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Abstract

Self-report is typically used to differentiate between asymptomatic neurocognitive impairment 

(ANI) and mild neurocognitive disorder (MND) in the assessment of HIV-associated 

neurocognitive disorders (HAND). Yet, it is unclear whether the lack of self-reported functional 

impairments in individuals with ANI is indicative of a genuine absence of functional impairment, 

or of inaccurate self-reports. In the present study, we examined the relationship between 

previously validated self-report (patient’s assessment of own functioning inventory; instrumental 

activities of daily living inventory) and performance-based (the Texas Functional Living Scale) 

measures of functional abilities in 112 virologically-controlled HIV-infected, and 40 well-

matched, HIV-uninfected participants. Participants with symptomatic cognitive impairment (CI) 

had significantly lower overall scores and higher rates of impairment on a performance-based 

measure of everyday functioning as compared to participants with either asymptomatic CI or 

normal cognitive performance WNL within normal limits]; all p < 0.05), while asymptomatic CI 

and WNL participants had comparable rates of impairment and performance within the average 

range on the performance-based measure. The concordance between self-report and performance-

based measures of everyday functioning in asymptomatic and symptomatic CI provide support 

for ANI and MND as clinically distinct diagnostic entities, and support the use of self-reports as 

appropriate measures of everyday functioning in the diagnosis of HAND.
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Introduction

In 1991, the American Academy of Neurology (AAN) published criteria for HIV-associated 

dementia (HAD) and minor cognitive motor disorder (MCMD), acknowledging the 

cognitive and behavioral sequelae of HIV infection [1]. In addition to demonstrated 

cognitive impairment on exam, a diagnosis of either HAD or MCMD required evidence 

of impairment or increased dependence at work or in instrumental activities of daily living 

(IADLs). Though this diagnostic algorithm was useful in identifying more severe cases of 

cognitive and behavioral impairment, it became evident that many HIV-infected individuals 

who demonstrated mild-to-moderate cognitive impairment on formal neuropsychological 

exams did not report any difficulties in work or in IADLs, thus precluding them from 

receiving a diagnosis of MCMD. It is largely for this reason that in 2007, the AAN 

diagnostic algorithm for HIV-associated neurocognitive disorders (HAND) was developed 

to reflect this subgroup of ‘asymptomatic’ individuals [2]. While the criteria for HAD 

remained largely the same, the category formerly known as MCMD was divided into 

asymptomatic neurocognitive impairment (ANI) and mild neurocognitive disorder (MND). 

Both diagnostic categories (i.e., ANI and MND) require evidence of mild impairment 

in at least two cognitive domains, though the number and type of tests that should be 

administered are not specified. Additionally, for a diagnosis of MND, individuals must 

exhibit difficulties in work and/or IADLs. A diagnosis of ANI is given if difficulties in 

IADLs are not reported or detected through formal assessment.

IADLs are frequently assessed by self-reports in the diagnosis of HAND [3] not because 

self-reports have been accepted as the ‘gold standard’ in the field, but rather because they are 

inexpensive, quick, require little training to administer, and do not require testing materials 

other than paper forms and writing utensils. While informant reports possess the same 

advantages, obtaining informant reports in the context of HIV infection has traditionally 

been difficult because of a variety of factors including social stigma and resulting social 

isolation [4–6]. Although self-report data is used in the diagnosis of HAND, it is unclear 

whether such data are accurate approximations of cognition and everyday function.

Some evidence suggests no relationship between self-reported neuropsychological 

impairments and impairments on formal neuropsychological testing in individuals with 

HIV in both the pre-highly active retroviral therapy (HAART) [7, 8] and post-HAART 

eras [9–13], as well as no relationship between self-reported functional impairments and 

impairments on performance-based measures of everyday functioning. Findings from a 

recent exploratory study [14], in which HIV-infected participants with ANI and MND 

manifested the same level of functional impairments on performance-based tasks of IADLs, 

suggest that functional impairments in ANI do exist, but simply go unreported [14]. 

However, that study was limited by a small sample size (n = 16 with HAND) and a 
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demographically non-representative sample (100% men over age 60). A prior study using 

performance-based tests of medication management and financial abilities found similar 

levels of function in CI HIV-infected participants who self-reported functional impairment 

and those who did not self-report functional impairments, further suggesting a discordance 

between actual and self-reported functional impairment [15].

