for drinking during 

pregnancy if they remain unaware of the dangers of alcohol to their unborn child. Secondly, 

educationalists must be prepared for the challenge of FASD in the classroom. Many children 

are currently slipping through the net and have no diagnosis, yet remain seated in classrooms 

unable to engage in the learning environment as a consequence of life long damage to their 

neurological systems caused by their birth mother‘s prenatal alcohol consumption.  

These challenges very clearly demonstrate the need for neuroscience and education to set 

aside their inherent difficulties and differences and work together to produce pedagogies 

underpinned by sound evidence and a wider understanding of the implications and impact of 

the neurological limitations of certain groups of learners. Geake & Cooper (2003) argue that 

‗cognitive neuroscience advances our understanding of the very basics of learning‘ (p11). 

This venture can surely only succeed if our educationalists are equipped with the foundations 

of knowledge necessary to understand the challenges that lie before them. Teachers are in the 

best position to judge how to engage young people.  Empowering them to design pedagogies 

which are synthesised with an understanding of the contribution that neuroscience can make 

to educational research (Goswami, 2004) is surely the way forward. 

 

 

Conclusion 
 

Whist alcohol has featured in all cultures and societies for centuries, the impact it has on 

the developing foetus has only recently emerged. Education to support sensible drinking 

patterns amongst women is vital to reduce the numbers of children born damaged by foetal 
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alcohol spectrum disorders. Developing a sound professional understanding of the difficulties 

faced by this group of children and their families amongst our medical and educational 

practitioners is imperative. Both proactive and reactive strategies are required to ensure that 

professionals work together, from the earliest opportunity, to ensure that the needs of those 

affected by this 21st Century intellectual disability are addressed and met. 
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In this chapter we outline a systematic approach to test adaptation developed through 

more than a decade of research in child development in both urban and rural settings in East 

Africa (Abubakar, Holding, Van Baar, Newton, and van de Vijver, 2008; Alcock, Holding, 

Mung'ala Odera, and Newton, 2008a; Carter et al., 2005; Holding et al., 2004).  

Rationale: The literature on the use of psychological tests in diverse cultures is rich in 

examples that illustrate the necessity of making modifications to test content and 

administration techniques (Holding et al., 2004; Kathuria and Serpell, 1998; Sigman et al., 

1989). The need to make modifications stems from fundamental differences in cultural 

experience between test takers in rural Africa and test takers in North America and Europe, 

for whom the majority of assessments have been designed. Without these modifications the 

psychometric qualities of the test data may be questionable and the distribution of scores 

elicited show a lack of sensitivity to within-population differences.  

Based upon the premise that no instrument can claim to be culture-free (Nell, 2000) the 

appropriateness of an instrument to a specific target population needs to be determined by 

evaluating its psychometric properties in context, as well as its cultural, developmental and 

health or educational relevance.  

The Special Case of Test Administrators: Beyond the characteristics of the test taker, 

those developing tests need also to consider the expertise of the potential test administrators. 
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Few countries in Africa posses a psychological service, and therefore also lack training 

opportunities in test administration and interpretation. It is preferable to use test 

administrators who are more familiar to the client group and are fluent in the local languages 

to expert strangers who are unable to understand the child‘s responses. Research studies in 

resource-limited settings are therefore likely to be dependent upon technicians with limited 

experience to administer their test batteries. This lack of experience needs to be taken into 

account in both test selection and the design of test instructions. 

 

 

Approaches to Test 
 Development – Relative Merits 

 

Three approaches to test development, Adoption, Adaptation, and Assembly, have been 

proposed to address the shortage of measures of childhood outcome that are appropriately 

standardized, validated and with documented reliability (Van de Vijver and Tanzer, 2004).  

The approach known as Adoption involves taking in its entirety a test already in use in 

another population. The language of the test is then translated into that of the new target 

population, with test content and procedures administered as per the original standardization. 

The purported advantage of this approach is the availability of pre-existing information on 

the psychometric properties of the instrument. However, any change made to content or 

procedure undermines the assumptions upon which the original standardization was made. It 

is therefore incorrect to presume that the psychometric properties will remain intact in a new 

population.  

Examples of direct adoption of measures from other cultural settings have been shown to 

constrain within-population variance, remove expected sensitivity to changes with age, and 

even mask true group differences (Baddeley, Gardener, and Grantham-McGregor, 1995; 

Connolly and Grantham-McGregor, 1993; Oluyomi and Houser, 2002). The inadequacy of 

the adoption approach largely results  from the fact that activities used to measure 

psychological concepts reflect values, knowledge and communication strategies of their 

culture of origin (Ardila, 2005). When a test is applied to members of minority groups 

residing within the majority culture of the standardization sample, systematic selection bias 

can be observed (Reynolds, 1983). Significant differences even between similar cultures is 

acknowledged in the revisions of major test batteries, such as the British Ability Scales, 

modified as the Differential Ability Scales for use in the USA (Elliott, Smith, and 

McCullouch, 1990).  

Test adoption, however, does allow for the direct comparison of two different population 

groups. Adoption may therefore be a valid approach in cross-cultural studies that are 

designed to describe the influence of cultural differences on performance, or where the test 

itself is the unit of analysis. In the latter instance the researcher may be interested in 

determining which cognitive skills are applied to solving the problem proposed by the test. In 

both these examples potential differences between population groups are anticipated, and the 

interpretation of test performance is therefore unlikely to be marred by issues of test bias.  

Two other approaches, Adaptation and Assembly, better acknowledge the specific 

influence of different cultural contexts (Malda and Van de Vijver, 2005). Assembly is the 
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production of a totally novel test, based upon the cultural practices of the target population, 

and makes no assumptions about conceptual or performance comparability. Assembly is most 

appropriate where no test already exists to measure the concept being assessed, or where an 

underlying psychological concept is most readily observed through an activity that is 

culturally specific (Kearins, 1976; Sternberg et al., 2001; WHO, 2007).  For instance, 

Western tests of intelligence emphasize skills such as reasoning, memory and acquired 

knowledge, but lack the social component of African conceptualizations of intelligence 

(Mpofu, 2001). Therefore, while sub-tests of the KABC (Kaufman and Kaufman, 1983) or 

WPPIS-R (Weschsler, 1989) may provide an adequate appraisal of specific cognitive skills, 

they do not provide an appropriate definition of intelligence in the African context.  

