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Background
Human Immunodeficiency virus (HIV) associated neurocognitive 

disorders have been reported in up to 50% of patients on highly 
active antiretroviral therapy (HAART) [1]. Even though screening for 
neurocognitive impairment (NCI) is not routinely done or recommended 
by current treatment guidelines [2], NCI is associated with HAART-
noncompliance and functional impairment [3], and is currently being 
linked to cerebrospinal fluid escape (positive CSF HIV RNA PCR in the 
setting of undetectable serum HIV RNA PCR) [4]. The Montreal cognitive 
assessment (MoCA) has been validated and widely used in several countries 
and languages in non-HIV infected populations to screen for cognitive 
impairment [5,6]. There is very limited data in HIV positive patients [7], 
a population that is associated with high rates of co-existing infections and 
comorbidities including depression and drug abuse. The purpose of our 
study was to evaluate the utility of the MoCA as a screening tool for NCI in 
HIV infected individuals. 

 Study design

Prospective observational study of adult (>17yrs of age) ART-naïve 
HIV-1-infected consecutive individuals presenting to Thomas Street 
Health Center (TSHC) in Houston, TX, between 8/24/10 to 09/27/11 for 
their baseline evaluation. Patients were excluded if they had prior ART 
experience or refused to participate. The study coordinators screened and 
enrolled the patients while waiting to be seen by the TSHC triage nurse 
or by the physician. The study was approved by the University of Texas 
Committee for the protection of human subjects and by the Harris County 
Hospital District Research committee. All subjects signed an informed 
consent.

Baseline sociodemographic information was collected and patients 
were screened for the following co-existing conditions: syphilis (RPR), 
active drug use (urine drug screen), Hepatitis B and C and Toxoplasma 
gondii (serologies), tuberculosis exposure (PPD test), and depression by 
using the Beck Depression Inventory-II [8]. 

All patients underwent screening for NCI using the MoCA. 
This screening tool assesses eight cognitive domains (attention and 
concentration, executive functions, memory, language, visuoconstructional 
skills, conceptual thinking, calculations, and orientation), which are scored 
within a range of 0-30 points (higher scores reflecting better cognitive 
function). This rapid screen takes approximately 10 minutes to administer 
and is available in 30 languages. A score of less than 26 is considered 
abnormal [5,6].

In order to diagnose cognitive impairment, an additional battery of 
neuropsychological testing were performed which included the Symbol 
digit modalities test [9] Stroop color and Word test [10] Wechsler adult 
intellegence-III subtests of Picture Completion [11] Matrix reasoning and 
Block design [11] and Vocabulary QQ [12] to evaluate various cognitive 
domains including attention/working memory; speed of information 
processing inhibition, language; and visuospatial construction. The 
screening instrument and the battery of neuropsychological tests were 

chosen based on several criteria: 1) valid and sensitive measures to assess 
the HIV associated subcortical neurocognitive dysfunction, 2) availablilty 
in English and Spanish versions, and 3) limited administration time to 
reduce the burden on the patients. Neurocognitive impairment (NCI) 
was defined as greater than 1.5 standard deviation below the mean on 2 or 
more neuropsychological measures. We decided to use this higher cut-off 
to prevent overestimating the real prevalence of NCI as recently suggested 
by Gisslen et al. [13]. We did not assess the prevalence of HIV-associated 
neurocognitive disorders because we did not evaluate the impact on 
activities of daily living [14].

Statistical analyses

The first step in the analysis was a comprehensive description 
of the patient’s baseline sociodemographic factors, HIV risk factor profile, 
co-existing comorbidities including depression and active drug abuse, and 
serum HIV viral load, CD4 levels, and prevalence of cognitive impairment. 
Bivariate analysis were then conducted by using the Pearson’s X2 test 
or Fisher’s exact test to identify factors that were significantly associated 
with neurocognitive impairment (P<0.05). All clinically cogent baseline 
variables with a P value<0.20 were entered into a logistic regression model 
to identify variables independently associated with NCI. The diagnostic 
accuracy of the MoCA was tested by calculating the sensitivity, specificity, 
negative predictive value, and the positive predictive value. All statistical 
analyses were conducted using SPSS version 19 (SPSS). 

