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Background  Asymptomatic neurocognitive impairment (ANI) in people living with 
HIV (PLWH) can lower quality of life, reduce drug compliance, increase unemployment, 
and reduce life expectancy.
Objective  This study was aimed to identify risk factors of ANI in PLWH in an Indian 
cohort and explore the usefulness of Mini Mental State Examination (MMSE) and Mon-
treal Cognitive Assessment Score (MoCA) as screening tools.
Methods  PLWH under follow-up at an antiretroviral treatment center who were 
18 to 60 years were included in this study. Patients were excluded if they had any 
cognitive symptoms, previous history of any central nervous system (CNS) pathology, 
or any systemic illness. Included patients were subjected to domain wise standardized 
neuropsychological battery. Six domains were screened including language, attention, 
speed, memory, sensory motor skills, and executive. Abnormal dysfunctional scores in 
at least two domains were taken as suggestive of ANI. The two groups thus created, 
ANI and normal cognition, were evaluated for differences. Variables evaluated as risk 
factors included age, sex, handedness, education, presence of at least one vascular risk 
factor, duration of disease, biochemical profile, cluster of differentiation 4 (CD4) count 
(both current and nadir) HIV viral load, and use of antiretroviral therapy (ART) and its 
CNS penetration effectiveness (CPE). MMSE and MoCA were also done in all patients.
Statistical Analysis  Regression analysis was used to find out significant variables. MMSE and 
MoCA scores were correlated using Spearman’s correlation coefficient. Sensitivity, specificity, 
positive predictive value (PPV), and negative predictive value (NPV) were also determined
Results  Three hundred and eighty-four patients were included out of which 185 (48%) had 
ANI. In the multivariate regression analysis, female sex with odds Ratio (OR) of 1.89 (95% 
confidence interval [CI]: 1.21–2.79, p < 0.01), education below 10 years with OR = 2.43 
(95% CI: 1.56–3.80, p < 0.01) and presence of at least one vascular risk factor with OR = 2.52 
(95% CI: 1.67–3.80, p < 0.01) were found to be significant. Both MMSE and MoCA had a 
high PPV (0.99 and 0.97, respectively) but poor NPV (0.64 and 0.75) below a score of 25 
with MoCA scoring slightly better. Both, MMSE and MoCA correlated well with each other.
Conclusion  Nearly half of our patients had ANI, despite being on ART. Majority of patients 
were on ART with CPE > 7 and had relatively preserved immune status. Female HIV patients 
with at least one vascular risk factor and less than 10 years of formal education were found 
to be at risk for ANI. MMSE and MoCA are not good screening tools to identify this condition.
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Introduction
Changes in attention, memory, concentration, and motor 
skills are common in people living with HIV (PLWH). This 
neurocognitive impairment (NI) presents a diagnostic chal-
lenge to the clinician. Such a presentation can be caused by 
a variety of disorders including infections, drugs, metabolic 
causes, substance abuse, prior head trauma, and HIV itself. 
Mostly, a detailed evaluation should be able to exclude com-
mon causes. Neurocognitive impairment not clearly attribut-
able to an alternate cause other than HIV infection has been 
collectively classified as HIV-associated neurocognitive dis-
orders (HAND).

The terminology of HAND has evolved over time. A work-
ing group supported by the United States National Institutes 
of Health published a classification scheme in 2007 for diag-
nostic and research purposes.1 This classification, known as 
the “Frascati criteria,” has been widely adopted now, although 
with a few dissenting voices.2 HAND includes three levels of 
impaired performance on standardized neuropsychological 
tests and functional impairment. Asymptomatic neurocogni-
tive impairment (ANI) is defined as one standard deviation 
or more below the mean in at least two cognitive domains 
without symptomatic or functional impairment. Mild neu-
rocognitive disorder (MND) is said to be present if the indi-
vidual scores 1 standard deviation or more below the mean 
in at least two cognitive domains with at least mild symp-
tomatic or functional impairment. HIV-associated demen-
tia (HAD) is defined by a score of 2 standard deviations or 
more below the mean in at least two cognitive domains with 
impairment in activities of daily living. It is important to note 
that two individuals may have a similar score of 1 standard 
deviation below the mean, but it is the presence or absence 
of symptoms and functional impairment which will charac-
terize them further to MND or ANI respectively. For example, 
a high-performing multitasking marketing executive may 
report with poor concentration and inability to perform at 
work as earlier. He scores 1 standard deviation below the 
mean on standardized neuropsychological tests and is said 
to have MND. An asymptomatic manual laborer, who under-
goes the same battery, scores like the first individual but is 
labeled as ANI.