Adaptation, in contrast, can be followed when an existing instrument provides a proven 

measure of an underlying psychological concept, but where the specific methodology used in 

one context, test language, materials, and/or administration procedures, requires 

modifications to make it suitable to the new context (Foxcroft, 2002; Holding et al., 2004). 

Adaptation therefore acknowledges the existence of underlying psychological universals, and 

attempts to enable the measurement of cognitive or behavioral skills in a universally 

comparable manner.  

The first step to enabling comparisons between test versions is the establishment of 

equivalence between forms. Then, in accordance with sound psychometric practice, each test 

version should include its own standardization and normative population. While being time- 

consuming, establishing equivalence ensures that the adaptation maintains acceptable 

reliability and validity that allows for a meaningful interpretation of test scores.  

Selecting an Approach. Choosing an approach to test development will depend upon the 

target construct and the ultimate purpose of the test application. A common application of 

psychological tests in the African context has been seeking to understand the influence of 

specific health exposures on development. For this purpose the test needs to be sensitive to 

true group differences. The ability to make comparisons between different studies of the same 

condition also makes it valuable to have information on common constructs that can be used 

to summarize disease effects. The advantage of Adaptation over Assembly is the degree of 

comparability that it affords between study sites, and over Adoption is the potential for 

increased sensitivity of the test materials.  

Through extensive experience in the field we have developed the following systematic 

procedure to maximize the reliability, validity and sensitivity of instruments developed, 

whether through Adaptation or Assembly. The procedure of test development can be divided 

into four main stages, with the equivalence of the instrument to other tests or test versions 

being evaluated by at least one of each of Herdman et al‘s forms equivalence (Herdman, 

1998). Herdman et al.‘s (1998) universalist model for translation and cultural adaptation of 

instruments suggests at aiming for the following forms of equivalence: conceptual, item, 

semantic, operational, measurement and functional. Only if the last two of these, 

measurement and functional equivalence, are achieved will it be possible to compare 

performance scores between one test version and another. . 
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The Four-Stage Approach to Test Adaptation 
 

STEP 1- Construct definition: In this first stage the aim is to achieve conceptual clarity, 

and for adapted tests, conceptual equivalence, through defining the construct to be measured, 

as well as the cultural parameters that will capture the definition of the concepts involved. 

Multiple sources should be used to generate a description of constructs in ways that are both 

culture-specific (emic) as well as in culturally neutral terms (etic), that will facilitate 

universal comparisons across cultures (Pike, 1967). 

Some psychological constructs show greater functional universality than others. Tests of 

these constructs can be more readily adapted. One example is psychomotor development, 

where motor control and co-ordination can be seen to develop in a universal sequence. 

Despite this, assessment items and normative tables will vary from one setting to another to 

take into account not only the different rates of development seen across settings, (de Vries, 

1999; Leiderman, Babu, Kagia, Kraemer, and Leiderman, 1973; Lynn, 1998; Neil, 1972) but 

also the different activities with which children are familiar. Universality therefore does not 

extend to the definition of appropriate item selection. For example, in most rural settings in 

Africa children do not have stairs in their homes; and therefore assessing psychomotor 

development based on the ability to climb stairs may be inappropriate.  

Specific activities undertaken by test developers will define skill levels in the function of 

interest, a conceptual vocabulary through which the concept can be described in the language 

of interest, and finally the training needs of those who will describe and administer the 

assessment. This information can be collected through: 

 

1) A Systematic Review of existing literature to provide a critical evaluation of existing 

measures of the construct of interest, and help identify a suitable instrument for 

adaptation.  

2) The use of a Panel of local professionals to develop a conceptual vocabulary. A 

culturally appropriate definition of the construct of interest can be developed by a 

panel of people with relevant expertise, in community mobilization, child 

development and/or behavior change. These professionals should also be familiar 

with the language of the proposed test takers. We have, for example, run workshops 

with groups of community nurses and field workers involved in health research. 

Through discussion and activities designed to develop lay assessments of the concept 

of interest, the panel then prepare a glossary of relevant terms in the language of the 

target population. We have found producing a glossary of terms prior to exposure to 

the original instrument important in training non-experts in how to undertake 

conceptual rather than literal translations. The production of conceptual translations 

is important to ensure that the sensitivity, content and face validity of an instrument 

is not compromised.  

3) Consultation with the Community. While professional panels often consist of 

community members, we have observed that the process of training in modern 

techniques such as bio medical medicine will exert a significant influence upon the 

understanding of panel members, separating them from the experience of lay 

community members. To adequately infer the potential understanding of assessment 
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tasks and questionnaire items by the target respondents it is also important to consult 

directly with members of the community whose exposure to education mirrors that of 

the majority of the population. Methods for eliciting community understanding 

include Focus Group Discussions (FGDs), individual in-depth interviews, and direct 

observation, outlined in some detail in Abubakar et al. (2008)  Participant 

consultation contributes to developing an understanding of a relevant definition of 

the construct, provides face validity for the item/ tasks and helps evaluate the 

cultural appropriateness of the items/tasks (Abubakar, van de Vijver, van Baar, 

Kitsao-Wekulo, and Holding, 2008).  

 

STEP 2 - Item pool creation: The aim of this step is to prepare of a list of potentially 

acceptable items, in a clear and unambiguous language, and, where relevant, achieve item 

and semantic equivalence. Using the information on cultural practices and available 

vocabulary gathered in Step 1, original items from existing instruments are vetted for 

appropriateness, and additional items are added to the potential item pool. These additional 

items provide potential substitutes for discarded items. Where a test is being adapted, no item 

from the original test should be discarded until it has been rigorously evaluated, as this can 

lead to premature removal. An example is, in an evaluation of the home environment, our 

initial assumption that an item on exposure to television viewing would be irrelevant as a 

sample of daily activities. This item later proved to be sensitive to between household 

differences, as children had access to televisions within the neighborhood, even if few had 

one in their own houses.  

To prepare materials in the appropriate language the WHO recommends the use of a 

single schedule translated by a bilingual panel comprising members with related 

competencies. In practice, we have found the translation procedure recommended by the 

WHO (2007) to have fundamental flaws, many of which are also outlined in Leplège and 

Verdier (1995). One limitation is the assumption that an adequate vocabulary exists in the 

target language, another that it is possible to identify a panel familiar with the relevant 

concepts. The reality is that a lack of relevant expertise and budget constraints mean that 

available personnel are often native speakers of the target language, but are neither 

professional translators, nor necessarily familiar with the topics to be investigated. For this 

reason, we have followed a translation system similar to the procedure described in Gandek 

et al. (1998).  