Results
After screening a total of 118 patients, 11 patients were excluded 

because they refused participation in the study and 7 patients because they 
had prior HAART. A total of 100 HIV positive ART naïve patients were 
enrolled (Table 1). The median was 43 years (22-64); the majority were 
male (75%), African American (71%), unemployed (50%) and two-thirds 
had less than 12 years of education. One-third of cases (31%) had an AIDS 
diagnosis and a high baseline serum HIV viral load (>100,000 copies/ml). 
Co-infections were common, including hepatitis B (30%); syphilis (22%) 
and hepatitis C (15%). Active drug use was seen in 37% of patients and 41% 
of the patients had moderate to severe depression. Only one patient used 
the Spanish versions of the neurocognitive tests.
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NCI was detected in 75% of patients. On bivariate analysis, only a 
MoCA score <26 was associated with NCI (OR 5.55 (2.08-14.78)) and 
had good screening accuracy (sensitivity: 85%; specificity: 40%; negative 
predictive value: 48%; positive predictive value: 81%) (Table 1). After 
adjusting for education level, depression, employment status, HIV risk 
behavior and coexisting hepatitis B, the MoCA was still associated with 
NCI in the logistic model (OR 4.83 (1.70-12.74)) (P=0.003).

Discussion
Cognitive impairment in HIV infected individuals is associated 

with HAART-adherence and has functional consequences [3]. Despite 
its high prevalence in HIV, screening for neurocognitive impairment is 
problematic. Assessing symptoms with standardized questionaires (e.g., 
medical outcomes survey) only identifies symptomatic disease and may 
not be predictive of objective performance [7]. The most commonly 
studied screening tools that have been used and validated in HIV 
associated neurocognitive disorders include three types of dementia scales 
and the Mini-mental status examination (MMSE) [7]. The MMSE is quick 
to administer and many clinicians are familiar with its use but it has poor 
sensitivity and specificity for HIV-associated neurocognitive disorders 
(HAND). The HIV-associated dementia (HAD) scale tests memory recall, 
registration, psychomotor speed and attention and it is useful in diagnosing 
HAD. In the HAART era though, the majority of the neurocognitive 
disorders are mild in severity and the sensitivity of the HAD scale is low. The 
sensitivity of the HAD scale can be improved by applying demographically 
adjusted normative standards [15].

The MoCA is a widely used and available test that screens for 
mild cognitive impairment in HIV-uninfected individuals with better 
sensivitivity that the Mini-mental status examination [7]. The MoCA is a 
one-page test that is administered in 10 minutes and can be used to track 
changes in cognitive ability over time. The MoCA is also an attractive 
screening tool because it is free and tests multiple domains of function. To 
our knowledge, there are only a few studies evaluating the use of the MoCA 

in HIV-infected patients [7]. In a study by Koski et al. [16], the MoCA was 
found to measure cognitive ability in 75 patients by using computerized 
tasks but it had a poorer precision in patients with higher cognitive ability. 
It was also noted that supplementation with seven tasks assessing frontal 
lobe function resulted in a better psychometric assessment. Overton et 
al. [17] reported the use of the MoCA in 119 HIV-infected individuals 
with a prevalence of HAND of 64%. The MoCA had a sensitivity of 59% 
and a specificity of 81% by using a MoCA cutoff of < 26; the sensitivity 
increased to 83% if the cut-off was <27. Chan et al. [18] studied the utilized 
the MoCA in 132 HIV positive adults from Singapore to diagnose HAND. 
To our knowledge, there is no study evaluating the MoCA in a cohort of 
HAART naïve individuals.

The prevalence of neurocognitive impairment was in 75% of our 
ART naïve patient population with high rates of unemployment, active 
drug use, depression and concomitant comorbidities. The only predictor 
of NCI in our study was a MoCA score <26. In this setting, the MoCA 
had a moderate diagnostic accuracy with sensitivity: 85%; specificity: 40%; 
negative predictive value: 48%; positive predictive value: 81% (Table 1). 
The negative and positive predictive values would differ in other patient 
populations with different degree of NCI prevalence.

Our study had strengths and limititations. First, to our knowledge this is 
the first prospective evaluation of the MoCA in HIV-ART naïve individuals. 
Second, all patients were screened for active drug use, depression and other 
comorbidities that can affect cognition. Third, all patients underwent a 
complete neuropsychological battery of tests to determine if they had 
neurocognitive impairment. The main limitation of the study was the high 
prevalence of active drug use, depression, unemployment, low education 
level and associated comorbidities that can also affect cognition. This is an 
accurate representation of the indigent population that we serve at Thomas 
Street Health Science Center in Houston and as such this result can not 
be generalized to other patient populations without further studies. In 
addition, functional impairment was not assessed so we could not make 
the distinction between the two HIV-associated neurocognitiive disorders 
(asymptomatic neurocognitive impairment and mild neurocognitive 
disorder) [14].

In summary, the MoCA is a quick and quantitative tool that can be used 
to screen for neurocognitive impairment in HIV-positive patients with 
high sensitivity. Patients with HIV and a MoCA score <26 should undergo 
further neuropsychological testing to assess cognitive impairment.
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