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ABSTRACT 

Extensive evidence from animal and human studies suggests that glucocorticoids 

have a major impact on cognitive functioning. The hippocampus and dorsolateral 

prefrontal cortex are two structures which contain high concentrations of neuronal 

receptor sites sensitive to glucocorticoids, which when occupied, are known to produce 

both short- and long-term changes in neuronal activity. It is therefore of interest to 

investigate how early life experiences with glucocorticoids might impact the cognitive 

abilities, behavior, and, by implication, developing brain structures. 

Hence, the present study examined relations between chronic administration of 

glucocorticoid-based corticosteroids and performance on a neuropsychological battery of 

cognitive and behavioral tasks. The study used samples of children and adult non

asthmatics, asthmatics, and asthmatics receiving prescription corticosteroids. We found 

that children and adult asthmatics who received prescription corticosteroids exhibited 

deficits on tests of episodic memory, cognitive mapping, and working memory. In 

contrast, no differences were present between individuals in the groups on a variety of 

demographic, and cognitive and behavioral functions not related to hippocampal or 

dorsolateral prefrontal functioning (e.g., motor skills, language, and estimated 

intelligence) . 

Additionally, asthmatic adults with no history of corticosteroid use show some 

difficulty on tasks of working memory and cognitive mapping. Their performance is 

neither as efficient as healthy adults, nor as inefficient as asthmatics receiving 

prescription corticosteroids. 
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Finally, the data also suggest that the detrimental impact of corticosteroids on 

functioning of the hippocampal and dorsolateral prefrontal cortex may be rather chronic 

than acute. Adult asthmatics with a history of corticosteroid prescriptions, but no use in at 

least the past year, continue to show the same deficits as documented in asthmatic adults 

with current corticosteroid prescriptions. This observation is in direct contrast to reports 

of cognitive performance returning to normal as glucocorticoids return to baseline levels. 

However, it is in accordance with the literature that suggests more permanent damage due 

to excessive glucocorticoid exposure. 
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INTRODUCTION 

Asthma, one of the most frequently occurring medical disorders of childhood and 

adolescence, is characterized by recurrent episodes of impaired breathing. This is a 

markedly variable condition in which the airways become disrupted by three primary 

means: (1) inflammation of the airways, (2) increased sensitivity of the airways to a 

variety of triggers (e.g., allergens) that results in airway narrowing, and (3) an obstructed 

airflow (e.g., mucus build-up) leading to difficulty in breathing. The characteristic 

symptoms of asthma include shortness of breath, wheezing, tightness in the chest, and a 

cough. 

These symptoms, resulting from impaired airways, are controlled through various 

medications that act to relieve symptoms quickly (via bronchodilators) or act as long

term preventives (via anti-inflammatories). Because inflammation of the airways is the 

most common feature of asthma, anti-inflammatory medications, and in particular, 

inhaled corticosteroids have become a primary preventative treatment (for a discussion 

see, American Medical Association, 1998). Additionally, corticosteroid treatments are the 

preferred treatment in emergent situations. Before newer drugs were developed, the only 

anti-inflammatory drug was a corticosteroid pill, like prednisone or dexamethasone. 

Now, several types of anti-inflammatory corticosteroids also come in inhaled forms, like 

flunisolide, traimcinolone acetonide and budesonide. All of these medications are 

glucocorticoid-based corticosteroids. 

The benefits of corticosteroid use are immediate and powerful. They are easy to 

administer and offer fast, dramatic reversal of symptoms during potentially life-
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threatening asthma situations. In addition, they have been shown to dramatically decrease 

the reoccurrence of asthma attacks. Unfortunately, medical research has also documented 

an array of negative side effects associated with taking large doses of the drug over long 

periods of time including, but not limited to: osteoporosis, cataracts, retarded growth, 

muscle weakness, ulcers, increased risk of infection, high blood pressure, headaches, 

seizures, and mood swings. 

Corticosteroids are a powerful medication, because they enter the bloodstream, 

travel throughout the body, and interact with several organs, including the brain (AMA, 

1998). When introduced into the body, these synthetic compounds act as naturally 

occurring glucocorticoids that are produced via the hypothalamo-pituitary-adrenal axis. 

Since glucocorticoids cross the blood-brain barrier and influence neural activity in 

various brain structures (Cullinan, Herman, Helmreich, & Watson, 1995), a body of 

research has grown exploring the impact of these hormones on various neuronal and 

cognitive functions. This paper begins with a literature review of what glucocorticoids 

are and how changes in glucocorticoid concentrations impact the functions of two 

specific brain regions: the hippocampus and dorsolateral prefrontal cortex. A study is 

then presented which examines the effects of chronic administration of glucocorticoids 

on cognitive functions in asthmatic and healthy groups of children and adults. 
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GLUCOCORTICOIDS AND THE HPA AXIS 

The hypothalamo~pituitary-adrenal (HP A) axis is responsible for the regulation of 

glucocorticoids via the following steps. Under normal, or basal, conditions the 

paraventricular nucleus of the hypothalamus secretes corticotrophin releasing hormone 

(CRH) and arginine vasopressin (AVP) into the anterior pituitary. CRH and AVP 

stimulate the anterior pituitary to release adrenocorticotrophic hormone (ACTH). ACTH 

binds to receptors located on the adrenal cortex, which as a consequence, activates the 

synthesis of adrenal steroids. Corticosteroids are one of the four major groups of these 

adrenal steroids (Buckingham, 2000; Whitehouse, 2000). 

There are two main types of corticosteroids: Mineralocorticoids and 

glucocorticoids. Mineralocorticoids, such as aldosterone, are primarily involved in the 

regulation of sodium and potassium homeostasis. Glucocorticoids (GCs), which were 

originally thought to only act on carbohydrate metabolism, are now known to affect a 

wide variety of bodily functions. For example, they have been identified to increase 

glucose availability, to increase cardiovascular tone, to reduce inflammations, and to 

inhibit anabolic processes required for reproduction, growth, and immune function (Joels 

& Karst, 2000; Murphy, 2000; Sapolsky 2000). 

In humans, the most prominently secreted GC is cortisol, with smaller amounts of 

cortisone and corticosterone also being secreted. Most (about 90-95%) ofthe secreted 

cortisol is bound by corticosteroid binding globulin proteins, which are located 

throughout the body, and which are involved in a variety of metabolic processes 

(Alderson & Noak, 2002; Whitehouse, 2000). Under basal conditions GCs, or plasma 
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cortisollevels, undergo circadian fluctuations I. Typically, concentrations of GCs peak in 

humans shortly after waking and reach their lowest point around the onset of sleep (Akil 

et aI., 1999; Dallman, Bhatnagar, & Viau, 2000). When the organism experiences 

physical or psychological stressors, however, the HP A axis increases production of GCs 

in order to adapt the body to the perceived stressor. As a consequence, the organism is 

better "configured" to meet the demands of the situation. 

The hypothalamus is pivotal in this stress-dependent reaction of the organism. It 

integrates input from multiple structures (including the brainstem, the midbrain and pons, 

the prefrontal cortex, the limbic system, and circumventricular organs; Dallman et aI., 

2000) to facilitate the increased production of GCs via increases in ACTH. Inter alia, 

these structures provide the hypothalamus with information on changes in somatosensory 

stimulation, visceral functioning, blood chemistry, motivation, and emotion (Watts, 

2000). 

It should be noted that the neural pathways and substances that orchestrate the 

release of CRHI A VP and hence ACTH are modulated by the nature and intensity ofthe 

stressor and the state of the individual at the time of exposure to the stressor. For 

example, the amount of ACTH produced by the hypothalamus is linearly related to the 

intensity of the perceived stressors (Dallman, 2000). However, the amount of GC that is 

produced as a consequence of ACTH secretion does not follow such a linear relation: 

Maximum GC release can be stimulated by small increases in levels of ACTH (Buckley 

1 Under basal conditions, the plasma level of cortisol ranges between 50 and 600 nmollliter during the day, 
being highest at 6:00 to 7:00 am and lowest at midnight. Corticosterone levels are about one-tenth of these 
and cortisone levels are about one-fifth. In stress, the levels rise within minutes to levels up to ten times the 
basal levels (Murphy, 2000). 
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& Ramachandran, 1981). Additional increases in ACTH do not further increase the 

amount of GCs produced. Rather, continuous increases in ACTH extend the time during 

which additional GCs will be released (Keller-Wood, Shinsako, & Dallman, 1983). The 

result is longer elevations of circulating GCs, which allows the organism to adapt to 

prolonged (or more chronic) stressors. 

Regulation of the Stress Response 

Once a stress response occurs, the HP A axis becomes more sensitive to 

subsequent stressors (Rhodes, 2000; Sasaki, Wu, Rougeau, Unabia, & Childs, 1990). 

Thus, with each acute exposure to a stressor, the stress response becomes heightened and 

more pronounced. In contrast, exposure to persistent or chronic stressors habituates the 

HPA axis response (see e.g., Bremner & Narayan, 1998; Parkin, 2000) and so the system 

does not respond to the ongoing stressor as quickly or intensely. Presentation of novel or 

additional stressors, however, produces a new and sometimes exaggerated stress response 

(Dallman & Bhatnagar, 1999). Hence, although habituated to ongoing stressful stimuli, 

the organism is able to respond to new stressors. 

Two negative-feedback control systems limit the amount and duration of a stress 

response (Dallman, 2000; Fink, 2000; Keller-Wood & Dallman, 1984; Rhodes, 2000). 

The output of these systems is moderated by "error detectors," which compare the 

strength of the feedback signal (in this case the level ofGC concentrations), with a preset 

level. Thus, an increase in the strength of the feedback signal above the preset level 

reduces the output of the stimulator, whereas a decrease in the strength of the feedback 
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signal below the preset level results in increased output of the feedback signal to correct 

the error. 

The first of these control mechanisms is the HP A axis itself: the adrenal glands 

act to inhibit GC synthesis, the anterior pituitary blocks ACTH response and inhibits 

proopiomelanocortin2 release, the periventricular nucleus inhibits ACTH and A VP 

synthesis and release, and the hypothalamus inhibits CRH synthesis and secretion. All of 

these mechanisms serve to regulate the production and release of GCs. 

The second negative feedback mechanism is comprised of several brain 

structures, with the hippocampus as the primary source of feedback (Herman, Schafer, & 

Young, 1989; Kovacs, Kiss, & Makara, 1986). Once activated by adrenal steroids such as 

GCs, the hippocampus sends feedback about circulating nonprotein-bound cortisol to the 

mediodorsal hypothalamus via the bed nucleus of the stria terminalis. The amygdala and 

the prefrontal cortex (as well as other brain areas) provide appropriate feedback 

regulation to a lesser extent (Feldman & Conforti, 1985; Moghaddam, Bolinao, Stein, 

Behrens, & Sapolsky, 1994; Sullivan & Gratton, 1999). Damage or disruption to any of 

these areas may disrupt this feedback, resulting in either too high or too low levels of 

circulating GCs (Keenan & Kuhn, 1999). 

2 POMC is a precursor to the expression of ACTH in the anterior lobe of the pituitary glad. 
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GLUCOCORTICOIDS AND THE BRAIN 

With 90-95% of GCs taken up by globulin proteins, the remaining 5-10% cross 

the blood-brain barrier and attach to receptors located in various brain structures 

including the hippocampus and prefrontal cortex (Alderson & Novak, 2002; Whitehouse, 

2000). In the brain, GCs are bound by two types of receptors: Type I or mineralocorticoid 

receptors and Type II or glucocorticoid receptors (de Kloet, Vreugdenhil, Oitzl, & loels, 

1988). Mineralocorticoid receptors (MRs) are classified as high affinity receptors because 

they bind both endo genous GCs (cortisol or c,ortico sterone ) and mineralocorticoids about 

equally well. The highest concentrations of MRs are located in the limbic system, 

particularly in hippocampal regions of CAl, CA3, and dentate gyrus (McEwen, Weiss, & 

Schwartz, 1968). To a much lesser extent, MRs can be found in the entorhinal cortex and 

motor neurons (Dallman, 2000). Although MRs bind both forms of corticosteroids, GCs 

circulate in higher concentrations and gain entry to the brain much more easily than 

mineralocorticoids. Thus, GCs primarily occupy MRs in the brain (loels & Karst, 2000). 

Glucocorticoid receptors (GRs), on the other hand, are receptors of a lower 

affinity that bind endogenous and exogenous GCs, but not mineralocorticoids. 

Additionally, GRs preferentially bind cortisol and synthetic GCs in humans (Dallman, 

2000). Unlike MRs, GRs are distributed throughout various cortical and subcortical 

structures including the hippocampus, amygdala, peri ventricular nucleus ofthe 

hypothalamus, and prefrontal cortex (Diorio, Viau, & Meaney, 1993; McEwen, de Kloet, 

& Rostene, 1986; McEwen et aI., 1968; Meaney & Aitken, 1985; Patel et aI., 2000; 

Sarrieau et aI., 1988). 
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The degree to which GCs bind to the two receptor types is a result of the 

interaction between the level of circulating GCs and the two receptor types' different 

affinities (de Kloet, Oitzl, & Joels, 1993; Reul & de Kloet, 1985; Reul, van den Bosch, & 

de Kloet, 1987). Because of their higher affinity, MRs are preferentially occupied by 

circulating GCs at basal levels, with minimal occupation of GRs. When GC levels rise, 

such as during the peak of the circadian rhythm or during a stress response, both MRs 

and GRs will become occupied. Therefore, unlike MRs, GRs only become heavily 

occupied during high levels of GC concentrations. For example, under basal conditions 

90% of hippocampal MRs are occupied by GCs, while only 50% of GRs are occupied 

(Keenan & Kuhn, 1999). Under stressful conditions or during the circadian peak, 

however, up to 100% of MRs become occupied, so that the GRs are available for the 

excess GCs which will occupy between 60 to 100% of these receptors (Holsboer, 1995). 

Due to an unusual density of corticosteroid receptor sites, the functioning of the 

dorsolateral prefrontal cortex (dPFC) and hippocampus are affected by binding of GCs to 

the corticosteroid receptors (Beck, List, & Choi, 1994; Conrad, Lupien, & McEwen, 

1999; de Kloet et al., 1993; Diamond, Bennett, Engstrom, Fleshner, & Rose, 1989; Hesen 

& Joels, 1993; Joels & de Kloet, 1992; Kerr, Campbell, Thibault, & Landfield, 1992; 

Lupien, Gillin, & Hauger, 2000; McEwen et al., 1986; Pavlides, Kimura, Magarinos, & 

McEwen, 1994; Pavlides, Watanabe, Margarinos, & McEwen, 1995; Pavlides, Watanabe, 

& McEwen, 1993; Sandi & Loscertales, 1999; Sullivan & Gratton, 1999). The neurons in 

these structures respond to stress and the increasing concentrations of GCs in a classic 

Yerkes-Dodson (i.e., inverted-V-shaped, Yerkes & Dodson, 1908) excitability function. 
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At low levels of GCs, neurons in dPFC and hippocampus are difficult to excite. At basal 

levels, GCs act via binding to MRs and, as a result, the neurons are more easily excited. 

With increasing levels ofGC, the excitability of the neurons increase, which leads to an 

enhancement of their normal activity. As GC levels continue to rise, however, both MRs 

and GRs become occupied. Under this condition, the neurons become increasingly 

difficult to excite (for a discussion see e.g., Diamond, Bennet, Fleshner, & Rose, 1992; 

Meijer, de Kloet, & McEwen, 2000). 

In addition to their impact on neuronal functioning, high levels of GCs may have 

other serious side effects3
. A body research suggests that chronic exposure to GCs (a) 

alters long-term potentiation and long-term depression in the hippocampus (Alderson & 

Novack, 2002; Diamond et al.,1992; Foy, Foy, Levine, & Thompson, 1990; Foy, Stanton, 

Levine, & Thompson, 1990; loels & de Kloet, 1992; Kim & Yoon, 1998; Pavlides, 

Kimura, Magarinos, & McEwen, 1995), (b) changes GC receptor levels (Sapolsky, Krey 

& McEwen, 1984), ( c) reduces the number of available GRs (Dallman, 2000), (d) 

endangers neuronal survival (for a review see e.g., Keenan & Kuhn, 1999; Sapolsky, 

1992, 1996), (e) leads to overt neuronal loss (Bremner, Krystal, Southwick, & Charney, 

1995; Landfield & Eldridge, 1994; Sapolsky, Krey & McEwen, 1985; Uno, Tarara, & 

Else, 1989), and is (f) correlated with hippocampal atrophy (Wooley, Gould, & McEwen, 

1996) especially in the CA3 region due to its high density of GC receptor sites 

(McKittrick, Magarinos, Blanchard, Blanchard, & McEwen, 1996; Sapolsky, Uno, 

3 Most of the research in this area has foucsed on the hippocampus with the effects of high levels of GCs on 
the dPFC not as clear. Rather than focusing on GCs, the dPFC stress-related literatur has instead 
extensively focused on the acute and chronic effects of other neurochemicals (e.g., serotonin, dopamine, 
and achetylcoline). This rather extensive literature will not be reviewed here. 
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Rebert, & Finch, 1990; Woolley et al.,1990). MRI studies of Cushing's patients, a 

syndrome characterized by excessive secretion of cortisol, demonstrated selective atrophy 

ofthe hippocampus, with more deleterious effects the higher the individual cortisol levels 

(Starkman, Gebarksi, Berent, & Schteingart, 1992). Fortunately, the atrophy appears to 

reverse when the chronically high levels of GCs decrease (McEwen et aI., 1986; 

Starkman et aI., 1999). However, it appears to be premature to base final conclusions 

about the impact of chronically elevated GC levels on these studies. Among others, the 

central problems are numerous failures in replication of these findings. Therefore, the 

results of these studies need to be regarded as highly controversial. 
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GLUCOCORTICOIDS AND COGNITION 

The inverted-U shaped relation between GC concentration and neuronal 

excitability goes along with correlated changes in the cognitive functions that are 

associated with the hippocampus and dorsolateral prefrontal cortex. This section begins 

with a review of these cognitive functions and then discusses the effects glucocorticoids 

have on them. 

