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Abstract

Objective: Practical screening methods are necessary to detect neurocognitive impairment (NCI) in HIV-infected patients. We aimed to find a brief and feasible paper-based tool to facilitate the diagnosis of an HIV-associated neurocognitive disorder.

Methods: A total of 106 HIV-infected outpatients with variable clinical characteristics were recruited in a multicenter investigation. NCI was diagnosed using a standardized neuropsychological tests battery (7 areas, 21 measures, ∼2 hours). Multiple score combinations were compared to find a paper-based method that took ≤10 minutes to apply. The presence of NCI was considered the gold standard for comparisons, and the sensitivity and specificity were calculated.

Results: Subjects were mostly middle-aged (median, 44 years) men (87%) on antiretroviral treatment. NCI was detected in 51 individuals (48%) and was associated with lower nadir CD4 count (P < 0.001), receiving antiretroviral therapy (P = 0.004), fewer years of education (P = 0.009), and presence of comorbidities (P < 0.001). The score combination that showed the highest sensitivity (74.5%) and specificity (81.8%) detecting NCI included 3 measures of attention/working memory, executive functioning, and verbal fluency (part A of Trail Making Test, part B of Trail Making Test, and Controlled Oral Word Association Test scores). A broader paper-based selection of measures covering 7 areas indicated a sensitivity of 100% and a specificity of 96.3% (7 measures, ∼35 minutes).

Conclusions: The combination of the 3 measures presented in this study seems to be a rapid and feasible screening mean for NCI in HIV-infected patients. This approach, combined with screening for potential comorbidities and daily functioning interference, could help in the initial stages of a HIV-associated neurocognitive disorder diagnosis and in settings with limited access to neuropsychological resources.
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INTRODUCTION

Neurocognitive impairment (NCI) is a frequent complication that is reported to affect 30%–60% of HIV-infected patients.1 It has detrimental consequences for quality of life2 and daily functioning3 and has been associated with more complex patient management involving poorer adherence,4 more frequent virological failure,5 and higher mortality rates in individuals with previous mild neurocognitive changes.6

Standard comprehensive neuropsychological test batteries are recommended for the assessment of NCI in HIV-infected patients.7–9 However, these tests provide broad information on neurocognitive functioning rather than useful data on the initial stages of the diagnosis of an HIV-associated neurocognitive disorder (HAND). Thus, brief and sensitive screening methods for the detection of NCI are desirable in clinical practice. Given that access to neuropsychological resources is problematic in many settings, such a screening method should be readily available. In addition, any individual with HIV infection could be at risk of developing HAND; therefore, not only those with more evident suspicion or at high risk should be tested.9 Nonetheless, although several methods to screen for NCI have been proposed, they are difficult to apply in clinical practice.10 There are several reasons for this discrepancy. First, these tools are not traditionally used in HIV infection; therefore, clinical experience is limited. Second, widespread application is affected by copyright restrictions and instrumental requirements. And third, their accuracy for detecting NCI is variable, and they generally present better properties when detecting marked impairment, rather than mild forms of HAND.

Hence, we developed the NEUrocognitive HIV study (NEU), a multicenter investigation aimed at finding a brief, feasible, and sensitive instrument to screen for NCI in HIV-infected patients. After administering a comprehensive neuropsychological test battery including paper-based, computerized, and instrumental tests to a population of HIV-infected outpatients, we compared the accuracy of score combinations enabling the detection of NCI to develop a short paper-based instrument that could prove useful in screening for HAND in routine clinical practice.
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METHODS

Study Design and Population

The NEU study was an observational multicenter investigation whose main sponsor was the Lluita Contra la SIDA Foundation (www.flsida.org).

A total of 7 hospitals in Barcelona, Catalonia, Spain, participated, and the HIV-infected outpatients attended in their respective HIV units were informed about the study as part of the daily routine of the unit. After the invitation to participate, 114 individuals were recruited, and 106 were finally included in the data analyses (8 participants did not complete all the study assessments). The inclusion criteria were age ≥18 years, positive results in an enzyme-linked immunosorbent assay and a confirmatory Western blot, full understanding of the study objectives and procedures, and signed informed consent to participate. The exclusion criteria were incomplete study assessments or voluntary withdrawal from the study. Potential confounding comorbidities for the detection of NCI were not used as exclusion criteria to achieve a more representative sample and to be able to apply relevant information on those conditions in the study analyses. Thus, their existence was controlled and recorded as a clinical study variable. After recruitment, all the participants were scheduled for a new study visit, at which the relevant information was collected.

All the study procedures were conducted in accordance with the 1964 Declaration of Helsinki [fourth revision (1996)] and Good Clinical Practice Guidelines and were approved by the Research Ethics Committee of the Germans Trias i Pujol University Hospital (Project Number: EO-07-039). The NEU study was carried out from April 2008 to December 2011.
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Demographic and Clinical Assessments

In addition to neurocognitive variables, we evaluated demographic, clinical, and psychological variables.

Demographic variables included age, gender, route of infection, employment status, and years of education and were obtained by self-report.

