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Abstract

Progress in HIV treatments has led to HIV-infected patients living into their 60s and older. Since

HIV-associated Neurocognitive Disorder (HAND) in older age is associated with more executive

dysfunction, cognitive screening instruments tapping this domain may be optimal. We examined

the Montreal Cognitive Assessment (MoCA) to identify HAND in 67 HIV-infected patients over

age 60, of which 40% were diagnosed with HAND. Receiver operator characteristics (ROC) curve

identified an optimized cut-off ≤25/30 identified HAND with a sensitivity of 72% and specificity

of 67%. We conclude that the MoCA has only moderate performance characteristics for cognitive

screening of HIV-infected elders.
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Introduction

Infection with HIV has become a manageable chronic illness with the advent of combination

antiretroviral therapy (cART). Consequently, the number of people living with HIV over age

60 has increased substantially, and some estimate that more than one-half of all HIV/AIDS

cases in the U.S. will be over 50 years old by 2015.1 Considering the emergence of safer

antiretroviral medications and the availability of cART worldwide, aging with HIV has

become an internationally important issue.2
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Despite the widespread use of cART and these treatment successes, HIV-associated

neurocognitive disorders (HAND) are common, with a prevalence of up to 50% among

community-dwelling patients with access to cART who are seen at academic medical

centers in the U.S.3 In the current era, HAND is defined by the 2007 “Frascati” guidelines as

one of three conditions: Asymptomatic Neurocognitive Impairment (ANI), Mild

Neurocognitive Disorder (MND), or HIV-associated Dementia (HAD).4 Although the

severity of cognitive impairment is attenuated in the cART era, milder forms of HAND

persist and continue to impact everyday functioning.3,5,6

Both age and HIV are risk factors for cognitive decline, and older age is associated with

greater risk for HAND.7,8 Older patients often have higher rates of comorbid illness,

including cardiovascular disease, which further increases risk for impaired cognition and

may impact the patterns of impairment on neuropsychological testing.9 This may explain

why executive dysfunction is more frequently seen in older compared to younger HIV-

infected patients.10

The Mini Mental State Examination (MMSE) continues to be a commonly employed

cognitive screening test in clinical practice, but has been criticized for use in HIV due to

ceiling effects.11 The Montreal Cognitive Assessment (MoCA) more broadly evaluates

domains known to be affected by HIV and has sensitivity for the detection of Mild

Cognitive Impairment (MCI) and milder Alzheimer's disease in the general population.12

The few studies that have examined the utility of the MoCA in an HIV population show

promise; but, to date, none have examined performance in a sample of elder people with

HIV.13-15 In this study, we analyze the performance characteristics of the MoCA in HIV-

infected patients over age 60 to determine if it can be a clinically useful tool.

Methods

Subjects

We selected all subjects who completed the MoCA (n=67) among those who were enrolled

in a larger cohort study of cognition in HIV-infected individuals aged 60 and above (UCSF

HIV Over 60 Cohort). The parent study excluded subjects who had factors that would

substantially affect cognition besides HIV infection or neurodegenerative disorder, as

previously described.16 We also excluded one patient from this analysis who was not able to

complete the MoCA due to advanced dementia. Participants were recruited through

community fliers and physician referrals as previously described, with no exclusion based

on cognitive symptoms.16

Cognitive and functional assessments

Participants completed a neuropsychological testing battery that assessed multiple cognitive

domains important to diagnosis using 2007 HAND criteria, including: memory, executive

function, psychomotor speed, visuospatial and motor abilities, and attention. Raw

neuropsychological test results were interpreted by neurobehavioral neurologists and

neuropsychologists aided by means and standard deviations from controls (n>2,000)

available within the Alzheimer's Disease Research Center (ADRC) for tests included in the
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ADRC Uniform Data Set, from published normative data (California Auditory Verbal

Learning (CVLT) and Finger tapping), or from local developed normative data (grooved

pegboard test).17-19 A proxy informant interview was conducted using the Clinical Dementia

Rating scale (CDR) to provide a global rating of functional compromise. Although not

employed in HIV, the CDR is a widely validated formal interview assessing multiple

domains of cognitive functioning which provides a global rating of functional compromise

associated with dementia of the Alzheimer's type.20 Additionally, each subject underwent a

standardized and comprehensive symptoms checklist conducted by a physician who also

assessed motor and behavioral components of HAND. All subjects completed the Geriatric

Depression Scale (GDS) questionnaire to evaluate mood. Symptoms of cognitive difficulty

endorsed by either the subject or proxy were considered sufficient to diagnose symptomatic

impairment in cases with neuropsychological deficits meeting HAND criteria. Final

diagnoses were determined at consensus conference, attended by a nurse, neuropsychologist,

and at least one behavioral neurologist. We assigned HAND diagnoses using clinical

acumen informed by the Frascati criteria (2007).4 In general, subjects with mild and

moderately impaired performance (1 to 2 SD below the mean, after adjustment for age and

education) were diagnosed as MND, whereas those demonstrating severe impairment

(typically worse than -2 SD) were diagnosed as HAD. Those with neuropsychological

testing impairment but without documented symptoms were diagnosed with ANI regardless

of disease severity. When possible, we measured CD4 T-lymphocyte counts and plasma

HIV RNA if current labs (+/- 3 months) were not available and otherwise used self-reported

most recent results for CD4 (n=12) and plasma HIV RNA (n=7).