Neurocognitive impairment is commonly reported in 
PLWH and is likely to become an increasingly important issue 
as this population ages. HIV-associated dementia, which 
occurred in up to 50% of patients prior to the introduction of 
antiretroviral therapy (ART), is now rare. However, the mild-
er forms, ANI and MND, are more widely reported and may 
occur in as much as half of the population of PLWH.3,4,5,6 This 
results in lower quality of life, poorer adherence to medica-
tion, increased unemployment, and reduced life expectan-
cy.7-9 ANI is clinically relevant, as it can transform into the 
more severe forms of HAND as documented in the CHARTER 
(CNS HIV Antiretroviral Therapy Effects Research) study.10 It 
is therefore important to identify the risk factors of ANI early 
and possibly intervene to prevent progression. The risk fac-
tors appear to be changing in the ART era. Previous studies 
have suggested that cardiovascular risk factors, age, hepatitis 

C infection, cluster of differentiation 4 (CD4) count nadir, 
addictions, previous psychiatric, or neurological disorders 
may contribute to the development of HAND. However, these 
risk factors are not well defined in India and in the devel-
oping world. ART has changed the profile of HAND in India 
with milder ANI and MND being more common.11 But the risk 
factors leading to the development of HAND, especially ANI 
remain elusive. If the risk factors of HAND, especially ANI can 
be identified early and controlled, then the long-term effects 
of poor cognition can be limited. The aim of this study was to 
identify the risk factors associated with the development of 
ANI in PLWH in India.

Patients and Methods
This cross-sectional observational study was conducted 
at a government run ART center of a medical college in a 
metropolis in India. Patients were recruited over a period of 
2 years. The inclusion criteria included HIV infected patients 
between 18 and 60 years of age who were registered with 
the ART center. Patients were excluded if they or their care-
givers gave history suggestive of cognitive decline; there 
was history of past or present neurological infections, cen-
tral nervous system (CNS) pathology like neoplasm, stroke 
or degenerative diseases, significant head trauma, defined 
as loss of consciousness for more than 5 minutes or devel-
opment of retrograde or antegrade amnesia, epilepsy; any 
history of being treated for a psychiatric illness including 
depression and substance abuse or alcohol dependence syn-
drome. Patients were also excluded if they were being cur-
rently treated for any other systemic illness related to HIV 
like opportunistic infection or neoplasm or systemic diseases 
like thyroid, liver, or renal disease.

All patients were subjected to a battery of neuropsy-
chological tests by the second author. She in turn had been 
trained to administer the tests by a senior clinical psycholo-
gist from the same institute. The licensed battery (available 
at the institute) included standard, validated tests designed 
to evaluate a particular domain(s) of cognition. These were 
Verbal Adult Intelligence Scale (VAIS; Language), Postgrad-
uate Institute (PGI, in Chandigarh) memory scale, attention 
subset (attention), PGI memory scale (memory) and Bender 
Gestalt test (sensory motor skill), and PGI battery of brain 
dysfunction (PGI-BBD).12 Trail making test A and B (speed) 
and Wisconsin card sorting test (execution) were also includ-
ed. To capitalize on the previously available normative data, 
the raw scores were converted into demographically cor-
rected scores using a norms table given with the tool. Uti-
lizing a screener that does account for certain demographic 
factors (age, education, and ethnicity) is inappropriate when 
these variables are known to affect cognitive functioning. To 
obviate bias a dysfunction rating score was used to compare 
scores across education and age. If at least in two cognitive 
domains patient had higher dysfunction scores, as defined 
by the cut-offs provided with the tool, patients were cate-
gorized into having “HIV-associated ANI.” If the dysfunction 
scores were normal in all domains or abnormal in one, then 
the patient was categorized as having “HIV infection with no 
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cognitive impairment.” The two groups thus created were 
then compared for differences in defined variables.