Conversely, Blackstone et al. [16] found that in 76% of participants with CI, there was a 

concordance between impairments in self-reports and impairments on a performance-based 

measure of everyday functioning. While these results provide initial evidence suggesting 

that the reliance on self-reports rather than objective performance-based measures of 

everyday functioning as part of HAND algorithms results in accurate representations of 

everyday functioning (and concomitantly, accurate diagnoses), it remains unknown whether 

these results would be replicable in samples with lower HIV severity (e.g., 64% of the 

sample in Blackstone et al. [16] had a current CD4 count <200 or AIDS-defining illness), 

current controlled viremia (in Blackstone et al. [21] approximately 50% of participants had 

detectable viremia), or when using different tests of IADLs. Additionally, since Blackstone 

et al. [16] calculated and reported rates of impairment on functional measures relative 

to cognitively unimpaired participants as a dichotomous impaired/unimpaired variable, 

the magnitude of the difference in performance-based measures across HAND diagnostic 

categories when considering everyday functioning on a continuum warrants further study.

It has been proposed that observed discrepancies between performance-based and self-

reported evaluations of functioning may be due to impaired self-awareness experienced at 

increasing levels of cognitive impairment [17–19] such that individuals who are cognitively 

impaired do not realize the problems they have, and thus do not report them. In the context 

of HAND specifically, this could result in an underestimation of the prevalence of MND 

and concomitant overestimation of the prevalence of ANI [14]. Further, these potential 

inaccuracies in diagnosis may contribute to the current inability to find biomarkers of 

clinical interventions for cognitive and IADL impairment in HIV.

The aim of the present study was to determine whether the current reliance on self-reports 

to evaluate functional impairment in the diagnosis of HAND is justified. To do so, we 

evaluated the relationship between self-reports and performance-based measures of everyday 

functioning across participants with asymptomatic cognitive impairment (CI), symptomatic 

CI, and normal cognitive performance (WNL) in a large cohort of virologically suppressed 

HIV-infected participants and demographically matched HIV-uninfected controls. Based on 

data from prior research [14, 15], we hypothesized that participants with asymptomatic 

CI and symptomatic CI would show no differences on performance-based tasks and 

simultaneously be impaired relative to the performance of WNL participants, while 

asymptomatic CI participants would self-report functional statuses similar to those of WNL 

participants.
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Materials and Methods

Participants

Participants were evaluated during the initial screening visit of a 5-year, IRB-approved, 

longitudinal protocol investigating the clinical course of cognitive impairment in individuals 

with HIV at the National Institutes of Health (NIH) in Bethesda, MD (clinicaltrials.gov, 

NCT01875588).

The participants were recruited from existing HIV protocols at NIH, HIV clinics, and 

physician offices in the Washington, DC metropolitan area. To minimize the confounding 

effect of socioeconomic and demographic factors, both HIV-infected and HIV-uninfected 

participants were recruited from the same communities, and HIV-infected participants were 

encouraged to inform friends and relatives about the study. Advertisements recruiting HIV-

infected participants for a study on thinking, mood, and memory were placed on buses and 

bus stops in the Washington, DC area. Similar advertisements at the same locations were 

used to recruit HIV-uninfected participants.

Participant inclusion criteria were age between 18 and 61 years, ability to provide informed 

consent, ≥7 years of formal education, and the ability to speak, read, and understand 

English. HIV infection was documented by an OraQuick rapid test or with an HTV-l/

HIV-2 Multispot rapid test and Western blot as determined by the NIH Clinical Pathology 

Laboratory or by Leidos Biomedical Research Monitoring Laboratory. Abbott Real Time 