Clinical variables comprised current CD4 cell count, nadir CD4 cell count, plasma viral load, highest plasma viral load, being antiretroviral treatment naive, being on antiretroviral treatment, drugs included in the regimen, central nervous system (CNS) penetrance-effectiveness (CPE) score, previous therapy interruptions, time since HIV diagnosis, time since initiation of the first regimen, time on the current regimen, coinfection with hepatitis C virus, and existence of comorbidities potentially affecting neurocognitive performance. This information was extracted from clinical histories and local clinical databases. The CPE score was based on the proposal by Letendre et al in 2010.11 A treatment interruption was defined as any discontinuation of antiretroviral therapy longer than 15 days, regardless of the number of discontinuations, and was recorded based on previous results from our group revealing connections between previous interruptions of therapy and worse neurocognitive status.12 Potential confounding comorbidities for the detection of NCI were similar to those taken into consideration in the Frascati criteria.7 In our work, these conditions were classified as dichotomous variables (yes/no), according to the presence of comorbidity and type of comorbidity. The comorbid conditions included previous or current diagnosis of a psychiatric disorder, current psychopharmacologic therapy, current illegal drug use, and previous or current CNS-related disease.

Psychological variables included emotional status and quality-of-life scales. In emotional status, symptoms of depression and anxiety were monitored and evaluated using the Beck Depression Inventory13 and the State-Trait Anxiety Inventory.14 As for depressive symptoms, the cognitive-affective subscale was used to avoid biases related to somatic symptoms.15 Quality-of-life variables were assessed using the MOS-HIV questionnaire, a self-report tool that examines 9 specific quality-of-life scales and 2 additional global dimensions.16
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Neurocognitive Assessment

Neurocognitive variables were assessed using a comprehensive battery of neuropsychological tests covering 7 recommended neurocognitive areas in HIV-infected patients.7–9 The battery comprised 21 tests (13 paper-based, 3 computerized, and 5 instrumental). Application time ranged from 2 to 2.5 hours. The tests used and the areas covered were as follows: the Letter-Numbers and Digits tests of the Wechsler Adult Intelligence Scale-III (WAIS-III)17 for attention/working memory; part A of the Trail Making Test (TMT-A)18 and the Symbol Digit Modalities Test19 for information processing speed; the California Verbal Learning Test–Part II (CVLT-II)20 for verbal memory and learning; part B of the TMT (TMT-B),17 the Stroop Test,21 the Wisconsin Card Sorting Test,22 and the Tower of London Test23 for executive functioning; the Controlled Oral Word Association Test (COWAT)24 and the Animals Test25 for verbal fluency; and the Electronic Tapping Test,26 the Grooved Pegboard Test,27 and the MacQuarrie Test28 for motor function. All tests were used in their Spanish versions. Table 1 describes the characteristics of this battery. Standardized T scores were used for all comparisons. These were obtained after adjusting the raw scores according to Spanish and English available normative data and covering principally age, gender, and educational level.20,22,27,29–36

[image: Table 1]TABLE 1 Description of the Neuropsychological Test Battery



Besides the above-mentioned tests, the Vocabulary test of the WAIS-III17 was used to examine premorbid intelligence. Self-reported cognitive complaints and interference in daily functioning were also recorded and considered dichotomous categorical variables (yes/no), as reported elsewhere.37

NCI was defined as mild when performance was 1 SD below the normative mean in at least 2 neurocognitive areas and as moderate to severe when performance was more than 2 SDs in at least 2 neurocognitive areas; this approach has been used extensively by other authors assessing NCI in HIV infection.38–42 The Frascati criteria were applied to describe the distribution of HAND in the sample, although only in those individuals with no presence of confounding comorbidities. NCI was classified as asymptomatic neurocognitive impairment (ANI), mild neurocognitive disorder (MND), and HIV-associated dementia (HAD) according to the severity of the impairment and the presence of interference in daily functioning. Specifically, a patient was considered to have ANI and MND when presented mild impairment and HIV-associated dementia when moderate-to-severe impairment was detected. The differentiation between ANI and MND was established according to the presence of interference in daily functioning.7
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Data Analyses

Normally distributed variables were described as mean (SD); nonnormally distributed variables were described as median [interquartile range (IQR)]. Categorical variables were described using frequencies and percentages. Variables associated with NCI were described as means and compared using the t test, Mann–Whitney test, χ2 test, or Fisher exact test, again depending on the distribution of the variables. All comparisons were univariate and 2-tailed. Statistical significance was set at P < 0.05. The accuracy of the battery for detecting NCI was assessed in terms of sensitivity and specificity. Positive and negative predictive values were also calculated and reported with their 95% confidence intervals.

Several combinations of scores were compared to better classify participants as having or not having NCI. In this regard, the presence of NCI was considered the gold standard for study comparisons. Because the main objective of this work was to find a brief and feasible tool to screen for NCI in HIV-infected patients, all score combinations were compared to find a paper-based test with an application time of ≤10 minutes. Some of the comparisons included combinations proposed in the literature as potential neurocognitive screening methods.

Once the analysis was completed, additional examinations were performed considering scores based only on paper-based tests with a longer completion time. The main combinations studied were those covering all 7 neurocognitive areas recommended for the assessment of NCI in HIV-infected patients. The combination with the best results was proposed as a reduced neuropsychological battery, rather than as a brief and feasible screening method, owing to the unrestricted time for application and the greater number of neuropsychological tests included.

