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Anderson, Deborah E., HIV-Associated dementia: cofactors as predictors of 

severity of neurocoenitive deficits. Doctor of Philosophy (Psychology), December 

1996, 79 pp., 3 tables, references, 74 titles. 

The objective of the present study was to evaluate the relationship between a 

set of cofactors and severity of cognitive impairment, to determine if there were any 

factors which significantly predicted more severe neurocognitive deficits in persons 

with AIDS. Twenty-four male volunteers recruited from community groups and 

physician referrals participated. Subjects completed several self-report 

questionnaires eliciting information regarding demographics and risk factor variables, 

in addition to a comprehensive battery of neuropsychological tests. A severity of 

cognitive impairment summary score was computed for each subject, reflecting both 

the number of impaired tests and their distance in the impaired direction from 

normative data. Neither CD4 count, number of months since diagnosis of AIDS, 

number of AIDS-related illnesses, number of recent stressors, history of head 

injury/LOC, history of substance use, current or past psychiatric disorder, history of 

learning disability nor history of other medical illness were found to be significantly 

related to severity of cognitive impairment in this sample, after controlling for the 

effects of age, level of education, estimated premorbid IQ and mood status. 

However, no reliable conclusions could be drawn from this study because the small 

sample size resulted in an unacceptably low level of statistical power for the desired 

regression analysis. Exploratory analyses of variance revealed no significant group 



differences for any of the covariate or cofactor variables when subjects falling at the 

low, middle, and high ranges of severity of impairment were compared, with the 

exception of a possible inverse relationship with CD4 count. This was consistent 

with an exploratory stepwise regression analysis in which only CD4 count entered 

the model. Some potential limitations of the operational definitions used for the 

variables in this study were identified, and modifications were suggested. The 

results of additional exploratory analyses comparing group differences between the 

"globally impaired" and "unimpaired" subjects (Maj et al., 1994 criteria) on both the 

covariate and cofactor variables, and neuropsychological test performance, were also 

discussed. 
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HIV-ASSOCIATED DEMENTIA: COFACTORS AS PREDICTORS 

OF SEVERITY OF NEUROCOGNITIVE DEFICITS 

Human Immunodeficiency Virus Type-1 (HIV-1) has been identified as one 

of three human retroviruses (McCutchan, 1990) and the causative agent of acquired 

immunodeficiency syndrome (AIDS) (Sarngadharan, Popovic, Bruch, Schupbach, & 

Gallo, 1984). Initial case reports of AIDS in 1981 described rare systemic 

opportunistic infections and neoplasms, secondary to virally induced 

immunosuppression. Two years later it had become evident that nervous system 

dysfunction was involved as well (Everall & Lantos, 1991). Since then there has 

been a growing body of literature documenting the presence of neurologic 

conditions, including cognitive and motor disturbances (e. g., Bornstein et al., 1993; 

Wilkie et al., 1992; van Gorp, Hinkin, Satz, Miller, Weisman et al., 1993). 

Recognition of these various conditions eventually led to a revision in the diagnostic 

criteria for AIDS in 1987 by the Center for Disease Control (CDC) to include the 

diagnosis of AIDS Dementia Complex as sufficient for a diagnosis of AIDS (CDC, 

1987). 

Human Immunodeficiency Virus-Type 1 

Structurally, the HIV-1 retrovirus has been found to consist of a rigid protein 

coat that encapsulates two single strands of ribonucleic acid (RNA) and a RNA-

dependent, deoxyribonucleic acid (DNA) polymerase (reverse transcriptase) 
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(Gel'berhorn, Hausmann, Ozel, Pauli & Koch, 1987). This RNA genome and its 

capsule contain all of the genetic information required for reproduction, regulation 

and integration of the virus into the host-cell genome (Haseltine & Wong-Staal, 

1988; Peterlin & Luciw, 1988). HIV-1 has been found to selectively affect cell-

mediated immunity, the branch of the immune system responsible for removal of 

viruses and other microorganisms that invade host-cells. Macrophages and CD4+ 

lymphocytes (T-helper), cells crucial for cell-mediated immunity, are both infected 

and destroyed by HIV-1. The number of CD4+ cells has been found to 

progressively decline over the course of HIV-1 infection, and eventually, cell-

mediated immunity can no longer ward off the neoplasms and opportunistic 

infections that characterize AIDS. In recognition of the clinical importance of the 

CD4+ lymphocyte count, the CDC once again expanded the diagnostic criteria for 

AIDS in 1992 to include a "CD4+ lymphocyte count of less than 200/mm3 or CD4+ 

percent of total lymphocytes less than 14 (if an absolute count is not available)" 

(CDC and Prevention, 1993). 

Neuropathologic findings in HIV-1 infection 

Reports of the percentage of AIDS patients found to have HIV-related 

neuropathy at autopsy have generally ranged from 70-80% but have been as high as 

95% (e. g., Budka et al., 1987; Moskowitz, Hensley, Chan, Gregorios & Conley, 

1984; Petito, Cho, Lemann, Navia & Price, 1986). Brain scan studies in HIV-1 

infected patients have revealed such abnormalities as cerebral atrophy and enlarged 

ventricles (MRI and CT imaging), foci of demyelination in the white matter (MRI 



and CT imaging), cortical and subcortical perfusion abnormalities (PET and SPECT 

imaging), and lesions in the corpus callosum and fornices (MRI imaging) (e. g., 

Broderick, Wippold, Clifford, Kido & Wilson, 1993; Kieburtz et al., 1990; Levy, 

Rosenbloom & Perrett, 1986; Post et al., 1988; Rosci et al., 1992; Rottenberg et al., 

1987; Woods et al., 1991). 

Studies have shown that HIV-1 enters the central nervous system (CNS) a 

few weeks after infection (Denning, Anderson, Rudge, & Smith, 1987; Ho et al., 

1985). There have been a number of speculations regarding mode of entry of HIV-1 

into the CNS, including via bone-marrow-derived HIV-infected macrophages and 

microglia (Trojan horse theory: Peluso, Haase, Stowring, Edwards, & Ventura, 

1985), activated T-cells, peripheral nerves, vascular endothelium or choroid plexus 

ceils (Harouse, Wroblewska, Laughlin, Schonwetter, & Gonzalez-Scarano, 1989; 

Wiley, Schrier, Nelson, Lampert, & Oldstone, 1986). In terms of direct effects, 

studies have found that HIV-1 primarily targets monocytes, macrophages, microglia 

and multinucleated giant cells in the CNS (Everall & Lantos, 1991). The neurotoxic 

action of HIV-1 has not yet been determined, but there have been a number of 

proposed mechanisms including cytokines, cofactors, alterations in brain metabolism, 

HIV gene products, and quinolinic acid (Everall & Lantos, 1991; Martin et al., 

1992). In recognition of the various HIV-1 induced brain lesions, a classification 

system of CNS disorders was established based on recent consensus reports (Budka 

et al., 1991). The list of disorders included: HIV encephalitis (multiple foci of 

inflammatory cells); HIV leukoencephalopathy (diffuse but symmetrical myelin loss 



in the cerebral cortex, possibly cerebellar white matter); vacuolar myelopathy 

(lesions in the spinal cord, primarily in the dorsolateral tracts); vacuolar 

leukoencephalopathy (multifocal or diffuse white matter damage); lymphocytic 

meningitis (lymphocyte infiltration into the leptomeninges, associated with the 

aseptic meningitis seen early in HIV-1 infection); diffuse poliodystrophy (diffuse 

microglial activation, reactive astrocytosis, gliosis and possible neuronal loss in grey 

matter of brain stem, basal ganglia and cerebral cortex nuclei); and, cerebral 

vasculitis (infiltration of lymphocytes and multinucleated giant cells into cerebral 

blood vessel walls, possible necrosis). 

Indirect neuropathologic changes have been identified secondary to the CNS 

infections which occur with significant frequency in HIV-1 infection. These include: 

viral infections (cytomegalovirus, herpes simplex, varicella-zoster, progressive 

multifocal leukoencephalopathy); fungal infections (cryptococcus, Candida); parasitic 

infections (toxoplasmosis); neoplasms; and, lymphomas. These infections have been 

associated with cortical, ventricular and subcortical lesions via such processes as 

inflammation, hemorrhage, necrosis and abscesses (Everall & Lantos, 1991). 

Infection with cytomegalovirus has also been argued to help the spread of HIV-1 

infection (Laurence, 1990; as cited in Everall & Lantos, 1991). 

Neuropsychological findings in HIV-1 infection 

There has been an abundance of literature directed towards characterizing the 

cognitive and motor changes associated with HIV-1 infection. Subject populations 

studied have covered the spectrum from HIV-1-positive asymptomatic patients to 



AIDS patients. In some patients, changes in cognitive functioning have been found 

prior to any other clinical signs of AIDS (Grant et al., 1987; Navia & Price, 1987). 

Although there has been no dispute in terms of presence of neuropathologic and 

cognitive/motor changes associated with HIV-1 infection, there has continued to be a 

lack of consensus regarding the definition of HIV-1 associated dementia, whether 

there exists more than one form of dementia, whether the deficits are static or 

progressive, and whether or not the deficits have any implication in terms of 

functional abilities (Ingraham, Bridge, Janssen, Stover, & Mirsky, 1990). One of the 

main problems in terms of reaching any consensus across study findings has been 

methodological differences (Ingraham et al., 1990). Studies have varied in terms of 

composition of the neuropsychological battery, choice of cutoff scores and 

definitions of impairment, study design (including making assumptions about 

longitudinal changes based on cross-sectional data), sample size, analytic technique 

and exclusion/inclusion criteria used for subject selection (Ingraham et al., 1990; 

Seines & Miller, 1992). A more limited number of studies have included functional 

imaging measures in an attempt to correlate cognitive performance with brain scan 

findings, but these studies also suffer from the above criticisms (e.g., Rosci et al., 

1992). To address the issue of differences in battery composition, the National 

Institutes of Mental Health (NIMH) Workshop on Neuropsychological Assessment 

Approaches (Butters et al., 1990) published recommendations for both a brief and 

extended neuropsychological battery for researchers in the field, with additional 

recommendations that a central data bank be established. 