HIV assays were used to measure plasma HIV viral load levels. HIV-uninfected participants 

were required to be HIV-antibody negative. HIV-infected participants were required to have 

controlled HIV viremia on ART for at least one year at time of testing. Controlled HIV 

viremia was defined as having a viral load <50 copies/mL. However, participants with 

a transitory episode of a viral load >50 copies/mL preceded and followed by controlled 

viremia (i.e., a transient viral load ‘blip’) were also included. Participants were excluded 

if they were found to have any illness that could confound neurocognitive outcomes (i.e., 

prior CNS infection), conditions (other than HAND) associated with cognitive impairment, 

concurrent severe substance abuse, or a concurrent unstable or acute psychiatric illness that 

would interfere with study participation. Psychiatric and substance abuse-related measures 

were obtained through the Client Diagnostic Questionnaire, a structured psychiatric 

interview developed specifically for use in patients with HIV/AIDS [20]. Current levels 

of depression were assessed using the Beck Depression Inventory (BDI-II), a 21 item 

self-report questionnaire addressing both physical symptoms (e.g., fatigue, weight loss) 

and cognitive symptoms (e.g., irritability, hopelessness) of depression [21]. Consent was 

obtained once participants were made aware of the risks, benefits, and aims of the study.

Cognitive Assessments

All participants were tested by a licensed neuropsychologist or trained psychometrists. 

Consistent with Antinori et al. criteria [2] stating that at least five domains must be assessed 

in the evaluation of HAND, we evaluated seven cognitive domains as well as estimated 

premorbid IQ, as measured by the Wechsler test of adult reading (WTAR; see Table 1 

for domains and tests). Participants were also administered a measure of performance 
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validity (Medical Symptom Validity Test [MSVT] [22]). Only participants demonstrating 

good effort, as evaluated by a senior neuropsychologist [JS], were included in the present 

analyses.

Raw scores were transformed to T-scores using widely available neuropsychological 

normative software based on large national samples, and were corrected for demographic 

variables such as age, gender, race, and education level, when available [23–25]. T-scores 

were then used to determine whether participants met criteria for normal cognitive 

performance (WNL) or CI, based on a previously outlined algorithm developed to evaluate 

cognition in HAND [26].

Self-Report of Functional Ability

The Woods et al. [26] criteria for functional impairment in HAND require evaluation of 

two different self-report forms and current employment status. Participants who exhibit 

impairment in at least two of these measures (i.e., impairment on one of the self-report 

measures described below and currently unemployed, impairment on both self-report 

measures and currently employed, or impairment on both self-report measures and currently 

unemployed) are considered symptomatic or functionally impaired.

The PAOFI [27] is a 41-item self-report form that evaluates how participants feel they 

have been performing lately in terms of memory, language and communication, use of 

hands, sensory-perceptual abilities, and higher level cognitive and intellectual functions. 

The PAOFI has been used frequently to assess functional abilities in various clinical and 

research populations [26, 28, 29]. Participants are instructed to indicate how frequently they 

experience problems within the aforementioned domains using a Likert scale ranging from 1 

(almost always) to 6 (almost never).

Responses rated as 3 (fairly often), 2 (very often), and 1 (almost always) are considered 

indicative of functional difficulty. Participants indicating functional difficulty (i.e., selecting 

≤3) on three or more items were considered to be clinically significantly impaired in their 

everyday functioning. For consistency with previous research [10], participants who had 

elevated depression, defined as a BDI-II score 17, were not considered impaired in their 

everyday functioning unless they endorsed complaints on 10 or more PAOFI items.

The IADL questionnaire [30] is a self-report form to assess functional decline in common 

tasks such as housekeeping, cooking, keeping track of medication, and managing finances. 

The form assesses decline by requiring participants to compare their current perceived 

ability to perform tasks to their highest perceived ability level. Participants reporting 

functional decline in two or more domains were considered to exhibit clinically significant 

decline in their everyday functioning.

Performance-Based Measure of Functional Ability

The Texas Functional Living Scale (TFLS) [31] was used as a performance-based 

measure of functional ability. TFLS performance was not used as part of the HAND 

diagnostic algorithm. The TFLS requires participants to perform tasks simulating activities 

performed in daily life, and has previously been found to have high ecological and face 
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validity among cognitively unimpaired participants, as well as among participants with 

known neurologic diagnoses that deleteriously impact everyday functioning [32–34]. While 

everyday functioning is somewhat associated with cognitive functioning, TFLS scores are 

only weakly correlated (r = 0.26) with measures of general intelligence [31]; this suggests 

that the TFLS is not simply a different neuropsychological measure, but that it indeed 

measures abilities not captured by traditional neuropsychological tests. Sample TFLS tasks 

include having to tell time, write a check, count change, look up a phone number, take a 

proper dose of medication at a certain time, follow a recipe, and address an envelope. Tasks 

are divided into four scales: time, money and calculation, communication, and memory. 