All statistical analyses were performed using SPSS Statistics, v.15 (SPSS, Chicago, IL) and R, v.2.12 (http://www.r-project.org).
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RESULTS

Participants were predominantly men (87%) with a median (IQR) age of 44 years (39–48 years) who were on treatment. Median current CD4 count was 601 cells per microliter (402–791 cells/µL), and median nadir CD4 count was 204 cells per microliter (90–354 cells/µL). The remaining demographic and medical characteristics are displayed in Table 2.
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NCI was present in 51 participants (48%), of whom 26 (51%) reported cognitive complaints. The most prevalently affected neurocognitive areas were attention/working memory, information processing speed, and executive functioning, and the measures that showed the lowest mean (SD) T scores: TMT-A total time, 39 (13); TMT-B total time, 38 (16); and percentage of Wisconsin Card Sorting Test errors, 37 (8). The presence of NCI was associated with lower nadir CD4 counts (P < 0.001), being on antiretroviral therapy (P = 0.004), fewer years of education (P = 0.009), and existence of potential confounding comorbidities (P < 0.001). Other variables found in association, although not reaching statistical significance, were female gender (P = 0.06), undetectable viral load (P = 0.06), and time with HIV (P = 0.08). Worse quality of life was also related to NCI, particularly on the physical and role functioning scales (P = 0.01 and 0.002, respectively). When antiretroviral therapy was taken into consideration, 49 participants (53%) had NCI (P = 0.004). No connection was observed with the CPE score, although there was a trend toward greater NCI with lower CPE scores, particularly in those patients with lower nadir CD4 counts and a CPE score higher than 7 (P = 0.14). Potential confounding comorbidities for the detection of NCI were present in 59 individuals (55%), among whom NCI was detected in 38 cases (64%) and cognitive complaints in 39 (66%). The distribution of comorbidities was as follows: 36 (34%) reported previous or current psychiatric disorder, 33 (31%) were receiving psychopharmacologic therapy, 13 (12%) reported illegal drug use, and 14 (13%) had a previous or current CNS-related disease. In patients without comorbidities, NCI was principally related to time with HIV (P = 0.004), antiretroviral treatment (P = 0.01), and undetectable viral load (P = 0.01). Of those individuals, 9 (69%) had ANI and 4 (31%) had MND.

The combinations of neurocognitive scores compared comprised 1–3 measures, according to the maximum time expected for application (ie, 10 minutes). Once the measures were compared, the most accurate selection for detecting NCI, which we called the NEU Screen, comprised TMT-A total time, TMT-B total time, and the COWAT total score. This group of measures presented a sensitivity (95% confidence interval) of 74.5% (60% to 85.2%), specificity of 81.8% (68.6% to 90.4%), positive predictive value of 79.1% (64.1% to 89%), and negative predictive value of 77.5% (64.4% to 87%). Table 3 summarizes the characteristics and properties of the selection. Other combinations of scores that showed similar accuracy comprised 2–3 measures. These were also feasible paper-based combinations, and some of them consisted of other proposed methods to screen for NCI in the HIV-infected population.43,44 The characteristics of some of these combinations are shown in Table 4.
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As for the analyses considering groups of measures taking >10 minutes to administer and covering all 7 recommended areas in HIV infection, 1 combination indicated optimal accuracy for detecting NCI. This option included the Letter-Numbers (WAIS-III) total score, TMT-A total time, CVLT-II long-term free recall, CVLT-II total A list, TMT-B total time, COWAT total score, and MacQuarrie nondominant hand score. For this selection, the sensitivity was 100% (91.2% to 100%), specificity 96.3% (86.3% to 99.3%), positive predictive value 96.2% (85.9% to 99.3%), and negative predictive value 100% (91.5% to 100%). Other similar paper-based groups of measures covering the assessment of 7 areas did not reach such high sensitivity and specificity values (data not shown). Table 5 displays the scores included in this group.
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DISCUSSION

We observed a high frequency (48%) of neurocognitive dysfunction in our sample of HIV-infected adults, which mainly comprised middle-aged men on antiretroviral therapy with a heterogeneous spectrum of clinical conditions. The variables that were significantly associated with this dysfunction were lower nadir CD4 count, being on antiretroviral treatment, fewer years of education, and presence of potential comorbidities for NCI. These findings are consistent with those of previous works reporting an elevated prevalence of neurocognitive dysfunction in people with HIV and mostly identifying the same demographic and clinical risk factors for NCI.1,9

The main objective of our investigation was to find a brief and feasible paper-based method to screen for NCI, principally to facilitate the diagnosis of HAND. We found the highest accuracy for detecting NCI in the combination of 3 measures provided by the tests, TMT-A, TMT-B, and COWAT. We called this combination the NEU Screen. The sensitivity and specificity were 74.5% and 81.8%, respectively. The 3 measures assess attention/working memory, executive functioning, and verbal fluency, which are among the most frequently impaired neurocognitive functions in HIV-infected patients.1,7,9 At all stages of our investigation, our focus was on feasibility in routine practice. Therefore, we sought a practical paper-based tool with a short application time and selected the combination that most accurately indicated the presence of NCI. An additional advantage of our choice was the absence of copyright restrictions in the 3 tests.