The term "AIDS Dementia Complex " (ADC) was first coined by Navia et al. 

(1986a; as cited in van Gorp, Hinkin, Satz, Miller & D'Elia, 1993), after their 

research group had conducted one the earliest and largest studies of HIV-1 cognitive 

and neuropathologic changes. This term was only descriptive in nature, lacking any 

form of operational definition (van Gorp, Hinkin, Satz, Miller & D'Elia, 1993). The 

terms HIV encephalopathy and subacute encephalitis have also been used to refer to 

the clinical syndrome of dementia in HIV-1 infection, but these terms have 

incorrectly assumed a correlation between clinical and pathological findings (Everall 

& Lantos, 1991). It has also been argued that the 1987 definition of ADC/HIV 

encephalopathy given by the CDC in their revision of AIDS diagnostic criteria was 

lacking in specificity (van Gorp, Hinkin, Satz, Miller & D'Elia, 1993). In response 

to the lack of specific diagnostic criteria and terminology, the Working Group of the 

American Academy of Neurology AIDS Task Force (1991) more recently proposed 

a set of nomenclature and research definitions. Two main complexes were 

identified: 1) HIV-1-associated minor cognitive/motor disorder; and, 2) HIV-1-

associated dementia complex or HIV-1-associated myelopathy. The degree of 

impairment in activities of daily living differentiates these levels of diagnosis. 

Purpose of the study 

The majority of neuropsychological studies attempting to characterize HIV-1 

associated cognitive and motor changes have used stringent exclusion criteria in 

choosing their samples, such as exclusion based on history of illicit drug use, head 

injury, migraine headaches, etc. (e. g., Bornstein et al., 1993; van Gorp et al., 1992). 



A number of authors have recommended studying the potential effects of such risk 

factors on neuropsychological performance and to determine what factors may place 

one at risk for developing HIV-dementia (Ingraham et al., 1990; Seines & Miller, 

1992). Cofactors suggested for study included: knowledge of serostatus; current 

mood state; education level; history of childhood learning difficulties; trauma to the 

CNS; lack of sleep; coexistent psychopathology, neuropathy and visual defects; 

medications; drugs of abuse including ethanol; malnutrition; age; facility with the 

language of the test materials; length of the illness; and, baseline levels of 

performance. 

Only a few studies have examined the influence of cofactors on 

neuropsychological findings. Marder et al. (1992) compared a large sample of HIV-

seronegative and HIV-seropositive/AIDS-negative intravenous drug users (IVDUs). 

Neurological and neuropsychological variables were measured. The HIV-

seropositive subjects were found to have more extrapyramidal signs and frontal 

release signs, after controlling for age, education, drug use (low/high frequency), 

history of head injury, and interactions between head injury and HIV status and drug 

use. Subjects with systemic illnesses were also reported to have more severe 

neurologic findings. Most interestingly, there was a significant interaction between 

history of head injury with loss of consciousness (LOC) and serostatus, such that 

neuropsychological performance was significantly poorer only in the group of 

subjects with both a positive history of head injury/LOC and HIV-positive 

serostatus. Another study examining cofactors in asymptomatic HIV-seropositive 



IVDUs and seronegative controls (Seines et al., 1992) found no significant 

interaction between drug use and serostatus on neuropsychological performance. 

Seines et al. (1990) administered a neuropsychological battery to a group of 

523 HIV-seropositive males at 6-month intervals over a two-year period. They 

analyzed their data using an autoregressive model, which allowed serostatus to be 

related to neuropsychological performance while controlling for previous test scores. 

Age and education were found to be significant predictors of neuropsychological 

performance. Serostatus and time course had no predictive value. 

A cross-sectional, multicenter study by the World Health Organization 

(WHO) has been the most comprehensive study of cofactors to date (Maj et al., 

1994). Asymptomatic (CDC II and III) and symptomatic HIV-seropositive (CDC 

IV) subjects were matched with HIV-seronegative controls by age, gender, education 

and HIV-1 at-risk group in five geographic areas. All subjects were administered a 

cross-cultural neuropsychological battery, structured interview for dementia, activity 

of daily living functional rating scale and neurological exam. A subject was 

considered impaired on a neuropsychological test if his/her score fell two or more 

standard deviations below the mean of the seronegative control group. Any subject 

with impaired performance on three or more tests was defined as having global 

neuropsychological impairment. A stepwise logistic regression was conducted, using 

global neuropsychological impairment as the dependent variable, and geographic 

center, gender, age, education level, history of head injury with LOC and required 

hospitalization, current anxiolytic use, history of malaria, history of syphilis, lifetime 



and current psychiatric diagnosis, prominent depressive symptoms, and CD4+ count 

as independent variables. In an analysis comparing asymptomatic and symptomatic 

HIV-seropositive subjects, education (former group only), age, lifetime psychiatric 

diagnosis, depressive symptoms and gender (latter group only) entered the model (in 

order of predictive importance). In a second analysis comparing asymptomatic HIV-

seropositive and seronegative control subjects, only education and serostatus entered 

the model (in order of predictive importance). 

The purpose of the present study was to further evaluate the relationship 

between neuropsychological performance and potential cofactors in HIV-1 infection. 

More specifically, the relationship between a subset of cofactors and severity of 

cognitive deficits was examined to determine if there were any factors which 

significantly predicted more severe neurocognitive deficits in patients with AIDS. 

The study sample was limited to persons diagnosed with AIDS (1993 Expanded 

Surveillance Case Definition for AIDS; CDC and Prevention, 1993). The rationale 

for studying this population was twofold: 1) limiting the sample to persons with 

AIDS provided a floor value in terms of progression of the infection across subjects; 

and, 2) AIDS patients were excluded in all but one of the previous studies which 

considered cofactors. 

This study attempted to expand and improve upon the design used in the 

WHO study (Maj et al., 1994) by: 1) using a more comprehensive set of cofactors; 

2) using a larger comprehensive neuropsychological battery, based on the 

recommendations of the NIMH Workshop on neuropsychological assessment 
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approaches (Butters et al., 1990); 3) using a hierarchical regression model so that 

premorbid factors such as age, education level, estimated premorbid IQ and the 

potential effects of emotional factors could be covaried out before comparing the 

relationship between neuropsychological performance and possible risk cofactors; 

and, 4) using a continuous dependent variable, based on both the number of 

impaired tests and their distance in the impaired direction from normative data, in 

order to maximize variability of severity of cognitive impairment among subjects. 

Method 

Subjects 

Subjects included 24 male volunteers from the Dallas-Fort Worth area who 

met the 1993 Expanded Surveillance Case Definition for AIDS (CDC and 

Prevention, 1993). See Appendix A. Subjects were recruited over a two-year period 

from community programs and physician referrals. The study was limited to 

English-speaking persons between the ages of 18-50, because of test norm 

availability and to prevent possible confounding effects of aging. Of the 24 subjects, 

19 (79.2%) were of Caucasian heritage, three were African-American (12.5%), one 

was Hispanic (4.2%) and one was North American Indian (4.2%). Twenty-one 

(87.5%) persons were right-handed, and three (12.5%) were left-handed. Sexual 

orientation in the sample was reported as follows: homosexual (n = 18), bisexual (n 

= 2) and heterosexual (n = 4). The diagnosis of AIDS was based on the following: 

CD4 < 200 cells/uL or CD4+ percentage < 14 (n = 18); and oral candidiasis (n = 1). 

This information was not available for the remaining 5 subjects, because their 
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respective physicians had not returned the Physician Referral Data Sheet. 

Materials 

Personal information. 

1. Personal information questionnaire: This self-report questionnaire was 

used to obtain the following information: age; level of education (years); occupation 

history; primary language; elapsed time since diagnosis with AIDS (months); AIDS-

related treatment; history of previous head injury/loss of consciousness (yes/no); 

medical history (neurological, vascular, diabetes, cancer, psychiatric, metabolic 

disorders - yes/no by category); and history of substance (drug/alcohol) use (yes/no). 

See Appendix B. 

2. Physician Referral Data Sheet: This form was completed by each 

subject's physician to obtain the following information: most recent CD4 count; date 

of most recent bloodwork; AIDS-related diseases; and, criteria used to meet the 

diagnosis of AIDS. See Appendix C. 

Objective personality measures. 

1. Mood Status: The Beck Depression Inventory (BDI, Beck & Steer, 1987) 

and the Beck Anxiety Inventory (BAI, Beck & Steer, 1990), self-report depression 

and anxiety questionnaires, respectively, were administered to evaluate mood status 

within the week prior to and including the day of the evaluation. A summed Mood 

Status score reflecting levels of anxiety and depression was calculated by summing 

the raw scores from the two instruments. Only the cognitive-affective subscale 

questions of the BDI were used, as this subscale has been argued to be more 
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appropriate for persons for which severity of depression may be overestimated 

because of somatic/vegetative symptoms that are attributable to a medical etiology 

(Beck & Steer, 1987). 

2. Life Stress: Two self-report questionnaires, the Inventory of Small Life 

Events (Zautra, Guarnaccia, & Dohrenwend, 1986) and the PERI Life Events Scale 

(Dohrenwend, Krasnoff, Askenasy & Dohrenwend, 1987) were administered to 

determine the number of life stressors experienced within the past month (48 

possible) and six months (16 possible), respectively. The number of events endorsed 

across both forms were summed to provide a total score, which was used as an 

indicator of the level of recent life stress. 

Neuropsychological Test Battery. The 20 tests used in the battery included 

those tests recommended by the NIMH Workgroup on Neuropsychological issues in 

HIV infections and AIDS (Butters et al., 1990) and/or standardized 

neuropsychological tests shown to be highly sensitive to cognitive impairment. The 

comprehensive battery included measures of executive functioning, attention and 

concentration, speech and language, learning and memory, somatosensory 

functioning, perceptual-motor abilities, and subcortical/cerebellar functioning. 