Statistical Analysis

We used SPSS Version 13.0 software package (SPSS Inc., Chicago, IL) for statistical

analysis. Descriptive statistics were calculated in standard fashion for quantitative variables.

A non-parametric receiver operating characteristic (ROC) curve analysis was performed to

examine the ability of the MoCA to detect cognitive impairment using the presence of

HAND as the outcome.21 The area under the curve (AUC) and the associated standard error

were calculated, with 1 and 0.50 respectively, indicating perfect and chance prediction.

Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV)

were then computed for five different MoCA cut points.

Results

Most participants were Caucasian (94%, n=63) men who have sex with men (MSM, 81%,

n=54) with high self-reported level of education (mean (SD) = 16.3 (2.32), Table 1). All

were on cART and 79% had undetectable plasma HIV RNA (<75 copies/ml). Eight (12%)

met the criteria for ANI, 19 (28%) for MND, and none met criteria for HAD. In all, 27

subjects (40%) were diagnosed with HAND.

Analysis of ROC curve for the MoCA revealed that the best balance of sensitivity (72%) and

specificity (67%) was at 25/30, with an area under the curve of 0.75 (95% confidence

interval CI=0.63-0.88, p=0.001) (Figure 1). Alternatively, using a cut point of 23, the MoCA

detected 90% of HAND cases, but specificity was reduced to 44%, while with a cut point of
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26 (suggested in the literature as the ideal MoCA cut-off score to detect Mild Cognitive

Impairment) the MoCA exhibited a poor sensitivity (50%) accompanied by an advantage in

specificity (85%).12

Discussion

Several screening instruments have been developed to assess HAND in HIV-infected

patients, including the HIV Dementia Scale (HDS) and its derivative form, the International

HIV Dementia Scale (IDHS). Although they can adequately identify more severe forms of

neurocognitive impairment, they are relatively insensitive in differentiating milder forms of

HAND. The MMSE is traditionally used to detect cognitive impairment in a variety of

dementing illnesses among HIV-uninfected elders, but it has consistently demonstrated poor

sensitivity and specificity to detect HAND.22-24 By virtue of better assessment for attention,

concentration, working memory, executive functioning and reasoning, the MoCA may be

superior and further supportive data could justify use in this population.

Studies of cognitive aging in HIV-uninfected subjects that employ both Magnetic Resonance

Imaging (MRI) and cognitive measures demonstrate age-related reductions in white matter

integrity that are hypothesized to underlie age-related performance declines on tasks of

information processing speed, episodic memory and executive functions.25 Older HIV-

infected subjects with cognitive impairment appear to have greater deficits in executive

functioning, postulated to be due to more cerebrovascular disease.26 This may suggest

superior performance of the MoCA in older HIV-infected groups, but, to date, there are no

data on the MoCA's capability among HIV-infected elders.24,27 In this work, we identified

only moderate performance characteristics using our optimized cut off that is slightly lower

than that previously published.12 Although the MMSE was also administered, most of the

patients with HAND (74%) achieved a score above 28; thus, we deemed it a poor choice for

further investigation. In agreement with other authors we postulate that adding additional

tests could improve the psychometric performance of the MoCA, but we did not have a

sufficient number of cases to investigate this in the present sample.13,14,27

Among our sample, all subjects were on cART and most were virologically suppressed, a

strength of the work since this is most reflective of subjects who might undergo screening in

older age. No patients in this sample met the criteria for HAD, consistent with published

work describing a decreased incidence of HAD as a natural outcome of therapy.28 This may

also be considered a strength, since patients with HAD are likely to be more obvious

clinically and would not typically be subject to screening, such as the subject excluded from

our study due to inability to perform the test sufficiently. Sample size and referral bias are

limitations to the work. Further, we focused on a selected population of HIV-infected

subjects enrolled in a parent study at our center, which may not be representative of the

general HIV-infected population by virtue of older age (> 60 years) and relatively high level

of education (mean years education = 16.3, SD = 2.32).

Both advanced age and HIV have been found to impact cognitive performance, and several

groups have explored HIV-age interaction effects on neuropsychological performance with

mixed findings. Some studies argue that HIV accelerates age-related cognitive changes
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through mechanisms common to the aging process, while others postulate that HIV and

aging might be additive in the expression of cognitive decline due, in part, to comorbidities

that increase with age.20-23 Regardless of etiology or potential interactions, routine cognitive

screening could help clinicians better understand and manage functional consequences of

cognitive impairment (e.g. medication adherence) in older HIV-infected subjects, but

optimal screening instruments are needed. We conclude that the MoCA has moderate

performance characteristics for HAND in elderly HIV-infected patients, but additional work

is needed to optimize screening in this vulnerable population.
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Figure 1. ROC for the MoCA in identifying HAND. AUC=0.75, 95% CI=0.63-0.88

Milanini et al. Page 7

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2015 September 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Milanini et al. Page 8

Table 1
Demographics and clinical characteristics of the sample

Sample size, n 67

Age, years (median, range) 64 (60-84)

Gender (% male) 96%

Education, mean years (SD) 16.3 (2.32)

Ethnicity, Caucasian (%) 94%

Risk for HIV, MSM only (%) 81%

CD4 count, mean (SD) 549 (246)

Nadir CD4, mean (SD) 240 (162)

HIV duration, (median, range) 23 (1-32)

Undetectable viral load* (%) 79%

on cART (%) 100%

HAND diagnoses

 Cognitively normal (%) 60%

 ANI (%) 12%

 MND (%) 28%

*
less than 75 copies/ml
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