Other tools have been proposed as screening methods for NCI in HIV-infected patients. One of the most widely studied is the HIV Dementia Scale,45 which has been adapted from the International HIV Dementia Scale46 to facilitate administration and expand the number of settings where it can be applied. Nevertheless, both scales were designed to screen for dementia, which is considerably less prevalent nowadays thanks to combination antiretroviral therapy. Consequently, some authors have warned about the limitations of using the HIV Dementia Scale or International HIV Dementia Scale to screen for milder forms of NCI, highlighting that their main application should be to screen for dementia or severe forms of impairment.47–50

NCI can also be rapidly detected in the HIV-infected population using the Montreal Cognitive Assessment (MoCA)51 and the Brief NeuroCognitive Screen (BNCS).44 These paper-based tools are easily administered as part of the routine care of HIV-infected patients. However, several characteristics should be borne in mind when applying them in clinical practice. Koski et al52 compared MoCA with computerized tools and found that MoCA was less accurate when used alone; therefore, they recommended using it in combination with other sensitive screening tools (computerized or noncomputerized). In fact, in a recent study published by Overton et al,53 the authors reported 63% sensitivity and 71.2% specificity as the best combination for NCI in 200 HIV-infected patients with a high rate of impairment (64%). When the cutoff score was changed from ≤25 to ≤27, the sensitivity increased to 89.8%, although the specificity fell to 42.5%. The BNCS is comparable with the NEU Screen because it includes the TMT-A, TMT-B, and Digit Symbol test from the WAIS-III. We compared the BNCS with the NEU Screen and found that the specificity in our European sample was slightly higher than that observed with the NEU Screen (85.4% vs 81.8%), although the sensitivity was lower (66.6% vs 74.5%). The main difference between the BNCS and the NEU Screen is that the former emphasizes the measurement of information processing speed, whereas the latter introduces the assessment of verbal fluency. This observation is particularly important in light of recent findings describing how domains, such as verbal fluency and executive functioning, are becoming increasingly affected, in contrast with other typically impaired domains, such as attention/working memory and information processing speed.54 Other tools to screen for NCI in HIV-infected patients have been proposed because of their higher sensitivity than paper-based methods. These include the CogState55 and a pair of scores proposed by Carey et al,43 which have sensitivities of 90% and 78%, respectively. Nonetheless, because our priority was to develop a tool that could be easily applied in clinical practice, we placed emphasis on simplicity and feasibility, thus excluding instrumental tests and tools affected by copyright issues.

Our findings are similar to those of a recent report by Moore et al,56 who analyzed a large number of neurocognitive score combinations to develop a brief battery of tests to screen for NCI in adults with HIV. However, both study designs differ in several relevant aspects. First, the populations studied had markedly different characteristics. The subjects analyzed by Moore et al were early-managed military beneficiaries, whereas ours comprised HIV-infected outpatients attended in 7 Catalan hospitals. There were also differences between time since HIV diagnosis [5 years (IQR, 2–11) vs 10 years (IQR, 3–18), respectively] and prevalence of comorbidities (5% vs 55%). These discrepancies could significantly affect the frequency of NCI detected. In the study by Moore et al, the rate of NCI was substantially lower than in ours (19% vs 48%). Accordingly, we detected a similar rate to that of most published reports, thus allowing us to feel more comfortable using the presence of NCI as the gold standard for comparison. Another crucial difference involved the instrumental requirements. Moore et al compared data according to the number of scores considered and expected time for administration, whereas our primary focus was on paper-based tests, followed by time for administration. As stated above, the basis of our approach was maximum clinical applicability. Therefore, although the objectives of both investigations were similar, it is important to highlight key differences in their designs.

In addition to searching for a rapid screening tool, we performed additional analyses to ascertain the accuracy of longer paper-based combinations used to detect NCI that assess more than 2 or 3 cognitive domains. We identified a combination of 7 scores evaluating 7 domains that were highly accurate for detecting impairment and that presented 100% sensitivity and 96.3% specificity. Given the expected time for application (∼30–35 minutes) and the wider group of neuropsychological tools included, we suggest using this combination as an abbreviated neuropsychological battery, rather than as a specific screening tool. Moreover, the potential advantages of this method highlight its usefulness in settings with limited access to neuropsychological resources or when the time to apply more comprehensive assessment methods is restricted. Furthermore, both the NEU screen and the reduced paper-based battery could facilitate the integration of briefer neuropsychological assessments in longitudinal clinical follow-ups or in prospective clinical trials; however, as our analyses were cross-sectional, we were unable to investigate this hypothesis. As suggested by other investigators, the expected practice effect in the repeated use of neurocognitive assessments should be taken into account,57–59 although few data are available on this undesirable consequence affecting both the proposals we present.

Our study is subject to a series of limitations. Our sample size was similar to that of previous studies, yet it was still small. Sample size is a key characteristic in works investigating screening methods for NCI in HIV infection, given the potential bias arising from heterogeneous demographic features and clinical profiles of HIV-infected patients. Consequently, our study could lack the necessary representativeness of such a sample. Additionally, the number of participants with potential confounding comorbidities was high, and this effect could influence the prevalence of NCI.1,7,9 Although comorbidities were not severe and NCI rates were similar to those of patients without confounding factors, this limitation could negatively affect the accuracy of the gold standard we applied. An additional consideration is the limitation imposed by language. Despite its multicenter design, our study was performed in a small area (Catalonia, Spain) in a Spanish-speaking population; therefore, findings should be restricted to this setting. In addition to the characteristics of the individuals studied, another limitation could concern the scores included in the NEU Screen. Although 3 measures are suggested for the assessment of 3 different areas, verbal memory is not taken into consideration. An advantage of the NEU Screen over other proposed tools is the wider range of neurocognitive domains covered; however, as memory complaints are not covered, sensitivity could be lower.