The Hippocampus 

The hippocampus has been of major interest in investigations ofGC effects for 

two reasons: it has the highest density of corticosteroid receptors in the brain and it is 

central to the encoding, storage, and retrieval of episodic memories and cognitive maps (a 

form of spatial memory) (e.g., Bohbot, Kalina, & Stepankova, 1998; Milner, 1974; 

Nadel, 1991; O'Keefe & Nadel, 1978; Pigott & Milner, 1993; Scoville & Milner, 1957; 

Smith, 1989; Smith & Milner, 1981, 1989). Episodic memory refers to memory for 

events. Episodic memories include the time (temporal), place (space), and context 

(relationship among events) in which the experience occurred. Standard episodic memory 

tests are free recall, cued recall, and recognition. 

Another form of memories that depend on the hippocampus are cognitive maps. 

A cognitive map is a term that was coined by Tolman (1948), who argued that animals 

moving through an environment do so by developing a set of spatial relationships (a 

cognitive map) rather than learning a chain of overt stimulus-response associations. 

O'Keefe and Nadel (1978) further pursued this idea. They proposed in their Cognitive 

Map Theory that an organism, being exposed to an environment will conceptually piece 
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together this environment such that every explored object stands in a spatial relation to 

every other explored object, whether or not the objects have ever been experienced in 

spatial or temporal contiguity. Hence, a spatial (cognitive) map consists of information 

about spatial relations of explored objects and places in the environment. A cognitive 

map permits an organism to locate itself in a familiar environment without reference to 

any specific cue or to any individual entity in the environment. A cognitive map also 

permits the organism to move from one place to another without any specific set of inputs 

(cues) or outputs (routes). When novel stimuli occur, they will be automatically 

incorporated into the existing map, provided the organism detects and explores them. The 

representation of a cognitive map is characterized by a flexible, allocentric stationary 

framework, which the organism uses to navigate. These properties of a cognitive map 

render it well suited to provide a spatio-temporal context for experienced 

environments/events. 

Taken together, Cognitive Map Theory would predict that damage to the 

hippocampus (e.g., due to stress or lesions) results in deficits in exploration, spatial 

learning (specifically learning about places), spatial navigation, and episodic coding of 

events. Support for Cognitive Map Theory has come from a volume of experimental 

studies conducted over the past 25 years (see Nadel, 1991, 1994; Nadel et aI., 1998; 

Reddish, 1999). Three methods routinely used to study predictions of cognitive mapping 

theory are the Morris Water Maze, the Radial Arm Maze, and the Open Field Task (for 

reviews see e.g., Brandeis, Brandys, and Yehuda, 1989). There is an abundance of 



25 

research linking perfonnance on these tasks to hippocampal functioning (for reviews see 

e.g., Burgess, Jeffery, & O'Keefe, 1999; Redish, 1999; Sharp, 2002). 

Support for hippocampal involvement in spatial learning and memory has come 

from numerous neurological studies demonstrating (a) correlations between place cell 

activation in the hippocampus and spatial navigation (e.g., Eichenbaum & Cohen, 1988; 

McNaughton, Barnes, & O'Keefe, 1983; O'Keefe & Conway, 1978; O'Keefe & 

Dostrovsky, 1971; O'Keefe & Speakman, 1987), (b) profound impainnent of spatial 

memory following hippocampal lesions (e.g., Jarrard, 1993; Morris, Garrud, Rawlins, & 

O'Keefe 1982; Sutherland, Whishaw, and Kolb, 1983), and (c) correlations between 

spatial learning and memory capacities and hippocampal size or volume (e.g., Sherry, 

Jacobs, & Gaulin, 1992). Human studies have also begun to support the idea that the 

hippocampus is involved in spatial tasks using methods such as PET and fMRI (e.g., Hsu, 

Nadel, Ryan, Thomas, & Jacobs, 2001; Maguire, Burgess, Donnett, Frith, & O'Keefe, 

1997; Vitte, et al., 1996). 

The Dorsolateral Prefrontal Cortex 

The dorsolateral prefrontal cortex (dPFC) shows complex bi-directional relations 

with other brain areas and has been crucially implicated in working memory (Friedman & 

Goldman-Rakic, 1994; Williams & Goldman-Rakic, 1995). Working memory is a three

part system that temporarily holds and manipulates infonnation. It is comprised of the 

phonological loop, the visuo-spatial sketchpad, and the central executive. The 

phonological loop is responsible for storing a limited number of sounds for a short period 

of time (approximately 2 seconds unless the material is rehearsed); while the visuo-
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spatial sketchpad is responsible for storing visual and spatial information also for a 

limited time. The central executive is responsible for integrating information from the 

phonological loop and visuospatial sketch pad, as well as from long-term memory (for an 

extensive review see Baddeley, 1986, 1992, 1993). 

Evidence for dPFC involvement in working memory for both spatial and verbal 

information has come from lesion and electrophysiological recordings in non-human 

primates (for a review see Goldman-Rakic, 1987), and studies of human patients with 

lesions of the frontal cortex (Bechara, Damsio, Tranel, & Anderson, 1998; Petrides, 

1989; Petrides & Milner, 1982; for a review also see Owen, 1997). Neuroimaging studies 

in humans have shown activation ofthis area during the performance of working memory 

tasks related to the phonological loop (Cohen, 1994; Cohen et aI., 1997) and to the visuo

spatial sketchpad (Courtney, Ungerleider, Keil, & Haxby, 1997; McCarthy et aI., 1994). 

Glucocorticoids Impact Hippocampally- and dPFC-Based Cognitive Functions 

As mentioned above, the hippocampus and dPFC are two areas with unusually 

high densities of corticosteroid receptors. It has been demonstrated that GCs attach to 

receptor sites in these regions and impact their neuronal activity it in an inverted-U-shape 

function (e.g., Diamond et aI., 1992; Meijer et aI., 2000; Sandi & Loscertales, 1999; 

Sullivan & Gratton, 1999). If cognitive function is correlated with neuronal function, then 

the physiological data permit us to predict that cognitive functions dependent on these 

areas should first become enhanced under acute increases in GCs and then disrupted 

under more extreme or chronic increases in GC concentrations. 
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Animal research. The animal research indicates that modifications (decreasing or 

increasing) of circulating GCs significantly alter memory processing (reviews see e.g., 

Belanoff, Gross, Yager, & Schatzberg, 2001; Lupien & McEwen, 1997). Specifically, the 

GC effects on memory appear to follow an inverted-U shaped dose-response relation in 

avoidance training (Roozendaal, 2000), contextual-cue fear conditioning (Cordero & 

Sandi, 1998; Diamond et aI., 1992; Pugh, Tremblay, Fleshner, & Rudy, 1997), and spatial 

memory in radial and water mazes (Bodnoff et aI., 1995; de Quervain, Roozendaal, & 

McGaugh, 1998; Sandi & Rose, 1997). Thus, as expected when looking at 

hippocampally-mediated cognitive functions, initial increases in GCs enhance memory 

processes (Flood et aI., 1978; Kovacs, Telegdy, & Lissak, 1977; Roozendaal & 

McGaugh, 1996; Roozendaal, Williams, & McGaugh, 1999), whereas further increases in 

GCs disrupt learning and memory. Sandi and Rose (1997), for example, administered 

corticosterone to rats immediately after training in a radial maze. The authors reported 

enhanced memory performance in the task. In contrast, the performance of the rats was 

impaired when the rats who had been administered the corticosterone were exposed to an 

unexpected stressor and therefore experienced additional rises in GC levels. 

Other studies have used chronic administrations of corticosterone to determine 

what effects this would have on learning and memory. For example, Endo, Nishimura, 

and Kimura, (1996) implanted either corticosterone or cholesterol (sham) pellets in 

rodent brains and left them there for three months. The rodents with the implanted 

corticosterone required many more trials than rats with sham implants to learn the radial

arm maze task. This demonstrated an overall memory impairment. Similar findings have 
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been described following prolonged exposure to stressors over 7 (Harvery, Naciti, Brand, 

& Stein, 2003) and 21 days (Luine, Villegas, & Martinez, 1994). Rats with chronically 

elevated GCs, and thus high occupancy of GRs, exhibited significant spatial memory 

deficits with no obvious motor or sensory deficits. 

Other research focused on the question whether GCs administered following 

training in the MWM effects retrieval or recall. Oitzl and de Kloet (1992) conducted the 

first study exploring relations among elevated GC and the acquisition and retrieval of 

spatial information in rats. They administered either MR (mineralocorticoids) or GR 

(glucocorticoids) antagonists immediately before (during acquisition), after training 

(during consolidation) in the MWM, or before a delayed test session (during retrieval). 

Hence the authors measured effects of varying corticosteroids at different stages of 

memory processing. They reported that glucocorticoids impaired performance of the rats 

when injected before or after training, but injection before delayed testing did not affect 

performance. Thus, GCs effected acquisition and consolidation but not retrieval. Several 

groups have replicated these findings (e.g., Conrad, Lupien, & Thanasoulis, 1997; 

Conrad, Lupien, Thanasoulis, Hastings, & McEwen, 1996; Conrad, Lupien, Thanasoulis, 

& McEwen, 1998). 

Several other studies, however, failed to show that GCs and memory retrieval are 

unrelated. For example, de Quervain et al. (1998) reported that administration of GCs 30-

minutes before retrieval resulted in significantly poorer performance relative to controls. 

Sandi and Rose (1994) demonstrated that administration of corticosteroids 30 minutes 

before retrieval had no effects on spatial memory performance in the MWM, but did 
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impair performance when measured 4 and 24 hours later. The main difference between 

findings of retrieval deficits versus those with a lack of thereof appears to be related to 

dosage and time of administration. The studies reported in the literature use a variety of 

doses and time intervals, making direct comparisons among the results uncertain. It does 

appear, however, that elevated GC levels impair the retrieval of spatial episodic memory. 

The animal research also shows that the effects of GCs are short-term, lasting 

from a few hours to a day, and are reversible (Conrad, Magarinos, Ledoux, & McEwen, 

1999; Lupien & McEwen, 1997). In contrast, some theorists argue that chronic or 

prolonged rises may lead to more long-term memory dysfunctions due to the possible 

permanent damage to the hippocampus suggested by some research (for a discussion see 

e.g., McEwen & Sapolsky, 1995). 

GC-administration to healthy humans. To further elucidate the effects of GCs on 

cognition, a number of studies have been conducted with healthy human subjects. The 

advantage of moving to human-based studies (beyond that of species applicability) is that 

a wider, more detailed battery oftests can be used to study the relation of GC and 

cognitive functions. In human studies, the preferred synthetic corticosteroids include 

hydrocortisone, dexamethasone, and prednisone, which are usually administered orally. 

Beckwith, Petros, Scaglione, and Nelson (1986) attempted to determine the 

effects of acute corticosteroids on human episodic memory. Eighty adult male volunteers 

received either a placebo or hydrocortisone pill orally with a concentration of 5, 10, 20, 

or 40mg. After 1 hour, the participants listened to word lists and received free-recall 

testing following each list. The results demonstrated that adults on all doses showed an 



initial enhancement of recall, but only adults on 40mg (the highest) continued to show 

enhanced recall with presentation of additional lists. In contrast, adults on 5mg (the 

lowest) showed the poorest recall performance. 
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The results of this study appear to contradict the results of both behavioral and 

neurobiological research done with other species. Lupien and McEwen (1997) argued, 

however, that an increased cognitive efficiency detected in the human studies was due to 

the glucose vehicle contained in both the placebo and hydrocortisone. Several studies 

demonstrate that glucose enhances performance on verbally mediated episodic memory 

tasks (e.g., Parker, & Benton, 1995). Additionally, de Leon et al. (1997) have shown that, 

after administration of a single dose of cortisol, the glucose utilization of the 

hippocampus is specifically reduced suggesting that combining cortisol with glucose has 

varying effects depending upon the dose of each. Thus, when glucose is higher in 

concentration than cortisol, memory should be enhanced, while it should be impaired 

when this relation is reversed. 

Studies that have not used glucose in corticosteroid medications or placeboes 

have found effects similar to the findings reported in animal research. For example, 

Kirschbaum, Wolf, May, Wippich, and Hellhammer (1996) administered either 10mg of 

cortisol or placebo to a group of 40 adults. One hour later the participants were tested 

using an implicit wordstem-priming task, an episodic verbal memory task (free recall of a 

word list), and two spatial-mental rotation tasks. The results demonstrated that the adults 

who were administered the cortisol performed poorly on the episodic memory task and 

the two spatial rotation tasks, but not on the word-stem completion task. This study is in 
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accordance with the findings from animal research and the expected effects of GCs on 

hippocampally-mediated cognitive function. This effect of GCs (both hydrocortisone and 

dexamethasone) on episodic verbal memory and not non-hippocampally based memory 

has been replicated in other studies (e.g., Lupien et aI., 1997; Plihal & Born, 1999; Plihal, 

Pietrowsky, & Born, 1999) and has also been shown to occur with episodic memory for 

visually-presented objects (Monk & Nelson, 2002). 

So far, there are few data examining the role of GCs on retrieval after a short and 

long delay. de Quervain, Roozendaal, Nitsch, McGaugh, and Hock (2000) had 18 male 

and 18 female adults view a list of 60 unrelated nouns. They were tested in a free recall 

design both immediately following the presentation and 24 hours later. In addition, a 

recognition test was administered after the long delay interval in which participants were 

asked to identify the words they learned from a list of 120 nouns. Cortisone (25mg) or a 

placebo was administered once orally, at one of three times: 1 hour before the word 

presentation, immediately after the word presentation, or 1 hour before the 24 hour 

delayed retrieval task. The results showed that the participants who received cortisone 1 

hour before the delayed free recall performed significantly worse than individuals in the 

other groups. Cortisone did not enhance storage of information but did disrupt later 

recall. Additionally, no performance effects were detected on the recognition task for any 

of the groups (see also, Hsu, Garside, Massey, & McAllister-Williams, 2003). It is 

unclear why there were no effects on performance in the recognition tasks; however, it 

might be because recognition tasks are relatively simple. Nevertheless, these data are 
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performance on episodic or visual memory tasks following a delay interval. 

32 

Other experiments have tested the effects of chronic GC administration on 

episodic memory performances. For example, Schmidt, Fox, Goldberg, Smith, and 

Schulkin (1999) administered 160mg of prednisone or placebo to 24 adult males for 4 

consecutive days, and found significantly fewer objects recalled in a visually-mediated 

episodic memory task. Newcomer et al. (1999) incorporated a more extensive battery of 

tests and compared performances across several days of oral hydrocortisone 

administration, and after the termination of hydrocortisone administration. This study 

used 25 men and 26 women assigned to three different groups: placebo, 40mg/day of 

hydrocortisone, and 160mg/day of hydrocortisone. Cognitive testing was conducted 

before administration of GCs (day 0), after 1 day of treatment, after 4 days of treatment, 

and 6 days following cessation of hydrocortisone or placebo. The test battery included 

several hippocampally-based measures of immediate and delayed paragraph recall, and 

spatial location memory and recognition. Other non-hippocampally-based tests included 

verbal fluency, number sequencing, and an attentional continuous performance task. 

Significant performance differences were found only for the hippocampally-based tasks 

in the high dose group at day 4. The authors concluded that chronic exposure to high 

doses of GCs affected episodic memory functions, whereas low doses of GCs did not. 

These findings are importance for two reasons. First, they are consistent with the 

results of other studies of the impact of chronic and/or acute doses of GCs on 

hippocampally-mediated cognitive functions after a delay interval (McAllister-Williams, 
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& Rugg, 2002; Schmidt et aI., 1999). Second, no differences were found in cognitive 

performances among the groups 6 days after cessation of the hydrocortisone, paralleling 

the results of other human and the animal studies demonstrating no lasting impairments 

following a return to baseline GC levels (de Quervain et aI., 1998; Lupien, Gillin, Frakes, 

Soefje, & Hauger, 1995; Sandi, 1998). 

Thus far only a handful of experiments have focused on the relationship between 

working memory and GC levels in healthy adults. For example, Lupien et aI. (1999) 

found working memory to be more sensitive than episodic memory to the effects of acute 

GCs. In this study experimenters infused placebo, and low (40mg), medium (300mg), and 

high (600mg) doses of hydrocortisone into healthy adult males. During the infusion 

(lasting about I hour) each participant was administered three tasks: an item-recognition 

working memory task, a paired associate episodic memory task, and a continuous 

performance basic-attention task. The results demonstrated that infusion of low and 

medium doses of GCs improved accuracy performance on the working memory task in 

comparison to the control (placebo) group. In contrast, infusions of high doses of GCs 

significantly decreased performance on the working memory task in comparison to the 

other three groups. These results are in accordance with the inverted V-shape excitability 

function of the dorsolateral prefrontal cortex described earlier. Why differences were not 

found for the episodic memory task are unclear; however, it might be because the tasks 

were administered during the GC infusion. As other studies demonstrate, GC effects on 

episodic memory are time-dependent and so a period of time needs to pass before effects 

will be observed (e.g., Newcomer et aI., 1999). 
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al'Absi, Hugdahl, and Lovallo (2002) examined relations among cortisol 

responses to public speaking, mental arithmetic, and dichotic listening. Their studies 

demonstrate that individuals with the highest cortisol responses to the oration made more 

errors and completed fewer responses on the mental arithmetic task, but showed no 

difference in dichotic listening. Other studies have reported the same result (aI' Absi et al., 

1998; al'Absi, Lovallo, Pincomb, Sung, & Wilson, 1996). Some have argued that the 

deficit on the mental arithmetic task is due to changes in attention under stress and not to 

working memory deficits. This argument is based on the fact that high arousal enhances 

attention to a narrow range of cues (e.g., Broadbent, 1971; Wolf, Kudielka, Hellhammer, 

Hellhammer, & Kirschbaum, 1998) and a failure to shift attention to other stimuli (e.g., 

Asbjomsen, Hughdahl, & Bryden, 1992). This explanation, however, is difficult to apply 

to the results of the aI' Absi et al. study (2002) because all participants reported 

comparable arousal levels, regardless of cortisol level changes. Additionally, if the 

participants experienced a narrowing of attention, then they would not have been 

successful on the dichotic listening task, which is heavily dependent upon selective 

attention and places little demand on working memory. This was not the case in the 

aI' Absi studies. Rather, their participants performed well on the dichotic listening task, 

but poorly on the mental arithmetic task, which is thought to be heavily dependent upon 

working memory. 