1. Selected subtests from the Wechsler Adult Intelligence Scale-Revised 

(WAIS-R) (Wechsler, 1981): The included subtests were administered using a 

modified every-other item format, with the exception of the Digit Span subtest, 

which was administered in full. For the modified subtests, raw scores were 

computed by doubling the obtained score or prorating where appropriate. Other 
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facets of administration and scoring followed the standardized protocol (Wechsler, 

1981). Raw scores were converted into age- and education-corrected scaled scores 

using the Heaton (1992) norms. 

The Vocabulary subtest was included to estimate level of premorbid 

intellectual functioning. Subjects were asked to define the meaning of a list of 

words of increasing difficulty. Responses were scored from 0-2, using the criteria 

specified in the manual. The Digit Span subtest was included as a measure of 

attention and concentration. In the first part of the test, subjects were asked to 

repeat back lists of digits verbatim. The second part required subjects to repeat the 

list of digits in the reverse order. The Comprehension subtest was included as a 

measure of social judgment and reasoning. Subjects were asked to respond to 

various questions and hypothetical situations. Responses were scored from 0-2, 

based on the criteria in the manual. The Block Design subtest was included as a 

measure of visuoperceptual/visuoconstructional skills. Subjects were asked to 

reproduce a series of geometrical designs using colored blocks. Scores were based 

on both the number of correct designs and the time to complete the tasks. The Digit 

Symbol subtest was included as a measure of psychomotor speed. Subjects were 

asked to transpose symbols associated with the numbers 1-9 onto a form containing 

only the numbers. Scores were based on the number of correct symbols transposed 

within 90 seconds. The stimuli for the Digit Span subtest were audiotaped 

according to standardized procedure, to control for variability in speed of 

presentation of items between test administrators. Test-retest and split-half 
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reliabilities for the included subtests were reported as 0.82 and 0.80 or above, 

respectively. Validity information was not available for the individual subtests. 

2. Behavior Dyscontrol Scale (BDS) (Grigsby & Kaye, 1990/1991/1992): 

This test was included as a measure of frontal/subcortical functioning. Subjects 

were asked to perform alternating motor sequences, copy body positions and to 

complete a timed verbal cognitive flexibility test. Subjects received a score out of a 

possible 19 points, which was based on accuracy of performance. Inter-rater, test-

retest and internal consistency were reported as 0.98, 0.86-0.93, and 0.87, 

respectively. Discriminant validity has been demonstrated, and BDS scores have not 

been found to be significantly related to depression, age or education (Grigsby, Kaye 

& Robbins, 1992). 

3. Trailmaking Test, Part B (Reitan, 1986): This was included as a measure 

of cognitive flexibility. Subjects were asked to connect a series of dots, 

systematically alternating between letters and numbers. Scores were based on the 

amount of time taken to complete the test. Reliability information was unavailable. 

Cut-off scores for impairment were established in a study of discriminant validity 

using a "hit" rate of 84.9% (Reitan, 1958; as cited in Reitan, 1986). 

4. Booklet Category Test (DeFilippis & McCampbell, 1979): This task was 

included as a measure of higher level nonverbal abstract reasoning and concept 

formation. Subjects were asked to match cards (which varied in terms of color, 

form and number of shapes per card) with the numbers one through four, in a series 

of seven subtests. The selection principle was consistent within each of the first six 
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subtests, but varied between subtests. After each response, subjects were told if 

their choice was correct or incorrect. The seventh subtest assessed memory of the 

selection principles, using items that had been presented previously. Scores were 

based on the number of errors across the seven subtests. Reliability studies of the 

booklet version of the test were unavailable, but it has been found to correlate at a 

0.913 level with the Category Test (McCampbell & DeFilippis, 1979; as cited in the 

manual). Validation studies of the Category test have supported the use of this test 

as an indicator of brain-damage, although it has more limited ability to determine 

localization (DeFilippis & McCampbell, 1979). 

5. Controlled Oral Word Association Test (COWAT) (Benton, Hamsher, 

Varney & Spreen, 1983): This test was included as a measure of executive 

functioning and expressive speech. Subjects were asked to name as many words as 

they could think of beginning with a specific letter (i. e., F, A, and S), during three 

60-second trials, respectively. A score was computed based on the total correct 

words generated across the three trials. Reliability and validity information were 

unavailable. 

6. Paced Auditory Serial Addition Test (PASAT) (Gronwall & Wrightson, 

1974): This task was included as a measure of divided attention and speed of 

processing. Four random series of digits, at four standard rates of presentation were 

presented on audiotape. Subjects were asked to add sequentially presented digits 

from the tape and to give a verbal response. A total score was computed based on 

the number of correct responses across the four trials. Reliability and validity 
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information were unavailable. 

7. Visual Search and Attention Test (VSAT) (Trenerry, Crosson, DeBoe & 

Leber, 1990): This test was included as a measure of sustained attention and 

vigilance. Subjects completed four visual cancellation tasks which varied in 

complexity. A total summary performance score was calculated based on 

performance on the last two tasks. Test-retest reliability was reported as 0.95. 

Discriminant validity analyses comparing normals and brain-damaged subjects found 

an overall hit rate of 0.84, with false positives and negatives at 0.13 and 0.22, 

respectively. 

8. Logical Memory, Immediate and Delayed, Wechsler Memory Scale-

Revised (WMS-R) (Wechsler, 1987): This test was included as a measure of verbal 

memory. Subjects were aurally presented two short stories, and were asked to recall 

the material both immediately and after a 30-minute delay. The number of correct 

story items recalled across both stories was computed, for both immediate recall and 

delayed recall. The stimuli were audiotaped according to standardized instructions, 

to control for variability in the rate of presentation of items between test 

administrators. Split-half reliabilities were reported as 0.74 and 0.75 for immediate 

and delayed recall, respectively. There is a large body of validity studies examining 

the WMS-R, including use of clinical samples, and the reader is directed to the 

manual for a review of the literature (Wechsler, 1987). 

9. Visual Reproduction, Immediate and Delayed (WMS-R) (Wechsler, 1987): 

This test was included as a measure of nonverbal memory. Subjects were shown 
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four geometric designs, each for 10-seconds, and then asked to draw the designs 

from memory, both immediately and following a 30-minute delay. The number of 

correctly recalled elements summed across the four designs was computed, both for 

immediate and delayed recall. Coefficient alpha was reported as 0.59 and 0.46 for 

immediate and delayed recall, respectively. The reader is directed to the manual 

(Wechsler, 1987) for an extensive review of the validity literature, including use of 

clinical samples. 

10. California Verbal Learning Test (CVLT) (Delis, Kramer, Kaplan & 

Ober, 1987): This test was included as a measure of verbal learning and memory. 

Subjects were given five trials to learn a list of 16 words presented aurally. 

Following presentation of a distractor list, they were asked to recall the original list 

immediately, and after a 20-minute delay, both with and without semantic cues. 

This was followed by a recognition memory task. An overall performance T-score 

(computer scoring) was used. The stimuli for the list-learning sections were 

audiotaped according to standardized instructions, to control for variability in the 

rate of presentation of items between test administrators. Split-half and odd-even 

reliabilities ranged from 0.69 to 0.92. Test-retest reliability after one year ranged 

from 0.12 to 0.79 depending on the test variable considered. Criterion-related 

validity was found to be 0.60 or above when the CVLT was compared to variables 

from the Wechsler Memory Scale (WMS). 

11. Hooper Visual Organization Test (HVOT) (Western Psychological 

Services, 1983): This test was included as a measure of complex gestalt 
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visuoperception. Subjects were asked to identify pictures of objects which have 

been cut into pieces and randomly scattered on the page. Raw scores (based on the 

number of correct items) were age and education corrected, and then converted into 

T-scores. Split-half reliabilities have ranged from 0.78-0.82. Construct and 

criterion-related validity studies have been conducted. The recommended cut-off 

score of 20 was reported to have an 84% accurate rate in discriminating organic 

impairment. 

12. Tactual Performance Test (TPT) (Reitan & Wolfson, 1985): This test 

was included as a measure of kinesthetic perceptual-motor ability and spatial 

memory. Subjects were blindfolded and asked to correctly place 10 three-

dimensional shapes into corresponding cut-out spaces on a board. Three trials were 

administered. During the first and second trials, subjects completed the task using 

only their dominant or nondominant hand, respectively. During the third trial, 

subjects were allowed to use both hands. A maximum of 10 minutes per trial was 

permitted. After the last trial was completed, the board was removed and subjects 

were asked to draw from memory the shapes in their correct location on the board. 

Three scores were computed for each subject: total time across trials; number of 

shapes recalled; and, number of shapes correctly localized. Reliability and validity 

information were unavailable. 

13. Bender Visual Motor Gestalt Test (Bender, 1938): This test was 

included as a measure of constructional praxis and gestalt perception. Subjects were 

asked to copy nine designs, which were presented one at a time. Designs were 
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scored using the Embree/Butler (1968) scoring system (J.-R. Butler, personal 

communication, December, 1994), with higher scores reflective of greater 

impairment. 

14. Grooved Pegboard (Trites, 1977): This test was included as a measure 

of fine motor coordination and manual dexterity. Subjects were asked to place 

notched pegs into 25 holes with randomly positioned slots. Scores were based on 

the total time to complete the task using the dominant hand. Reliability and validity 

information were unavailable. 

15. Judgment of Line Orientation (Benton et al., 1983): This test was 

included as a measure of visual-perceptual accuracy. Subjects were asked to match 

a series of two lines drawn at varying angles against a template of 11 possible lines. 

Scores were based on the number of correct items out of a possible total of 30. 

Corrected split-half and test-retest reliabilities were reported as 0.91 and 0.90, 

respectively. Discriminant validity studies have supported a relationship between 

right hemisphere deficits and defective performance on this task. 

16. Cerebellar Dysfunction Scale: This test was included as a measure of 

subcortical/cerebellar functioning. Subjects were administered 18 items which 

assessed speech quality, visual movements, reflexes, upper/lower limb coordination, 

and gait and balance. Each subject received a score out of a possible total of 57 

point, with higher scores reflective of greater impairment. See Appendix D. 

Immunological data. The most recent CD4 count available was obtained and 

used as a measure of immunocompetence. 
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Procedure 

Subjects were contacted to schedule a mutually convenient appointment. 