In summary, we recommend the NEU Screen for rapid and practical detection of NCI in HIV-infected patients. Definitively, data from future studies should consolidate our findings. An appropriate validation study is required, particularly considering the characteristics of our mostly well-educated sample of treated men and the specific use of tests in Spanish. Nonetheless, given its ease of application in routine practice, and the time required for the administration, the NEU Screen could be initially used to detect NCI in different settings where access to resources can be difficult. In our opinion, comprehensive neuropsychological test batteries provide robust data on neurocognitive functioning in the HIV-infected population; however, the NEU Screen could prove particularly valuable in the initial stages of the diagnosis of HAND and in clinical settings where access to neuropsychological resources is limited.
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MEMBERS OF THE NEU STUDY GROUP

The members of the NEU Study Group are the authors of this study and the following authors: M. Bernaus (Consorci Sanitari Parc Taulí, Barcelona, Spain), J. Blanch (Hospital Clínic i Provincial de Barcelona, Barcelona, Spain), E. Deig (Fundació Asil, Hospital de Granollers, Barcelona, Spain), Ll. Force (Consorci Sanitari Hospital de Mataró Hospital, Barcelona, Spain), À. Massabeu (Hospital de Palamós, Girona, Spain), A. Raich (Althaia Xarxa Assistencial, Barcelona, Spain), I. Nieto-Verdugo (Fundació Lluita contra la SIDA, Hospital Universitari Germans Trias i Pujol, Badalona, Spain), J. Toro (Fundació Lluita contra la SIDA, Hospital Universitari Germans Trias i Pujol, Badalona, Spain), M. González-García (Universitat Autònoma de Barcelona, Bellaterra, Spain), and A. Tuldrà (Fundació Lluita contra la SIDA, Hospital Universitari Germans Trias i Pujol, Badalona, Spain; Universitat Autònoma de Barcelona, Bellaterra, Spain).

Back to Top

REFERENCES

1. Schouten J, Cinque P, Gisslen M, et al.. HIV-1 infection and cognitive impairment in the cART era: a review. AIDS. 2011;25:561–575. Cited Here...

2. Tozzi V, Balestra P, Murri R, et al.. Neurocognitive impairment influences quality of life in HIV-infected patients receiving HAART. Int J STD AIDS. 2004;15:254–259. Cited Here...

3. Heaton RK, Marcotte TD, Mindt MR, et al.. The impact of HIV-associated neuropsychological impairment on everyday functioning. J Int Neuropsychol Soc. 2004;10:317–331. Cited Here...

4. Waldrop-Valverde D, Jones DL, Gould F, et al.. Neurocognition, health-related reading literacy, and numeracy in medication management for HIV infection. AIDS Patient Care STDS. 2010;24:477–484. Cited Here...

5. Tozzi V, Balestra P, Serraino D, et al.. Neurocognitive impairment and survival in a cohort of HIV-infected patients treated with HAART. AIDS Res Hum Retroviruses. 2005;21:706–713. Cited Here...

6. Sevigny JJ, Albert SM, McDermott MP, et al.. An evaluation of neurocognitive status and markers of immune activation as predictors of time to death in advanced HIV infection. Arch Neurol. 2007;64:97–102. Cited Here...

7. Antinori A, Arendt G, Becker JT, et al.. Updated research nosology for HIV-associated neurocognitive disorders. Neurology. 2007;69:1789–1799. Cited Here...

8. Muñoz-Moreno JA. Neurocognitive and motor disorders in HIV infection. Assessment and interventions. In: Plishe VN, ed. Research Focus on Cognitive Disorders. Hauppauge, NY: Nova Science Publishers, Inc; 2007, pp. 133–147. Cited Here...

9. Mind Exchange Working Group. Assessment, diagnosis, and treatment of HIV-associated neurocognitive disorder: a consensus report of the mind exchange program. Clin Infect Dis. 2013;56:1004–1017. Cited Here...

10. Valcour VG. Evaluating cognitive impairment in the clinical setting: practical screening and assessment tools. Top Antivir Med. 2011;19:175–180. Cited Here...

11. Letendre S, Ellis R, Deutsch R, et al.. Correlates of Time-to-Loss-of-Viral-Response in CSF and Plasma in the CHARTER Cohort. Paper presented at: 17th Conference on Retroviruses and Opportunistic Infections; February 16–19, 2010; San Francisco, CA. Abstract 430. Cited Here...

12. Muñoz-Moreno JA, Fumaz CR, Prats A, et al.. Interruptions of antiretroviral therapy in HIV infection: are they detrimental to neurocognitive functioning? J Neurovirol. 2010;16:208–218. Cited Here...

13. Beck AT, Rush AJ, Shaw BF, et al.. Cognitive Therapy of Depression. New York, NY: Guilford Press; 1979. Cited Here...

14. Spielberger CD, Gorsuch RL, Lushene RE. Manual for the State-Trait Anxiety Inventory. Palo Alto, CA: Consulting Psychologists Press; 1970. Cited Here...

15. Beck AT, Steer RA, Brown GK. Beck Depression Inventory: Manual BDI-II. New York, NY: Psychological Corporation; 1996. Cited Here...