Only one study has examined performance on working memory tasks under 

prolonged exposure to GCs. Young, Sahakian, Robbins and Cowen (1999) administered 

40mg/day of hydrocortisone for 10 days to 23 adult male participants. The participants 
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performed poorly on measures of spatial memory and spatial working memory. No tests 

were included examining performance on episodic memory tasks. The authors argued 

that the performance impairments observed on the spatial working memory task indicated 

a prefrontal cortical deficit because similar changes follow local frontal lobe excisions 

(Owen, Downes, Sahakian, Polkey, & Robbins, 1990; Owen, Evans, & Petrides, 1996a; 

Owen, Sahakian, Semple, Polkey, & Robbins, 1995) but not temporal lobe excisions or 

amygdala-hippocampectomy in neurosurgical cases (Owen et aI., 1995, 1996b). 

Cushing's Syndrome. This syndrome in an endocrine disorder characterized by 

excessive levels of cortisol caused by either an ACTH-secreting tumor in the pituitary or 

by excessive administration of corticosteroids. Thus, people with this syndrome permit a 

unique human venue to study the cognitive effects of chronically elevated GCs. Reports 

of Cushing's profiles characteristically include complaints of difficulties with 

concentration and memory (Starkman, Schteingart, & Schork, 1981). And results from 

intensive neuropsychological testing have consistently shown deficits in hippocampally

and dorsolateral prefrontal cortex-mediated performances in these patients. 

For example, Whelan et ai. (1980) reported mild to severe deficits in visually

mediated episodic memory after short and long delay intervals (see also, Forget, Lacroix, 

Somman, & Cohen, 2000; Martignoni et aI., 1992; Marui, Sinforianai, Bono, Vignati 

1993) and in verbally-mediated episodic memory after short and long delay intervals 

(Martignoni et aI., 1992; Marui et aI., 1993; Starkman, 1992, Starkman et aI., 2001). 

Deficits in performance on verbal (digit span backwards in Martignoni et aI., 1992; 

verbal fluency in tests Forget et aI., 2000) and nonverbal working memory tasks (auditory 



arithmetic in Starkman et aI., 200 1; digit symbol tasks in Martignoni et aI., 1992) have 

also been reported. GC-related impairments in visuo-constructive abilities (three

dimensional block-design task in Marui et aI., 1993; Starkman et aI., 2001) have also 

been described. These studies found no differences on test performances thought to 

require visual scanning, psychomotor function, abstract verbal reasoning, or attention. 
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Starkman and colleagues documented a direct correlation between circulating 

cortisol levels and the magnitude of cognitive impairments (Starkman et aI., 1992; 

Starkman, et aI., 1999; Starkman et aI., 2001). And further, they showed that cortisol 

levels in Cushing's patients are correlated with elevations and reductions in hippocampal 

volume (Starkman et aI., 1992). One study demonstrated that successful treatment as 

measured by decreases in free cortisol, resulted in an increase in hippocampal volume by 

up to 10% (Starkman et aI., 1999). Additionally, Martignoni et ai. (1992) reported that six 

months following a surgery to correct the hypercortisolemia, patients showed significant 

improvement (signs of recovery) on tasks requiring verbal memory. These findings are 

consistent with reports in the animal and healthy human literature demonstrating 

reversibility in cognitive impairments following a return to baseline GC levels. 

Patients receiving exogenous glucocorticoid treatment. Another venue in which to 

examine effects of chronic exposure to GCs is in individuals who are medically treated 

with synthetic GCs to control disorders such as rheumatoid arthritis or asthma (for a 

review see Heim, Ehlert, & Hellhammer, 2000). 

Only one study has looked at the cognitive effects of prednisone (ranging from 5 

to 40mg) prescribed to adult rheumatic patients for at least one year (mean of 8 years) 
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(Keenan et aI., 1996). Compared to appropriately matched controls, the GC-treated group 

performed poorer on tests of episodic memory. Additionally, the longer the individual 

had been taking a GC the more impaired their performance. Dosage did not appear to 

affect episodic memory performance in this study. 

Some studies have also been conducted on the effects GC-based asthma 

medication on cognitive performance in children. For example, Suess and colleagues 

report that asthmatic children receiving corticosteroid medications performed more 

poorly than controls on tests of verbal and visual episodic memory on the day ofGC

steroid administration but not 24 or 48 hours later. It therefore appears that the acute 

neuropsychological effects are present only in the immediate aftermath of steroid 

ingestion (Seuss & Chai, 1981; Seuss, Stump, Chai, & Kalisker, 1986). 

Bender and colleagues found that high (40-80mg/day), but not low (5-lOmg/day) 

doses of prednisone mildly effected verbal memory. They also found no differences 

between the low and high dose GC groups on tests of attention or motor control (Bender, 

Lerner, & Koilasch, 1988; Bender, Lerner, & Poland, 1991). 

Some have argued that the effects seen in asthmatics are due to recurrent hypoxia 

associated with asthma and not the corticosteroid medications. This argument receives 

support from a diverse set of studies. Dunleavy and colleagues, for example, report that 

hypoxia directly affects the hippocampal structure (Dunleavy & Baade, 1980, Dunleavy 

& Hansen, 1981). One would thus expect to see hippocampally-mediated cognitive 

deficits in asthmatics (and non-asthmatics) who often experience recurrent hypoxia. 

Others have argued that cognitive difficulties are due to the sleep loss and general 
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malaise that accompanies asthma, and not hypoxia or GC medications themselves 

(Bender, 1999). A study examining cognitive performance in asthmatics on GCs and 

asthmatics not on GC medications could address these alternative explanations. If the 

performance of those receiving GC medication was impaired on various cognitive tasks 

and the performance of those receiving other medications was not, and if the two groups 

did not differ with respect to factors such as asthma symptom, severity, or number of 

asthma attacks, then the arguments of hypoxia as well as general malaise related to the 

disease could potentially be ruled out. 
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A NOTE ON SYNTHETIC GLUCOCORTICOIDS 

There are a wide variety of synthetic GCs, the most common being 

dexamethasone and prednisone/prednisolone. All synthetic GCs are structurally related to 

cortisol (in humans) and corticosterone (in rodents). Nevertheless, due to a high affinity 

for GRs and a low affinity for MRs, synthetic GCs have a more potent impact on the 

HP A axis than do the naturally occurring hormones. Their potencies on GRs and MRs 

vary, primarily because of the specific plasma half-lives (2 to 4 hours) and biological (8 

to 72 hours) half-lives in the system (Karssen & de Kloet, 2000). 

Despite a high affinity to GRs some studies argue that synthetic GCs, especially 

dexamethasone, do not always accumulate in brain structures like the hippocampus 

(Schimmer, & Parker, 1996) but instead impact proteins located throughout the body and 

pituitary in the same way as do natural GCs. The passage of GC in moderate to low 

concentrations is thought to be hampered because of the multi drug resistance la P

glycoprotein. This is a drug efflux pump located in the membranes of the blood-brain 

barrier which limits access to the brain of a variety of molecules including, some argue, 

synthetic GCs (for a detailed review see e.g., Meijer, Karssen, & de Kloet, 2003). 

There are several studies on the impact of synthetic GCs on brain physiology and 

functions. Specifically, several studies have shown that the activation of MRs and GRs 

following ingestion of synthetic GCs follow an inverted-U shape function as do naturally 

produced GCs (see Roozendaal, 2000 for a discussion). Other studies have demonstrated 

that peripherally injected synthetic GCs accumulates in brain areas such as the prefrontal 

cortex (e.g., Sandi, & Loscertales, 1999). Still other studies have shown that individuals 



taking prescription GCs perfonn poorly on tasks requiring an intact hippocampus and 

dorsolateral prefrontal cortex. 
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It therefore appears that, although the brain may "resist" the penetration of 

synthetic GCs, it does so only under low to moderate dosages (Karssen & de Kloet, 

2000). Higher doses or repeated doses oflow to moderate amounts (e.g., daily or 

extended doses of corticosteroid medication) of synthetic GCs, induding dexamethasone, 

appear to cross the blood-brain barrier and occupy GRs in the brain (Inque & Koyama, 

1996; Lupien et aI., 2000; Spencer, Young, Choo, & McEwen, 1990). Hence, there is 

enough evidence at present to assume that synthetic GCs act as natural GCs and do 

indeed cross the blood-brain barrier and attach to receptor sites throughout the brain. 
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SUMMARY AND PURPOSE OF THE STUDY 

In sum, studies using a wide range of species as subjects demonstrate an inverted 

U-shaped function between circulating levels ofGCs and cognitive functions that are 

related to the hippocampus and dorsolateral prefrontal cortex. This non-linear function 

appears to be related to differential activation of corticosteroid receptors in selected areas 

of the brain. Thus, an initial increase in GCs stimulates mainly mineralocorticoid receptor 

sites and facilitates episodic and working memory. Negative feedback control 

mechanisms, including the HP A axis and brain structures like the hippocampus and 

dorsolateral prefrontal cortex, regulate GC release. Under repeated or acute GC influxes, 

however, disregulation ofthis feedback system occurs. Circulating GC concentrations 

reach levels that lead to occupancy of both glucocorticoid and mineralocorticoid 

receptors which eventually causes disruption in neuronal cellular activity. This disruption 

leads to significant declines in the cognitive functions of these areas: Episodic memory, 

working memory, and cognitive mapping. 

These cognitive disruptions appear to be reversible when GCs return to baseline 

levels. It is possible, however, that excessive GC levels may cause irreversible damage 

that was not, due to the designs used, demonstrated in these studies. Studies that might 

shed light on this topic would be those conducted with Cushing's patients. In addition, it 

is possible that excessive GCs need to be introduced in early childhood to have long-term 

consequences like hippocampal volume loss, which has been demonstrated in some 

PTSD studies. So far, the only studies looking at early childhood exposure to excessive 

GCs are those using asthmatics as subjects. No one has yet looked at the long-term 



effects of GC-medications introduced at this age on the growth and development of the 

brain. 
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Thus, the purpose of the present project is to examine the chronic effects of 

glucocorticoids on specific cognitive functions. To accomplish this goal, a 

neuropsychological battery was compiled that taps an array of cognitive domains 

including those related to the hippocampus and dorsolateral prefrontal cortex. This 

battery will be administered to individuals assigned to one of five groups based upon 

their age and medical history: (1) children and (2) adults diagnosed with asthma and 

prescribed corticosteroid medications, (3) adult diagnosed with asthma but with no 

history of prescribed corticosteroid medication, and (5) adults with no history of asthma 

or corticosteroid medication. 

The prediction of this study is that children and adult asthmatics prescribed 

corticosteroids will perform more poorly than the other groups on tasks tapping cognitive 

functions related to the hippocampus and dorsolateral prefrontal cortex: Episodic 

memory, cognitive mapping, and working memory. The study also predicts that the 

performance of all the individuals will be comparable on tasks tapping cognitive and 

behavioral functions related to other brain regions: Motor functioning, vi suo spatial 

processing, language, and intelligence. 

The group comprised of adult asthmatics with prescribed corticosteroids will be 

subdivided for additional analyses: (1) those with continuing prescriptions for 

corticosteroid medication(s) and (2) those who have not received a corticosteroid 
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prescription within the past year or more. This second analysis was included to measure 

the reversibility of cognitive effects related to corticosteroid use. 
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METHOD 

Participants 

Thirty-eight children ages 9 to 10 years were recruited from a physician at a 

private hospital in California. Sixty adults, ages 18 to 20 years were recruited from 

University of Arizona undergraduate psychology courses. Age-appropriate, informed 

consent was obtained from each participant, and an additional informed consent was 

obtained from each child's parent. 

Table 1 
_:W'-XM,'_',N>- "'~~/~"/~»»»"/"""''''''~''>''h',W''''''''''',W.0 __ M"/h»"/'_· _»>~._#//h:"· ,.".&=_,~~,./ ... >·~,.,.,.,_,..,..,.-"-'w""",. ___ w,,>,~· _ 

Kids Adults Adults-A Kids-C Adults-C 
Total N 20 19 20 18 21 
Age M (in years) 9.50 18.84 19.05 9.50 18.71 
Sex n Males 9 11 8 9 9 

n Females 11 8 12 9 12 
Education M(in years) 4.00 13.16 13.50 4.00 13.19 
Ethnicity n Caucasian 20 15 16 18 17 

n African American 0 0 1 0 0 
n Hispanic 0 2 2 0 3 

n Asian 0 2 1 0 1 
~. ~~~//"'//'-W'""«""'"""""'W''''>_'''''''''''''''''''''''''«W'''_'''''>_''''''''''''/.~m_. _' < __ ,YU/. __ """",',«,,,< 

<_~_~ __ »""'«<_. _. __ :<~~. __ .• _. ____ ,_'*"""w, 

Table 1 provides a summary description of relevant demographic variables for 

each group. Participants were assigned to one of five groups on the basis of their age and 

asthma history: Group Kids was comprised of 20 non-asthmatic children; Group Kids-C 

was comprised of 18 asthmatic children currently receiving a prescription for 

corticosteroid medication; Group Adults was comprised of 19 non-asthmatic adults; 

Group Adults-A was comprised of 20 asthmatic adults who had never received a 

prescription for corticosteroid medication; and Group Adults-C was comprised of 21 

asthmatic adults who either had received or were currently receiving a prescription for 

corticosteroid medication. All participants with asthma were diagnosed on or before the 
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age of7 years. All participants in this study were right-handed, native English speakers. 

No participants reported receiving prescriptions for any psychotropic medication. 

Procedures 

Each participant completed a series of questionnaires and neuropsychological 

tests in a single session. The battery oftests and questionnaires (not including the 

personality questionnaire at the end ofthe experiment) took about 1.5 to 2.0 hours for 

each individual. 

Questionnaires 

Each participant filled out a series of questionnaires regarding (a) basic 

demographic information and (b) asthma history (see Appendix A), (c) computer 

experience (see Appendix B), and (d) prescription drug use (see Appendix C). The adult 

participants also filled out questionnaires regarding ( e) self-reported spatial ability (see 

Appendices D and E; Liu, Gauthier, & Gauthier, 1996). 

Each participant also completed a standardized self-report questionnaire designed 

to elicit information regarding general personality and psychological distress. To gather 

this information, adult participants completed the Minnesota Multiphasic Personality 

Inventory- Second Edition (Hathaway et aI., 1989) and the children participants 

completed the Trauma Symptom Checklist for Children (Briere, 1996). Each participant 

completed the personality questionnaire at the end of the neuropsychological testing 

phase. The data from these questionnaires were not included in the present analyses. 
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Neuropsychological Tests 

Each participant was administered a series of standardized neuropsychological 

tests designed to test a variety of cognitive and behavioral functions. These tests are 

detailed below in alphabetical order. 

Auditory Consonant Trigrams. Auditory Consonant Trigrams (Brown, 1958; 

Peterson & Peterson, 1959) was included to obtain a measure of short-term auditory 

working memory (Milner, 1970, 1971; Samuels, Butters, & Fedio, 1972) as well as other 

aspects of executive functioning, such as divided attention and information processing 

(Fleming, Goldberg, Gold, & Weinberger, 1995; Marie, Riouz, Eustache, & Travere, 

1995; Stuss, Stethem, Hugenboltz, & Richard, 1989; Stuss, Stethem, & Poirer, 1987). 

In this task the participant was given a consonant trigram followed immediately 

by a random number. The participant was then asked to count out loud backwards by 

threes (adults) or ones (children) for interval time-delays (9-, 18-, and 36-seconds for 

adults; 3-, 9-, and 18-seconds for children) used at random. The participant was then 

asked to recall the consonant trigram. Scores ranged from ° to 15 for each delay interval, 

with one point awarded for each correctly recalled consonant. To make comparisons 

across the groups, scores for each participant were converted into?; scores4 derived from 

4 To make comparisons across groups, a raw score can be standardized, that is converted in a ~ score. A ~ 
score relates the difference between an individual score and the group sample mean (X - M) to the standard 
deviation for the reference group: ~ = X - M / SD. A negative ~ score indicates that the raw score lies 
below the mean for the reference group, a positive ~ score represents higher performance than the mean for 
the group, and a ~ score of zero indicates that the raw score is equal to the mean of the reference group. The 
standardization of raw scores allows comparison of the relative standing of individuals across different tests 
in spite of the differences in the measurement scales or the means and standard deviations for these tests. A 
standardized distribution of ~ scores has a mean of 0 and a standard deviation of 1 because the mean is 
subtracted from each score and the result is divided by the standard deviation. It preserves the same shape 
as the distribution of the raw scores from which it was derived. Therefore, differences in standard scores 
are proportional to the differences in the corresponding raw scores. 



a sample split by age (Stuss, Stethem, & Pelchat, 1988 for adults; Paniak, Millar, 

Murphy, & Keizer, 1997 for children as cited in Spreen & Strauss, 1998). 
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Research has suggested that this task is particularly sensitive to frontal lobe 

deficits (Parkin, Leng, Tanhope, & Smith, 1998; Stuss et aI., 1982), but there is still some 

controversy regarding this interpretation (see e.g., DeLuca & Diamond, 1995; Kopelman 

& Stanhope, 1997). In addition, individuals with memory impairment associated with left 

temporal damage perform poorly on this task (Giovagnoli & Avanzini, 1996; Milner 

1970, 1971), but in the absence of a significant verbal memory deficit, poor performance 

on this task is more typically associated with frontal lobe dysfunction or lesions (Stuss et 

aI., 1982). 