Each subject was tested individually by an examiner who was trained in the 

standardized administration of the test battery. The order of administration of the 

self-report measures and the neuropsychological battery was counterbalanced 

between subjects. 

The examiner was available to the subject while they completed the self-

report measures, in case of any questions regarding completion of the forms. The 

self-report forms were checked by the examiner to ensure that they had been fully 

completed. The order of administration of the neuropsychological tests was as 

follows: Cerebellar Dysfunction Test; HVOT; Grooved Pegboard; CVLT 

(immediate); WAIS-R subtests; CVLT (delayed); PASAT; CO WAT; WMS-R 

subtests (immediate); TPT; Trails B; VSAT; WMS-R subtests (delayed); BDS; 

Bender Visual Motor Gestalt Test; Judgment of Line Orientation; and the Booklet 

Category Test. 

Data Analysis 

A Severity of Impairment Index score (SI) was computed for each subject to 

reflect severity of neurocognitive impairment. A neuropsychological test score 

which fell between 1 and 1.5 standard deviations in the impaired range contributed a 

value of "1" to the SI, a score between 1.5 and 2 standard deviations a value of "2," 

and so forth, with the highest possible value of "7" for a score falling greater than 4 

standard deviations in the impaired range. Increments of 0.5 standard deviations 
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were chosen to maximize the variability of scores between subjects. In the case of 

the Cerebellar Dysfunction Scale and Bender Gestalt Test, the raw scores were 

added to the SI because these scores could not be converted to standard deviations. 

Prior to analyses, the variables age, highest grade completed, estimated 

premorbid IQ, Mood Status score, SI score, CD4 level, number of months since 

diagnosis of AIDS, number of AIDS-related illnesses, Life Stress score, history of 

head injury/LOC, history of substance abuse, history of other medical illness, current 

or past psychiatric disorder, and history of learning disability were examined for 

missing values and violation of assumptions of multivariate analysis. There were 

missing values for one subject for the VSAT and TPT Total Time scores, and their 

respective SI values. An initial attempt was made to generate a regression equation 

to predict the missing values using the full set of normed neuropsychological scores. 

However, this analysis could not be run due to insufficient degrees of freedom. In 

order to reduce the number of variables included in the regression analysis (and have 

adequate degrees of freedom), a correlations matrix was run for the full set of 

normed neuropsychological scores to determine which of the tests were more highly 

correlated with the VSAT and TPT Time tests. Tests correlating at a 0.30 level or 

higher (arbitrary cut-off) were included in a regression analysis and a regression 

equation was obtained for each of the VSAT and TPT Time tests. The predicted 

scores and their corresponding SI values were then computed to replace the missing 

values. Four subjects had missing values for CD4 level, number of AIDS related 

illnesses, and criteria used to diagnose AIDS. In three cases, the physicians failed to 
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return their Physician Referral Data Sheets. In the other case, the subject reportedly 

had never returned to the physician's office to have his bloodwork done. No 

attempt was made to estimate these particular missing values, given the nature of 

these variables, and so this left N = 20 cases for any of the analyses involving the 

set of cofactor variables. Two predictor variables were found to have a poor split of 

cases (yes/no) [history of learning disability (3 to 21); history of substance use (20 

to 1; 3 missing cases)], which would truncate their correlations with other variables. 

A decision was made to retain them in the analyses. Examination of the residuals 

scatterplot suggested that normality, linearity and homoscedasticity were not 

violated. No univariate or multivariate outliers were identified. There was no 

violation of multicollinearity or singularity. 

A hierarchical multiple regression analysis was performed to determine if 

CD4 level, number of days since diagnosis of AIDS, number of AIDS-related 

illnesses, Life Stress score, history of head injury/LOC, history of substance use, 

history of other medical illness (neurological, vascular, cancer, diabetes, liver 

disease), current or past psychiatric disorder, or history of learning disability were 

significantly related to severity of cognitive impairment (SI), after controlling for the 

effects of age, education level, premorbid intellectual functioning (WAIS-R 

Vocabulary subtest score) and Mood Status scores. The dichotomous variable of 

current use of azidothymidine (AZT) or other HIV-related medication (yes/no) was 

dropped as a predictor variable from the original planned analysis, because all 

subjects were found to be receiving medication treatment. Analyses were run using 
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SPSS-PC+ REGRESSION with the assistance of SPSS-PC+ FREQUENCIES to 

evaluate assumptions. 

Results 

Table 1 displays the sample means and standard deviations for the SI scores, 

covariate and continuous cofactor variables (age, level of education, estimated 

premorbid IQ, Mood Status, CD4 count, number of months since diagnosis with 

AIDS, number of AIDS-related illnesses, Life Stress), as well as the distribution of 

cases for the dichotomous cofactor variables (history of head injury/LOC, history of 

substance use, history of other medical illness, current/past psychiatric history, and 

history of learning disability. 

Table 2 displays the unstandardized regression coefficients (B) and intercept, 

the standardized regression coefficients (£), the unique semi-partial correlations 

(semipartial r-square) and the adjusted R-square following entry of the four covariate 

variables at step 1. R was not significantly different from zero, F (4,15) = .82, p > 

.05. Table 2 also displays the unstandardized regression coefficients (B) and 

intercept, the standardized regression coefficients (0), the unique semi-partial 

correlations (semipartial r-square), and the adjusted R-square following entry of the 

set of cofactor variables at step 2. Once again, R was not significantly different 

from zero, F (6,13) = 0.62, £ > -05. In addition, none of the predictor cofactor 

variables independently were significantly related to severity of cognitive 

impairment, £ > .05. The two cofactor variables found to have a poor split of cases 

(i. e., history of substance use, history of learning disability) were removed from the 
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Table 1 

Means and Standard Deviations of the Severity of Impairment Index and the 

Continuous Covariate and Cofactor Variables, and the Distributions of the 

Dichotomous Cofactor Variables 

Mean Standard Deviation 

Severity of Impairment Index 

Covariate Variables 

Age 

Education level 

Estimated Premorbid IQ (T-score) 

Mood Status 

Predictor Variables 

CD4 level 

No. months since AIDS diagnosis 

No. AIDS-related illnesses 

Life Stress 

Hx of head injury/LOC 

Hx of substance use 

Hx of other medical illness 

Current or past psychiatric Hx 

Hx of learning disability 

39.96 

37.79 

13.38 

55.54 

27.92 

134.40 

63.67 

2.38 

15.79 

YES 

9 

20 

13 

12 

3 

19.837 

6.065 

2.060 

9.241 

17.722 

108.381 

38.521 

3.228 

7.740 

NO 

15 

1 

11 

12 

21 
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analyses in an effort to increase statistical power, but the results were again non-

significant for all variables. 

For exploratory purposes, a second regression analysis was run on the same 

set of variables, using the stepwise method of entry, as was utilized in the Maj et al. 

(1994) study. The reader is reminded that from a statistical standpoint, an even 

higher ratio of cases-to-variables is recommended for stepwise regression as 

compared to hierarchical regression, and so this caveat should be kept in mind when 

interpreting the results. Using the stepwise procedure, CD4 level entered the model 

at step 1, R square = .22, (adjusted R square = .18), F (1,18) = 5.08, p = .037. 

None of the other variables entered the model. Therefore, CD4 count was the only 

variable significantly related to the severity of impairment index scores, and it 

accounted for approximately 18 percent of the variance. 

Following this, the SI variable was more closely examined to determine if 

there were characteristics of this summary variable that may have had bearing on the 

null findings. The SI scores ranged from 14 to 92, with a Mean of 39.96 and a SD 

of 19.84. An evaluation of the individual neuropsychological tests contributing to 

the SI scores revealed that only a small percentage (< 25%) of the sample had 

scored in the impaired direction in 10 out of 22 tests. Because the SI score 

summarized only neuropsychological test performance in the impaired direction, and 

a large percentage of test scores were actually in the unimpaired range, this would 

have served to limit the variability amongst subjects. 

To explore the relationship between SI scores and the original set of covariate 
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Table 2 

Summary of Hierarchical Regression Analysis for Variables Predicting Severity of 

Cognitive Impairment After Controlling for the Effects of Age. Education. Estimated 

Premorbid 10 and Mood Severity 

Variable B £ sr squared (unique") 

Step 1 

Age 1.045 .280 .076 

Education level -1.851 -.167 .024 

Estimated Premorbid IQ -0.285 -.134 .018 

Mood Status 0.201 .168 .023 

Step 2 

CD4 count - 0.096 -.488 .094 

No. months since AIDS diagnosis 0.076 .134 .008 

No. AIDS-related illnesses 9.538 .552 .077 

Life Stress - 1.059 -.355 .023 

History of head injury/LOC - 5.738 -.135 .006 

History of substance use 0.444 .009 .000 

History of other medical illness -13.644 -.326 .045 

Current or past psychiatric history 8.890 .213 .014 

History of learning disability -17.012 -.245 .017 

Note. R squared^ .18 for Step 1; AR squared= .574 for Step 2 (ps > .05). 

< .05. **2 < -01. 
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and cofactor variables in a somewhat different way, subjects were divided into three 

groups according to SI scores: Low SI (lower quartile, n = 6); Middle SI (middle 50 

percent of cases, n = 12) and High SI (upper quartile, n = 6). (Note: analyses 

performed for the variables CD4 count, number of AIDS-related illnesses and 

criteria used to diagnose AIDS were run using n = 5, 9 and 6 subjects, respectively, 

because of missing values). Oneway analyses of variance (for the continuous 

variables) and chi-square tests of independence (for the dichotomous variables) were 

performed to determine if there were differences between the SI groups on any of 

the covariate or cofactors variables. Because of the large number of comparisons (n 

= 13), a Bonferroni alpha correction was calculated to control for an overall alpha = 

.05, and so comparisons were examined using a significant level = .004. The Low, 

Middle, and High SI groups did not significantly differ on age, level of education, 

premorbid estimated IQ, Mood Status score, Life Stress score, CD4 count, number 

of months since AIDS diagnosis, number of AIDS-related diseases, and histories of 

other medical illness, psychiatric problems, learning disabilities, substance use or 

head injury/LOC. None of the 13 comparisons would have reached statistical 

significance at alpha = .05 if tested individually. Although the overall exploratory 

analyses of variance were non-significant, Student-Newman-Keuls pairwise 

comparisons revealed significant group differences for the variables CD4 count and 

number of recent stressors (Life Stress score). The Low SI group ("Mean = 218.60) 

was found to have significantly higher CD4 counts than did the High SI group 

("Mean = 67.17). In addition, the Low SI group fMean = 10.00) had significantly 
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fewer recent stressors than did the Middle SI group (Mean = 17.67), but neither 

group significantly differed from the High SI group (Mean = 17.83). 