16. Wu AW, Rubin HR, Mathews WC, et al.. A health status questionnaire using 30 items from the Medical Outcomes Study. Preliminary validation in persons with early HIV infection. Med Care. 1991;29:786–798. Cited Here...

17. The Psychological Corporation. Wechsler Adult Intelligence Scale—Third Edition (WAIS-III). San Antonio, TX: The Psychological Corporation; 1997. Cited Here...

18. Reitan RM, Davidson LA. Clinical Neuropsychology: Current Status and Applications. New York, NY: John Wiley & Sons; 1974. Cited Here...

19. Smith A. Symbol Digit Modalities Test. Los Angeles, CA: Western Psychological Services; 1973. Cited Here...

20. Delis DC, Kramer JH, Kaplan E, et al.. California Verbal Learning Test. New York, NY: The Psychological Corporation; 2000. Cited Here...

21. Golden CJ. Stroop Color and Word Test: A Manual for Clinical and Experimental Uses. Wood Dale, IL: Stoelting Company; 1978. Cited Here...

22. Heaton RK, Chelune GJ, Talley JL, et al.. Wisconsin Card Sorting Test (WCST) Manual Revised and Expanded. Odessa, FL: Psychological Assessment Resources; 1993. Cited Here...

23. Matthews CG, Klove H. Instruction Manual for the Adult Neuropsychology Test Battery. Madison, WI: University of Wisconsin Medical School; 1964. Cited Here...

24. Benton AL, Hamsher K, Sivan AB. Multilingual Aphasia Examination. Iowa City, IA: AJA Associates; 1994. Cited Here...

25. Gladsjo JA, Schuman CC, Evans JD, et al.. Norms for letter and category fluency: demographic corrections for age, education, and ethnicity. Assessment. 1999;6:147–178. Cited Here...

26. Reitan RM. Finger Tapping Test. Tucson, AZ: Reitan Neuropsychology Laboratory; 1979. Cited Here...

27. Reitan RM, Wolfson D. Grooved Pegboard. The Halstead-Reitan Extended Neuropsychological Test Battery. Tucson, AZ: Neuropsychology Press; 1985. Cited Here...

28. Chapman RL. The MacQuarrie test for mechanical ability. Psychometrika. 1948;13:175–179. Cited Here...

29. Wechsler D. Escala de Inteligencia Wechsler para Adultos (WAIS-III). 3rd ed. Madrid, Spain: TEA Ediciones; 1999. Cited Here...

30. Periáñez JA, Ríos-Lago M, Rodríguez-Sánchez JM, et al.. Trail Making Test in traumatic brain injury, schizophrenia, and normal ageing: sample comparisons and normative data. Arch Clin Neuropsychol. 2007;22:433–477. Cited Here...

31. Smith A. Test de Símbolos y Dígitos (SDMT). Madrid, Spain: TEA Ediciones; 2002. Cited Here...

32. Golden CH. Stroop. Test de Colores y Palabras. Madrid, Spain: TEA Ediciones; 2001. Cited Here...

33. Culbertson WC, Zillmer EA. Tower of London-drexel University (TOLDX). Toronto, Canada: Multi-Health Systems Inc; 2001. Cited Here...

34. Tombaugh TN, Kozak J, Rees L. Normative data stratified by age and education for two measures of verbal fluency: FAS and animal naming. Arch Clin Neuropsychol. 1999;14:167–177. Cited Here...

35. Wpspublish.com. Electronic Tapping Test. Los Angeles, CA: Western Psychological Services; 2001. Cited Here...

36. MacQuarrie TW. Test de Habilidades Mecánicas. Subtest de Marcado. Madrid, Spain: TEA Ediciones; 2003. Cited Here...

37. Simioni S, Cavassini M, Annoni JM, et al.. Cognitive dysfunction in HIV patients despite long-standing suppression of viremia. AIDS. 2010;24:1243–1250. Cited Here...

38. Cysique LA, Maruff P, Brew BJ. Prevalence and pattern of neuropsychological impairment in human immunodeficiency virus-infected/acquired immunodeficiency syndrome (HIV/AIDS) patients across pre- and post-highly active antiretroviral therapy eras: a combined study of two cohorts. J Neurovirol. 2004;10:350–357. Cited Here...

39. Tozzi V, Balestra P, Lorenzini P, et al.. Prevalence and risk factors for human immunodeficiency virus-associated neurocognitive impairment, 1996 to 2002: results from an urban observational cohort. J Neurovirol. 2005;11:265–273. Cited Here...

40. Wojna V, Skolasky RL, Hechavarría R, et al.. Prevalence of human immunodeficiency virus-associated cognitive impairment in a group of Hispanic women at risk for neurological impairment. J Neurovirol. 2006;12:356–364. Cited Here...

41. Arendt G, Nolting T, Frisch C, et al.. Intrathecal viral replication and cerebral deficits in different stages of human immunodeficiency virus disease. J Neurovirol. 2007;13:225–232. Cited Here...

42. Heaton RK, Clifford DB, Franklin DR Jr, et al.. HIV-associated neurocognitive disorders persist in the era of potent antiretroviral therapy: CHARTER Study. Neurology. 2010;75:2087–2096. Cited Here...

43. Carey CL, Woods SP, Rippeth JD, et al.. Initial validation of a screening battery for the detection of HIV-associated cognitive impairment. Clin Neuropsychol. 2004;18:234–248. Cited Here...