Boston Naming Test. The Boston Naming Test was used to measure expressive 

language or naming skills (Kaplan, Goodglass, & Weintraub, 1983). In this task, the 

participant was presented with a series of 60 line-drawing objects and asked to name each 

item. The objects ranged from simple-to-identify high-frequency words (bed) to difficult

to-identify low-frequency words (abacus). If the participant did not name the object, a 

stimulus cue was given. If the participant still could not name the object after 20-seconds, 

a phonemic cue was then given. The score was the number of objects (0-60) correctly 

named either spontaneously or with the stimulus cue only. To make comparisons across 

the groups, scores for each participant were converted into ~scores derived from a 

sample split by age (Tombaugh, Kozak, & Rees, 1996 for adults and Halperin, Healy, 

Zeitschick, Ludman, & Weinstein, 1989 for children; as cited in Spreen & Strauss, 1998). 
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This test is sensitive to individuals with temporal deficiencies, such as those 

diagnosed with Alzheimer's disease, temporal strokes, and Parkinson's disease (Beatty & 

Monson, 1989; Cahn et a1., 1996; Knopman et aI, 1984; Lezak, 1995). There also is a 

general consensus regarding access to the lexical and semantic network as the leading 

mechanism of naming difficulty in normal, uncomplicated aging (Bowles & Poon, 1985; 

LaBarge, Edwards, & Knesevich, 1986; Nicholas, abler, Au, & Albert, 1995). 

California Verbal Learning Test. The California Verbal Learning Test (CVL T; 

Delis, Kramer, Kaplan, & Ober, 1987) for adults or the CVLT-Children (CVLT-C; Delis, 

Kramer, Kapla, & Ober, 1994) was included as a measure of verbally mediated, episodic 

learning and memory (Spreen & Strauss, 1998). In this task the participant read a list of 

words (16 for adults, 15 for children) that could be separated into semantic categories (4 

for adults, 3 for children). The participant then freely recalled as many words from that 

list as possible. This process was repeated for 5 trials with the same list. A distractor, or 

interference, list of words was then presented followed again by participant free recall of 

the new list. Then, the participant was asked to freely recall as many words from the first 

list as possible. The participant was then given the category/semantic-cues of the first list 

and asked to recall as many from each category as possible. After a 20-minute delay, the 

participant underwent a second free- and cued-recall ofthe first list. Finally, the 

participant had a recognition trial of the first list using a yes/no paradigm. To make 

comparisons across the groups, several scores were taken from each participant and 

converted into ~scores derived from a sample split by age (Delis et a1., 1987 for adults, 

Delis et a1., 1994 for children). 
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Performance on this test is related to left hippocampal activation (e.g., Johnson, 

Saykin, Flashman, McAllister, & Sparling, 2001). In addition, performance on this test 

appears to be more sensitive to left hippocampal dysfunction and verbal episodic memory 

impairment than performance on other memory tests (Crossen, Sartor, Jenny III, Nabors, 

& Moberg, 1993; Hermann et aI., 1996; Randolph et aI., 1994). For example, CVLT 

performances of patients with left temporal lobe seizures differ from those of patients 

with seizures associated with right temporal lobe dysfunction and from healthy 

individuals. Left temporal damage results in fewer words recalled, less semantic 

clustering, and poorer retrieval but intact recognition performance (Herman, Wyler, 

Richey, & Rea, 1987). 

Computer Generated Arena Procedure. The Computer Generated Arena (CG 

Arena) is a place-learning task that measures map-based spatial navigation in humans 

(Jacobs, Laurance, & Thomas, 1997) and is analogous to the Morris Water Maze used in 

the animal literature (Morris, 1981). In this task, the participant views a first-person 

perspective of an arena within a large square room displayed on a computer monitor. 

Using a joystick to manipulate the display, the task is to locate and relocate a target on 

the arena floor. 

Jacobs et aI. (1997) demonstrated that people use proximate stimuli to relocate a 

visible target (cue-based navigation) and relations among distal stimuli to relocate an 

invisible target (map-based navigation) in CG space. Map-based navigation is unaffected 

by the removal of large sets of distal cues but is disrupted by changes in topographical 

relations among those same distal cues (Jacobs, Thomas, Laurance, & Nadel, 1998). 
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Thomas, Hsu, Laurance, Nadel, and Jacobs (2001) further demonstrated that people 

directly relocate an invisible target after watching another search for and relocate that 

target (observational learning), less directly relocate that target after viewing the 

environment from the target location along (placement learning), and do not relocate the 

target more quickly than controls after exploring the CG environment (latent learning). 

Studies with the CG Arena have also been extended to both older adults and 

children. Laurance et ai. (2002) showed that people 62-87 years of age easily locate a 

visible target (cue-based navigation) but have difficulty locating an invisible target (map

based navigation) in CG Space (see also Thomas, Laurance, Luczak, & Jacobs, 1999). 

Laurance, Learmonth, Nadel, and Jacobs (2003) demonstrated that children 3-10 years of 

age easily locate a visible target but only children 9-10 years of age can locate an 

invisible target in CG Space. 

Thomas et ai. (2001) used functional magnetic resonance imaging to show that 

the hippocampal formation is active during observational learning. Thomas (2003) also 

showed that surgically placed lesions to right, but not left hippocampal formation in 

humans disrupts map- but not cue-based navigation in CG space (see also Hsu, Nadel, 

Ryan, Thomas, & Jacobs, 2000). And finally, Laurance et ai. (2002) obtained a 

correlation of r2 = 0.78 between measures of map-based navigation in the physical-world 

task and CG space. 

In sum, these studies conducted by Jacobs and colleagues (for a review see e.g., 

Nadel et aI., 1998) have shown that when people efficiently relocate the target, they have 

acquired representations of distal cues and the spatial relations among them, used those 
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representations to form a cognitive map of the CG space, and used the map to relocate 

specific places within the space. An acquisition curve that describes the latency to 

relocate the invisible target over trials provides the basis for measures reflecting 

individual differences in map-based navigation. These studies are consistent with 

O'Keefe and Nadel's (1978) model of cognitive mapping and the results of studies 

investigating spatial navigation using animals as experimental subjects (e.g., Brandeis et 

aI., 1989). Hence, spatial navigation in the CG Arena corresponds to predictions derived 

from Cognitive Map Theory. 

The CG Arena procedure was comprised of several separate measures 

administered in the following order: CG Arena task, Object Recognition Task, Arena 

Reconstitution Task, and Arena Questionnaire. 

In the CG Arena task, the participant underwent 2 cue-based (visible target) 

navigation trials, 6 map-based (invisible target) navigation trials, and 1 location probe (no 

target) trial. In the cue-based navigation trials, the participant's task was to locate and 

stand on a visible blue target. The location of the target changed on each trial (trial 1 in 

the center of the arena, trial 2 in the SE quadrant). These trials were designed to 

demonstrate whether participants (a) understood the instructions, (b) comprehended the 

computer display, (c) could effectively move within CG space, and more importantly, (d) 

could locate a target in the presence of proximate visual cues that are conspicuous, and 

that facilitate navigation to a particular area in space (Anooshian, 1988). In the map

based navigation trials, the participant's task was to search for, locate, and stand on an 

invisible target. The location of the target was always located in the NW quadrant on the 
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Figure 1. This is an aerial view of the CG experimental room depicting a round circular 
arena housed within a large square room. This is not the view from the perspective of the 
participant. For the sake of convenience, the walls were arbitrarily designated North, 
East, South, and West, and the arena was divided into four quadrants: NE, SE, SW, and 
NW. Participants were required to locate and stand on either a visible or invisible square 
blue target located on the arena floor. When the target was invisible, it was always 
located in the NW quadrant, as depicted in the picture. 
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arena floor. These trials were designed to measure map-based navigation, or place

learning, in the presence of distal visual cues, and relations among them, that are 

conspicuous, and that facilitate navigation to a particular area in space (O'Keefe & 

Nadel, 1978). In the location probe trial, the participant's task was to move to the space 

where he/she thought the invisible target was located. There was no target in this trial. 

This trial was designed to provide another, more strict, measure of place-learning by 

allowing assessment of where the participant believed the target to be located. Figure 1 

provides an aerial illustration of the walls, floor, distal icons, and target contained in the 

experimental room. 

The next two tasks in the CG Arena procedure were designed to obtain more 

information regarding visual memory: Object Recognition Task (aRT) and Arena 

Reconstitution Task (ART). In the aRT, each participant was presented with a sheet 

containing 20 icons. Eight of the icons represented walls and 12 of the icons represented 

cues. Four ofthe 8 icons representing walls were from the experimental room, devoid of 

any cues, and 6 of the 12 icons representing cues were from the experimental room. The 

remaining icons served as distractors. Each participant was instructed to choose the 4 

walls and 6 icons from the experimental room. One point was awarded for each correct 

choice and so scores ranged from 0-4 for walls and 0-6 for objects. 

In the ART, each participant was required to reconstitute the CG experimental 

room by appropriately placing icons representing the locations of the four walls of the 

room, the objects on those walls, and the target onto a sheet of paper. The ART thus 

measures how accurately participants (a) reconstitute the spatial relationships among 
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arena walls (a relational measure), (b) arrange the objects on those walls (a grouping 

measure), and (c) place the target in its appropriate location (a target placement measure). 

Each participant received a standardized array of flat icons representing each of 

the following: (a) the four distal walls ofthe experimental room, (b) the objects on those 

walls, and (c) the target. An 8.5 x 11 inch sheet of paper was placed on the desk with the 

outline of a circle drawn in the middle representing the arena wall. The outline of four 

small squares, one in each quadrant, was drawn within the circle. The participant was 

asked to arrange the icons to reconstitute the spatial relations observed among the walls 

of the experimental room, and the objects on the walls. The participant was then asked to 

place the target in one of the four small squares where he/she believed the invisible target 

to have been located. Three performance measures were taken: relational, grouping, and 

target placement. See Appendix F for the scoring rubric for each measure. 

The final task in the procedure is the Arena Questionnaire which was designed to 

collect explicit knowledge of target location and search strategies by asking: "Did you 

know the location of the target? How did you know where the target was? Briefly 

explain." 

Controlled Oral Word Association Test. The Controlled Oral Word Association 

Test was included to obtain a measure of verbal fluency (Benton & Hamsher, 1989; 

Spreen & Strauss, 1998). Performance on verbal fluency tasks relies on several processes 

viewed as aspects of executive functioning including (a) efficient organization of verbal 

retrieval and recall that involves working memory in keeping track of the words already 

used, (b) the ability to initiate and maintain word production set, (c) response inhibition 
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capacity, and (d) cognitive flexibility (Cauthen, 1978; Estes, 1974; Lafleche & Albert, 

1995; Martin & Fedio, 1983; Perlmuter, Tun, Sizer, McGlinchey, & Nathan, 1987; Parks 

et al., 1992). These processes are subserved by the frontotemporal region, particularly the 

left frontal area, as demonstrated in clinical and radiological studies (e.g., Benton, 1968; 

Bruyer & Tuyumbu, 1980; Elfgren, Ryding, & Passant, 1996; Miceli, Caltagirone, 

Gainotti, Masullo, & Silveri, 1981; Milner, 1964; Parks et al., 1988; Perret, 1974; Pujol et 

al., 1996; Ramier & Hecaen, 1970; Ruff, Allen, Farrow, Niemann, & Wylie, 1994). 

This task is a generative naming test in which the participant received a letter (f, 

a, s) or semantic cue (animals) from which to generate a rapid and continuous list of 

words for 60-seconds. The generated words could not be proper names or the same word 

with just different endings (e.g., fast, faster, fastest), and words should not be repeated. 

The participant received a point for each word given that did not violate the rules. To 

make comparisons across the group, scores for each participant were converted into ~ 

scores derived from a sample split by age (Tombaugh et al., 1996 for adults and Gaddes 

& Crockett, 1975 for children as cited in Spreen & Strauss, 1998). 

Several studies have documented prominent dorsolateral prefrontal activation 

during letter and/or semantic fluency (Cantor-Graae, Warkentin, Franzen, & Risberg, 

1993; Frith, Friston, Liddle, & Frackowiak, 1991). Others have shown deficits in letter 

fluency (Stuss et al., 1988) and semantic fluency (Green, 2000) due to lesions in the 

dorsolateral prefrontal area (see also, Crowe, 1992). Rosen (1980) suggested that poorer 

performances on letter cues as compared to semantic cues was due to differences in the 

hierarchical organization of the letters and animal names, in that retrieval by letter 



requires exploration of more category subsets than does retrieval by animal name (see 

Lezak, 1995). 
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Finger Tapping Test. The Finger Tapping Test was used to measure basic motor 

function and speed (Reitan, 1969). Using a special tapper, the participant was instructed 

to tap as rapidly as possible for 10-seconds using their index finger. The participant 

completed this task five times with the index finger on each hand. Brief rest periods were 

given after each trial and alternating hands were used to counteract any fatigue that might 

have occurred. The score was the number of taps per 10-second interval averaged across 

the 5 trials. This average score was taken for both the preferred and nonpreferred hand. 

To make comparisons across the groups, scores for each participant were converted into ~ 

scores derived from a sample split by age, sex, and preferred/nonpreferred hand 

(Bomstein, 1985 for adults and Finlayson & Reitan, 1976 for children; as cited in Spreen 

& Strauss, 1998). 

Impaired performance on this task appears to reflect dysfunction of the premotor 

and motor strip regions of the frontal lobes or abnormalities of sensory feedback 

secondary to parietal lobe dysfunction (Golden, 1978; Golden, Osmon, Moses, & Berg, 

1981 ). 

Ravens Standard Progressive Matrices. The Ravens Standard Progressive 

Matrices (Raven, 1938, 1996) was used to obtain a measure of abstract concept 

formation, problem solving, and inductive reasoning (Alderton & Larson, 1990; 

Carpenter, Just, & Shell, 1990). Successful performance on this task is also heavily 

dependent upon working memory (Lezak, 1995). 
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In this task the participant received the sequential presentation of a series of 60 

items contained within 5 sets of 12 items each. For each item, the participant was asked 

to choose between 6-8 answer responses. In set A, the items consisted of incomplete 

figures with six response alternatives to fill in the missing part. These items called for 

pattern matching and test visuospatial skills (Denes, Semenza, & Stoppa, 1978). In the 

subsequent sets, the task became one of pattern completion and visual reasoning. To 

succeed at the task, the participant needed to infer a rule relating to a collection of 

elements in the pattern and then use that rule to choose the correct next piece to insert in 

the pattern. The participant needed to conceptualize the spatial design and numerical 

relationships ranging from the concrete to the abstract. The items in each set became 

progressively more difficult, with the beginning items serving as a learning experience 

for later and more difficult items. Scores for the test ranged from 0 to 60 with one point 

awarded for each correct choice selection. To make comparisons across the groups, 

scores for each participant were converted to percentile scores derived from a sample 

split by age (Raven, 1996). 

Typically observed during this test is activation in the frontal and bilateral 

posterior regions (Haier, Seigel, & Nuechterlein, 1988; Risberg, Maximilian, & 

Prohovnik, 1977), with an emphasis on activation in dorsolateral prefrontal cortex (e.g., 

Prabhakaran, Smith, Desmond, & Glover, 1997). 

Rey-Osterrieth Complex Figure. The Rey-Osterrieth Complex Figure Test (Rey, 

1941; Osterrieth, 1944) was included as a measure of vi suo spatial constructional ability 

in the copy portion and vi suo spatially-mediated episodic memory at the delay interval 
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(Chervinsky, Mitrushina, & Staz, 1992; Chiulli, Haaland, LaRue, & Garry, 1995; Myers 

& Myers, 1995; Shorr, Delis, & Massman, 1992). 

In this task the participant was presented with a complex figure and told to copy 

the figure as accurately as possible onto a blank piece of paper. After a 30-minute delay 

interval and no prior warning, the participant was asked to draw the figure from memory 

onto another blank piece of paper. A copy score provided a measure of visual

constructional ability, and a delayed-recall score indicated the amount of spatial 

information retained over time. Scores ranged from 0 to 36 for each measure and were 

awarded for 18 elements ofthe figure on both accuracy and placement. To make 

comparisons across the groups, scores for each individual were converted into?; scores 

derived from a sample split by age (Kolb & Wishaw, 1990 as cited in Spreen & Strauss, 

1998). 

The degree of hippocampal atrophy as well as right-temporal dysfunction appears 

to be related to the amount recalled at the delay interval (e.g., Bigler et aI., 1996; Loring, 

Lee, Martin, & Meador, 1988). Interestingly some studies have shown that individuals 

suffering from psychological distress, such as combat veterans diagnosed with PTSD, 

perform more poorly than healthy adults on the delay trial but not the copy trial (Uddo, 

Vasterling, Brailey, & Sutker, 1993). 

Trail Making Test. The Trail Making Test - A (Army, 1944; Reitan, 1979) was 

used to measure graphomotor, visual scan and search speed, and eye-hand coordination 

(des Rosiers & Kavanagh, 1987; Fossum, Holmberg, & Reinvang, 1992). In this task the 

participant was presented with a paper with randomly arranged, encircled numbers. The 
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participant was asked to connect the numbers in correct numerical order with pencil

drawn lines. Trail Making Test - B (Army, 1944; Retian, 1979) was used to measure 

graphomotor, visual scan and search speed, as well as the more executive functions of 

cognitive set-shifting, sequencing, and cognitive flexibility (Lafleche & Albert, 1995; 

Green, 2000; Mitrushina, Boone, & D'Elia, 1999). In this task the participant was 

presented with a paper with randomly arranged encircled numbers and letters. The 

participant was asked to connect the number and letters in alternating order, with pencil

drawn lines. The score for both Trails A and B is the time in seconds required to 

complete the test. To compare across the groups, scores for each participant were 

converted into ~ scores derived from a sample split by age (Tombaugh, Rees, & 

McIntyre, 1984 for adults; Retian, 1971 for children; as cited in Spreen & Strauss, 1998). 