When neuropsychological test performance was examined on a case by case 

basis, 12 subjects (50%) were found to have at least three scores which fell at two 

or more standard deviations in the impaired direction. This criterion was used to 

define "global impairment" in the Maj et al. (1994) study. Oneway analyses of 

variance (for the continuous variables) and chi-square tests of independence (for the 

dichotomous variables) were then computed to determine if there were differences 

between globally impaired ("impaired") (n = 12) and not globally impaired 

("unimpaired") (n = 12) subjects on the covariates and cofactor variables. Once 

again, a Bonferroni correction was used, and comparisons were examined using a 

significant level = .004 to control for an overall alpha = .05. No significant group 

differences for any of the covariate or cofactor variables were found. None of the 

13 comparisons would have reached statistical significance at alpha = .05 if tested 

individually. 

Next, neuropsychological test performance on a test by test basis was 

compared between the globally impaired and unimpaired groups, using the 23 test 

scores that contributed to the SI score. A Bonferroni alpha correction was once 

again used to control for an overall alpha = .05, and all comparisons were examined 

using a significant level = .002. Impaired and unimpaired groups differed 

significantly in their scores on the following tests: PAS AT total raw score, t(22) = -

4.12, 2 < 0001; Digit Symbol subtest T-scores, t(22) = -4.12, g. < .0001; Visual 
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Reproduction delayed recall percentile score, t(22) = -3.98, p = .001; and Trails B 

time (seconds), t(22) = -4.04, £ = .001. Examination of the group means revealed 

that divided attention, as measured by the PASAT, was impaired for the globally 

impaired group (Mean = 81.50), and this differed significantly from the unimpaired 

group, who scored within the average range (Mean = 141.25). The globally 

impaired group (Mean = 39.25, T-scores) scored within the impaired range, and 

were significantly slower in their performance on a test of psychomotor speed (Digit 

Symbol subtest) in comparison to the unimpaired group, who scored in the average 

range (Mean = 49.58, T-scores). Delayed recall of visual information from the 

Visual Reproduction subtest of the WMS-R fell within the low average range for the 

globally impaired group (Mean = 18.00, percentiles) and was in the average range 

for the unimpaired group (Mean = 59.33). Globally impaired subjects scored in the 

mildly impaired range (Mean = 36.83, T-scores) on a task of complex mental 

tracking and mental flexibility (Trails B subtest), and this group was significantly 

slower than the unimpaired group, who scored in the average range (Mean = 53.17). 

Eight additional comparisons would have reached statistical significance at 

alpha = .05 if tested individually: Logical Memory immediate and delayed recall, 

Bender, CVLT, Comprehension subtest, Grooved Pegboard, Behavior Dyscontrol 

Scale, and Block Design subtest scores. Examination of the group means revealed 

that immediate and delayed recall of verbal information from the Logical Memory 

subtest fell within the average ranges for both groups, although qualitatively, the 

globally impaired group (Mean = 31.92, 34.42, immediate and delayed, respectively, 
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percentiles) had lower scores than did the unimpaired group (Mean = 64.00, 63.08, 

immediate and delayed, respectively, percentiles). Bender raw scores fell below the 

cut-off criterion for impairment (15) for both groups, although the globally impaired 

group (Mean = 14.25) made more visuoconstructional errors than did the unimpaired 

group (Mean = 8.33). Verbal learning over five trials on the CVLT fell within the 

moderately to severely impaired range for the globally impaired subjects (Mean = 

23.25, T-scores), as compared to the unimpaired group, who scored in the low 

average range (Mean = 40.00, T-scores). Comprehension and social judgment fell 

within the average range for both groups, but was qualitatively lower for the 

globally impaired group (Mean = 49.83, T-scores) than for the unimpaired group 

( M m = 58.33). Globally impaired subjects were found to have mildly impaired 

manual dexterity (Mean = 36.00, T-scores) on the Grooved Pegboard test, in 

comparison to the unimpaired group who scored within the average range (Mean = 

46.83, T-scores). Behavior Dyscontrol Scale scores (frontal-subcortical functioning) 

were mildly impaired for the globally impaired group (Mean = 15.08), while the 

unimpaired group scored within the normal range (Mean = 16.50). Lastly, 

visuoperceptual and visuoconstructional abilities, as measured by the Block Design 

subtest, fell within the average range for both groups, although the globally impaired 

group had qualitatively lower scores (Mean = 48.50, T-scores) than the unimpaired 

group (Mean = 56.92). The remaining test score comparisons would not have 

reached statistical significance at alpha = .05 if tested individually: Visual Search 

and Attention Test; TPT Total Time, Memory and Localization scores; Visual 
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Reproduction immediate recall; Controlled Oral Word Association Test; Booklet 

Category test; Digit Span subtest; Hooper Visual Organization Test; Judgment of 

Line Orientation; and, the Cerebellar Dysfunction Scale. See Appendices E and F. 

Discussion 

In the present study, immunocompetence (CD4 count), duration of illness 

(number of months since diagnosis of AIDS), number of AIDS-related illnesses, 

number of recent stressors (Life Stress score), history of head injury/LOC, history of 

other medical illness, history of learning disability, history of current/past psychiatric 

disorder, and history of substance use were not found to be significantly related to 

severity of cognitive impairment, after controlling for the effects of age, education 

level, estimated premorbid IQ and possible mood disturbance (Mood Status score). 

It was somewhat surprising that even the covariate variables of age and level of 

education were not significantly predictive of level of cognitive functioning, as was 

found in two previous studies (Maj et al., 1994; Seines et al. 1990). This latter 

finding may have occurred because the SI was based on normed scores which have 

already been age- and often education- corrected, as opposed to being based on 

uncorrected raw scores. 

Despite the null findings, it cannot be reliably concluded that the cofactor 

variables are not significantly related to severity of cognitive impairment. Firstly, 

the small sample size resulted in an unacceptably low level of statistical power for 

the desired regression analysis, and could account for the null findings. To help 

increase the available power, the two variables with a poor split of cases were 
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removed from the regression analyses (i. e., history of substance use, history of 

learning disability), but once again non-significant findings were obtained for all 

variables. The power levels likely remained unacceptably low, despite the exclusion 

of the two variables. The cofactor variables could not be logically collapsed into a 

smaller set of variables to increase power because they were thought to represent 

conceptually independent domains, for the most part. Other than excluding cofactors 

from the analyses, there did not appear be any other way to increase the available 

statistical power, other than increasing the sample size. We encountered a number 

of difficulties in recruiting subjects over the two year period, but plan to continue 

the study until a larger sample is obtained. Even under conditions of adequate 

statistical power, it may still be the case that there is no significant relationship 

between severity of cognitive impairment and speculated risk factor variables. At 

this point, there is still some arbitrariness in terms of which variables have been 

studied, and so it is also very possible that we have not yet identified the variables 

which do play a role. From the conceptual perspective of a "brain-at-risk" model, 

persons with more risk factors for CNS morbidity would be predicted to be at 

greater risk for cognitive changes, but there may in fact not be a direct or reliable 

relationship. More research is certainly needed to answer these questions. 

Other than the problems with sample size, some design issues may have also 

had bearing on the null findings. Most notably, the dependent variable, the severity 

of impairment index (SI) summary score, was noted to have some limitations, 

beyond the general problem of reduced variability encountered when a summary 
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score is used as opposed to the raw scores themselves. A priori, it was hypothesized 

that using a continuous type of summary variable, based on both the number of 

impaired tests and their distance in the impaired direction from normative data, 

would maximize the variability amongst subjects. As it turns out, a large percentage 

of the actual test scores were unimpaired, and so this would have further reduced the 

variability. Seven out of 24 subjects (29%) had no impaired scores at all. Despite 

the problems with the SI score, there was a fairly broad range of scores obtained 

(14-92) across subjects, which allowed for some exploratory analyses of the SI score 

and the cofactor variables. With respect to the range of scores beginning at 14, the 

reader is reminded that the Bender Visual Motor Gestalt Test and Cerebellar 

Dysfunction Scale raw scores were directly added to the SI total, so that even the 

subjects with no impaired scores would not have an overall SI score of zero. The 

relationship between the severity of cognitive impairment index scores and the 

covariate and cofactor variables was explored in a somewhat different manner, by 

dividing subjects into groups using the upper/lower quartiles and mid-range values 

of the SI scores. No significant group differences were found for any of the 

variables. Exploratory Student-Newman-Keuls pairwise comparisons did find that 

CD4 count was significantly higher for subjects scoring at the low end of the 

severity of impairment index scores, as compared to subjects at the upper end of the 

severity of impairment index. This exploratory finding is consistent with the results 

of the exploratory stepwise regression analysis, which found that CD4 count was 

significantly related to severity of impairment scores, and it accounted for about 18 
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percent of the variance. Once again, the reader is reminded that these findings were 

based on exploratory analyses and may not generalize to the population sample. 

Furthermore, the assessment of CD4 counts for this study took place an average of 

two months prior to the neuropsychological evaluation (SD = 1.65, range = 0 - 5 

months), and this variability may have influenced the relationship between CD4 and 

the other variables. The possibility that there is an inverse relationship between 

CD4 count and severity of cognitive impairment seems plausible from what we 

know about the disease. As cell-mediated immunity declines (as mirrored by CD4 

count), persons become more vulnerable to acquire the neoplasms and opportunistic 

infections characteristic of AIDS, which are associated with neuropathological 

changes in the CNS. These neuropathological changes may then be associated with 

changes in cognitive functioning. It was somewhat interesting to find that CD4 

count was not significantly correlated with either the number of AIDS-related 

illnesses or the number of months since diagnosis with AIDS. On the other hand, 

the relationship between these variables is not likely a simple linear one, because of 

the complexity of the immune system and the likely individual differences in terms 

of susceptibility to particular infections, etc. It may also be the case that certain 

infections have a higher morbidity for CNS damage than others, and so it may be 

that the type of AIDS-related illness rather than the number of illnesses is an 

important determinant. 