To begin with an initial translation of the original test material is made using the glossary 

of relevant terms as a guide. The translation team aims at producing a conceptual rather than 

a literal translation. This version is then evaluated through comparison between different 

back translations to look for semantic and conceptual clarity. The steps of the evaluative 

process include: 

 

 Production of at least two back-translations by two independent native speakers  

 Evaluation of conceptual equivalence by a study panel through comparison of the 

similarities and differences between the multiple translations  

 Production of a second draft that replaces problematic items or response choices and.  

 Repetition of step 1) using a second set of translators for further evaluation. 
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The process continues until there are no more semantic differences between translations 

provided, showing that the essential meaning of the items has been understood. In the process 

some items that remain poorly understood are eliminated.  

STEP 3 –Developing the procedure: The main aim is to produce a schedule of items of 

acceptable length, as well as clear guidelines for their administration, which will promote 

operational equivalence. An iterative process is used, with each version or sub-set of items 

trialled on 5-10 participants. Items are discarded and administrative procedures that produce 

little variation in response, or which elicit negative reactions from participants are modified. 

An example of the latter is an item evaluating the development of self-recognition through 

asking infants to look into a mirror. The item was removed when it was ascertained the 

activity was considered a taboo in several African societies. Administration techniques, such 

as one-to-one interaction between the assessor and the child, have also been modified 

following observation that this test set-up can reduce response variation (Harkness and Super, 

2008). We have, in common with other researchers, also used testing rooms that allow a child 

to work independently, but in view of other children.  

Table 1 outlines the principles that should govern the evaluation of the test development 

process, and summarizes the methods by which that evaluation can be carried out. 

 

Table 1. Guidelines for Item Selection 

 

Principle Methods of Evaluation 

 Relevance to the construct 

 Relevance to the community 

 Clarity of language being used. 

 Clarity of instructions 

 Acceptability of the chosen method 

of Administration 

 Suitability of the testing environment 

 

 Item score variance 

 Participant feedback and community 

     knowledge 

 Multiple translation process 

 Test session observations  

 Feedback from administrators 

 Error analysis 

 Correlation of responses with other 

assessments/measurements 

 

STEP 4 – Test Evaluation: The aim of this step is to establish the basic psychometric 

properties of the instrument, and for adapted test, to evaluate measurement and functional 

equivalence. The performance of the test is evaluated following its administration to at least 

35 participants, but preferably to more than 75. Standard psychometric evaluations, outlined 

in Table 2 are used to determine a final schedule of items, and the overall appropriateness of 

the instrument (Anastasia, 1988; Kline, 1993). 
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Table 2. A summary of the statistical consideration in test evaluation 

 

Psychometric 

consideration 

Description Statistical Technique Recommended cut 

offs 

Item Level Analysis   

Item variability Distribution of test scores to 

look for floor, ceiling effects 

and overall distribution of 

responses 

Descriptive Statistics; No one response 

selected in excess of 75% (or if interested 

in unusual behaviors 90%) 

Internal reliability Intercorrelation of items  Cronbach‘s alpha; split half reliabilities 

Evaluation Whole Schedule/Summary Scores  

Test-retest reliability  Correlation of measures 

between two time-points 

Intra class correlations, two-way 

consistency, the acceptable value is over 

.60. Also a Pearson-moment correlation 

that is significant.  

Inter-tester reliability Correlation of measures taken 

by 2 assessors 

Intra class correlations, two-way absolute 

agreement, the acceptable value is over 

.60. Also a Pearson-moment correlation 

that is significant.  

Inter-form reliability Correlation between 2 parallel 

forms 

A significant Pearson-moment 

correlation between the scores from 2 

forms 

Concurrent validity 

(including criterion 

validity) 

Relationship between test 

under construction and 

alternative measures of same 

concept (e.g. current best 

practice) taken simultaneously 

A significant Pearson-moment 

correlation between scores taken from 2 

tests. 

 

Convergent validity Relationship between abilities 

theorized to be closely related 

Correlation between subscales of new 

measure  

Divergent validity 

  

Lack of relationship between 

abilities theorized not to be 

closely related 

Lack of correlation or lower correlation 

between other subscales 

 

 

Issues of Interpretation of Results 
 

It should be remembered that any changes, even minimal translations, bring into question 

the applicability of the initial standardization, and the possibility of the inappropriate use of 

normative tables, leading to the very real possibility of mis-interpretations and misdiagnoses 

(Losen, et al. 2002). An adequate control group will overcome many issues of interpretation 

and analysis within a new context. Between contexts, statistical techniques, such as effect 

sizes, enable us to make cross-cultural comparisons in the absence of directly comparable raw 

or standardized scores.  

 



Penny Holding, Amina Abubakar and Patricia Kitsao Wekulo 

 

196 

Specific Examples of Adaptation and Assembly 
 

1. Maintaining Factor Equivalence  
 

Table 3 illustrates the achievement of factor equivalence following both the Adaptation 

and Assembly of sub-tests based upon the K-ABC. The sub-tests of the K-ABC are designed 

to measure two constructs, Sequential and Simultaneous processing. Factor analysis 

suggested a close correspondence with the initial factor structure despite adaptations that 

involved the alteration of constituent items and modifications of procedures, as well as the 

inclusion replacement tests (in italics) assembled from novel procedures (Holding, 1998). 

 

Table 3. Information Processing Dichotomy with factor loadings for the Kilifi Battery  

 

Sub-tests Factors 

 1 2 

eigen values  4.40  1.23 

% variance 48.40 13.60 

Hand Movements .15 .78 

Number Recall .27 .80 

Word Order .29 .72 

Magic Window .78 .26 

Face Recognition .69 .22 

Gestalt Closure .88 .15 

Construction .73 .39 

Matrix Analogies .58 .16 

Visual Search .21 .74 

Reproduced from Holding 1998. 

 

 

2. Maintaining Reliability 
 

Lack of variability in response often characterizes the performance of imported items. 