All patients had details recorded like age, sex, handedness, 
years of education, presence (or absence) of at least one vas-
cular risk factor, and total duration of disease. The vascular 
risk factors included tobacco use (in any form), hyperten-
sion, diabetes, heart disease, or family history of premature 
coronary artery disease, stroke, or dementia. Depending on 
the number of years of formal education the patients were 
divided into three groups: less than 5 years, 5 to 10 years, 
and more than 10 years of education. Blood tests like hemo-
globin, sugar, lipid profile, current and nadir CD4 count, and 
HIV viral load where available were also recorded. If they 
were taking ART, then the type of combination and the CNS 
penetration effectiveness (CPE) of the ART were also record-
ed. These variables were compared between those having 
abnormal and normal cognition as risk factor of ANI. In addi-
tion, Mini Mental Scale Examination (MMSE) and Montreal 
Cognitive Assessment (MOCA) scores were also determined 
for each patient and compared between the two groups for 
statistical difference. A cut-off of <25 was assumed as abnor-
mal for both.

The sample size for estimating difference between pro-
portions in population was calculated to be 184 for each 

arm keeping the α error to be 0.05, power of study as 80%, 
absolute error of margin of 10% and assuming from previous 
studies that around 40% of patients are likely to have some 
form of neurocognitive dysfunction. The data were ana-
lyzed using IBM SPSS 22 software. The two created groups 
of ANI and normal cognition in HIV infected patients were 
compared using univariate analysis using appropriate tests 
as mentioned in the tables. Multivariate regression analysis 
was done on significant variables. MMSE and MoCA scores 
were also correlated for each of the groups using Spearman’s 
Correlation Coefficient. Sensitivity, specificity, positive pre-
dictive value (PPV), and negative predictive value (NPV) of 
both MMSE and MoCA were also determined. A p-value of 
<0.05 was taken as significant. Written informed consent 
was taken from all patients and ethical clearance from insti-
tute ethics committee.

Results
A total of 384 patients were included in the study out of 
which 185 were diagnosed to have HIV infection with ANI 
and 199 had HIV infection with normal cognition. Univariate 
analysis for various risk factors using appropriate statistical 
test are shown in ►Table 1. Variables found to be significant 

Table 1     Univariate analysis of risk factors of ANI in HIV patients

Sr. no. Variables HIV infection with 
asymptomatic 
neurocognitive 
impairment (n = 185)

HIV infection with 
normal cognition 
(n = 199)