44. Ellis RJ, Evans SR, Clifford DB, et al.. Clinical validation of the NeuroScreen. J Neurovirol. 2005;11:503–511. Cited Here...

45. Power C, Selnes OA, Grim JA, et al.. HIV Dementia Scale: a rapid screening test. J Acquir Immune Defic Syndr Hum Retrovirol. 1995;8:273–278. Cited Here...

46. Sacktor NC, Wong M, Nakasujja N, et al.. The International HIV Dementia Scale: a new rapid screening test for HIV dementia. AIDS. 2005;19:1367–1374. Cited Here...

47. Smith CA, van Gorp WG, Ryan ER, et al.. Screening subtle HIV-related cognitive dysfunction: the clinical utility of the HIV dementia scale. J Acquir Immune Defic Syndr. 2003;33:116–118. Cited Here...

48. Bottiggi KA, Chang JJ, Schmitt FA, et al.. The HIV Dementia Scale: predictive power in mild dementia and HAART. J Neurol Sci. 2007;260:11–15. Cited Here...

49. Waldrop-Valverde D, Nehra R, Sharma S, et al.. Education effects on the International HIV Dementia Scale. J Neurovirol. 2010;16:264–267. Cited Here...

50. Sakamoto M, Marcotte TD, Umlauf A, et al.. Concurrent classification accuracy of the HIV dementia scale for HIV-associated neurocognitive disorders in the CHARTER cohort. J Acquir Immune Defic Syndr. 2013;62:36–42. Cited Here...

51. Nasreddine ZS, Phillips NA, Bédirian V, et al.. The Montreal Cognitive Assessment, MoCA: a brief screening tool for mild cognitive impairment. J Am Geriatr Soc. 2005;53:695–699. Cited Here...

52. Koski L, Brouillette MJ, Lalonde R, et al.. Computerized testing augments pencil-and-paper tasks in measuring HIV-associated mild cognitive impairment. HIV Med. 2011;12:472–480. Cited Here...

53. Overton ET, Azad TD, Parker N, et al.. The Alzheimer's disease-8 and Montreal Cognitive Assessment as screening tools for neurocognitive impairment in HIV-infected persons. J Neurovirol. 2013;19:109–116. Cited Here...

54. Heaton RK, Franklin DR, Ellis RJ, et al.. HIV-associated neurocognitive disorders before and during the era of combination antiretroviral therapy: differences in rates, nature, and predictors. J Neurovirol. 2011;17:3–16. Cited Here...

55. Overton ET, Kauwe JS, Paul R, et al.. Performances on the CogState and standard neuropsychological batteries among HIV patients without dementia. AIDS Behav. 2011;15:1902–1909. Cited Here...

56. Moore DJ, Roediger MJ, Eberly LE, et al.. Identification of an abbreviated test battery for detection of HIV-associated neurocognitive impairment in an early-managed HIV-infected cohort. PLoS One. 2012;7:e47310. Cited Here...

57. Heaton RK, Temkin N, Dikmen S, et al.. Detecting change: a comparison of three neuropsychological methods, using normal and clinical samples. Arch Clin Neuropsychol. 2001;16:75–91. Cited Here...

58. Levine AJ, Hinkin CH, Miller EN, et al.. The generalizability of neurocognitive test/retest data derived from a nonclinical sample for detecting change among two HIV+ cohorts. J Clin Exp Neuropsychol. 2007;29:669–678. Cited Here...

59. Cysique LA, Franklin D Jr, Abramson I, et al.; CHARTER Group; HNRC Group. Normative data and validation of a regression based summary score for assessing meaningful neuropsychological change. J Clin Exp Neuropsychol. 2011;33:505–522. Cited Here...



Keywords: neurocognitive impairment; screening methods; HIV infection



© 2013 by Lippincott Williams & Wilkins
  OEBPS/images/Original.00126334-201308150-00007.TT5.jpeg
Neurocognitive Area

Score (Test)

Computerized

Instrumental

Paper-Based

Approximate
Application Time

Attention/working
memory

Information processing
speed

Verbal memory

Learning

Executive functioning

Verbal fluency

Motor function

Total

Sensitivity (95% CI)

Specificity (95% CI)

Letters-numbers (WAIS-IIT)

Total time (TMT-A)

Long-term free recall (CVLT-II)

Total A list (CVLT-II)
Total time (TMT-B)
Total score (COWAT)

Nondominant hand (MacQuarrie Test)

7 scores
100% (91.2% to 100%)

96.3% (86.3% to 99.3%)

X

>

Hop KK

X
7 scores
Positive predictive value
(95% CI)
Negative predictive value
(95% CI)

3
2

20"
3
4
2
30-35 min
96.2% (85.9% to
99.3%)
100% (91.5% to
100%)

CI, confidence interval.