From a conceptual perspective, it still seems valuable to be able to represent 

both the number of impaired scores and the level of impairment in a summary 
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variable of neuropsychological performance. However, the SI summary variable, as 

operationally defined in this study, was impacted by a large percentage of test scores 

not falling in the impaired direction and it was not found to be significantly related 

to the cofactor variables, either as a continuous or grouping variable, with the 

exception of a possible relationship with CD4 count. However, no reliable 

conclusions could be drawn from this study because of the problems with statistical 

power. 

One alternative method of characterizing neuropsychological performance 

which has been frequently reported is a dichotomous splitting of subjects into 

"impaired" versus "unimpaired" groups, as was used in the Maj et al. (1994) study. 

The criterion used in that study was three or more test scores falling at least 2.0 

standard deviations in the impaired direction. When this criterion was used with the 

present study sample, twelve out of 24 subjects (50%) fell within the "globally 

impaired" group, with the number of actual impaired scores ranging from three to 

eleven (out of 23 scores) across subjects. Of the 12 "unimpaired" subjects, seven 

subjects (29%) had zero impaired scores, three (13%) had one impaired score, and 

two subjects (8%) had two impaired scores. Ingraham and Aiken (1996) have 

developed an empirical approach to determine the criteria for impairment or 

abnormality in test batteries with multiple measures. According to their probability 

curves, with a battery of 23 tests/scores, the probability that an individual will 

exceed the cut-off criterion by chance alone (three test scores, falling at two or more 

standard deviations in the impaired direction) is less than 5 percent. Therefore, the 
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criterion taken from Maj et al. (1994) and utilized in this study seems to be 

reasonable, from a probabilistic standpoint, as a decision rule for defining 

impairment. From a qualitative perspective, the impaired versus unimpaired labels 

also "fit" the sample nicely, in that 8 out of 12 "impaired" subjects had four or more 

impaired scores across different domains of cognitive functioning, while 7 out of 12 

"unimpaired" subjects had zero impaired scores. Nine out of the 12 "impaired" 

subjects (75%) had impaired memory scores in addition to impaired scores on tests 

of executive functioning. None of these subjects were able to work at the time of 

the study, and as a group, had been off of work for a mean of 18.4 months (range = 

1 - 6 2 months). The subjects in this subgroup would therefore likely meet the 

criteria for a diagnosis of dementia. 

When the covariate and cofactor variables were compared between the 

"impaired" and "unimpaired" groups, they were not found to differ significantly in 

age, level of education, estimated premorbid IQ, Mood Status score, 

immunocompetence (CD4 count), duration of illness (number of months since 

diagnosis of AIDS), number of AIDS-related illnesses, number of recent stressors 

(Life Stress score), history of head injury/LOC, history of substance use, history of 

current/past psychiatric illness, history of learning disability or history of other 

medical illness. This was true, even if each comparison had been tested individually 

using alpha = .05. Qualitatively, the impaired/unimpaired group means or 

distributions were similar for age, education level, estimated premorbid IQ, number 

of recent stressors (Life Stress score), history of other medical illness, history of 
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psychiatric disorder, history of learning disability, history of substance use and 

history of head injury/LOC. However, the impaired subjects as a group endorsed 

more mood symptoms (Mood Status score), had lower CD4 counts, and had been 

diagnosed with AIDS for a longer period of time. Interestingly, the unimpaired 

subjects had more AIDS-related illnesses than the impaired group. Although the 

statistical analyses did not support a significant relationship between the cofactors 

and cognitive impairment (as defined by the global impairment dichotomy), the 

trends suggest that there may be some cofactor variables which are associated with 

greater levels of cognitive impairment. Repeating these analyses with a larger 

sample size is recommended. 

Neuropsychological performance was also compared between the "impaired" 

and "unimpaired" groups to look for trends in the data. In terms of statistical 

differences, the impaired group had significantly lower neuropsychological test 

scores on four of the 23 tests (PASAT; Digit Symbol; Visual Reproduction delayed 

recall; Trails B) using a stringent correction for alpha because of the numerous 

comparisons. Eight additional tests would have reached statistical significance at 

alpha — .05 if tested individually (Logical Memory, immediate and delayed recall; 

Bender; CVLT; Comprehension; Grooved Pegboard; Behavior Dyscontrol Scale; and 

Block Design). However, what is thought to be more interesting is the qualitative 

group differences in neuropsychological performance. The "unimpaired" group had 

zero test scores in the impaired range. Nineteen out of 22 scores fell at or above the 

average/normal range, while three scores were low average. In comparison, the 
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"impaired" group had eight scores which fell within the mildly impaired range or 

worse (PASAT, Digit Symbol, Trails B, CVLT, Grooved Pegboard, Behavior 

Dyscontrol Scale, TPT Memory, Booklet Category), and qualitatively, this group had 

lower scores across all tests as compared to the unimpaired group. The 

neuropsychological deficits were suggestive of both cortical (executive functioning, 

learning and memory) and subcortical findings (slowed speed of information 

processing), which is consistent with previous studies in the literature (e. g., Grant & 

Heaton, 1990; van Gorp, Hinkin, Satz, Miller & D'Elia, 1993). 

These results suggest the possibility of a more "hit-and-miss" incidence of 

cognitive impairment, where certain persons will develop more global cognitive 

problems and others will generally remain intact across most cognitive domains. It 

would be interesting to follow the unimpaired subjects in our group over time, to see 

if their neurocognitive status changes, as do other cofactor variables. One criticism 

of many of the previous studies in the literature looking at cognitive functioning in 

HIV-1 is that the analyses looked at group means rather than neuropsychological 

performance on a case by case basis. Group means would not capture this case by 

case variability and incidence of "global" impairment, and may explain why there 

have been such inconsistent findings about the neuropsychological sequelae of HIV-

1 in the literature. It seems to make more sense conceptually to first group subjects 

by impairment classification or severity of impairment and to then look at what other 

factors differentiate them, rather than to group subjects by variables such as 

symptomatic/asymptomatic or CD4 count and then compare group means on 
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neuropsychological tests, as previous studies have done. 

It is difficult to determine if measurement of any of the other variables had 

an influence on the null findings. Many of the included variables could be measured 

as continuous variables, allowing for the most variability and specificity. When this 

study was designed, the intent was to take a more global look at the historical 

cofactor variables to see if, in general, there appeared to be some type of 

relationship between those factors and cognitive impairment, and to then do follow-

up studies or post-hoc analyses looking at the factors in more detail. In terms of 

practical research design issues, it would be rather ominous to try to collect enough 

cases to have adequate statistical power in order to code each medical illness, type 

of recreational drug, etc, as a separate variable. The other practical issue, is trying 

to find ways to operationally define and reliably collect self-report data for many of 

these variables (e. g., estimates of duration of loss of conscious, frequency of drug 

use, etc), particularly for details pertaining to events that happened many years ago, 

and for variables that may have changed over time (e. g., frequency or amount of 

drug use, etc). It would certainly be advantageous to be able to be more specific in 

relating what factors and in what manner they may impact the course of the AIDS 

illness, but there are many practical limitations that have to be considered. Some 

more simplified but more specific modifications in the operational definitions could 

be considered for future research. For example, rather than generally indicating that 

there has been a history of head injury/LOC, the actual number of head injuries or 

episodes of loss of consciousness greater than a certain time duration could be 
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recorded. This was particularly an issue for the variable of history of substance use, 

because it was endorsed by the majority of the sample but did not differentiate what 

types of recreational drugs or frequency of use, etc. It may also be more useful to 

keep separate the anxiety and depression scores and instead code them using integer 

scales, to reflect "mild," "moderate," and "severe" levels according to the normative 

criteria. 

More generally, when one chooses to use regression analyses to study 

relationships between variables, there are certain inherent limitations which must be 

considered. Firstly, the conclusions reached by a regression analysis are limited by 

the set of variables chosen by the researcher, such that there may be other variables 

which were not included which are more important for prediction of the dependent 

variable. The relative importance of each predictor variable is a function of the 

other variables included in the analysis, and the importance of a variable can 

significantly change depending on the addition or deletion of other variables from 

the solution. Regression analyses were conceptually appropriate for this study, 

because the purpose was to explore for possible relationships between cognitive 

impairment and cofactor variables. The variables chosen for inclusion were based 

on recommendations from the literature, or were conceptually driven, which is also a 

reasonable methodology. The other major limitation of regression, which was a 

problem in this study, is the requirement of a large cases-to-variables ratio to have 

adequate statistical power. From a design point of view, a stepwise method of 

entering the independent variables would be an even more desirable way to approach 
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the data, but this method requires an even higher cases-to-variables ratio. 

In summary, neither CD4 count, number of months since diagnosis of AIDS, 

number of AIDS-related illnesses, number of recent stressors, history of head 

injury/LOC, history of substance use, current or past psychiatric disorder, history of 

learning disability nor history of other medical illness were found to be significantly 

related to severity of cognitive impairment in a sample of persons with AIDS, after 

controlling for the effects of age, level of education, estimated premorbid IQ and 

mood status. However, no reliable conclusions could be drawn from this study 

because the small sample size resulted in an unacceptably low level of statistical 

power for the desired regression analysis. Exploratory analyses of variance revealed 

no significant group differences for any of the covariate or cofactor variables when 

subjects falling at the low, middle, and high ranges of severity of impairment were 

compared, with the exception of a possible inverse relationship with CD4 count. 