After incorporating more common behaviors we have achieved high internal consistency, a 

measure of the relationship of each item on a test to a single underlying concept, in 

questionnaires and schedules. Examples include an adaptation of the Edinburgh Post Natal 

Depression Inventory (alpha .7- unpublished data) and the assembly of the Kilifi 

Developmental Inventory (.96) (Abubakar, Holding et al., 2008). Additional reliabilities i.e. 

test-re-test and interobserver,  were all above the acceptable levels (Abubakar, van de Vijver, 

van Baar, Newton, and Holding, 2008). Sound underlying psychometrics allow for 

confidence in the identification and interpretation of disease effects. 
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Training and the Production of Manuals  
and Guidelines 

 

We have already referred to the probable lack of experience and lack of prior training of 

assessment staff. Tasks and tests that are complex to administer and depend upon extensive 

previous training may not be suitable to the African context, and administrative manuals that 

are also piloted for clarity of language and procedures should be developed.  We have further 

developed a curriculum to ensure adequate preparation of an assessment team (Holding 

2005).  

The training curriculum is divided into 2 parts. Part One introduces broad issues related 

to assessment in the context of developmental psychology; topics covered in this section 

include theories of child development, basic research methods, data collection techniques and 

ethical issues in research. This provides a conceptual background, found to be essential to 

understanding the rigors of standardized assessment procedures. In part two, the specific 

measures to be administered are then introduced, and test administration performance is 

evaluated according to a structured performance schedule that sets a minimum level of 

competence. We estimate that a minimum of 3-4 weeks of instruction, practice and evaluation 

for a team with no previous testing experience is required to achieve a minimum acceptable 

standard. 

 

 

Conclusions 
 

Our experience shows that, through following rigorous procedures, one can adequately 

adapt measures for use in Africa (Abubakar, Holding et al., 2008; Alcock, et al. 2008; 

Holding et al., 2004). However we strongly advocate the evaluation of assessments 

developed for SSA in multiple contexts. By combining the data across different sites 

normative samples can be built up that allow both researchers and clinicians to carry out their 

work without having to constantly undergo the time consuming process of test adaptation.    
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Abstract 
 

Quality indicators recommend a comprehensive support for informal caregivers of 

elders with cognitive impairment in order to delay nursing home placement of care 

recipients, since care comes at high financial, psychological and physical costs for the 

caregivers. However, according to a recent European survey caregivers often have to pay 

for home support services, which can be afforded only by about one out of every three 

people with dementia. In the last two decades both the workforce providing non-

institutional personal assistance and the funding for such services have dramatically 

increased. Also, over the next twenty years the population aged 50 to 75, which 

represents the main source of family caregiving, is expected to decrease compared to the 

population aged 85 and older, which includes the main care recipients. Private caregiving 

will thus gain even more importance. Improved satisfaction with personal assistance and 

fewer unmet needs were reported after receiving consumer-directed services than after 

receiving agency-directed services. There are several concerns related to the actual 

provision of paid personal assistance. Hard work, stress and high risk of job burnout, low 

wage levels and limited health care benefits for personal assistance workers can explain 
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high job turnover rates. High turnover itself leads to the potential for substandard care, 

especially when dealing with vulnerable elders with cognitive impairment. Dementia-

specific training can support the provision of high-quality care and also increase job 

satisfaction for workers. However, concerns have risen about inadequate education and 

training of care workers. Few studies have analyzed the quality of paid personal care for 

older adults with disabilities living at home, none of them specifically considering people 

with cognitive impairment. So far, providing personal aides with adequate training and 

acceptable job and general living conditions appears to be one of the strongest promoters 

of a better quality of care, especially for older adults with cognitive impairment.   

 

 

Introduction 
 

Dementia is a leading cause of disability and nursing home placement among older 

adults living in the community [Cumming 2003, Hendrie 1998]. Nursing home placement is 

associated with a poorer quality of life for the elderly [Kane 2001] and with emotional 

upheaval for caregiving families [Schulz 2004].  

The most important provider of care for older people with cognitive impairment is the 

informal sector, such as families and community groups which ―offer support without 

funding, without charging and often without recognition‖ [Knapp 2007].  

About half of the total informal care for older adults with dementia consists of time spent 

on day and night surveillance [Wimo 2002]. The time spent caring increases with the severity 

of dementia and behavioral disturbances [Wimo 2002], amounting to more than 10 hours a 

day in 20% of the caregivers of elders with mild dementia and in 50% of those caring for 

elders with severe dementia [Georges 2008]. Actually, caring for vulnerable elders with 

cognitive impairment comes at high financial, psychological and physical costs for the 

caregivers [Cacabelos 1999, Dunkin 1998, Waite 2004, Jonsson 2005, Gruffydd 2006]. 

Moreover, the caregiver burden, if left untreated, comes at great financial costs for the society 

overall [Prigerson 2003].  

Recent guidelines for the care of the elderly with dementia emphasize the need for a 

comprehensive support for caregivers in order to postpone the placement of patients in a 

nursing home [Freil 2007, Lyketsos 2006].  

 

 

Formal Support for Older Adults with Cognitive 
Impairment Living at Home 

 

The availability of informal care significantly influences the need for ―formal‖ care, for 

which funding has to be raised in order to employ a workforce. It has been shown that 

―formal‖ care becomes particularly important as the severity of dementia and the needs of the 

elderly increase [Bonsang 2009, Knapp 2007]. In the United States the proportion of older 

individuals receiving both formal and informal assistance is greater for groups with the 

greatest predicted one-year risk of institutional placement: 1.9%, 11.2%, and 21.8% for low, 

moderate, and high one-year risk respectively [Davey 2005]. A study conducted on a sample 

of community-dwelling people aged 75 and over in France and Israel pointed out that the co-
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existence of formal and informal care is a common observation and that mixed provision 

occurs more frequently in situations of greater need [Litwin 2009], including the assistance to 

subjects with cognitive impairment. This study also highlighted that spouse caregivers had 

less formal home-care supports than either co-resident children or other family caregivers 

[Litwin 2009]. 

There are wider inter-country variations in the provision of home care services for people 

with dementia than in the provision of institutional services, and comparisons are limited by 

definitional differences (i.e. differences in the home services actually provided) [Knapp 

2007]. Financial support for caregivers is becoming more common, being provided by 

different means, such as grants from social care budgets (e.g. in France, Australia and 

Sweden), tax credits (e.g. in Canada, Spain and the U.S.), pension credits (e.g. in Canada, 

Germany and the U.K.), consumer-directed payments (e.g. in Germany, the U.K. and in the 

Lombardy region of Italy ) [Knapp 2007]. 