The Trail Making Test is a sensitive measure of executive functioning, 

documenting any difficulties in attention and concentration (Lezak, 1995; Mitrushina et 

aI., 1999). Although the interpretation is somewhat controversial (Anderson, Bigler, & 

Blatter, 1995; Retian & Wolfson, 1995), performance on this test appears to be sensitive 

to frontal lobe damage (Annlies, Pontius, & Yudowitz, 1980; D'Esposito, Alexander, & 

Fisher, 1996; Libon et aI., 1994; Lezak, 1983; Reitan, 1971). Studies using 

electrophysiological data suggest greater sensitivity ofthis test to the function of the 

anterior brain, including the frontal lobes, than to posterior brain function (Segalowitz, 

Unsal, & Dywan, 1992). 

Wechsler Intelligence Scales subtests. Various subtests of the Wechsler Adult 

Intelligence Scale - Third Edition (W AIS-III; Wechsler, 1997) or the Wechsler 
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Intelligence Scale for Children - Third Edition (WISC-III; Wechsler, 1991) were used in 

the present battery. The version used depended upon the age ofthe participant. All 

administration and scoring guidelines strictly followed the rules provided by the manual. 

For each subtest, individual's scores were converted into scaled scores so that 

comparisons could be made across the groups. 

The Block Design subtest was used to obtain a measure of visuosconstructive 

ability (Lezak, 1995; Kaufman & Lichtenberger, 1999). Successful performance on this 

test is dependent upon manual manipulation of the blocks (Schear & Sato, 1989) and 

problem solving based on information from visual stimuli (Green, 2000). In this task the 

participant was asked to replicate two-dimensional patterns using different colored cubes 

with three different patterned sides (solid red, solid white, or half-red and half-white). 

The participant had a set time limit to complete each design, with the designs becoming 

progressively more difficult across trials. Scores for the trials were awarded according to 

accuracy and speed of completion. Scores ranged from 0 to 68 points for adults and 0 to 

69 points for children. Performance on this task appears to be dependent upon posterior 

brain regions particularly in the right parietal lobe (Black & Strub, 1976; Chase et aI., 

1984; Warrington, James, & Maciejewski, 1986). Patients with frontal lobe lesions may 

also commit errors characterized by an impulsive, disorganized approach to configuring 

the design, and typically work on different parts of the design in an unsystematic fashion 

(Johanson, Gustafson, & Risberg, 1986). These patients may also exhibit perseverative 

responding and cognitive inflexibility, for example, repeating an error that does not 

advance construction of the design (Green, 2000). 
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The Digit Span - Forward subtest was included to obtain a measure of simple 

auditory working memory or immediate verbal recall (Lezak, 1995; Spreen & Strauss, 

1998). In this task the participant was asked to repeat increasingly longer series of 

numbers. The Digit Span - Backward subtest was i"ncluded to obtain a measure of 

auditory working memory and divided attention (i.e., monitoring more than one source of 

information at a time; Lezak, 1995). In this task the participant was asked to repeat an 

increasingly longer number of series in reverse order of their initial presentation. Scores 

ranged from 0 to 30 (16 for forward and 14 for backward) for children and adults and 

reflect the number of correct repetition trials. Tasks involving digit-repetition tend to be 

more vulnerable to left hemisphere involvement than to either right hemisphere or diffuse 

damage (Black; 1986; Newcombe, 1969). Studies using Digit Span, however, have 

shown mainly bilateral activation in prefrontal dorsal regions (Chase et aI., 1984), as well 

as individuals with frontal lobe lesions showing shorter reversed span scores (Canavan, 

Passingham, & Marsden, 1989; Scherer, Winn, & Baker, 1995). 

The Picture Arrangement subtest was included to obtain a measure of logical 

judgment and complex social reasoning (Lezak, 1995; Kaufinan & Lichtenberger, 1999). 

In this task the participant was presented with sets of pictures in a standardized, random 

order. The pictures depicted scenes of human activity. The participant was required to 

arrange the pictures to create a logical story within a set time limit. Scores ranged from 0 

to 22 for adults and 0 to 64 for children, with 2 points awarded for each correct 

arrangement, 1 point for each acceptable variation, and 0 points for incorrect 

arrangements. Right temporal lobe damage or lesions significant decreases performance 



on this task (Dodrill & Wilkus, 1976; Hom & Reitan, 1984; Meier & French, 1966; 

Piercy, 1964; Sivak et aI., 1981 Zillmer et aI., 1992). In addition, patients with frontal 

damage tend to shift the cards somewhat and then present this as their solution (McFie, 

1975; Walsh, 1987), thereby reflecting a tendency towards impulsivity. This emotional 

impulsivity appears to be linked to deficits to orbitofrontallesions (Mesulam, 2000). 
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The Vocabulary subtest was included to obtain a premorbid estimate of 

intelligence (Spreen & Strauss, 1998). In this subtest, the participant was asked to define 

a series of words. The words began at very common words and became progressively 

more difficult. The answer to each word was given a score from 0 to 2. A score of 0 

indicated an incorrect answer. A score of 1 indicated an answer that is incomplete. A 

score of2 indicated a complete and correct answer. Each participant was given a score 

from 0 to 66 for adults and 0 to 60 points for children. Studies have shown that 

performance on this test is related to activation in and around the left temporal lobe 

(Chase et aI., 1984) and is relatively insensitive to effects of brain damage (Lezak, 1995). 
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RESULTS 

Demographic Information 

Analyses were conducted to determine whether there were group differences 

among the means on various demographic variables. One-way ANOVAs detected no 

significant differences between the adult groups on age, .E (2, 59) < 1, P = 0.53, or 

between the children groups on age,.E (1,37) < 1, p = 1.00. Chi-square analyses did not 

detect significant differences among the groups in years of education, Pearson X2 (6, N = 

60) = 10.66, P = 0.10, sex, Pearson X2 (4, N = 98) = 3.92, P = 0.42, or ethnicity, Pearson 

X2 (4, N = 98) = 13.26, P = 0.35. 

Kruskal-Wallis tests detected no significant differences between the adult groups 

on amount of computer experience, X2 (2, N = 60) = 1.52, P = 0.47, gaming experience, X2 

(2, N = 60) = 4.62, P = 0.10, or joystick experience, X2 (2, N = 60) = 8.31, P = 0.16. 

Mann-Whitney U tests detected no significant differences between the children groups on 

amount of computer experience, ~ = 0.00, p = 1.0, gaming experience, ~ = -0.34, P = 0.72, 

or joystick experience, ~ = -0.16, P = 0.90. 

Finally, a Kruskal-Wallis analysis detected no significant between-group 

differences on either responses to the Functional Spatial Ability questionnaire, X2 (2, N = 

60) = 3.14, P = 0.21, or the Spatial Orientation Questionnaire, X2 (2, N = 60) = 1.32, P = 

0.52. 

Asthma Information 

Medications. Adult participants included in the Adults-A group reported never 

receiving a prescription for medications containing corticosteroids. The asthma 



medication these individuals have been prescribed or are currently prescribed included: 

albuterol (Proventil®, Ventolin®), metaproterenol (Alpuent®), and pirbuterol 

(Maxair®). These medications are all short-acting bronchodilators or Beta2 agonists. 
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All children in the Kids-C group reported current prescription of at least one 

glucocorticoid-based corticosteroid medication. Ten ofthe 21 participants included in the 

Adult-C group reported current prescription of glucocorticoid medications, while 11 of 

the 21 reported past prescriptions. Most individuals in the Kids-C and Adults-C groups 

had also been prescribed or are still currently prescribed non-corticosteroid asthma 

medications. The asthma with glucocorticoid medications included: Fluticasone 

propionate (Flovent®), Prednisone®, budesonide (Pulmicort®), beclomethasone 

dipropionate (Beclovent ®, Vanceril®), and triamcinolone (Azmacort®). These 

medications are all anti-inflammatory, glucocorticoid-based drugs in either aerosol or pill 

form. The length of time, the dosages, and the year of the glucocorticoid medications that 

individuals in these groups used were highly variable. Accurate data could not be 

ascertained because recollections of past medication usage were unclear. 

Asthma severity. To determine whether the asthmatic groups were similar in 

terms of severity of asthma, an asthma history questionnaire was administered. Pearson 

chi-analyses conducted found no significant differences between the three asthmatic 

groups on several variables: (a) the number emergency room visits in the last year, X2 (4, 

N = 59) = 2.24, Q = 0.69, (b) the total number oflifetime emergency room visits, X2 (6, N 

= 59) = 5.52, Q = 0.48, (c) whether or not fainting occurs during an asthma attack, X2 (2, 

N = 59) < 1, Q = 0.89, (d) whether the individual is afraid during an asthma attack, X2 (2, 
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N = 59) = 1.28,12 = 0.53, (e) whether the individual is used to asthma attacks, X2 (2, N = 

59) < 1,12 = 0.83, (t) the average number of daily attacks, X2 (2, N = 59) = 4.13, 12 = 0.13, 

(g) the average number of attacks per week, X2 (4, N = 59) = 23.71, 12 = 0.60, and (h) the 

rated severity of asthma, X2 (14, N = 59) = 8.98,12 = 0.83. 

A Note on Neuro12sychological Tests 

The following phrases describe performance within the range of z scores, 

percentile ranks and Standard Scores norms indicated in Table 2 below. 

Table 2 

Severely impaired 
Moderately impaired 

Borderline 
Low average 

Average 
High average 

Superior 

"C~$"~"""~""~'Y~~y superi or",~,",",W"W"W'W 

Score Percentile Rank 
-2.50 and below Below 0.6 
-2.00 to -2.49 0.7-1.9 
-1.33 to -1.99 2-8 
-0.66 to -1.32 9-24 
-0.65 to 0.65 25-74 
0.66 to 1.32 75-90 
1.33 to 1.99 91-97 

2.00 and above 98 and above 
~--

Auditory Consonant Trigrams 

-
Standard Score 

1-2 
3 

4-5 
6-7 

8-11 
12-13 
14-15 
16-19 

Table 3 presents the raw mean recall and standard deviations, and mean ~ scores 

for each group. The scores reflect the mean number of correctly recalled consonants 

following a distractor task lasting over three time delay intervals. The mean recall 

performance of participants in Group Kids and Adults was in the average to high average 

on this test, and in the average range for participants in Group Adults-A. In contrast, the 

mean recall performance of participants in Groups Kids-C and Adults-C was in the 

average range at the shortest delay interval and low average on the two longer delay 

intervals. 
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Kruskal-Wallis tests detected significant group differences in recall perfonnances 

at the first delay interval, X2 (4, N = 98) = 31.85, 12 = 0.000, the second delay interval, X2 

(4, N = 98) = 35.03, 12 = 0.000, and the third delay interval, X2 (4, N = 98) = 45.76, 12 = 

0.000. Post-hoc tests were conducted to evaluate pairwise differences among the five 

groups, controlling for Type I error across tests using the Holm's Bonferonni approach. 

The post-hoc tests detected significant differences in recall perfonnance at all three delay 

intervals between the following: Groups Kids-C and Adults-C were different than Groups 

Kids and Adults, and Group Adults-A was different from the other four groups. These 

differences imply that healthy children and adults had the highest recall perfonnance at 

all three delay intervals, and children and adults receiving prescription corticosteroids had 

the poorest recall perfonnance. Perfonnance for asthmatic adults not receiving 

prescription corticosteroids fell between these two groupings. 

Separate Mann-Whitney U tests detected no significant difference in the recall 

perfonnance at any time delay of participants in the Adult-C group currently prescribed 

corticosteroid medication and those reporting a past prescription: first delay interval, ~ = -

1.97,12= 0.051, second delay interval, ~ = -1.67,12 = 0.10, and third delay interval, ~ = -

0.46,12= 0.65. 

Table 3 

. _ .. _~~£s.!.Q~~y!~!~!:Y-~ ____ ~ Se<::<?!1E_ Del~Y!!1.!~!:Y-~L_~._ .. .Ihi~~Q~!~!nte~~J ....... 
Raw Raw Mean Raw Raw Mean Raw Raw Mean 
Mean SD score Mean SD score Mean SD score 

Kids 12.10 1.68 0.72 8.05 1.70 0.49 8.40 1.76 1.10 
Adults 13.53 1.47 0.67 12.68 1.86 0.47 12.63 2.29 1.18 

Adults-A 11.80 1.91 -0.10 10.60 2.64 -0.27 9.25 2.85 -0.07 
Kids-C 9.33 1.19 -0.33 4.78 1.11 -0.74 4.06 0.87 -0.80 

Adults-C 11.52 1.78 -0.23 9.52 2.40 -0.65 8.05 2.87 -0.71 
"'''/_~~'''>'~'_''''''H''''_W __ '''''''~,'_H __ 
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Boston Naming Test 

Table 4 presents the raw mean total score and standard deviations, and mean ~ 

scores for each group. The scores reflect the mean number of correctly identified objects. 

The mean performance fell in the average to low average range for participants in all the 

groups. A Kruska1-Wallis test detected no significant group difference in naming 

performance on the BNT, X2 (4, N = 98) = 5.49, 12 = 0.24. This implies that all the 

participants were equally able to identify objects. 

A separate Mann-Whitney U test detected no significant difference in the 

performance of participants in the Adult-C group currently prescribed corticosteroid 

medication and those reporting a past prescription, ~ = -1.42, 12 = 0.17. 

~, __ ","Gr~~£_s ___ ",~~w ~~~n Raw SI2 _____ . __ ~e~3 _.,._. 
Kids 38.95 2.93 -0.74 

Adults 53.11 3.07 -0.78 
Adults-A 54.65 3.51 -0.32 
Kids-C 38.67 3.85 -0.82 

Adults-C 52.95 3.48 -0.83 "---,--,---- ----------------
California Verbal Learning Test 

Table 5 presents the raw mean and standard deviations, and mean ~ scores for 

each group. The mean verbal learning score (trials 1-5) fell in the average range for 

participants in all the groups. Mean delay recall scores were in the average to low average 

range for participants in Groups Kids, Adults, and Adults-A. In contrast, mean delayed 

recall scores for participants in Groups Kids-C and Adults-C fell mainly in the borderline 

to moderately impaired range. Mean performance on the recognition trial was in the 

average range for participants in all the groups. 
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Kruska1-Wallis tests detected no significant group difference on CVLT 

performance in initial verba11earning score (trials 1-5), "I: (4, N = 98) = 3.05, 12 = 0.55. 

However, the test did detect significant group differences for all of the delayed recall 

measures on the CVLT: short-delay free recall, X2 (4, N = 98) = 17.84,12 = 0.001, short 

delay cued recall, X2 (4, N = 98) = 9.46, 12 = 0.05, long delay free recall, X2 (4, N = 98) = 

16.22,12= 0.003, and long delay cued recall, X2 (4, N = 98) = 15.20,12 = 0.004. On the 

recognition trial following the long delay, the test detected no significant group 

difference in performance for the number of words correctly recognized, X2 (4, N = 98) = 

5.54,12= 0.24, nor for the number of false positive errors committed, X2 (4, N = 98) = 

1.96,12= 0.74. 

Post-hoc tests were conducted to evaluate pairwise differences among the five 

groups, controlling for Type I error across tests using the Holm's Bonferonni approach. 

The post-hoc tests detected no significant difference in delayed recall performances 

between Groups Kids-C and Adults-C; however, these two groups were significantly 

different from the other three groups for three to four of the delay recall measures. These 

differences imply that although all participants apparently learned the list initially, only 

the children and adults receiving prescription corticosteroids did not accurately recall 

words on the list after a 2- and 20-minute delay. Semantic cues also did not appear to 

assist individuals in these two groups in recall of the origina11ist. Nevertheless, all the 

participants were equally able to correctly identify the words during the recognition trial. 
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Table 5 
""""'#f//H/_""""' ~""",,,,"''''~''''''''''''''''' ,.-.... H._x .... ...,....".,"",.""_,..,.,,,,.,,,, 

Kids Adults Adults-A Kids-C Adults-C 
nN" ___ ~~_" __ ' _ _ _ 

""',,'''''''m''''''''~,.. " " "., ..... ~~~~~'''·_~~=''''''_Nk'.~_~'.~.'¥AW.''''''~_~~,_'',"~~~~_~'="'._ ... n"" ...... ~ ... ~~~,,~~,,~''', ~""N'N.~' __ ' ,··,_,·~~_~ ... ""~ __ '''~_,_~~_· ,,· · " 

Trials 1-5 Raw mean 45.80 61.63 60.85 45.61 59.14 
RawSD 9.47 7.73 6.47 4.68 9.43 

Mean T score 50.45 51.11 48.15 49.11 44.43 
Short Delay Raw mean 9.25 13.63 13.05 6.11 12.71 
Free Recall RawSD 3.88 1.92 2.40 3.03 2.26 

Meanz -0.05 0.11 -0.35 -1.22 -1.38 
Short Delay Raw mean 7.95 13.53 13.45 6.56 13.14 
Cued Recall RawSD 3.78 1.54 1.96 2.66 2.63 

Meanz -0.75 -0.53 -0.70 -1.33 -1.71 
Long Delay Raw mean 8.10 13.84 13.15 5.11 13.24 
Free Recall RawSD 4.35 1.74 2.11 3.72 2.53 

Meanz -0.60 -0.26 -0.85 -1.72 -2.19 
Long Delay Raw mean 8.30 13.84 13.60 5.78 13.76 
Cued Recall RawSD 3.51 1.80 1.73 3.37 2.14 

Mean~ -0.65 -0.42 -0.70 -1.67 -2.24 
Recognition Raw mean 12.20 15.58 15.20 12.22 15.00 

RawSD 2.29 0.84 1.06 2.18 2.61 
Meanz 0.40 0.53 1.00 0.39 0.67 

False Raw mean 2.65 0.11 0.25 2.61 0.24 
Positives RawSD 0.93 0.46 0.72 0.98 0.89 

Meanz 0.00 0.05 0.05 0.00 -0.10 

Separate Mann-Whitney U tests detected no significant differences in 

performance on the CVLT measures between individuals in the Adult-C group currently 

prescribed corticosteroid medication and those reporting a past prescription, initial 

learning (trials 1-5), ~ = -0.29, Q = 0.81; short delay free recall, ~ = -0.55, Q = 0.61, short 

delay cued recall, ~ = -1.25, Q = 0.22, long delay free recall, ~ = -0.50, Q = 0.65, long 

delay cued recall, ~ = -0.80, Q = 0.47, recognition, ~ = -1.06, Q = 0.39. 