This was consistent with an exploratory stepwise regression analysis in which only 

CD4 count entered the model. Some potential limitations of the operational 

definitions used for the variables in this study were identified, including the severity 

of impairment summary variable, and modifications were suggested. The results of 

additional exploratory analyses comparing group differences between the "globally 

impaired" and "unimpaired" subjects (Maj et al., 1994 criteria) on both the covariate 

and cofactor variables, and neuropsychological test performance, were also 

discussed. 
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CONDITIONS INCLUDED IN THE 1993 AIDS 

SURVEILLANCE CASE DEFINITION 

Candidiasis of bronchi, trachea or lungs 

Candidiasis, esophageal 

Cervical cancer, invasive 

Coccidioidomycosis, disseminated or extrapulmonary 

Cryptococcosis, extrapulmonary 

Cryptosporidiosis, chronic intestinal (>1 month's duration) 

Cytomegalovirus disease (other than liver, spleen, or nodes) 

Cytomegalovirus retinitis (with loss of vision) 

Encephalopathy, HIV-related 

Herpes simplex: chronic ulcer(s) (>1 month's duration); or bronchitis, pneumonitis, 

or esophagitis 

Histoplasmosis, disseminated or extrapulmonary 

Isosporiasis, chronic intestinal (>1 month's duration) 

Kaposi's sarcoma 

Lymphoma, Burkitt's (or equivalent term) 

Lymphoma, immunoblastic (or equivalent term) 

Lymphoma, primary, of brain 

(continues) 
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Mycobacterium avium complex or M. kansasii, disseminated or extrapulmonary 

Mycobacterium tuberculosis, any site (pulmonary or extrapulmonary) 

Mycobacterium, other species or unidentified species, disseminated or 

extrapulmonary 

Pneumocystis carinii pneumonia 

Pneumonia, recurrent 

Progressive multifocal leukoencephalopathy 

Salmonella septicemia, recurrent 

Toxoplasmosis of brain 

Wasting syndrome due to HIV 
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PERSONAL HISTORY QUESTIONNAIRE 

Instructions: Please print legibly. All information is strictly confidential. 

I. Name: 

II. Age: III. Race: 

IV. Handedness: 1. Right 2. Left (circle) 

V. Primary language: 1. English 2. Spanish 
3. Other 

VI. Occupation: 

If not working, date you stopped working: 

Previous occupations: 

VII. In what state did you attend school: 

VIII. Highest grade completed: 

IX. Grades typically received: 1. 
2. B 
3. C 
4. D 
5. F 

X. Would you describe your sexual orientation as primarily: 

1. homosexual 
2. heterosexual 
3. bisexual 

XI. When were you first diagnosed with AIDS? (mm/dd/yy) 

XII. When did you first begin HIV-related treatment? (mm/dd/yy) 



47 

XIII. Have you ever suffered any head injuries or been unconscious? 
If yes, please describe each experience, including the date and length of time 
you were unconscious (if applicable) and/or any diagnoses given to you by a 
physician (e.g., concussion) 

XIV. Check any of the following conditions that you or a member of your family 
has had: 

Self Family 

Learning Disability: Type 
Stroke(s) 
TIAs (transient ischemic attacks) 
Parkinson's disease 
Hypertension (high blood pressure) 
Diabetes 
Heart attack 
Peripheral vascular disease 
Cancer: Type 
Migraine headaches 
Seizures 
Depression 
Anxiety 
Schizophrenia 
Manic-Depressive Disorder (Bipolar disorder) 
Liver disease 
Alzheimer's disease or other dementia 
Other 
Other 
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XV. How much alcohol do you consume per week? 
(1 oz of liquor = 1 beer = 1 glass of wine) 

XVI. How much tobacco do you smoke per day? 

0. none 
1. less than 1/2 pack 
2. 1/2 pack 
3. 1 pack 
4. 2 packs 
5. more than 2 packs 

XVII. Are you currently seeing a counsellor? Y / N 

XVIII. Are you currently involved in any type of support group? Y / N 

XIX. Have you ever travelled outside of the U.S.? 
If yes, please list locations and dates 

XX. Please list any current treatments you are receiving related to HIV, including 
any alternative (non-medical) forms of treatment: 

Massage 
Relaxation/Stress Management 
Biofeedback 
Meditation/Imagery 
Vitamins/Minerals: List: 
Herbs: List: 
Yoga 
Acupuncture 
Homeopathic Medicine 
Others: List: 
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The next section asks about current and past drug use. 

XXI. List any currently used drugs: 

DRUG FREQUENCY METHOD 
Daily Weekly Monthly IY Oral Nasal Smoking 

Cocaine 1 2 3 1 2 3 4 
Crack 1 2 3 1 2 3 4 
Crystal/Speed 1 2 3 1 2 3 4 
Marijuana 1 2 3 1 2 3 4 
Hash 1 2 3 1 2 3 4 
Opium 1 2 3 1 2 3 4 
Ecstasy 1 2 3 1 2 3 4 
Ice 1 2 3 1 2 3 4 
Heroin 1 2 3 1 2 3 4 
Eve 1 2 3 1 2 3 4 
Poppers 1 2 3 1 2 3 4 
LSD/Acid 1 2 3 1 2 3 4 
Mushrooms 1 2 3 1 2 3 4 
Other 1 2 3 1 2 3 4 

[II. If you no longer use drugs, but have used them in the past, please list: 

DRUG FREQUENCY METHOD 
Daily Weekly Monthly IV Oral Nasal Smoking 

Cocaine 1 2 3 1 2 3 4 
Crack 1 2 3 1 2 3 4 
Crystal/Speed 1 2 3 1 2 3 4 
Marijuana 1 2 3 1 2 3 4 
Hash 1 2 3 1 2 3 4 
Opium 1 2 3 1 2 3 4 
Ecstasy 1 2 3 1 2 3 4 
Ice 1 2 3 1 2 3 4 
Heroin 1 2 3 1 2 3 4 
Eve 1 2 3 1 2 3 4 
Poppers 1 2 3 1 2 3 4 
LSD/Acid 1 2 3 1 2 3 4 
Mushrooms 1 2 3 1 2 3 4 
Tobacco 1 2 3 1 2 3 4 
Other 1 2 3 1 2 3 4 
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XXIII. How would you rate your day-to-day stress: (please circle the most 
appropriate number) 

0 1 2 
N/A not very 

stressful 

3 4 5 
moderately 
stressful 

6 7 
extremely 
stressful 

XXIV. How would you describe the current level of social support you receive 
from: 

a) your significant other 

0 
N/A 

1 2 
not very 
supportive 

4 5 
moderately 
supportive 

6 7 
extremely 
supportive 

b) your family 

0 
N/A 

1 2 
not very 
supportive 

4 5 
moderately 
supportive 

extremely 
supportive 

c) your friends 

0 
N/A 

1 2 
not very 
supportive 

4 5 
moderately 
supportive 

extremely 
supportive 

d) your co-workers 

0 
N/A 

1 2 
not very 
supportive 

4 5 
moderately 
supportive 

extremely 
supportive 
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XXV. Since being diagnosed with HIV, have you experienced any changes in: 

a) sexual desire? 
If yes, please describe: 

b) sexual ability? 
If yes, please describe: 
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PHYSICIAN REFERRAL DATA SHEET 

Patient's Name: 

BLOODWORK 

Date of most recent bloodwork: 

CD4 count 

II. HIV-RELATED DISEASES 

Please check those applicable to patient, both present and prior diagnosis 

Candidiasis of bronchi, trachea, or lungs 

Candidiasis, esophageal 

Cervical cancer, invasive 

Coccidioidomycosis, disseminated or extrapulmonary 

Cryptococcosis, extrapulmonary 

Cryptosporidiosis, chronic intestinal ( >1 month's duration) 

Cytomegalovirus disease (other than liver, spleen or nodes) 

Cytomegalovirus retinitis (with loss of vision) 

Encephalopathy, HIV-related 

Herpes simplex: chronic ulcer(s) ( >1 month's duration); or 

bronchitis, pneumonitis, or esophagitis 

Histoplasmosis, disseminated or extrapulmonary 

Isosporiasis, chronic intestinal ( >1 month's duration) 
(continues') 



54 

III. HIV-RELATED DISEASES - continued 

Kaposi's sarcoma 

Lymphoma, Burkitt's (or equivalent term) 

Lymphoma, immunoblastic (or equivalent term) 

Lymphoma, primary, of brain 

Mycobacterium avium complex or M. kansasii, disseminated or 
extrapulmonary 

Mycobacterium tuberculosis, any site (pulmonary or 
extrapulmonary) 

Mycobacterium, other species or unidentified species, disseminated 
or extrapulmonary 

Pneumocystis carinii pneumonia 

Pneumonia, recurrent 

Progressive multifocal leukoencephalopathy 

Salmonella septicemia, recurrent 

Toxoplasmosis of brain 

Wasting syndrome due to HIV 

III. DIAGNOSIS OF AIDS: What criteria was used to diagnose this patient 
with AIDS? 
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CEREBELLAR DYSFUNCTION SCALE 

Note: Observe patient's gait and speech as you proceed to examination room. 
Patient to be seated for first part of the exam. 

_________ 
(Observe patient's gait, does it have floppy, saggy, loose-jointed 
appearance). 

0 = negative 

1 = positive 0 1 

BROAD-BASED GAIT 
(Observe, look for bent knees, wide based gait, "sailor-like"). 

0 = negative 

1 = positive 0 1 

SCANNING SPEECH 
(Does patient's voice sound similar to a computer-generated voice?) 

1 = Yes 

0 = No 0 1 

VOCAL TREMOR 
(Does patient's voice have quavering or shaky quality?) 

1 = Yes 
0 = No 0 1 

Formal administration starts here. 
DYSARTHRIA 
Please repeat after me: 

Methodist Episcopal 
Liquid Electricity Errors 

1 = Yes 
0 = No 0 1 

_________ 

Keep your head faced toward me, follow my fingers by moving only your eyes. 
Make sure patient holds their head still, if necessary gently hold their chin. Present 
stimuli by lightly snapping your fingers in the following positions: 

Nystagmus 
1 = Yes 
0 = No 0 1 

If yes, what type: horizontal vertical rotatory other 
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FINGER-NOSE-FINGER 
Demonstrate. I want you to touch the tip of your nose with your index finger, 
then touch my finger, then touch your nose again, then touch my finger, and so 
on. Keep doing this until I tell you to stop, and start with your right hand. Do 
it as quickly and accurately as you can, ready, go. Make sure patient extends arm 
out fully. 
Now do the same thing with your left hand. Repeat 5 times with each hand. 