Raw scores were converted to T-scores using available normative data based on a national 

sample [31]. TFLS T-scores are not corrected for any demographic variables, and thus are 

informative about absolute levels of performance (i.e., how a participant’s performance 

compares to that of the general population). TFLS overall T-scores were used for the present 

analyses, and T-scores below 40 were considered impaired.

Data Analysis

Since HIV-uninfected and HIV-infected participants were combined for our primary 

analyses, we compared demographic variables to ensure the two groups were well-matched. 

Specifically, we conducted chi-squared tests to determine whether the two groups differed 

on the basis of race and sex. One-way analyses of variance (ANOVA) were used to test 

for differences in age at testing, years of formal education, estimated premorbid IQ, and 

depression (BDI-II) scores. These tests were then run to determine whether there were 

differences among neuropsychological diagnostic groups, irrespective of HIV diagnosis.

To evaluate differences among neuropsychological diagnostic groups in mean TFLS T-

scores, we conducted a series of ANOVAs. If the omnibus ANOVA was significant, post 

hoc Tukey tests were run to elucidate the specific between-group differences that were 

significant. TFLS scores were also analyzed by creating a dichotomous variable of TFLS 

performance (TFLS impaired or unimpaired) and then using a series of Chi square tests to 

determine whether there was an association with TFLS impairment and neuropsychological 

diagnostic group. We then repeated these primary analyses restricting our sample to HIV-

infected participants.

Finally, we compared scores between the HIV-infected and HIV-uninfected groups using a 

series of ANOVAs and Chi squared analyses to elucidate the effect of HIV diagnosis on 

neuropsychological test scores, scores on the performance-based measure, and self-reports 

of functional impairment.

All tests were two-tailed, and significance level was set to α ≤ 0.05. Effect sizes are reported 

as eta squared (η2) for omnibus ANOVAs, as Cohen’s d for between-group comparisons, 

and as φ for Chi square analyses. All analyses were run using SPSS version 22 (IBM, 

Armonk, NY).
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Results

Sample Characteristics

A total of 152 participants (40 HIV-uninfected and 112 HIV-infected) completed 

neuropsychological testing and demonstrated good effort on the measure of performance 

validity. Data from six participants who did not pass the performance validity measure were 

excluded. Participants were predominantly African American (67.8%, n = 103) and male 

(61.2%, n = 93). Thirty-nine percent (n = 49) of participants were employed full time, 15.8% 

(n = 24) part time, and 44.7% (n = 68) were unemployed. The mean age at time of testing 

was 49.05 (SD = 9.06). The mean years of formal education for participants was 13.71 

years (SD = 2.81). Twelve percent of participants (n = 18) had elevated depression (i.e., 

BDI-II scores ≥ 17). The omnibus ANOVA testing differences in BDI-II scores across NP 

diagnostic groups was trending towards significance (F[2,149] = 2.66, p = 0.07, η2 = 0.04) 

with post hoc tests revealing the symptomatic CI group had a higher mean BDI-H score than 

the WNL (p = 0.04), but not the asymptomatic CI group, and no difference between the 

WNL and asymptomatic CI groups (both p > 0.10). Similarly, the omnibus ANOVA testing 

differences in premorbid IQ was significant (F[2,149] = 3.57, p = 0.03, η2 = 0.05), with post 

hoc tests revealing that the symptomatic CI group had a lower mean estimated premorbid IQ 

than the WNL (p = 0.02), but not the asymptomatic CI group, and no difference between the 

WNL and asymptomatic CI group (both p > 0.10). No significant differences were found in 

age (F[2,149] = 1.03, p = 0.36, η2 = 0.01), education (F[2,149] = 1.80, p = 0.17, η2 = 0.02), 

gender (χ2[1] = 1.10, p = 0.58, φ = 0.09), and race (χ2[1] = 2.47, p = 0.29, φ = 0.13). See 

Table 2 for additional sample information stratified by neuropsychological diagnosis.