CO Arena 

Figure 2 illustrates the mean time the participants in each group required to find 

the target across all trials in the CO Arena. 
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Figure 2. Mean latency to find the target in seconds across CO Arena trials. CN refers to the cue-based navigation (visible 
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Cue-based navigation trials. All participants found the visible target quickly and 

consistently on the two cue-based navigation trials (see left panel of Figure 2, cue-based 

navigation [CN] trials). A split-plot repeated measures ANOVA conducted on the mean 

time required by the participants in each group to find the visible target on these two 

trials confirmed this impression. The analysis detected no significant trial effect, .E(l, 93) 

< 1, Q = 0.86, or Trial x Group interaction, .E(4, 93) < 1, Q = 0.87. Similar analyses 

detected no significant difference in latency performance of individuals in the Adult-C 

group currently prescribed corticosteroid medication and those reporting a past 

prescription. 

MaQ-based navigation trials. The participants in Group Kids and Adults appeared 

to learn the location of the invisible target quickly and relocated the target consistently 

across the map-based navigation trials. Participants in Groups Kids-C and Adults-C did 

not consistently relocate the invisible target. And participants in Group Adults-A fell in 

between these two groupings (see right panel of Figure 2, map-based navigation [MN] 

trials ). 

A split-plot repeated measures ANOV A confirmed these impressions. The 

analysis detected a significant group effect, .E(4, 93) = 23.55, Q = 0.000, a significant 

trials effect, .E(5, 465) = 13.35, Q = 0.000, and a significant Group x Trials interaction, 

.E(5, 465) = 2.07, Q = 0.005. Post-hoc pairwise comparisons with a correction were then 

conducted to evaluate the group differences on mean latency during these six trials. 

Performance of participants in Groups Kids-C and Adults-C were not found to be 

different from each other; however, participants in these two groups were significantly 
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different from the performance of participants in the other three groups. Similar analyses 

detected no significant difference in performance of participants in the Adult-C group 

currently prescribed corticosteroid medication and those reporting a past prescription. 

Location probe trial. Table 6 presents mean and standard deviation scores for each 

group. The scores reflect the accuracy oftarget knowledge. It appears that participants in 

Group Kids and Adults more precisely indicated the target location than in the other 

groups. Participants in Groups Kids-C and Adults-C were the least accurate in identifying 

the target location and participants in Group Adults-A fell in between these two 

groupmgs. 

Table 6 
Mean 

Kids 3.30 
Adults 6.26 

Adults-A 23.25 
Kids-C 68.22 

Adults-C 47.71 

SD 
4.91 
8.36 

28.18 
30.74 
22.35 "M" __ ~"_< •• _~""_'."'_' ____ < __ _ 

An ANOV A conducted on the distance from the former location ofthe target and 

the location of the target indicated by the participants during the probe trial detected a 

significant group difference, E(4, 97) = 27.08, P = 0.000. Post-hoc pairwise comparisons 

with a correction were then conducted to evaluate the group differences on location probe 

precision. The post-hoc analysis demonstrated that the accuracy of participants in Group 

Kid-C was significantly different than the accuracy of participants all the other groups, 

and accuracy of participants in Group Adults-C was significantly different than the 

accuracy of participants in all groups except those in Adults-A. No other differences in 

accuracy for target location were detected. These differences imply that children 



receiving prescription corticosteroids were the least accurate in identifying the target's 

location, followed by adults receiving corticosteroids. Healthy children and adults were 

the most accurate in identifying the target's location. Similar analyses detected no 

significant difference in the accuracy scores of participants in the Adult-C group 

currently prescribed corticosteroid medication and those reporting a past prescription. 
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Arena questionnaire and search paths. Chi-square analyses conducted on the 

participants' responses to the Arena Questionnaire detected no significant differences 

among the groups on the question: Did you know where the target was? Pearson X2 (4, N 

= 98) = 2.16, 12 = 0.71. Seventeen of 20 (85%) of Kids, 17 of 19 (89%) of Adults, 19 of 

20 (95%) of Adults-A, 15 of 18 (83%) of Kids-C, and 17 of21 (81 %) of Adults-C 

reported that they knew the location of the invisible target. 

Two independent raters examined the search paths generated by each participant 

during the invisible-target trials. Each participant received a score of 1 if it appeared that 

he/she knew the location of the invisible target as evidenced by: (a) relocating the target 

consistently across trials, (b) the presence of direct search paths from the start to the 

target location across trials, and (c) the presence of a search path directly to and 

consistent with the previous location of the invisible target during the probe trial. A 

participant received a score of2 ifhe/she appeared not to know the location ofthe 

invisible target as evidenced by one or more of the following across most of the trials: (a) 

relocating the target inconsistently across trials, (b) the presence of indirect search paths 

from the start to the target location across trials, ( c) the presence of a search path away 

from and inconsistent with the previous location of the invisible target during the probe 



74 

trial, and/or (d) circular search paths that led to relocating the invisible target across trials. 

Rater agreement was perfect (kappa = 1). 

Chi-square analyses detected a significant relation between group and search path 

rating, Pearson X2 (4, N = 98) = 50.06, P = 0.000. Eighteen of 19 (95%) of Adults, 20 of 

20 (100%) of Kids, and 15 of20 (75%) of Adults-A appeared to know the location of the 

target; whereas only 7 of21 (33%) of Adults-C and 2 of 18 (11 %) of Kids-C appeared to 

know the location ofthe target. Thus, although the participants in Groups Kids-C and 

Adults-C reported knowing the location of the target, according to their search paths they 

did not. 

Two independent raters also scored participants' responses to the question: "How 

did you know where the target was?" Each rater attempted to determine the strategy a 

participant reported using to locate the target and assigned each answer to one of the 

following categories: (a) motor, (b) single distal cue, and (c) multiple distal cues. The 

interrater agreement was perfect, (kappa = 1.0). See Table 7 for a breakdown in reported 

distal cue use for each group. 

Table 7 

~~q1:!12~, 
Kids 

Adults 
Adults-A 
Kids-C 

Adults-C 

Mg!o,r ........... g~1l~m~1:!~ ... Jy!1:!!!~p!~~9ues .. . 
1 1 18 
1 0 18 
5 1 14 
8 
3 

3 
2 

7 
16 

Chi-square analyses of these data detected a significant relationship between 

group and strategy, Pearson X2 (8, N = 98) = 19.94, P = 0.01. Post-hoc pairwise 

comparisons detected a significant difference between the strategy of participants in 



Group Kids-C and participants in the other four groups. No other differences were 

detected. This difference implies that the children receiving prescription corticosteroids 

used fewer cues than participants in the other four groups did to locate the target in the 

arena. 
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Object Recognition Task. The number of correct wall and correct object icons 

each participant selected was totaled for analyses. The maximum score any participant 

could receive was 4 for the walls and 6 for the objects. A Kruskal-Wallis test was 

conducted to evaluate differences among the groups for scores on the ORT. The results 

detected no significant group difference on wall scores, X2 (4, N = 98) = 2.81, 12 = 0.59, or 

object scores, X2 (4, N = 98) = 8.21,12 = 0.08. Most participants correctly identified 3-4 

correct walls and 6-7 correct objects. Similar analyses detected no significant differences 

in the performance of participants in the Adult-C group currently prescribed 

corticosteroid medication and those reporting a past prescription. 

Arena Reconstitution Task. Scores were computed on each of the three 

components of the ART. Figure 3 illustrated the mean scores for all the groups on the 

three components of the ART. It appears that there is no real difference in mean scores of 

participants between the groups on the grouping measure; however on the other two 

measures (relational and target placement) there appears to be a difference in mean scores 

between participants in Groups Kids and Adults and participants in the other three 

groups. 

A Kruskal-Wallis test was conducted to evaluate whether there were differences 

in accuracy scores among participants in the five groups on the ART measures. The test 
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Figure 3. The mean scores for each group spent on the three ART measures: relational, 
grouping, and target placement. The maximum score for relational is 6, grouping is 7, and 
target placement is 3. 
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detected no significant group difference in scores on the grouping measure, X2 (4, N = 98) 

= 8.70, Q = 0.07, but detected a significant group differences in scores on the relational 

measure, X2 (4, N = 98) = 53.05, Q = 0.00, and on the target placement measure, X2 (4, N = 

98) = 35.60, Q = 0.00. Post-hoc testes were conducted to evaluate pairwise group 

differences on ART performance controlling for Type I error across tests using the 

Holm's Bonferonni approach. The post-hoc tests detected a significant difference 

between the accuracy scores of participants in Groups Kids and Adults and participants in 

the other three groups. A significant difference in accuracy scores was also found 

between participants in both Groups Kids-C and Adults-C, and Adults-A. These 

differences imply that children and adults not receiving prescription corticosteroids were 

more accurate than the children and adults receiving prescription corticosteroids in 

reconstructing the CG space and in the placement of the target within the space. Similar 

analyses detected no significant difference in the accuracy of ART scores of participants 

in the Adult-C group currently prescribed corticosteroid medication and those reporting a 

past prescription. 

Controlled Oral Word Association Test 

Table 8 presents the raw mean and standard deviations, and mean?, scores for 

each group. The scores reflect the mean number of words produced. Mean scores for 

letter cues (F AS) fell in the average range for participants in all the groups except those 

in Kids-C, who participants scored in the low average range. Mean scores for semantic 

cues (animals) fell in the average range for participants in all the groups. 
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Kruskal-Wallis tests detected a significant group difference in scores for letter 

cues, X2 (4, N = 98) = 18.89,.Q = 0.001, but no significant difference in scores for 

semantic cues, X2 (4, N = 98) < 1,.Q = 0.99. Post-hoc tests were conducted to evaluate 

pairwise differences on F AS among the five groups, controlling for Type I error across 

tests using the Holm's Bonferonni approach. The post-hoc tests detected a significant 

difference between participants in Group Kids-C and participants in the other four 

groups. No other significant differences were detected. Therefore, all the participants 

performed equally well on word fluency measures with letter and semantic cues with one 

exception. The children receiving prescription corticosteroids had significant difficulty 

with generating words in response to letter cues, but not semantic cues. 

Separate Mann-Whitney U detected a significant difference in the performance of 

participants in the Adult-C group currently prescribed corticosteroids and those reporting 

a past prescription was found for letter cues,?, = -3.00,.Q = 0.002, but not semantic cues, ?, 

= -0.89, .Q = 0.39. The mean z score for individuals with past prescription corticosteroids 

was 0.17 and -0.75 for individuals with the current prescriptions. Thus, like the children 

participants, the adults currently on corticosteroids scored in the low average range of 

performance; whereas the adults not currently taking corticosteroids scored in the average 

range like the participants in the other non-corticosteroid groups. 

Table 8 
~-... --. "'<"""..,--~""~~. ~--<"'''''''' 

FAS Total Animals 

~~~p"~ __ " __ ~~ .. M~.~!1 RawSD Meanz Raw Mean RawSD Meanz _.-
Kids 23.25 2.86 -0.21 15.35 4.02 0.36 

Adults 41.84 7.55 -0.26 23.53 4.27 0.30 
Adults-A 42.80 8.17 -0.17 23.25 4.38 0.25 
Kids-C 17.78 3.28 -0.96 15.11 3.85 0.30 

Adults-C 41.71 7.83 -0.27 23.71 5.25 0.34 
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Finger Tapping Test 

Table 9 presents the raw mean and standard deviations, and mean ~ scores for 

each group. The scores reflect the mean number of taps for each hand. Mean scores for 

both the dominant and non-dominant hand fell in the average range of performance for 

participants in all five groups. Kruskal-Wallis tests detected no significant group 

differences on performances on the FTT for either the dominant hand, X2 (4, N = 98) < 1, 

p = 0.92, nor the non-dominant hand, X2 (4, N = 98) = 1.23, P = 0.87. Therefore 

participants in all the groups appeared to perform equally well on this motor task. 

Separate Mann-Whitney U tests detected no significant difference in the tapping 

performance of participants in the Adult-C group between currently prescribed 

corticosteroid medication and those reporting a past prescription for either measure: 

dominant hand, ~ = -0.07, P = 0.97; non-dominant hand, ~ = -1.41, p = 0.17. 

--~~--~----------,--~--~ 
Dominant Hand 

Raw Mean Raw SD 
Non Dominant Hand 

Kids 
Adults 

Adults-A 
Kids-C 

Adults-C 

41.48 5.85 
49.18 8.30 
49.39 9.87 
36.72 4.93 
48.90 7.50 

Mean Raw Mean 
0.43 34.65 
0.47 44.23 
0.56 44.48 
0.54 33.90 
0.59 41.86 '---

Ravens Standard Progressive Matrices 

RawSD 
4.58 
6.38 
8.27 
4.38 
6.48 

Mean 
0.11 
0.11 
0.31 
-0.04 
-0.06 

Table 10 presents the raw mean and standard deviations, and mean percentiles for 

each group. The scores reflect the mean number of correct responses on the task for each 

group. Mean scores for participants in Groups Kids-C and Adults-C fell in the low 
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average range, while mean performance of participants in the other three groups fell in 

the average range. 

A Kruskal-Wallis test detected a significant group difference in performance on 

the Ravens, X2 (4, N = 98) = 15.43, Q = 0.004. Post-hoc tests were conducted to evaluate 

pairwise differences among the five groups, controlling for Type I error across tests using 

the Holm's Bonferonni approach. The post-hoc tests detected no significant differences in 

performance between participants in Group Kids-C and Adults-C, but did detect 

significant differences in performance between participants in these two groups and 

participants in the other three groups. These differences imply that adults and children 

receiving prescription corticosteroids had poorer performance on this task than non-

corticosteroid individuals. 

A separate Mann-Whitney U test detected no significant difference in the 

performance of participants in the Adult-C group currently prescribed corticosteroid 

medication and those reporting a past prescription, ~ = -1.18, Q = 0.28. 

Table 10 
'C_~_~"AV __ ' _ __ ~'~~A~~~~ ~ nNN" 

Kids 
Adults 

Adults-A 
Kids-C 

Adults-C 

Raw Mean 
27.60 
48.58 
46.45 
20.56 
41.29 

Rey-Osterrieth Complex Figure 

'~~~C'C~ ___ ' 

RawSD 
8.08 
5.12 
5.51 
6.69 
8.29 

Mean Percentile 
40.00 
44.21 
37.25 
21.39 
23.48 

Table 11 presents the raw mean and standard deviations, and mean ~ scores for 

the three adult groups. The scores reflect the mean accuracy of the figure drawn by the 

individual. Participants in Group Adults and Adults-A scored in the average range at both 
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intervals, whereas participants in Adults-C scored in the average range for at copy portion 

and low average at the delay. 

Kruskal-Wallis tests detected no significant group difference in accuracy on the 

RCFT for the copy portion, X2 (2, N = 60) < 1, Q = 0.65, but did detect a significant group 

difference for accuracy on the delay portion, X2 (2, N = 60) = 6.51, Q = 0.04. Post-hoc 

tests were conducted to evaluate pairwise differences at the delay among the three 

groups, controlling for Type I error across tests using the Holm's Bonferonni approach. 

The post-hoc tests detected a significant difference between the accuracy of participants 

in Group Adults-C and participants in the other two groups. Thus, although all the adults 

were equally able to initially reproduce the figure, only adults receiving prescription 

corticosteroids demonstrated difficulty in remembering details of the figure after a 30-

minute delay. 

Separate Mann-Whitney U tests detected no significant difference in the accuracy 

performance for the copy or delay portion, of participants in the Adult-C group between 

currently prescribed corticosteroid medication and those reporting a past prescription. 

Table 11 

_~C:.....;;~2Y ____ .. " ... " __ " .. " __ " ___ " ___ " __ >_. __ ,_..Q~~_" 
9!9~P~ >__ ~.~-..y ~_~~ . ~~-..y~D M~~t.ll~ Raw Mean Raw SI? . . ~~~_~ __ _ 
Adults 32.95 1.96 -0.47 23.74 5.68 0.87 

Adults-A 32.38 2.87 -0.63 22.90 3.74 0.57 
Adults-C 31.71 3.44 -0.65 18.43 7.14 -0.72 

------~_Q_,--.---------

Trail Making Test 

Table 12 presents the raw mean and standard deviations, and mean?; scores for 

each group. The scores reflect the mean time to complete the task. The mean score for 
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participants in all the groups fell in the average range for Trails A and B; however, 

participants in the three asthmatic groups scored somewhat lower than participants in the 

other groups on both tests. 

Kruskal-Wallis test detected no significant group differences in latency scores on 

Trails A, "l (2, N = 98) = 2.61,.Q = 0.63, or Trails B, ,.l (2, N = 98) = 3.70,.Q = 0.45. This 

implies that all the participants performed equally well on this task. 

Separate Mann-Whitney U tests detected no significant difference in the latency 

scores of participants in the Adult-C group currently prescribed corticosteroid medication 

and those reporting a past prescription for either Trails A, ?; = -0.49,.Q = 0.29, or Trails B, 

?; = -2.19,.Q = 0.29. 

Table 12 
."W"_~WH.~'Q"_~ffP_~ 

Trails A Trails B 
Raw Mean RawSD Mean RawSD RawSD Mean 

Kids 17.85 4.79 0.64 44.60 16.11 0.39 
Adults 20.05 6.13 0.64 44.63 13.02 0.34 

Adults-A 21.46 6.29 0.48 52.90 18.73 -0.20 
Kids-C 21.72 9.24 0.12 52.33 18.12 -0.09 

Adults-C 24.67 11.21 0.12 50.86 17.48 -0.07 
~"_'_' _,=_W«<Wh< 

Wechsler Intelligence Scales Subtests 

Block Design. Table 13 presents the raw mean and standard deviations, and mean 

scaled scores (SS) for the groups. The scores reflect the mean accuracy and speed of item 

completion. Mean scores of participants in Groups Kids-C and Adults-C fell in the lower 

end of the average range, whereas mean scores of participants in the other three groups 

fell in the high average range of performance. 

A Kruskal-Wallis test detected a significant group difference in performance on 

this task, X2 (4, N = 98) = 19.33,.Q = 0.001. Post-hoc tests were conducted to evaluate 
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pairwise differences among the groups, controlling for Type I error across tests using the 

Holm's Bonferonni approach. The post-hoc tests detected no significant difference 

between participants in Groups Kids-C and Adu1ts-C; however, participants in these two 

groups were significantly different from participants in the other three groups. These 

differences imply that only the children prescribed corticosteroids performed more poorly 

than all the other participants on this visuospatia1 task, scoring in the low end of the 

average range. 

Separate Mann-Whitney U tests detected a significant difference in performance 

of participants in the Adult-C group currently prescribed corticosteroid medication and 

those reporting a past prescription, ~ = -2.21, 12 = 0.03. The mean scaled score for the 

non-current prescription corticosteroid participants was 12.36 and 8.40 for the current 

prescription corticosteroid participants. Thus, like children, the adults currently 

prescribed corticosteroids scored in the lower end of the average range of performance; 

whereas the adults not currently prescribed corticosteroids scored in the high average 

range like the other non-corticosteroid participants. 

Table 13 
Raw Mean RawSD Mean SS 

Kids 40.80 8.19 12.25 
Adults 50.95 8.66 12.37 

Adu1ts-A 51.10 11.75 12.70 
Kids-C 29.00 10.26 8.94 

Adults-C 40.76 13.58 9.95 ___ m",_"" .. ",.;<",«= 

Digit SQan. Table 14 presents the raw mean and standard deviations, and mean ~ 

scores for the groups. The scores reflect the mean number of trials accurately completed. 

Mean scores for participants in all the groups fell in the average range on Digits Forward. 
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On Digits Backward, participants in Group Kids, Adults, and Adults-A scored in the 

upper end of the average range, whereas participants in Group Adults-C and Kids-C 

scored in the low end of the average range to low average, respectively. 

A Kruskal-Wallis test detected no significant group difference in performance on 

Digit Span Forward, X2 (4, N = 98) = 1.93,12 = 0.75, but did detect a significant difference 

in performance on Digit Span Backward, X2 (4, N = 98) = 23.41, 12 = 0.000. Post-hoc tests 

were conducted to evaluate pairwise differences on Backward among the groups, 

controlling for Type I error across tests using the Holm's Bonferonni approach. The post-

hoc tests detected no difference in performance of participants in Group Kids-C and 

Adults-C; however, participants in these two groups were significantly different from 

performance of participants in the other three groups. These differences imply that 

participants in all the groups demonstrated no difficulty with simple auditory working 

memory and only participants receiving prescription corticosteroids demonstrated 

difficulty on the task involving both short-term working memory and divided attention. 

Separate Mann-Whitney U tests detected no significant difference in the 

performance of participants in the Adult-C group currently prescribed corticosteroid 

medication and those reporting a past prescription for either Digit Span Forward, ~ = -

0.60, 12 = 0.61, or Digit Span Backward, ~ = -1.20, 12 = 0.25 

Table 14 
Forward Backward 

.> •••• '''''".''''''~.¥.... . " ,"'''''''wm~''~''~~=VM_·=''>.''.·''·''~'~'~'~>_·»»,~_.~m~~ _,_=,·,"."_",,,~,,._.~"_w~.~~~_"~~~~ .. 4~,,"v __ ,,,,¥~~_ 

Raw Mean Raw SD Mean Raw Mean Raw SD Mean 
Kids 5.80 0.77 0.12 4.35 0.75 0.57 

Adults 7.05 1.13 0.29 5.89 1.15 0.59 
Adults-A 6.70 1.13 0.03 5.75 1.16 0.49 
Kids-C 5.72 0.75 0.05 3.17 0.86 -0.67 

Adults-C 6.76 0.89 0.08 4.57 1.25 -0.52 ---, 
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Picture Arrangement. Table 16 presents the raw mean and standard deviations, 

and mean scaled scores for the groups. The scores reflect the mean accuracy and speed of 

picture re-arrangement performance. Mean performances for participants in all the groups 

fell in the average range. A Kruskal-Wallis test detected no significant group difference 

in performance, X2 (4, N = 98) = 3.93, I! = 0.42. It therefore appears that all participants 

performed equally well on this task. 

A separate Mann-Whitney U test detected no significant difference in 

performance of participants in the Adult-C group currently prescribed corticosteroid 

medication and those reporting a past prescription, .?; = -0.54, I! = 0.61. 

Table 15 

Kids 
Adults 

Adults-A 
Kids-C 

Adults-C 

Raw Mean 
26.30 
14.74 
14.75 
23.28 
13.38 

RawSD 
3.45 
2.73 
3.11 
6.92 
4.15 

Mean SS 
9.60 
9.63 
9.60 
8.56 
9.00 

Vocabulary. Table 15 presents the raw mean and standard deviations, and mean 

scaled scores for the groups. The scores reflect the mean accuracy of definitions 

provided. Mean performance of participants in all the groups fell in the average to high 

average range. A Kruskal-Wallis test detected no significant group difference in 

performance on the Vocabulary subtest, X2 (4, N == 98) < 1, Q = 0.97. It therefore appears 

that all participants performed equally well in defining terms. 
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A separate Mann-Whitney U test detected no significant difference in the 

performance of participants in the Adult-C group currently prescribed corticosteroids and 

those reporting a past prescription, ~ = -0.58, Q = 0.61. 

Table 16 
-----~~-----------~-----~--------~------
~~~El~~:t!p~~~.......~~~M~~~~~~.~.~~~.§Q.~" ... __ M~~n§.§~.". 