However, recent studies have shown that the availability of home support services for 

European informal caregivers is rather limited. One of them demonstrated that the policies in 

advanced European welfare states such as the U.K. and the Netherlands do not provide 

working caregivers with the support that would be necessary to avoid the risk of 

impoverishment [Arksey 2008]. A survey of a sample of working women in Belgium showed 

that the probability of ceasing work for those aged 50 or more was not increased by the 

simple fact of caring for frail older people, but by the fact of providing a ―heavy‖ kind of care 

[Masuy 2009], such as the care needed by older adults suffering from cognitive impairment. 

Another survey pointed out that home support services are available only for 44% of the 

European citizens caring for people with dementia and are actually used by 30% of them, 

mainly as private home assistance (65% of cases) [Georges 2008]. In Scotland, an average 

11% of people with dementia living in the community receive home care and 12% receive 

day care, against a working target of 28% [Alzheimer Scotland 2007]. 

 

 

Paid Personal Assistance for Elderly  
with Cognitive Impairment 

 

Within the context of home care services, paid personal aides provide companionship, 

general supervision and also help elderly people perform both basic activities of daily living 

(i.e. transferring, feeding, bathing, dressing, toileting) and instrumental activities of daily 

living such as preparing food, housekeeping, taking medications and going out of the house. 

Moreover, they are valuable from a clinical point of view, especially for people suffering 

from cognitive impairment: in fact they often provide doctors with information on the 

physical, psychological, cognitive and behavioral status of the care recipients.  

In the U.S. the demand for paid personal aides caring for community-dwelling older 

adults with any kind of disability has increased three-fold between 1989 and 2004, growing 

at a much faster rate than the population needing such services [Kaye 2006]. During the same 

period, Medicaid spending for non-institutional services showed an impressive increase, from 

about 3 billion U.S. dollars in 1989 to nearly 15 billion dollars in 2003, whereas spending for 

institutional services remained relatively stable at about 25-28 billion dollars [Kaye 2006]. A 



Claudio Bilotta, Luigi Bergamaschini, Paola Nicolini et al. 

 

204 

similar trend was observed in other developed countries, notwithstanding significant 

differences related to the availability and funding of home and social care services. In Italy, 

for example, the ―economic dependency ratio‖ (i.e. the ratio of the population aged 65 and 

over to the population aged 15 to 64) was the highest among the developed countries in 2005 

- 44.3% [OECD 2006] – and the prevalence of older people with dementia receiving paid 

personal care from formal assistants rose from 30% in 1999 to 41% in 2006 [Censis 2007]. 

An observational study conducted in Israel has shown that 56% of community-dwelling 

elderly with dementia as well as 79% of those with severe dementia were receiving home 

care services, and that 18% of all elderly with dementia had a 24-hour personal-care aide 

[Wertman 2005].  

 

 

Future Increase in Demand for Paid  
Personal Aides 

 

The assistance provided by paid personal aides not only has become very important for 

care-recipients and their families, but is also expected to gain further importance in the near 

future, since the supply of informal care is expected to decrease due to demographic trends.  

Over the next twenty years in most developed countries the population aged 50 to 75, 

which constitutes the main source of family caregiving, is expected to decrease relatively to 

the population over 85, which includes the main care-recipients [Robine 2007]. In Italy, the 

―oldest old support ratio‖, which is the ratio between these two age groups [Robine 2007], 

has been predicted to decrease from 13 in 2006 to 8 in 2030 [Vergani 2007]. Also, the 

―economic dependency ratio‖ will increase by 2020 to 54.5% in Italy, 51.4% in France, 

50.5% in Japan, 45.5% in Sweden and 45.2% in Germany [OECD 2006].  

Private caregiving will thus gain increasing importance. According to the U.S. 

Department of Labor, the number of private aides will have risen by 51% by the year 2016, 

from 767,000 to 1,156,000 jobs [U.S. Department of Labor 2008].  

 

 

Level of Satisfaction with Paid  
Personal Assistance 

 

With reference to the experiences and the level of satisfaction of care recipients and their 

families who use paid personal assistance services, few studies are available and involve 

older adults with disabilities and not specifically people suffering from cognitive impairment.  

A sample of informal carers from nine states of the U.S. reported general satisfaction 

with current paid personal assistance, although previous experiences with poor care as well as 

many unmet needs due to a shortage of hours provided by state programs were disclaimed 

[Grossman 2007]. In the U.S, consumer-directed care services are strongly preferred over 

agency-directed services, with more client satisfaction and fewer unmet needs [Clark 2008, 

Grossman 2007]. In a recent review on controlled trials concerning personal assistance for 

adults aged 65+ living in the community, with disabilities but without dementia, the personal 
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assistance model was generally preferred over other services by older care-recipients and 

their carers, although it may cost government more than alternatives [Montgomery 2008].  

In the U.K., where there has been a trend from the provision of home care services by 

―in-house‖ local government authorities towards models of services commissioned by 

independent providers, the older users of independent providers reported a lower level of 

satisfaction and a poorer perceived quality of care than the older users of in-house providers 

[Netten 2007].  

 

 

Concerns about the Quality of Paid Personal Care 
 

There are several concerns related to the current provision of paid personal assistance. 

First, little is still known about the quality of paid personal care and its correlates and 

outcomes. Recent observational studies from Italy investigated the correlates and the one-

year outcomes of the perceived quality of care provided by paid personal aides for 

community dwelling older adults with disabilities [Bilotta 2008, Bilotta 2009]. Fifty-six per 

cent of the sample were suffering from dementia and sixty-nine per cent from cerebrovascular 

disease. At baseline, good language skills and non-distressing living conditions of the private 

aides appeared to be correlates of an optimal perceived quality of care; also, a better quality 

of life of the elderly and a lower distress of their informal caregivers appeared to be potential 

outcomes of the quality of personal care, without there being any significant difference 

between the quality of care groups in terms of social variables, functional and cognitive 

status, prevalence of depressive disorders and morbidity of the elderly [Bilotta 2008]. 

Interestingly, at a one-year follow-up a poor or fair quality of paid personal care turned out to 

be a predictor of placement in a long-term care facility [Bilotta 2009].  