There were no significant differences between the HIV-uninfected and HIV-infected groups 

in distributions of race (χ2[1] = 0.2, p = 0.6, φ = 0.04), sex (χ2[1] = 0.02, p = 0.90, 

φ = 0.01), employment (χ2[1]0.3, p = 0.8, cp = 0.05), estimated premorbid IQ (t[150] 

= 1.7, p = 0.09, d = 0.3) and years of education (t[150] = 1.5, p = 0.15, d = 0.3). 

The mean age of HIV-infected participants was approximately 4 years higher than that 

of HTV-uninfected participants (t[150] = 2.2, p = 0.03, d = 0.5), HIV-infected participants 

had higher scores on the BDI-II (t[150] = 2.2, p = 0.02, d = 0.5), and a higher proportion 

of HIV-infected participants were MSM (χ2[1] = 29.1, p < 0.01, φ = 044). See Table 3 for 

sample information stratified by HIV diagnosis.

Plasma viral load was undetectable (<40 copies/mL) for 92% HIV-infected participants. 

As the detectable viral loads observed in 8% of participants were preceded and followed 

by a viral load <50 copies/mL (i.e. viral load ‘blips’), these participants were retained in 

analyses as per study protocol. All participants with detectable viral loads had viral loads 

<300 copies/mL.

Mean reported duration of time since HIV diagnosis was 17.77 years (SD = 8.51), mean 

reported nadir CD4 count was 200.91 (SD = 175.58), and mean CD4 count at testing was 

600.15 (SD = 299.81). At time of testing, 5.5% of HIV-infected participants had a CD4 

count <200.
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Using previously published diagnostic criteria [2, 26], 77.0% (n = 117) of participants did 

not meet criteria for CI (WNL), 16.4% (n = 25) met criteria for asymptomatic CI, and 6.6% 

(n = 10) met criteria for symptomatic CI Similar rates of CI have previously been reported in 

studies of HAND amongst virologically-controlled participants [35, 36].

Performance-Based Measures

TFLS T-scores were highest in the WNL group (M = 52.23, SD = 10.0), followed by the 

asymptomatic CI (M = 49.32, SD = 10.87) and the symptomatic CI group (M = 37.90, SD 

= 8.45; see Fig. 1). The omnibus ANOVA was significant (F[2,149] = 9.67, p < 0.01, η2 = 

0.17), indicating a significant main effect of neuropsychological diagnostic group. Post-hoc 

tests revealed that TFLS T-scores were significantly lower in the symptomatic CI group than 

in the WNL and asymptomatic CI groups (both p < 0.01; d = 1.57 and 1.12, respectively). 

There was no significant difference between the asymptomatic CI and WNL groups (p = 

0.5, d = 0.36). When restricting analyses to HIV-infected participants only (n = 112), there 

was again a significant main effect of neuropsychological diagnostic group (F[2,109] = 7.4, 

p < 0.01, η2 = 0.11) with post hoc analyses revealing significantly lower scores in the 

symptomatic CI group (M = 38.67, SD = 8.59) than the WNL group (M = 51.33, SD = 

10.35; p < 0.01, d = 1.28). The difference between TFLS scores in the asymptomatic CI 

group (M = 46.07, SD = 9.81) and symptomatic CI group trended towards significance (p = 

0.08, d = 0.80).

As the percent of participants with detectable Hepatitis C (HCV) RNA (determined using 

chemiluminescence immunoassay detecting HCV antibodies) was significantly higher in 

the symptomatic CI group than in the asymptomatic CI and WNL groups and previous 

work has shown an association between HCV and cognition [37, 38], analyses were run to 

elucidate the potentially confounding effect of HCV on TFLS performance. An independent 

samples t test revealed that participants with detectable HCV RNA (n = 7) had significantly 

lower TFLS scores than those with undetectable HCV RNA (t[150] = 3.34, p < 0.01, d = 

1.31). Thus, the analyses described above were re-run with HCV entered as a covariate. 