Kids 29.80 5.19 11.90 
Adults 44.79 7.96 12.21 

Adults-A 45.25 8.28 12.25 
Kids-C 30.11 5.13 12.00 

Adults-C 44.52 7.43 12.10 
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DISCUSSION 

The results of the present study indicate that children and adults receiving 

prescription corticosteroids have select deficits in perfonnance on tasks that depend on 

the hippocampus and dorsolateral prefrontal cortex. These individuals, compared to 

healthy individuals and asthmatics, demonstrated impaired perfonnances on tasks that 

assess episodic memory, cognitive mapping, and working memory. Additionally, 

perfonnance of those individuals in the prescription-corticosteroid groups fell, compared 

to nonnative samples, in the low average to moderately impaired ranges. The results also 

indicate that children and adults receiving prescription corticosteroids perfonn as well as 

healthy and asthmatic children and adults on tasks that do not depend on the 

hippocampus or dorsolateral prefrontal cortex. Scores for individuals in all groups 

typically fell in at the average range on such tasks. Hence, the data are consistent with 

both the first and second prediction that motivated this study. 

Group Similarities 

The participants in this study were equivalent on several demographic variables 

including age, sex, ethnicity, handedness, and computer experience. All participants were 

also similar on several cognitive and behavioral factors. One, there was no difference 

among the groups on basic motor function or motor speed: Perfonnances of individuals 

in all the groups fell in the average range for both the dominant and non-dominant hand 

on the Finger Tapping Test. This test is designed to measure functions ofthe premotor 

and motor strip regions. 
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Two, there was no detectable differences among the mean performance of the 

groups on graphomotor speed, visual scanning, and eye-hand coordination: Individuals in 

all groups performed in the average range on the Trail Making Test A. Three, no 

difference was found in the additional measures of cognitive set-shifting and sequencing: 

Individuals in all groups performed in the average range on the Trail Making Test B. 

These two tests were designed to assess various cognitive functions including those of the 

frontal lobe, but not specifically functions that are mediated by the dorsolateral PFC. 

Four, there was no difference in expressive language/confrontation naming: 

Participants in all groups performed in the average to low average range on the Boston 

Naming Test. This test is thought to measure functions related to the temporal lobes, but 

more specifically functions of lexical and semantic network areas. Five, there were no 

differences among the groups on a measure of verbal intelligence: Individuals in all the 

groups performed in the average range on the Vocabulary subtest of the W AIS/WISC. 

Six, there was some conflicting evidence regarding visuoconstructive ability. One 

measure showed no difference among the groups in a task that asked them to copy a 

complex design: Participants in all groups performed in the average range on the Rey

Osterrieth Complex Figure. In contrast, another measure showed differences among the 

groups on replication of patterns using blocks: While both children and adults receiving 

prescription corticosteroids performed in the average range on Block Design, participants 

in the other three groups performed in the high average range. These two tests are thought 

to tap functions of the frontal and parietal lobes. Individuals with frontal damage 

typically demonstrate errors on these tasks that are characterized by an impulsive, 
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disorganized approach. Yet this was not the case in the present results. Thus, differences 

exhibited on these tasks are most likely not due to ftontallobe impairments. A main 

difference between the two tasks is that Block Design scores are also dependent upon 

response-duration. The longer it takes to complete a response, the fewer points that are 

awarded. As mentioned before, participants in aU groups performed equally well on 

measures of hand motor speed and eye-hand coordination, which rules out that 

differences in this domain contributed to performance differences. 

The detected difference, then, may be related to visuo-spatial processing speed, 

which is mediated by functions of the parietal lobe. This area is yet another brain region 

that has been shown to be impacted by glucocorticoids (see e.g., Rothschild, Benes, & 

Hebben, 1989; Schutter, Van Honk, & Koppeschaar, 2002); however, this area is not in 

the focus of the present study. Thus, the differences exhibited here may not lie in 

visuoconstructive ability, but rather in the speed of vi suo spatial processing. Nevertheless, 

despite differences in performances, all participat;lts were able to perform in the average 

to high average range, thus demonstrating no real impairment in vi suo constructive 

ability. 

Seven, there were no differences among the groups in logical judgement and 

complex social reasoning: Participants in all groups performed in the average range on 

Picture Arrangement. This test is thought to assess right temporal areas due to its visual 

component, and frontal areas due to its logical-ju~gment component. However, deficits 

seen due to frontal damage have been associated with impulsivity of responses, a 

characteristic typical of individuals with damage to the orbitofrontal area. 
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Thus, individuals in all groups were similar both on a variety of demographic 

variables and a variety of cognitive abilities, which were not related to the hippocampus 

and/or dorsolateral prefrontal cortex (see Figure 4 for an illustration). Individuals in all 

groups were able to perform the motor-aspects of all tasks, were not impeded by 

difficulties with speech, basic verbal and visual processes, or visuoconstructive abilities. 

There were no detectable differences between participants on measures of intelligence 

and performance on logical-reasoning tasks, as well as on measures of impulsivity, set

shifting, sequencing, and organization of response. 

Finally, one important similarity was detected: Individuals in the asthmatics 

groups did not differ in the severity of their symptoms. Some have argued that the deficits 

seen in asthmatics on hippocampally-based tasks are due to the hypoxic effects that occur 

during asthma attacks. That is, while the body is briefly deprived of oxygen, the 

hippocampus is being damaged and this damage is possibly permanent. However, 

individuals in the groups reported no differences in the number of asthma attacks, the 

frequency of attacks, the number of emergency room visits due to attacks, occurrence of 

fainting during an attack, or the believed severity of their asthma. Thus, one can argue 

that any cognitive differences would be due to the one salient difference between the 

groups: the presence or absence of prescription corticosteroids. 
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Figure 4. The figure illustrates the mean z scores for each group on several neuropsychological 
tests. Group Kids and Adults are individuals with no history of asthma or prescription 
corticosteroid medication. Group Adults-A includes adults diagnosed with asthma by age 7 with 
no history corticosteroid medication. Group Kids-C and Adults-C includes individuals diagnosed 
with asthma by age 7, with a history of receiving prescription corticosteroids. FT-D = Finger 
Tapping Test for Dominant hand. FT-ND = Finger Tapping Test for Non-dominant hand. 
TrailsA = Trail Making Test A. TrailsB = Trail Making Test B. BNT = Boston Naming Test. 
Vocab = Vocabulary subtest of the WAIS-III/WISC. PA = the Picture Arrangement subtest of 
the WAIS-III/WISC. BD = the Block Design subtest of the WAIS-III/WISC. 
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Figure 5. The figure illustrates the mean z scores for each group on several tests. Group Kids 
and Adults are comprised of individuals with no history of asthma or prescription corticosteroid 
medication. Group Adults-A includes adults diagnosed with asthma by age 7 with no history 
corticosteroid medication. Group Kids-C and Adults-C includes individuals diagnosed with 
asthma by age 7, with a history of receiving prescription corticosteroids. Arena = the CG 
Arena's final map-based navigation trial. Probe = Location Probe Trial. ORT = Object 
Recognition Task. ART = Arena Reconstitution Task. CVLT = California Verbal Learning 
Test. SDF = Short Delay Free Recall on the CVLT. SDC = Short Delay Cued Recall on the 
CVLT. LDF = Long Delay Free Recall on the CVLT. LDC = Long Delay Cued Recall on the 
CVLT. Recog = Recognition Trial on the CVLT. ReyC = Rey-Osterrieth Complex Figure Test 
- Copy. ReyD = Rey-Osterrieth Complex Figure - Delayed Recall. 
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Figure 6. The figure illustrates the mean z scores for each group on several neuropsychological 
tests. Group Kids and Adults are individuals with no hist~ry of asthma or prescription 
corticosteroid medication. Group Adults-A includes adul,s diagnosed with asthma by age 7 with 
no history corticosteroid medication. Group Kids-C and A.dults-C includes individuals diagnosed 
with asthma by age 7, with a history of receiving prescription corticosteroids. FAS = letter cue 
portion of the Controlled Oral Word Association Test. ~s = the semantic cue portion of the 
COWAT. DigF = Digit Span Forward subtest of the WAlS-IIIIWISC. DigB = Digit Span 
Backward subtest of the WAIS-IIIIWISC. ACT = Auditol'y Consonant Trigram for the first (1), 
second (2), and third (3) time delay interval. Ravens = R&vens Standard Progressive Matrices. 



Group Differences 

In accordance with results from the animal and human literature, individuals 

receiving prescription corticosteroids performed more poorly on tasks of episodic 

memory, cognitive mapping, and working memory. Refer to Figures 5 and 6 for 

illustrations of these differences. 
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Episodic memory. On the CVLT, both children and adults receiving 

corticosteroids performed significantly worse than individuals in the other three groups 

on all recall tasks. Their performance fell in the borderline to moderately impaired ranges 

on measures of free and cued recall given at both short and long delay intervals. In 

contrast, individuals in the other three groups performed in the average to low average 

ranges. On the recognition task, participants were asked to determine which ofthe 

presented words they originally had learned. Individuals in all groups performed in the 

average range, and produced few errors. These findings are similar to the findings in the 

literature in that corticosteroids (1) impair episodic memory in tasks of free and cued 

recall, but (2) have no impact on recognition. Why this finding occurs is unclear since 

one would expect that all functions related the hippocampus would be impaired. 

However, one reason might be that, compared to free and cued recall, recognition is 

considered to be a relatively easy task, and therefore less likely to demonstrate deficits. 

On the Rey-Osterrieth Complex Figure, adults receiving corticosteroids again 

performed significantly worse than the other groups. Whereas the measure on the original 

copy was in the average range for individuals in all groups, the free recall of the figure 

after a long delay period was found to be in the low average range for adults in the 
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corticosteroid group. In contrast, participants not receiving corticosteroids performed in 

the average to high average range. Unfortunately no recognition trial was administered 

for this task; however, the results are again in accordance with the numerous findings in 

the literature that show that corticosteroids impair episodic memory. 

Cognitive mapping and spatial memory. The findings from the CG Arena 

procedure demonstrate that (a) all participants located a visible target (i.e., they are able 

to cue-learn), but (b) although healthy individuals learned to relocate an invisible target 

efficiently in space (i.e., they show the ability to place-learn), individuals receiving 

corticosteroids did not. Furthermore, the data demonstrate that (c) healthy individuals are 

fairly precise in their knowledge of the location ofthe target, while individuals on 

corticosteroids are not. Moreover, analysis ofthe search paths also showed that (d) while 

almost all healthy adults appeared to move directly towards the invisible target location 

from any starting point, almost all of the individuals receiving corticosteroids did not. 

Finally, (e) most participants reported to have used multiple distal cues to guide their 

search, whereas only half ofthe children receiving corticosteroids reported such a 

strategy. Taken together, these data indicate that healthy individuals learned, 

remembered, and navigated efficiently and repeatedly to a specific place in space (i.e., 

they were also able to retrieve the spatial information necessary to navigate to the learned 

place), but individuals receiving corticosteroids did not. This nicely fits the extensive 

body of findings in the animal literature, which show that glucocorticoids impair spatial 

performances in tasks like the Morris Water Maze. 
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Findings from the two recognition tasks indicate that individuals in all groups 

were able to successfully identify objects that were presented in the virtual environment. 

This is in accordance with findings reported here and in the literature that recognition 

memory is usually not affected by corticosteroid administration. 

However, data from the Arena Reconstitution Task were quite different. Healthy 

individuals mapped the environment fairly accurately, whereas the individuals receiving 

corticosteroids did not. Poor performance on the place-learning measure, then, might be 

explained by differences in acquisition of spatial information - individuals who received 

corticosteroids might not have acquired a map or might have acquired a courser map. 

These data are consistent with the idea that glucocorticoids disrupt hippocampal 

functioning resulting in an impaired ability to acquire a cognitive map of an environment, 

which leads to a disruption of spatial performance. 

Interestingly, it appears that adult asthmatics who are not on corticosteroids did 

not perform as efficiently as healthy individuals nor as poorly as individuals who are 

administered corticosteroids on place-learning trials, the location probe trial, and on the 

reconstitution task. It is unclear why this is the case and left for future studies to explore. 

Working Memory. On the Digit Span test there were no differences among the 

groups on the forward digit repetition: Participants in all groups performed in the average 

range of performance. However on the portion of the task requiring individuals to reverse 

the sequence of digits presented, participants receiving corticosteroids performed more 

poorly than individuals in the other groups. They performed in the low end of the average 

to low average range, whereas participants in the other groups performed in the upper end 
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of the average range. This test has been found to tap functions of the dorsolateral 

prefrontal cortex, and individuals with damage to this area typically show lower scores on 

the reversed sequencing. Thus, participants receiving corticosteroids should, and did, 

perform more poorly on the reversed portion of the auditory working memory task. 