Second, the relevance of language skills and general living conditions of paid personal 

aides in determining the quality of personal care, as emerged from these studies, is not at all 

surprising since caring for elderly people is a very demanding task. In fact, according to the 

US Department of Labor, ―personal and home-care aides should have a desire to help people 

and not mind hard work. They should be responsible, compassionate, emotionally stable and 

cheerful‖ [U.S. Department of Labor 2008]. Paid aides themselves recognize that their work 

requires a number of good qualities and especially patience, as demonstrated by a recent 

survey [Hokenstad 2006]. However, the actual situation of private aides in most developed 

countries is often far from easy. They are generally immigrant, middle-aged, married women 

with children who have left their families behind in their countries of origin, and have been 

employed for a job for which they receive low pay (according to the U.S. Department of 

Labor 2008 median hourly wages were 9.18 USD for services for the elderly and persons 

with disabilities and 7.19 USD for home healthcare services) and little or no training [Bilotta 

2008, Fleming 2007, Jorgensen 2009, Montgomery 2005, Yamada 2002].  

Third, the lack of training and the high turnover rates reported among these health care 

workers, as a result of hard work, high risk of job burnout, low wages and benefits and 

irregular work schedules [Montgomery 2005, US Department of Labour 2008, Yamada 

2002], may also lead to disruptions in continuity of care for clients [Dawson 2000, Stone 

2004] and a poor quality of care [Castle 2005]. A high staff turnover fosters the need for 

http://gerontologist.gerontologyjournals.org/cgi/content/full/48/suppl_1/17#GRNT-48-00-04-DAWSON1
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further investments in training new workers, and this could discourage providers from 

implementing training programs. However, training is a proven means to improve the quality 

of care as well as job satisfaction [Maas 1994], which was identified as a significant factor 

for retention of nursing home staff [Waxman 1984]. Therefore, attracting and retaining 

skilled workers could become increasingly difficult if job conditions of paid personal aides 

do not improve [Kaye 2006]: pay, retention and training of personal care workers seem to be 

closely linked.  

Fourth, the three items previously discussed acquire greater importance when dealing 

with vulnerable older adults suffering from cognitive impairment, for whom continuity of 

appropriate care is an essential issue. In this perspective we must emphasize that abusive 

behaviors towards the elderly are unfortunately a well-documented reality that also involves 

family caregivers of people with dementia [Cooper 2009]. With reference to personal care 

workers, it has been shown that financial abuse is more likely in domiciliary settings, whereas 

physical abuse is more common in nursing homes [Hussein 2009]. Further studies will be 

necessary to investigate possible abusive behaviors of the private aides of elderly with 

dementia and to give us some insight into how they could be prevented.  

 

 

Conclusion 
 

Since there is no effective pharmacological treatment for dementia and other cognitive 

disorders, an optimal personal assistance represents a key component of interventions to 

improve the quality of life and reduce/delay nursing home placement for the elderly suffering 

from these diseases, as well as to support their informal caregivers. The literature concerning 

the quality of care provided by paid personal assistants is scant, especially with respect to the 

care for vulnerable older care recipients with cognitive impairment. Social policies should 

make paid personal assistance a more desirable occupation, by ensuring adequate training as 

well as by offering wages commensurate with the critical skills of personal aides for 

community-dwelling older adults. So far, providing personal aides with adequate training and 

acceptable job and general living conditions appears to be one of the strongest promoters of a 

better quality of care, especially for older adults with cognitive impairment.   
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Abstract 
 

Much research has been conducted in regard to identifying various etiological 

pathways of developmental disorders, particularly autism. The existing literature 

indicates potential roles of exposure to neurotoxic substances, including heavy metals 

and various synthetic chemicals, to the development and exacerbation of autistic 

symptoms. This paper will serve as a review of the relevant literature implicating 

environmental exposure to neurotoxic agents as a possible contributor to the 

development of autistic features. 

 

 

Keywords: Autism, Neurotoxicity, Cognitive Impairment 

 

 

Introduction 
 

Within the past decade, a number of models have been proposed to account for the rising 

incidence (or at least the risen awareness) of developmental disorders, namely autism. The 

etiology of autism remains unknown but more research of late has focused on the hypothesis 

that autism is associated with early prenatal exposure to environmental toxins. Currently, 

though very few studies have been conducted examining possible influences of toxic agents 

on developmental disorders, neurotoxic exposures are seen to account for 3 to 25% of 
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documented cases (Schmid and Rotenberg, 2005). Lathe (2006) argued that the large rise in 

autism spectrum disorder (ASD) cases in recent years is a result of increased exposure to 

environmental toxins as well as a genetic predisposition that may increase biological 

vulnerability to said exposure. Fido and Al-Saad (2005) also implicated excessive neural 

trace elements as potentially affecting the development of autism as well as other 

psychological disorders (e.g., Down‘s syndrome, Parkinson‘s and Alzheimer‘s disease).  

As such, prominent models implicate the exposure to exogenous sources of neurotoxicity 

including heavy metals, pesticides, flame retardants, plastics, and other chemicals, often 

within a diathesis-stress model of genetic vulnerability. The following sections will highlight 

factors potentially involved in the development of autistic symptoms, including heavy metal 

and synthetic chemical exposure. 

 

 

Neurotoxic Exposure: Heavy Metals 
 

A number of studies have demonstrated that exposure to heavy metals (e.g., lead and 

mercury), even at low doses, has often been associated with neuronal damage and subsequent 

developmental disorders. Fido and Al-Saad (2005) compared concentration levels of toxic 

metals (antimony, uranium, arsenic, beryllium, mercury, cadmium, lead and aluminum) in the 

hair of children and compared this with a control group. The researchers found that autistic 

children had higher levels of mercury, lead, and uranium evident within their hair follicles, 

but could not provide a direct causal link to developmental disorders such as autism (Fido 

and Al-Saad, 2005). 