The omnibus ANCOVA revealed a significant main effect of neuropsychological diagnostic 

group (F[2,149] = 5.52, p < 0.01, η2 = 0.07), and a trending main effect of detectable HCV 

RNA (F[1,149] = 3.21, p = 0.08, η2= 0.02). Subsequent post hoc pairwise comparisons 

revealed that TFLS scores remained significantly lower in the symptomatic CI group than 

in the asymptomatic CI and WNL groups (both p < 0.05), and that there was no significant 

difference in TFLS scores in the asymptomatic CI and WNL groups (p = 0.16).

We then evaluated TFLS performance as a dichotomous (impaired or unimpaired), rather 

than as a continuous, variable. The highest rate of TFLS impairment was found in the 

symptomatic CI group (80.0%), followed by the asymptomatic CI group (24.0%), and 

WNL group (12.8%). There was a significant association between TFLS impairment and 

neuropsychological diagnostic group. Symptomatic CI participants were significantly more 

likely to be impaired on the TFLS as compared to asymptomatic CI (χ2[1] = 9.33, p < 0.01, 

φ = 0.52) and WNL participants (χ2[1] = 28.04, p < 0.01, φ = 0.47), while impairment 

rates were comparable in the asymptomatic CI and WNL groups (η2[1] = 2.04, p = 0.15, 

φ = 0.12). Self-reported impairment was significantly associated with TFLS impairment in 
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the total sample (χ2[1] = 8.75, p < 0.01, φ = 0.24). The same results were found when 

restricting analyses to HIV-infected individuals.

Within the sample of CI participants, there was 77.1% agreement between impairment on 

performance-based and self-report impairment (54.3% not impaired on both self-report and 

TFLS, 22.9% impaired on both self-report and TFLS). Six percent of CI participants were 

impaired on self-report measures only, and 17.1% were impaired on the TFLS only. Within 

the WNL sample, 71.6% of participants were concordant in their impairment on self-report 

and TFLS (66.4% not impaired on both measures, 5.2% impaired on both measures). 

Twenty-one percent of the WNL sample was impaired on self-report measures only, and 

7.8% were impaired on the TFLS only.

Relationship Between HIV Diagnosis, Self-reports, and Scores

There was no difference between HIV-infected and HIV-uninfected participants in overall 

neuropsychological T-scores (t[150] = 0.32, p = 0.75, d = 0.15). The difference between 

HIV-infected and HIV-uninfected participants in TFLS T-scores was statistically significant 

(t[150] = 2.37, p = 0.02, d = 0.53), though it is important to note that mean scores for the 

HIV-infected group (M = 49.61, SD = 10.73) and the HIV-uninfected group (M = 54.18, 

SD = 9.69) were both within the average range. These results were then replicated when 

running the analysis with detectable HCV RNA entered as a covariate. There was a trending 

association between HIV diagnosis and TFLS impairment (10.0% for HIV-uninfected and 

22.3% for HIV-infected groups; χ2[1] = 2.90, p = 0.09, φ = 0.14). There was also a 

significant association between HIV diagnosis and self-reported impairment (χ2[1] = 3.69, p 
= 0.06, φ = 0.16), with HIV-infected participants being more likely to self-report impairment 

(30.6%) than HIV-uninfected participants (15.0%).

Post Hoc Analyses

A post hoc 2×2 ANOVA was run with cognitive status (neuropsychologically impaired 

versus neuropsychologically unimpaired) and self-reported impairment (impaired versus 

unimpaired) entered as fixed factors to further elucidate the effects of both cognition 

and self-reported impairment on TFLS scores. There was a trending interaction between 

neuropsychological impairment and self-re-ported impairment (F[1,149] = 3.26, p = 0.07, 

χ2 = 0.02). Within the WNL group, mean TFLS scores were in the normal range regardless 

of whether participants were asymptomatic or symptomatic on self-report (M = 53.24 in 

WNL asymptomatic participants; M = 49.60 in WNL symptomatic participants). However, 

within CI participants, scores varied based on whether participants were asymptomatic or 

symptomatic on self-report (as discussed above; see Fig. 2).

Discussion

After adding ANI as a diagnostic category, authors of the 2007 revised AAN HAND criteria 

recognized that ‘further work needs to be conducted on the real-life impact of ANT [2]. 