0 = Normal 
1 = Abnormal 

If abnormal, indicate type: 

Right Hand 0 1 

Left Hand 0 1 

intention tremor 
past pointing 

dysmetria 
factitiously abnormal 

Decomposition of movement: yes no 

CHECKING REFLEX 
Pull against my fingers as hard as you can. Pull only with your arm. Hold 
patient at the heel of the hand using your index and middle fingers. Place your 
other arm in front of the patient's body to protect from rebound. 
Now do the same thing with your other arm. Repeat each side twice. 

Impairment level: 0 = 
1 = 
2 = 
3 = 

intact 
equivocal 
moderate 
severe 

Right Hand 

Left Hand 

0 1 
2 3 

0 1 
2 3 

UPPER EXTREMITY BUMP 
Hold your arms out in front of you at shoulder level, with your palms facing 
up. When I tell you, close your eyes and then I'm going to bump your arms 
one at a time. Don't let me move them. Okay, close your eyes. Examiner gives 
brief downward push at palm of each hand using two fingers, alternating between 
sides. Observe for overshoot. 

Overshoot level: 
0 = minimal overshoot 
1 = mild (1-2X), little excursion 
2 = moderate (3-4X) 
3 = severe (>4X), large excursion 

Right Hand 

Left Hand 

0 1 
2 3 

0 1 
2 3 
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THIGH SLAPPING 
Watch me first. I want you to slap your hand on your thigh, alternating 
between the palm and top of your hand, and make it sound like mine. Do it 
until I tell you to stop. Do one hand at a time. Demonstrate for 5 cycles, as 
rapidly and rhythmically as possible. Have patient do 5 cycles per hand. 

0 = perfect duplication x all 5 cycles Right Hand 0 1 
1 = duplication x 4 cycles 2 3 
2 = duplication x 3 cycles 4 5 
3 = duplication x 2 cycles 
4 = duplication x 1 cycle Left Hand 0 1 
5 = unable to perform 2 3 

4 5 

FINE FINGER MOVEMENT 
Watch me first. Demonstrate. I want you to touch your thumb to each finger 
and then repeat in the reverse direction. Notice that in order to repeat the 
entire sequence you have to touch twice on each end. Now you try it. Allow 
patient to practice. Now you do it as quickly but as accurately as you can. Score 
performance based on 5 full repetitions. Now do the same thing with your other 
hand. 

0 = rapid performance, no errors, Right Hand 0 1 
quickly automatically 2 3 

1 = few errors, relatively automatic 
with practice 

2 = much difficulty, many errors, Left Hand 0 1 
never automatic 2 3 

3 = unable to perform 

HAND TREMOR 
Hold your arms straight out in front of you at shoulder level with your palms 
facing down. Now, close your eyes and try to keep your arms in the same spot. 
Examiner holds their hands at same level as the patient and observes for downward 
drift. Have patient hold position for 5 seconds. 

0 = absent Right Arm 0 1 
1 = present 

Left Arm 0 1 
If present, indicate which type: 

at rest (observations) intention (observations) 
postural (as tested above) 
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HEEL TAPPING 
Tap the heel of your right foot on the shin of the opposite leg as quickly and 
accurately as you can. Demonstrate. Have patient do 5 repetitions. Now do the 
same thing but this time with the opposite foot and leg. 

0 = rhythmic Right Side 0 1 
1 = dysrhythmic 

Left Side 0 1 

HEEL-TO-SHIN 
Listen before you start. Take the heel of your right foot and touch it to your 
left knee (demonstrate) and then drag it down your shin to the foot as smoothly 
as you can. Observe and make sure that the heel is dragged all the way down to 
the foot. Heel should stay along the anterior tibia. Now do the same thing using 
your opposite foot. 

0 = normal Right Side 0 1 
1 = dystaxic 

Left Side 0 1 
Decomposition of movement: yes no 

PENDULAR PATELLAR REFLEX 
Patient sitting with legs hanging freely over chair, or on a desk. Please cross your 
legs. Tap the patient below the knee. If no reflex is elicited, ask patient to lock 
fingers together and pull as tightly as they can. Repeat with opposite side. Look for 
hypo- or hyperreflexiveness. 

0 = negative Right Side 0 1 
1 = positive 

Left Side 0 1 

For the next ones, you need to be standing. Have patient stand up. 
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FINGER-TO-NOSE 
Watch me first. With your eyes closed, stretch out your arms, and then with 
one arm at a time, touch the tip of your nose with your index finger. Do this as 
quickly and accurately as you can. Demonstrate exercise to patient. Stand 
comfortably with arms outstretched at shoulder-level. Do not let patient move their 
head from side to side. If patient makes error on first trial, have s/he practice with 
eyes open, and then repeat exercise once. 

0 = Normal Right Hand 0 1 
1 = Abnormal 

Left Hand 0 1 
If abnormal, indicate type: 

intention tremor dysmetria 
past pointing factitiously abnormal 

Decomposition of movement: yes no 

TANDEM GAIT 
Have patient remove shoes if wearing high heels. 
Pretend there is a straight line on the floor, about 8 feet long. I want you to 
walk along that line, so that the heel of one foot touches the toes of the other 
foot, like this. Demonstrate. 

0 = normal (no deviation) 
1 = good (minor deviation, no reaching) 0 1 
2 = fair (moderate deviation, reaching to steady self) 2 3 
3 = poor (marked deviation, reaching to steady 1+ times) 4 
4 = unable to perform (due to severe unsteadiness, rather 

than weakness) 

BROAD-BASED STANCE 
Just get yourself comfortable and stand in place. (Observe, does 
the distance between the feet appear > 15cm). 

0 = negative (<15cm) 
1 = positive (>15cm) 0 1 
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ROMBERG TEST 
Now, put your feet as close together as you can. First just stand with your eyes 
open. Observe. Now close your eyes. Observe. Look for sway. Hold position for 
5 seconds each time. 

0 = negative 0 1 
1 = positive with eyes open, or positive with eyes closed 2 
2 = positive with eyes both open and closed 

TOE TAPPING 
Take one step forward with your right leg, and with your heel on the floor, tap 
you toes as quickly and accurately as you can. Have patient do 5 repetitions. 
Now do the same thing with your other foot. 5 repetitions. 

0 = rhythmic Right Side 0 1 
1 = dysrhythmic Left Side 0 1 

DECOMPOSITION OF MOVEMENTS (upper limbs, lower limbs or both) 
A positive performance is one in which the patient performs F-T-N, 
F-N-F, and/or H-T-S as if s/he were breaking a maneuver down into 
its constituent components instead of fluidly (choppy, robot-like) 

0 = absent 
1 = present 0 1 

TOTAL SCORE 
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Table El 

Independent T-test Results for the Neuropsychological Tests bv Globally Impaired 

versus Unimpaired Groups 

t E 

Paced Auditory Serial Addition Test (PASAT) -7.35 < .0001 

Digit Symbol subtest -4.12 < .0001 

Visual Reproduction Delayed Recall -3.98 .001 

Trails B -4.04 .001 

Logical Memory Immediate Recall -3.17 .004 

Logical Memory Delayed Recall -2.73 .012 

Bender Visual Motor Gestalt Test 3.05 .006 

California Verbal Learning Test -2.97 .007 

Comprehension subtest -2.42 .024 

Grooved Pegboard -2.35 .028 

Behavior Dyscontrol Scale -2.14 .044 

Block Design subtest -2.08 .050 

Visual Search and Attention Test -1.74 .096 

TPT Total Time -1.92 .068 

TPT Memory -1.08 .292 

TPT Localization -1.46 .158 

(table continues) 
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t £ 

Visual Reproduction Immediate Recall -1.83 .082 

Controlled Oral Word Association Test -1.85 .078 

Booklet Category Test -1.94 .065 

Digit Span subtest -0.43 .668 

Hooper Visual Organization Test 0.50 .625 

Judgment of Line Orientation 0.28 .785 

Cerebellar Dysfunction Scale 1.31 .205 
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Table F1 

Group Means and Performance Classification for the Neuropsychological Tests hy 

Globally Impaired versus Unimpaired Groups 

Impaired Unimpaired 

PASAT (total score) 81.50 141.25 
impaired range average 

Digit Symbol (T-score) 39.25 49.58 
impaired range average 

WMS-R VR (Delayed) (% ile) 18.00 59.33 
impaired range average 

Trails B (T-score) 36.83 53.17 
mildly impaired average 

WMS-R LM (Immediate) (% ile) 31.92 64.00 
average average 

Bender Gestalt (total) 14.25 8.33 
normal range normal range 

CVLT Tl-5 (T-score) 23.25 40.00 
moderate- low average 
severely impaired 

WMS-R LM (Delayed) (% ile) 34.42 63.08 
average average 

Comprehension (T-score) 49.83 58.33 
average average 

Grooved Pegboard (T-score) 36.00 46.83 
mildly impaired average 

Behavior Dyscontrol (total) 15.08 16.50 
mildly impaired normal range 

(table continues") 
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Impaired Unimpaired 

Block Design (T-score) 48.50 56.92 
average average 

VSAT (% ile) 11.08 26.92 
low average average 

TPT Memory (T-score) 39.92 44.25 
mildly impaired low average 

TPT Localization (T-score) 44.25 51.33 
average average 

TPT Total Time (T-score) 41.58 52.25 
average average 

WMS-R VR (Immediate) (% ile) 67.92 85.17 
average above average 

COWAT (FAS) (Total) 36.50 47.00 
average average 

Booklet Category Test (T-score) 32.58 42.58 
mild-moderately low average 
impaired 

Digit Span (T-score) 48.20 50.75 
average average 

HVOT (T-score) 52.50 51.58 
average average 

JLO (Total) 38.03 35.58 
average average 

Cerebellar Dysfunction Scale 14.25 10.92 
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