 

 

Lead 
 

Additionally, lead is a prominent heavy metal implicated in a number of physical and 

mental complications; lead has been one of the only chemicals shown to play a significant 

role in the origin of some childhood disorders (Fido and Al-Saad, 2005). Upon exposure, it 

affects a number of bodily systems including hepatic, skeletal, and nervous (Schmid and 

Rotenberg, 2005). Within the nervous system, lead is implicated in substituting calcium, 

accelerating cell apoptosis, damaging cells, and interfering with neurotransmitter release 

(Schmid and Rotenberg, 2005). Physiologically, though adult individuals may effectively 

reverse damages purportedly caused by lead poisoning, the effects of exposed children may 

be more outstanding (Schmid and Rotenberg, 2005). In addition to having less developed 

means for detoxification upon exposure, children often are exposed more often and to 

heightened levels of lead, via increased hand-to-mouth activities as well as increased contact 

with dust (often containing lead particles) when crawling on the floor (Schmid and 

Rotenberg, 2005). Specifically, excessive levels of lead contained in the body can increase 

the risk of developing serious cognitive and behavioral deficits (Schroeder and Hawk, 1987); 

children exposed to lead often evidence prominent cognitive disruptions from significantly 

lower IQ points to confirmed cases of mental retardation (Schmid and Rotenberg, 2005).  
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Dietrich, Kraft, Shukla, Bornschein, and Succop (1987) also examined lead exposure 

using multiple assessments; however the authors concluded that further investigation was 

needed to make definitive conclusions. Overall, results from six cases of boys aged 3 to 5 

years old with infantile autism show that lead poisoning or excessive lead consumption can 

be an influential factor that can lead to mental retardation, communication problems and 

other various autistic features (Accardo, Whitman, Caul, and Rolfe, 1988). 

 

 

Mercury 
 

Exposure to mercury has long been regarded as harmful within the scientific community. 

Viewed as a neurotoxin, various forms of mercury exist including elemental (e.g. 

thermometer fillers), inorganic (e.g. mercury salts), and organic (e.g. ethyl mercury) (Schmid 

and Rotenberg, 2005). Arguably, one of the most accessible (and therefore more hazardous) 

forms of mercury is of the organic variety; building up within the food chain, organisms can 

be exposed to organic mercury through ingesting other organisms that contain trace amounts 

of mercury within their tissues, particularly fish (Schmid and Rotenberg, 2005). Mercury acts 

upon physiologic systems by impairing cell migration, mitochondrial activity, plasma 

membrane lysis, and cell necrosis and apoptosis that are often evidenced in postmortem brain 

examinations of autistic humans (Schmid and Rotenberg, 2005; Hornig, 2002).  

Historically, mercury exposure epidemics have significantly impacted the health of a 

number of populations (e.g. Minamata and Niigata, Japan; Iraq) and have resulted in 

documented cases of severe developmental disabilities characterized by mental retardation, 

seizures, and cerebral palsy (Schmid and Rotenberg, 2005). Some evidence points to 

abnormal amounts of mercury in the bodies of autistic children; however, little published 

research has shown a direct causal relationship between mercury exposure and incidence of 

autism (Aschner, 2002). Recently, Ip, Wong, Ho, Lee and Wong (2007) attempted to answer 

the question using a cross sectional study over a 5-month period in 2000 looking at hair and 

blood mercury levels of children with ASD. However, they found that mean mercury levels 

were the same in both experimental and control groups. As such, the authors concluded that 

there is no causal relationship between mercury as an environmental toxin and autism (Ip, 

Wong, Ho, Lee and Wong, 2007). Aschner (2002) examined the role of astrocytes in the 

central nervous system of autistic individuals in an attempt to find an explanation of the 

etiology of autism. Physiologically, astrocytes have high affinity uptake systems that 

transport glutamate and reactive astrogliosis that is found in the central nervous system of 

autistic individuals (Aschner, 2002). Ultimately, Aschner (2002) proposed that astrocytes do 

play some kind of role in the etiology of autism however further research is needed to address 

the issue.  

In light of the growing body of literature indicating a potential role of mercury exposure 

in the development of developmental disorders, much debate has ensued to re-formulate a 

number of substances that children are commonly exposed to, namely vaccines. Specifically, 

the measles-mumps-rubella vaccine contained a significant amount of ethyl mercury, which 

may have exceeded recommended guidelines (Schmid, and Rotenberg, 2005). Conversely, 

the argument that increasing vaccinations increases incidence of autism was strongly opposed 



Rebecca Cicha, Brett Holfeld and F. R. Ferraro 

 

214 

by Offit and Golden (2004). Components thimerosal and aluminum in vaccines are key 

elements in this theory. However, Offit and Golden (2004) concluded that avoiding vaccines 

will not reduce the chance of developing a developmental disorder; however, avoiding 

vaccines will subsequently increase the risk of contracting preventable diseases.  

As a whole, though much of the literature has associated heavy metal exposure with 

physiological disruption, the mechanism responsible for the effect of toxic metals on the 

development of developmental disabilities, namely autism, remains unknown. However, 

other researchers have identified various synthetic chemicals, including dioxin-like 

compounds, pesticides, and plastic additives that may significantly impact biological 

processes related to the development of autistic features.  

 

 

Neurotoxic Exposure: Synthetic Chemicals 
 

Dioxin-like compounds (e.g., polychlorinated biphenyls and polybrominated 

diphenylethers) have also been implicated in the disruption of a number of organ systems 

upon exposure. Despite recent legislation proposed banning the usage of a number of Dioxin-

like compounds, residual buildup in the environment (e.g. soil residue, buildup in fish tissue) 

may still serve as a source of exposure (Schmid and Rotenberg, 2005). Physiologically, 

dioxin-like compounds primarily affect endocrine systems through disruption of thyroid 

processes (e.g. disruption of circulating hormones, thyroid responsiveness, hormone-

responsive genes, etc.), though they have been seen to significantly impact the integumentary 

organ system (e.g. skin, hair, nails), and affect cognitive processes, resulting in documented 

cases of lowered IQ, motor and cognitive delays, lethargy, and apathy (Schmid and 

Rotenberg, 2005).  

Furthermore, documented cases of human neonatal exposure to dioxin compounds 

through maternal ingestion of contaminated foods has resulted in children with behavioral 

disruptions, up to a threefold likelihood of lower IQ scores, poor reading comprehension, 

impairments in memory and attention span, and other cognitive impairments (Gasiewicz, 

1997). In mice, exposure to PBDEs, common flame retardants, has resulted in developmental 

impairments such as inhibited learning, memory, spontaneous behaviors and motor activity, 

habituation to new environments, and impaired reproductive functioning (Charboneau and 

Koger, 2008).  