Recent work has suggested that rather than being ‘asymptomatic’ as the diagnosis implies, 

individuals with ANI do in fact experience functional impairment, but do not endorse 

functional impairments on self-reports [14,15]. In the present study, we expanded upon 
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this work by utilizing a performance-based measure with previously demonstrated high 

ecological and face validity (the TFLS), and a larger, more demographically representative 

sample in which all HIV-infected participants were virologically suppressed. Contrary to our 

hypothesis, our results suggest a concordance between self-report and performance-based 

measures of everyday functioning in both asymptomatic and symptomatic CI participants, 

thus providing support for ANI as a distinct diagnostic entity from MND.

Consistent with the current AAN diagnostic criteria, the underperformance on 

neuropsychological tests in the asymptomatic CI group did not translate into functional 

deficits (as measured by TFLS scores), while it did translate into functional deficits 

for symptomatic CI patients. However, it may be important to note that despite a 

lack of statistical significance, the impairment rate on the TFLS of asymptomatic CI 

participants (25.0%) was almost twice as high as that of WNL participants (12.8%), 

although mean scores were not significantly different between groups. It may be that some 

participants classified as having asymptomatic CI experience subclinical, but considerable, 

levels of functional impairment relative to WNL participants. Seventy-seven percent of 

CI participants were concordant in their ratings of impairment by both self-report and 

performance-based measures, consistent with the concordance found in Blackstone et al. 

[16]. That the present study was able to replicate previous findings in a sample with different 

HIV disease characteristics (e.g., different percentage of participants meeting AIDS criteria, 

participants with controlled viremia) and by using different tests of everyday functioning 

suggests that self-reports may in fact be accurately capturing everyday functioning abilities 

for a large majority of participants. Further, results suggest that there may be little added 

diagnostic utility in incorporating performance-based measure of everyday functioning in 

evaluations of HAND as performance-based measures require tremendous investment of 

time, training, and resources relative to that of self-report measures, making their use less 

practical in busy clinical settings. While ultimately it is up to individual clinicians to decide 

whether they believe the benefits of administration of performance-based assessments in 

addition to self-reports to outweigh the costs, it is important that they be cognizant of the 

degree of concordance between performance-based and self-report measures corroborated 

by multiple studies when making such calculations. Additionally, the clinical and diagnostic 

interpretations of discordant self-report and performance-based classifications remain 

equivocal; thus, the inclusion of both measures does not necessarily increase diagnostic 

accuracy, as has been suggested in some prior work [16].

Interestingly, HIV diagnosis was not significantly associated with neuropsychological 

performance and while there was a trending difference in TFLS scores between HIV-

infected and uninfected participants, mean scores for both groups were well within normal 

limits. Though cognitive impairment observed in HIV-infected individuals has become less 

severe in the HAART era [39–41], studies continue to report higher rates of mild cognitive 

and functional impairment in HIV-infected, as compared to HIV-uninfected, individuals [42, 

43]. While results from the present study do not support this notion, it is possible that 

our analyses did not have adequate statistical power to detect relationships that may exist 

between HIV diagnosis and performance on the measures administered. On the other hand, 

the socio-demographic characteristics of our sample are representative of the HIV epidemic 

in the US, and the fact that all participants had a controlled viral load makes these findings 
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particularly relevant to the contemporary clinical practice in the US and other parts of the 

world, where access to ART is standard and viremia suppression an achievable and realistic 

goal in most ART-adherent patients.

Differences among neuropsychological diagnostic groups in performance on the TFLS were 

independent from HCV infection in our adjusted analyses. However, it is intriguing that 

none of the participants in the asymptomatic CI group had detectable HCV RNA, while 40% 

of symptomatic CI participants did. On one hand, this finding could be an artifact of the 

small sample size of participants with CI Alternatively, it may suggest that HCV infection 

plays an active role in the pathophysiology of both neuropsychological and functional 

impairment, perhaps by perpetuating systemic inflammatory cascades in HIV-infected 

patients with controlled HIV viremia. Whereas past studies have linked HCV infection with 

neuropsychological impairment [37, 38], future adequately powered studies should evaluate 

the relationship between HCV infection and functional impairment in HAND.