; SDMT, Symbol Digit Modalities Test.
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Neurocognitive Area

Score (Test)

Computerized

Instrumental

Paper-Based

Approximate
Application Time

Information processing
speed

Executive functioning

Verbal fluency

Total

Sensitivity (95% CI)

Specificity (95% CI)

Total time (TMT-A)

Total time (TMT-B)
Total score (COWAT)
3 scores
74.5% (60% to 85.2%)
81.8% (68.6% to 90.4%)

X

X
X
3 scores
Positive predictive value (95% CI)
Negative predictive value (95% CI)

2

3
n
8-10 min
79.1% (64.6% to 89%)
77.5% (64.4% to 87%)

CI, confidence interval.
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Score Combination

Sensitivity
(95% CI)

Specificity
95% CI)

Positive Predictive
Value (95% CI)

Negative Predictive
Value (95% CI)

1

Total time (TMT-A)
Total time (TMT-B)
Total score (COWAT)
Total time (TMT-A)
Total time (TMT-B)
Written score (SDMT)
Total time (TMT-A)
Total time (TMT-B)

Digit span forward (WAIS-IIT)

Total time (TMT-A)
Total time (TMT-B)

Interference score (Stroop test)

Written score (SDMT)
Total score (COWAT)

Long-term free recall (CVLT-IT)
Nondominant hand time (GPT)
Interference score (Stroop test)

74.5% (60% to 85.2%)

66.6% (51.9% to 78.8%)

70.5% (55.9% to 82%)

62.7% (48% to 75.5%)

52.9% (38.6% to 66.8%)

47% (33.1% to 61.4%)

27.4% (16.3% to 41.9%)

Dominant hand score (MacQuarrie test)

81.8% (68.6% to 90.4%)

85.4% (72.7% to 93%)

80% (66.6% to 89.1%)

83.6% (70.7% to 91.8%)

92.7% (81.5% to 97.6%)

91% (79.2% to 96.6%)

85.4% (72.7% to 93%)

79.1% (64.6% to 89%)

80.9% (65.3% to 90.8%)

76.6% (61.6% to 87.2%)

78% (61.9% to 88.8%)

87.1% (69.2% to 95.7%)

82.7% (63.5% to 93.4%)

63.6% (40.8% to 81.9%)

77.5% (64.4% to 87%)

73.4% (60.7% to 83.3%)

74.5% (61.3% to 84.6%)

70.7% (58% to 81%)

68% (56.1% to 78%)

65% (53.1% to 75.2%)

55.9% (44.7% to 66.6%)

Score combinations are ordered according to the sum of the specificity and sensitivity obtained.
Cl, confidence interval; GPT, Grooved Pegboard Test; SDMT, Symbol Digit Modalities Test.
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Used for NCI Approximate

Neurocognitive Area Score (Test) Determination Computerized Instrumental Paper-Based Application Time
Attention/working Digit span forward (WAIS-IIT) X X 3!
memoty Digit span backward (WAIS-IIT) X X 3
Letters-numbers (WAIS-IIT) X X 3
Total omissions (CPT-II) X -
Total commissions (CPT-II) X 20’
[nformation Total time (TMT-A) X X 2%
processing speed  Written score (SDMT) X X 3
Verbal memory Long-term free recall (CVLT-II) X X —
Learning Total A list (CVLT-II) X X 35!
Executive functioning Total time (TMT-B) X X 8t
Interference score (Stroop test) X X 5
% Errors (WCST) X X 15
Total moves (TOL) X X 10’
Verbal fluency Total score (COWAT) X X 4’
Total score (animals test) X X 2
Motor function Dominant hand score X 21
(MacQuarrie test)
Nondominant hand score X 2!
(MacQuarrie test)
Dominant hand score (ETT) X 2!
Nondominant hand score (ETT) X 2!
Dominant hand time (GPT) X X 3’
Nondominant hand time (GPT) X X 3’
Total 21 scores 15 scores 3 scores 5 scores 13 scores 2-25h

CPT-II, Conner’s Performance Test-Version II; ETT, Electronic Tapping Test; GPT, Grooved Pegboard Test; SDMT, Symbol Digit Modalities Test; WCST, Wisconsin Card
Sorting Test; TOL, Tower of London.
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N =106

Age,y
Male, %
Infection route, %
Injecting drug use
Heterosexual relations
Homosexual relations
Other
Unknown
Education, y
Time since HIV diagnosis, y
On ART, %
Adherence during the last week
Time on treatment, y
Time on current regimen, mo
Previous ART interruptions, %
CD4 cell count, cells/pL
Nadir CD4 cell count, cells/uL
Plasma viral load, copies/mL
Undetectable viral load, %*
Highest viral load, copies/mL
Coinfection with HCV, %
Standardized depression score
Standardized anxiety score

Standardized premorbid intelligence score

NCIL, %
HAND, %
ANI
MND
HAD
Cognitive complaints, %t

Potential confounding comorbidities, %3

44 (39-48)
87

24
18
54
4
12 (9-15)
10.3 (3.3-18.5)
86
100 (100-100)
8.4 (3-13.7)
13 (23-33.4)
18
601 (402-791)
204 (90-354)
40 (25-50)
82
93,000 (12,840-310,000)
29
45 (31-53)
47 (36-56)
53 (47-56)
48

69
31
51
55

Data expressed as median (IQR), except when indicated otherwise. Standardized T
scores adjusted for age, gender, and education. Depression scores based on Beck
Depression Inventory Test. Anxiety scores based on State-Trait Anxiety Inventory.
Premorbid intelligence scores based on Vocabulary test from WAIS-IIL

*=50 copies per milliliter.

FFrom eligible patients with NCI.

1Potential confounding comorbidities included previous or current diagnosis of
a psychiatric disorder, current psychopharmacologic therapy, current illegal drug use,

and previous or current CNS-related disease.
ART, antiretroviral therapy; HCV, hepatitis C virus.