Test p-Value

1 Age in years (SD) 38.3 (9.3) 38.3 (9.1) Mann–Whitney U-test 0.68

2 Females (%) 83 (44.9) 61 (30.7) z-Score for two population 
proportion

<0.01

3 Education in years (%) z-Score for two population 
proportion< 5 68 (36.8) 61 (30.7) 0.2

5–10 75 (40.5) 55 (27.6) <0.01

>10 42 (22.7) 83 (41.7) <0.01

4 Righthanded (%) 164 (88.6) 186 (93.5) z-Score for two population 
proportion

0.09

5 Presence of at least one 
vascular cognitive risk 
factor (%)

z-Score for two population 
proportion

No risk factor 76 (41.1) 127 (63.8) <0.01

1 risk factor 86 (46.5) 60 (30.2) <0.01

≥2 risk factor 23 (12.4) 12 (6.0) 0.02

6 Hemoglobin in g/dL (SD) 12.4 (1.6) 12.2 (1.7) Mann–Whitney U-test 0.29

7 Blood sugar fasting in 
mg/dL (SD)

95.4 (9.1) 94.3 (8.4) Mann–Whitney U-test 0.20

8 Blood sugar postprandial 
in mg/dL (SD)

152.4 (15.2) 150.1 (15.4) Mann–Whitney U-test 0.10

9 Total cholesterol in 
mg/dL (SD)

197.4 (33.9) 196.2 (33.2) Mann–Whitney U-test 0.68

10 LDL in mg/dL (SD) 128.8 (33.9) 127.1 (32.5) Mann–Whitney U-test 0.55

11 HDL in mg/dL (SD) 37.8 (5.0) 39.1 (6.0) Mann–Whitney U-test 0.06

(continued)
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including female sex, education levels below 10 years, 
presence of at least one vascular risk factor, CD4 count pres-
ent, and nadir were included in the multivariate regression 
analysis. In the multivariate regression analysis female sex 
with odds ratio (OR) of 1.89 (95% confidence interval [CI]: 
1.21–2.79, p < 0.01), education below 10 years with OR = 2.43 
(95% CI: 1.56–3.80, p < 0.01), and presence of at least one vas-
cular risk factor with OR = 2.52 (95% CI: 1.67–3.80, p < 0.01) 
were found to be significant (►Table  2). Although there 
were more patients on ART in the ANI group, the proportion 
of patients taking ART with CPE > 7 was similar in both the 
groups. The median CPE was also similar in both groups.

►Table 3  shows the number and percentage of patients 
who had MMSE and MoCA scores <25. There was significant 
correlation of overall scores of MMSE with MoCA in both 
categories, ANI (0.77, <0.01) and normal cognition patients 
(0.84, <0.01) (►Table 4). This is also depicted in the form of 

a box plot in ►Fig. 1. Both MMSE and MoCA, for scores <25, 
had a high-PPV for predicting cognitive impairment but poor 
NPV with MoCA scoring a little better than MMSE (►Table 5). 

Discussion
Over the last few years, the widespread use of combination 
antiretroviral therapy has been associated with a marked 
decrease in the incidence of more severe neurocognitive 
deficits (HAD).13 However, this is not true with respect to 
milder forms of NI where studies have shown the preva-
lence to have ranged from 30 to 50%.3-6 Our study has shown 
that nearly half (48%) of our cohort of HIV infected patients, 
who were cognitively asymptomatic (self-reported), had 
significantly abnormal scores in at least two of six domains 
tested on a standardized neuropsychological battery. This is 
despite the fact that all 185 patients (100%) in the ANI group 

Table 2   Multivariate regression analysis of risk factors of ANI in HIV patients

Coefficients

Model Unstandardized coefficients Standardized 
coefficients

t-Test Sig.

B SE Beta

(Constant) 1.251 0.800 1.564 0.121

Sex –0.224 0.105 –0.236 –2.133 0.036

Education 0.120 0.057 0.210 2.090 0.039

Presence of at least one 
vascular risk factors

–0.286 0.076 –0.439 –3.755 0.000

CD4 nadir 0.000 0.001 0.028 0.287 0.775

CD4 present 0.001 0.000 0.135 1.287 0.201

Abbreviations: CD4, cluster of differentiation 4; SE, standard error. 
B or Beta is a value of the statistical test of coefficients and sig. stands for significance (p-value < 0.05)

Table 1  (continued)

Sr. no. Variables HIV infection with 
asymptomatic 
neurocognitive 
impairment (n = 185)

HIV infection with 
normal cognition 
(n = 199)

Test p-Value

12 Triglycerides in mg/dL 
(SD)

150.9 (28.3) 149.3 (27.9) Mann–Whitney U-test 0.60

13 CD4 count nadir/µL (SD) 143.7 (132.6) 177.4 (134.6) Mann–Whitney U-test <0.01

14 CD4 count present/cm 
(SD)

393.8 (238.1) 448.7 (235.5) Mann–Whitney U-test <0.01

15 Median serum HIV RNA 
copies/mL (IQR)

(n = 76)
68,839 (9,716,429)

(n = 38)
105,805 (848,286)