The ability of neuropsychologically impaired individuals to accurately assess one’s own 

functional abilities may be an important factor in an individual’s prognosis, survival, and 

quality of life, with prior studies suggesting links between impaired self-awareness and 

decreased likelihood to seek medical attention and weaker adherence to a medication 

regimen [44]. Thus, while HIV-infected patients with ANI and MND may exhibit slight 

neuropsychological deficits, and functional deficits in the case of MND, the potential 

preservation of self-awareness in both groups may contribute to the health, safety, and 

quality of life for these individuals.

Our study was not without limitations. The present results and inferences about real-world 

functional abilities are informative insofar as performance on the TFLS is indicative of real-

world functional ability. While prior studies have demonstrated good ecological validity of 

TFLS [32–34], the most ecologically valid way to measure real-world functional abilities in 

controlled test settings remains to be elucidated. Comparisons between neuropsychological 

diagnostic groups may be limited by the accuracy of diagnoses themselves. Individuals with 

elevated BDI-II scores had to report more complaints to be considered impaired on self-

report. However, in the context of HIV infection, the direction of the relationship between 

self-reported impairments and depression is unknown. Furthermore, some of the same 

pathophysiological mechanisms that are hypothesized to cause HAND (e.g., inflammation, 

immune activation) have also been implied in the pathophysiology of depression [45]. Thus, 

further work is needed to elucidate how depression levels should be optimally incorporated 

in diagnostic algorithms for HAND. Comparisons between neuropsychological diagnostic 

groups may also be limited by our relatively small numbers of asymptomatic (n = 25) and 

symptomatic (n = 10) CI participants in our sample. However, the sample size in the present 

study is considerably larger than those in prior studies [14, 46, 47], making statistical power 

a relative strength of the present study. Similarly, analyses comparing sample characteristics 

of HIV-infected and uninfected participants may have been limited in their ability to detect 

any true differences that could exist between groups in behavioral risk factors for NP 

or functional impairment (e.g., history of drug or alcohol abuse), though our recruitment 

methods mitigate the possibility of extant group differences in such behavioral risk factors. 

Finally, our study is limited by a lack of informant reports, which were requested of all 
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participants, but received for only four participants with MND and three participants with 

ANI. The difficulty and low response rate in obtaining informant reports in the present 

study appears to be the rule rather than an exception as similar observations had been made 

in prior studies of functional impairment in HIV-infected individuals (see “Introduction” 

section), therefore questioning the plausibility of obtaining informant reports in a highly 

stigmatized condition such as HIV/AIDS.

In conclusion, results from the present study suggest that individuals meeting research 

criteria for asymptomatic CI may truly be asymptomatic, thus supporting the validity 

of current AAN diagnostic categories of HAND. The concordance between self-report 

measures and performance-based measures of everyday functioning suggests that the 

addition of performance-based measures in evaluations of HAND would not significantly 

affect patients’ diagnoses, and that the current reliance on self-reports to examine everyday 

functioning is justified. Though additional information on everyday functioning gleamed 

through administration of performance-based measures certainly has the potential to 

be clinically informative, brief and inexpensive performance-based measures with high 

ecological validity have yet to be applied to HAND research and diagnosis. Until 

such measures are utilized, the 77% concordance between performance-based and self-

report measures may yield the clinical benefits of relying on self-report measures alone 

greater than the clinical costs of incorporating both performance-based and self-report 

measures. Future studies should further explore factors contributing to discrepancies 

between functional ability and neuropsychological performance in the context of HIV 

infection. It is unknown why within a group of individuals exhibiting a similar magnitude 

of neuropsychological impairments, some experience functional difficulties while others 

do not. Future studies should assess differences in other IADLs (e.g., driving abilities) 

among HAND diagnostic groups to further elucidate the functional realms that may be 

deleteriously affected in HAND. Finally, longitudinal studies using both performance-based 

and self-report measures could further elucidate intra-individual relationships between self-

awareness and neuropsychological performance over time.
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Fig. 1. 
Mean TFLS T-scores by NP diagnostic group. Bars represent standard error, † significant at 

p < 0.01
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Fig. 2. 
Mean TFLS scores by NP diagnostic group and self-reported impairment in everyday 

functioning
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