 

 

Pesticides 
 

Pesticide (i.e. organophosphate pesticide, OP) exposure has also been implicated in a 

number of health-related concerns, particularly in regard to cognitive disturbances. Originally 

developed as neurotoxic agents for warfare, OPs act upon acetylcholinesterase (AChE) 

neurotransmitter systems by inhibiting the breakdown of AChE (Charboneau and Koger, 

2008). Once released into the synaptic cleft, residual AChE continues to stimulate the 

receptor neuron, often resulting in nausea, vomiting, headache, anxiety, bronchioconstriction, 

paralysis, and death (Schmid and Rotenberg, 2005; Charboneau and Koger, 2008). Exposure 
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to pesticides also disrupts psychophysiological systems through the disruption of the 

brainstem, forebrain, limbic system, hippocampus, basal ganglia, and cerebellum (Schmid 

and Rotenberg, 2005). Exposure in rats has resulted in documented cases of disrupted 

investigative and social behavior, working and reference memory, locomotor activity, and 

decreased conditioned learning time (Charboneau and Koger, 2008). In humans, building 

evidence suggests that neonatal exposure may lead to impairments including hyperactivity, 

cognitive deficits, and decreased attention span (Charboneau and Koger, 2008). 

Chronic postpartum exposure to pesticides in humans has been associated with 

Parkinson‘s disease, decreased perceptual abilities (Charboneau and Koger, 2008). In a 

particular investigation conducted by Guillette et al. (1998), children living in a Mexican 

community in which pesticides were regularly sprayed on food crops evidenced deficient 

motor skills, memory, creative abilities, and social interactions when compared to unexposed 

peers. Overall, it is apparent that exposure to pesticides, even at low doses, can negatively 

impact individuals of all ages, particularly eliciting deficits commonly seen within the autistic 

spectrum. 

 

 

Plastic Additives 
 

Exposure to plastics, particularly compounds found within plastics that are used 

primarily to increase plastic pliability, has also been linked to negative health outcomes in 

mice and humans. Specifically, the additive Bisphenal A (BA) (i.e. phthalates), is viewed as 

an endocrine disruptor, and has been associated with a number of birth defects, reproductive 

abnormalities, and cancer (Charboneau and Koger, 2008). Though BA is seen to metabolize 

rather quickly (i.e. its half life is less than one day in humans), exposure has led to impaired 

hormonal, reproductive, enzyme, and brain functioning, and chromosomal abnormalities in 

mice and humans; mothers with a significant history of miscarriage were more likely to have 

higher BA blood levels than mothers who had never miscarried (Charboneau and Koger, 

2008).  

 

 

Neurotoxic Exposure in Critical 
 Developmental Stages 

 

In addition to the investigation of simple exposures environmentally-accessible heavy 

metals and synthetic chemicals, other researchers have identified crucial developmental 

stages in which the physiological effects of neurotoxic exposure may be maximized or 

minimized.  

Hornig (2002) emphasized the notion of heightened sensitivity to potentially damaging 

exogenous factors during critical developmental stages. In a neonatal mouse model, mice 

exposed to the Borna disease virus (BDV) at 4 weeks gestation exhibited behavioral 

disturbances approximating that of autism (e.g. disturbed sensorimotor development, 

impaired social interaction, and emotional reactivity) (Hornig, 2002). It is speculated that 

neuronal loss resulting from the infection, particularly via accelerated apoptosis (i.e. 
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programmed cell death), may account for the observed behavioral changes (Hornig, 2002). 

Furthermore, extending to a human model, postmortem examinations of brain tissue in 

autistic individuals indicate a possible biochemical explanation for neuronal losses exhibited 

in autism (Hornig, 2002). Specifically, autistic individuals evidenced an increase in factors 

that accelerate neuronal apoptosis (e.g., factor p53) as well as a decrease in anti-apoptic 

factors (e.g., factor bcl2); suggesting that accelerated apoptosis may be responsible for 

increased neuronal losses evidenced in autism (Hornig, 2002). As a whole, the author 

speculated that, considering heightened vulnerability of neonatal mice at 4 weeks gestation to 

apoptosis following BDV infection, cell apoptosis may significantly influence nervous 

system development, depending upon the current developmental stage of the individual when 

exposed to infection (Hornig, 2002).   

Other researchers have proposed, in addition to mere exposure to toxic agents in certain 

critical developmental stages, individuals may be at risk for tissue damage, based upon 

anomalies in genetic structure. Specifically, D‘Amelio et al. (2005) conducted a cross-

cultural study that examined the expression of the paraoxonase gene variant (PON1), which 

is responsible for coding an enzyme (paraoxonase) that aids in the breakdown of OPs within 

the central nervous system, in Caucasian-Americans and Italians. Overall, it was 

demonstrated that Caucasian-Americans who tested positive for a less active PON1 gene 

variant were more likely to be diagnosed with autism (D‘Amelio, Ricci, Sacco, Liu, 

D‘Agruma, and Muscarella, 2005). Furthermore, Caucasian-Americans that exhibited autistic 

features also tested positive for other genetic variants involved with decreased paraoxonase 

enzymatic activity (e.g., the T-108 allele) (D‘Amelio, Ricci, Sacco, Liu, D‘Agruma, and 

Muscarella, 2005). As a whole, it is apparent that specific genetic functions may be 

responsible for increased vulnerability when exposed to particular neurotoxic agents, in this 

case, pesticides (D‘Amelio, Ricci, Sacco, Liu, D‘Agruma, and Muscarella, 2005). 

 

 

Neurotoxic Exposure and Autism:  
Future Investigations 

 

As is apparent, the literature examining the potential influence of neurotoxic exposure on 

the incidence of developmental disorders is somewhat limited, particularly in regard to the 

development of cognitive and behavioral autistic features. Considering the often 

accumulative and comprehensive nature of possible etiological factors to the development of 

autistic features external to neurotoxic exposure (e.g., nutritional deficiency, abnormality of 

social and educational environments, and other related genetic abnormalities), the definition 

of clear linear relationships between neurotoxic exposure and possible subsequent 

manifestation of autistic symptoms is inherently complex. As such, future investigations 

should continue to isolate possible contributing variables, including an extension of the 

current literature implicating exposure to the aforementioned heavy metals and synthetic 

chemicals (i.e., empirical replication and longitudinal examination) in addition to other 

naturally occurring and synthetic compounds which may similarly impact neurological 

systems involved in autism.  
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