Mann–Whitney U-test 0.41

16 Total duration of disease 
in years (SD)

5.7 (3.4) 6.1 (3.4) Mann–Whitney U-test 0.16

17 Number of patients on 
ART (%)

185 (100) 159 (79.9) z-Score for two population 
proportion

<0.01

18 Median CPE of ART (SD) 10 (1.8) 10 (3.9)

19 Number of patients on 
ART with CPE of >7 (%)

128 (69.1) 131 (65.8) z-Score for two population 
proportion

0.48

Abbreviations: ANI, asymptomatic neurocognitive impairment; ART, antiretroviral therapy; CD4, cluster of differentiation 4; CNS, central nervous 
system; CPE, CNS penetration effectiveness; HDL, high-density lipoprotein; HIV, human immunodeficiency virus; IQR, interquartile range; LDL,  
low-density lipoprotein; SD, standard deviation;
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Table 3   Distribution of patients as per their MMSE and MoCA 
scores

Test (n = 384) Scores <25 (%) Scores ≥25 (%)

MMSE 77 (20.1) 307 (79.9)

MoCA 123 (32) 261 (68)

Abbreviations: MMSE, mini mental state examination; MoCA, Montreal 
cognitive assessment score.

Table 4   Correlation between MMSE and MoCA

Mean 
MMSE

Mean 
MoCA

Spearman’s 
Correlation Coefficient

p-Value

No 
ANI

29.04 28.49 0.77 <0.01

ANI 25.01 22.73 0.84 <0.01

Abbreviations: ANI, asymptomatic neurocognitive impairment; MMSE, mini 
mental state examination; MoCA, Montreal cognitive assessment score.

were on ART and were virally suppressed with relatively 
preserved CD4 counts. Our study highlights a critical issue 
which has not been resolved as yet. Is this milder form of 
NI in virally suppressed individuals the result of subclinical 
brain injury sustained before starting ART? There have also 
been concerns raised earlier about the neurotoxicity of ART, 
especially those with greater CNS penetration.14 Could this 
also contribute to the milder forms of NI seen more often 
now? Although there was no significant difference in the 
proportion of patients with CPE greater than 7 in the two 
groups, it is possible that drugs may have contributed to the 
NI in a previously injured brain.

Multivariate analysis revealed that the risk factors for 
development of ANI in our cohort were female sex with OR 
of 1.89 (95% CI: 1.21–2.79, p < 0.01), education below 10 years 
with OR = 2.43 (95% CI: 1.56–3.80, p < 0.01) and presence of at 
least one vascular risk factor with OR 2.52 (95% CI: 1.67–3.80, 
p < 0.01). Our results are similar to multicenter AIDS cohort 

Fig. 1  Box plot showing correlation of MMSE and MoCA in patients with ANI and normal cognition. ANI, asymptomatic neurocognitive impair-
ment; MMSE, mini mental state examination; MoCA, Montreal cognitive assessment score.

Table 5   Sensitivity, specificity, positive predictive value and negative predicitive value of MMSE and MoCA

Sensitivity (CI) Specificity PPV NPV

MMSE <25 0.41 (0.34–0.48) 0.99 (0.98–1.0) 0.99 0.64

MoCA <25 0.64 (0.57–0.71) 0.98 (0.96–1.0) 0.97 0.75

Abbreviations: CI, confidence interval; MMSE, mini mental state examination; MoCA, Montreal cognitive assessment score; NPV, negative predictive 
value; PPV, positive predictive value.
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impairment. This is despite the fact that nearly all patients 
were on ART with CPE of >7 and were relatively immune 
preserved. Female HIV patients with at least one vascular 
risk factor and less than 10 years of formal education are 
most at risk for asymptomatic neurocognitive impairment. 
We have raised concerns that this mild NI may be the result 
of subclinical brain injury by HIV, possibly prior to starting 
ART. A standardized neuropsychological battery is needed 
to diagnose this condition. MMSE and MoCA are may not 
good screening tools.

What is the translational value of this study? HIV phy-
sicians should be aware of the possibility of ANI and mild 
neurocognitive impairment despite the patient being on 
ART. They should be particularly alert in the high-risk group 
described in our study. Diagnosis can be established only 
by neuropsychological evaluation using a standardized bat-
tery. Such high-risk asymptomatic patients, with any one 
of the significant risk factors seen in our study, should be 
referred for detailed neuropsychological evaluation. Coun-
selling and managing the vascular risk factor may partially 
mitigate the risk. Further research is needed to explore if 
starting ART at diagnosis reduces the prevalence of milder 
forms of NI.
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