Similar results were found on Auditory Consonant Trigrams, a more difficult 

working memory task. Individuals receiving corticosteroids had the poorest recall of 

consonants at each delay interval. They scored in the low end of the average to low 

average range. In contrast, healthy individuals scored in the upper end of the average to 

high average range. Interestingly, performance of the adult asthmatics fell in between 

these two groups. 

On a verbal fluency and working memory measure, there were mixed findings. 

Only children receiving corticosteroids performed more poorly than individuals in all 

other groups for letter cues in the Controlled Oral Word Association Test. They scored in 

the low average range, whereas individuals in all other groups performed in the average 

range. On the semantic cue version, individuals in all groups performed in the average 

range. The finding that participants who receive corticosteroids perform poorer on the 

test's letter-cued portion is in accordance with findings from previous research. One 

study documented this pattern of performance in individuals with lesions to the 

dorsolateral prefrontal area. Why the adults on corticosteroids did not show the same 

pattern is unclear. 

Finally, participants receiving corticosteroids performed more poorly than 

individuals in the other groups on an inductive reasoning task, which is highly dependent 
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upon working memory. They scored in the low average range on the Ravens Progressive 

Matrices, whereas individuals in the other groups performed in the average range. 

Long-term Effects of Glucocorticoids 

The third area explored in this study was whether long-term administration of 

corticosteroids would have a detrimental impact on the hippocampus and dorsolateral 

prefrontal cortex, even after cessation of drug administration. Analyses that compared 

those individuals ofthe adult asthmatic group that currently receive corticosteroids with 

those individuals of this group who have a history of prescription corticosteroids allowed 

some insight into this question. With the exception of two tests, all these comparisons 

showed that performances of individuals in these two groups were the same. Thus, 

despite the fact that they no longer receive prescription corticosteroids, individuals 

continued to show deficits in episodic memory, cognitive mapping, and working 

memory. 

The two exceptions to this pattern stem from the Block Design test and the 

Controlled Oral Word Association Test. On both ofthese measures the adults currently 

receiving corticosteroids performed as the children who receive corticosteroids, whereas 

the adults with a history but no current prescription of corticosteroids performed just as 

good as the healthy adults. Thus, current prescription of corticosteroids may mildly 

influence parietal function of vi suo spatial processing and working memory as assessed 

by a verbal fluency measure. 

But more importantly, the overall analyses suggest that the detrimental impact of 

corticosteroids on functioning of the hippocampal and dorsolateral prefrontal cortex may 
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be rather chronic than acute. This observation is in direct contrast to reports of cognitive 

perfonnance returning to nonnal as glucocorticoids return to baseline levels. However, it 

is in accordance with the literature that suggests more pennanent damage to the 

hippocampus, such as neuronal and volume loss. Unfortunately, accurate infonnation 

regarding dosages and length of glucocorticoid use was difficult to obtain especially with 

the adult group. Therefore, the data at this point do not allow insight into how much or 

how long of a period of exposure to corticosteroids is necessary before these pennanent 

deficits occur. In addition, more detailed infonnation could be ascertained through use of 

CT scans which document hippocampal and dorsolateral prefrontal cortex volumes, 

which was unfortunately not available to the present study. 
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SUMMARY AND CONCLUSIONS 

Despite some variation, the overall performance of children and adults receiving 

corticosteroids was usually at least one standard deviation below the other groups on all 

the tasks of episodic memory and cognitive mapping, and on several tasks of working 

memory. No differences were present between individuals in the groups on a variety of 

demographic and cognitive functions not related to hippocampal or dorsolateral 

prefrontal functioning. Thus, it is assumed that these select deficits are related to the 

presence of prescription corticosteroids. These documented deficits are in accordance 

with the growing body of animal and human research into the effects of excessive, 

chronic levels of glucocorticoids on brain functions. 

This study adds to the present research in several respects. One, it incorporates 

performances of both children and adults allowing comparisons at two developmental 

stages. It shows that overall performances are the same. Two, it employs an extensive 

battery of tests and in doing so, is able to rule out a wide variety of other factors that 

could account for deficits. Three, it adds to the animal data insofar it documents that it 

was deficits in the accuracy of cognitive maps that influenced the poor spatial 

performances found in mazes. Four, it documents continuing deficits in select cognitive 

functions following at least one year of termination of corticosteroid prescription. 

However, the question to what degree the effects of glucocorticoids are reversible is still 

up for debate. 

Limitations of the present project point to the need for future research in several 

areas. One, CT scans on individuals who have been receiving corticosteroids for varying 
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lengths of time would be highly beneficial and may shed more light on the debate 

concerned with the reversibility of neuronal damage. Two, the question of whether the 

continuing cognitive dysfunctions after cessation of prescription corticosteroids is related 

to introduction of these medications in early childhood or whether these negative effects 

will occur at any time with long-term use of corticosteroids needs to be explored. Three, 

more detailed work needs to be done to explore what doses and duration of corticosteroid 

administration are necessary for cognitive disruptions to occur. Four, cortisol measures 

should be taken on these individuals to relate cortisol level in a more direct manner to 

cognitive performance. Five, more research needs to be done on the puzzling findings 

that asthmatics who are not on corticosteroid medications perform not as well as healthy 

adults on some measures of cognitive mapping and working memory. 



APPENDIX A 

DEMOGRAPHICS AND ASTHMA HISTORY QUESTIONNAIRE 

1. Sex: MALE FEMALE 

2. Date of birth: Month/Day/Year: ___ ----.:1 ____ ---'1 ___ _ 

3. Ethnicity: ___ _ 

4. In what country were you born? -,-____ -,---,--_-,--__ 
If not the USA: how long have you lived in the United States? 
______ .years 

5. What is the main language you speak at home? ___ _ 

6. Was English your first language? YES NO 

7. What grade are you in now? ----------

8. What is your mother/female guardian's highest level of education? Circle One 
Primary School High Schooi/GED College Masters 
Ph.D. 

9. What is your father's/male guardian's highest level of education? Circle One 
Primary School High Schooi/GED College Masters 
Ph.D. 

10. What is your parent's income level? 
__ under 20,000/year 
__ 41,00060,000/year 
__ over 80,000/year 

21,000 - 40,000/year 
__ 60,000 - 80,000/year 

11. How many brothers and sisters do you have? 

12. Have you ever experienced a head injury (e.g., being hit on the head with an 
object and losing consciousness as a result)? YES NO 
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If YES: How many times? How old were you when this 
occurred? 

13. Do you now or have you ever had asthma? YES NO 

If no, stop. If yes, please fIll out the rest of the questionnaire: 
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14. When were you diagnosed with asthma? Month/Year I ---------

15. What asthma medications are you currently on? 

Name: -----------
Dosage: per ______ _ 
When were you prescribed this medication: month/year 
___ 1 ____ -
How many times each day do you take this medication: ______ _ 

Name: -----------
Dosage: per~ _____ _ 
When were you prescribed this medication: month/year 
__ ~/ ____ -
How many times each day do you take this medication: -------

16. What other asthma medication have you taken since you were diagnosed? 

Name: ------------
Dosage: per _______ _ 
When were you prescribed this medication: month/year 
__ ~/ ____ -
How many times each day did you take this medication: _______ _ 
When did you stop taking this medication? Month/year 
____ ~/ ____ -

Name: -----------
Dosage: per ______ _ 
When were you prescribed this medication: month/year 
___ 1 ____ -
How many times each day did you take this medication: ______ _ 
When did you stop taking this medication? Month/year 
____ --'1 ____ -

Name: ------------
Dosage: per _______ _ 
When were you prescribed this medication: month/year 
__ ~/ ____ -
How many times each day did you take this medication: -------
When did you stop taking this medication? Month/year 
____ ~/ ____ -
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17. How many trips to the Emergency Room because of your asthma have you had in 
the last year? 

a. 0 
b. 1 
c. 2-5 
d. 5-10 
e. more than 10, please give approximate number: ___ _ 

18. How many trips to the Emergency Room because of your asthma have you had in 
your lifetime? 

a. 0 
b. 1-10 
c. 11-20 
d. 21-30 
e. more than 30, please give approximate number: ____ _ 

19. When you have an asthma attack do you ever become dizzy or faint? YES NO 

20. Do you become afraid during an asthma attack? YES NO 

21. Do you feel that you are used to having asthma attacks? YES NO 

22. Have you ever had pneumonia? YES NO IF yes: what year(s)? 

23. Does anyone else in your family have asthma? YES NO IF yes: who? 

24. Do you have any other health problems (for example allergies)? YES NO 
a. IF yes: what? ----------
b. IF yes: does this other health problem make your asthma worse? 

25. How often do you have asthma attacks? 
____ daily and 
_____ weekly 

26. On a scale from 1 to 10 please rate the severity of your asthma: (circle one) 

1 
mild 

2 3 4 5 
moderate 

6 7 8 9 10 
severe 
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APPENDIXB 

COMPUTER EXPERIENCE SURVEY 

Age: __ _ 

Sex: 
---

Education (highest degree or grade completed): ___ _ 

1. How long have you been using computers? 
a. 0 
b. 1-5 years 
c. 5-10 years 
d. 10-20 years 
e. more than 20 years 

2. Do you use a computer at home? Yes No 
3. Do you use a computer at work? Yes No 
4. Do you use computers often? Yes No 

4.1 How many hours per week do you spend using a computer? 
a. 0-5 hrs 
b. 5-lOhrs 
c. 10-20 hrs 
d. 20-40 hrs 
e. 40 + hrs 

4.2 What programs do you usually use? How many hours per week? 
a. Word processing 0-5 5-10 10-20 20-40 40+ 
b. Programming 0-5 5-10 10-20 20-40 40+ 
c. Data entry/processing 0-5 5-10 10-20 20-40 40+ 
d. Graphic design/art 0-5 5-10 10-20 20-40 40+ 

-- 3-D Graphic design/art __ 0-5 5-10 10-20 20-40 40+ 
e. Web browsers 0-5 5-10 10-20 20-40 40+ 
f. E-mail 0-5 5-10 10-20 20-40 40+ 
g. Games 0-5 5-10 10-20 20-40 40+ 

5. Have you taken computer science, programming, or software courses? Yes No 

If yes, list the courses you have taken in the spaces provided: 
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Have you played or do you play computer/video games? Yes No 

If yes: 

6.1 What type? Joystick? How many hours per week? 

a. Action Yes No 0-5 5-10 10-20 20-40 40+ 
b. Adventure Yes No 0-5 5-10 10-20 20-40 40+ 
c. Arcade Yes No 0-5 5-10 10-20 20-40 40+ 
d. Role-playing Yes No 0-5 5-10 10-20 20-40 40+ 
e. Simulation Yes No 0-5 5-10 10-20 20-40 40+ 
f. Sports Yes No 0-5 5-10 10-20 20-40 40+ 
g. Strategy Yes No 0-5 5-10 10-20 20-40 40+ 
h. Card Games Yes No 0-5 5-10 10-20 20-40 40+ 
i. Board Games Yes No 0-5 5-10 10-20 20-40 40+ 

6. Have you gone to an arcade where there are Virtual Reality games or Simulators? 
Yes No 

If yes: 
7.1 How many times a month do you go? 

·a. Once 
b. 2-4 times 
c. 8-15 times 
d. more than 15 times 

7. Rate how you feel about each item or activity below using the following scale: 

I.Dislike greatly 2.Dislike somewhat 3.Neutral 4.Enjoy somewhat 5.Enjoy greatly 

Computers in general 1 2 3 4 5 
Computer games 1 2 3 4 5 
Computer programming 1 2 3 4 5 
Word processing 1 2 3 4 5 
Data processing 2 3 4 5 

8. What activity on the computer gives you the most difficulty? 



APPENDIXC 

PRESCRIPTION DRUG USE QUESTIONNAIRE 

Do you take any prescription medication for: (please circle) 
Pain or inflammation in your joints? Yes No Asthma? Yes 
Difficulty breathing? Yes No Feeling depressed? Yes 
Convulsions or seizures? Yes No Feeling hyper? Yes 
Difficulty paying attention? Yes No Feeling anxious? Yes 

Please list the name(s) of the medication you are taking. 

Do you take any of these medications: 
Adapin (doxepin) 
Alurate (aprobarbital) 
Anafranil ( clomipramine) 
Asendin (amoxapine) 
Atarax (hydroxyzine) 
Ativan (lorazepam) 
A ventyl (nortriptyline) 
Benadryl (diphenhydrdamine) 
Buspar (buspirone) 
Capres (clonidine) 
Centrax (prazepam) 
Cibalith (lithium carbonate) 
Cortone Acetate ( cortisone) 
Cylert (pemoline) 
Daypro (oxaprozin) 
Decadrone (dexamethasone) 
Depakene (valproic acid) 
Depakote (valproic acid) 
Desyrel (trazedone) 
Dexedrine ( dextroamphetamine) 
Dilantin (phenyotin) 
Effexor (venlafaxine) 
Elavil (amitriptyline) 
Eskalith (lithium carbonate) 
Halcyon (triazolam) 
Inderal (propranolol) 

(please circle) 
Janimine (imipramine) 
Klonopin (clonazepam) 
Librium ( chlordiazepoxide) 
Lithane (lithium carbonate) 
Lithobid (lithium carbonate) 
Loxitane (loxapine) 
Medrol (methylprednisolone) 
N orpramine (desipramine) 
Pamelor (nortriptyline) 
Paxil (paroxetine) 
Phenobarbital (phenobarbital) 
Pertofrane ( desipramine) 
Prednisone (prednisone) 
Prozac (fluoxetine) 
Restoril (temazepam) 
Ritalin (methylphenidate) 
Serax (oxazepam) 
Serzone (nefazodone) 
Sinequan (doxepin) 
Solfoton (phenobarbital) 
Tegretol (carbamazepine) 
Tofranil (imipramine) 
Valium (diazepam) 
Vistaril (hydroxyzine) 
Wellbutrin (bupropion) 
Xanax (alprazolam) 
Zoloft (sertraline) 
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No 
No 
No 
No 
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APPENDIXD 

FUNCTIONAL SPATIAL ABILITIES QUESTIONNAIRE 

Please answer these questions by circling 1, 2, or 3. 

YES (Y) NOT APPLICABLE (N/ A) NO(N) 
(1) (2) (3) 

Y N/A N 

1. I get lost in new or nonfamiliar environments when walking or driving. 1 2 3 

2. I require supervision when traveling to a new environment. 1 2 3 

3. I have difficulty following a map (e.g., subway map, city map). 1 2 3 

4. I am uncomfortable when traveling alone. 2 3 

5. I have difficulty remembering the destination when traveling. 1 2 3 

6. I have difficulty returning home after an outing (e.g., take longer than is 

required, get off at wrong bus/subway, make a wrong tum). 1 2 3 

7. My sense of direction has changed over time. 1 2 3 

8. I get lost in previously familiar environments (e.g., homes of 

relatives/friends, shopping center). 1 2 3 

9. I require supervision when traveling in the neighborhood. 1 2 3 

10. I get lost in the home. 1 2 3 

11. I am uncomfortable when I am alone at home. 1 2 3 

12. I place objects in inappropriate locations in the home (e.g., put kitchen item 

in the bathroom). 1 2 3 
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APPENDIXE 
SPATIAL ORIENTATION QUESTIONNAIRE 

Based on your recent experience (the last month or so), circle the number on the line that 
best describes your experience. 

1. Do you get lost in small familiar building (friend's house, comer store, etc.)? 
1 2 3 4 5 6 7 

Never Sometimes Every time 

2. When you go into a large building you have been in before (malls, office building, 
hospitals) do you get lost? 
1 2 3 4 5 6 7 
Never Sometimes Every time 

3. When you go into large buildings for the first time, do you get lost? 
1 2 3 4 5 6 7 
Never Sometimes Every time 

4. When you are in familiar parts of town (like you own neighborhood), do you feel lost? 
1 2 3 4 5 6 7 
Never Sometimes All the time 

5. When you are in unfamiliar parts of town, do you feel lost (or get lost)? 
1 2 3 4 5 6 7 
Never Sometimes All the time 

6. Do you get people to take you over a route before you will go that way yourself? 
1 2 3 4 5 6 7 
Never Sometimes Every time 

7. Do you stop and ask directions when you are on your way to someplace (or want to 
ask)? 
1 2 3 4 5 6 7 
Never Sometimes Every time 

8. Do you make up shortcuts and figure out new routes from one place to another? 
1 2 3 4 5 6 7 
Never Sometimes Every time 

9. Do you have trouble reading maps? 
1 2 3 4 5 6 7 
Never Sometimes Every time 



10. Do you forget where you put things? 
1 2 3 4 5 6 7 
Never Sometimes Every time 

11. Is it important to you that your clothes and food cupboards are arranged in a very 
specific way? 
1 2 3 4 5 6 7 
Not at all Somewhat Absolutely! 
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APPENDIXF 

ARENA RECONSTITUTION TASK: SCORING RUBRIC 

Relational: 
1.) Walls placed inside rectangles 
2.) Objects placed on walls 
3.) Arches opposite square textures 
4.) Door wall opposite windows wall 
5.) Door vertical 
6.) Door wall and square texture wall fonn NW comer 
7.) All 4 walls in correct configuration (ignore vertical door) 

TOTAL D (7 points) 
Target Placement: (Give 0 if target is not place<;l in a square) 
Target correct relative to square textures, large window, & door wall = 3 points 
Target left of door wall = 1 point 
Target right of large window wall = 1 point 
Target right of square textures wall = 1 point 

Grouping: 
1.) 3 windows anywhere on sheet 
2.) 2 window & door anywhere on sheet 
3.) 1 large window anywhere on sheet 
4.) 3 windows on gray wall (exact) 
5.) 2 window & door on gray wall (exact) 
6.) 1 large window on square textures wall (exact) 

TOTAL D (3 points) 

TOTAL D (6 points) 

SUM TOTArO (16 points) 
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