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Abstract

Background

The discovery of the highly active antiretroviral therapy has improved the life
span of people living with HIV/AIDS (PLWHA) to almost that of the general
population. This, however, has been coupled with increased incidences of HIV-
associated dementia, especially mild cognitive impairment. Combined
antiretroviral therapy (cART) has been observed to improve neurocognitive
functions but the ART regimen that is best suited for improvement of
neurocognitive functions is still largely unknown. This study was aimed at
determining how neurocognitive deficits in patients on cART were related to
ART regimen.

Methods

This was a cross-sectional analytical study. A sample of 351 adult patients
attending care and treatment center (CTC) at Muhimbili National Hospital (MNH)
in Dar es salaam, Tanzania were screened for HIV-associated neurocognitive
deficits (HAND) against the ART regimens the patients were using. The study
that was conducted from July to August 2012 and employed a standardized tool
known as International HIV Dementia Scale (IHDS). Analysis was done using
SPSS version 18. Frequency distribution, Chi-square, Fisher’s exact test and
multivariate regression analysis were calculated to determine the levels of risk
which was set at 5% significance level (p < 0.05).

Results

Two hundred and forty of the 351 (68.4%) patients screened positive for
neurocognitive deficits. Under descriptive statistics, factors such as age, years
of formal education, central nervous system penetration effectiveness (CPE)
score and the use of efavirenz containing regimens showed statistically
significant association with HAND at p=0.03, p=0.038, p<0.001 and p=0.039,
respectively, while on multivariate analysis only ART combination with CPE
based on 2010 scoring system showed significant association system (p=0.02,
AOR=0.449 and C.I1=0.27-0.748) with HAND.

Conclusion

These findings support the hypothesis that specific ART factors such as CPE
may be protective against neurocognitive deficits. The study also highlights the
need to choose appropriate ART regimen with special consideration to their
potential neurotoxic side effect. Individual assessment for best therapeutic
response is crucial for the patients’ cognitive wellbeing.
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Introduction

The advent of highly active antiretroviral therapy (HAART) has prolonged the life
span of people living with HIV and AIDS (PLWHA) to almost that of the general
population; (1) however, high prevalence of HIV-related neurocognitive
impairment continues to be reported, particularly in the form of mild cognitive
impairment (2). Neurocognition refers to the sum of all functions of the CNS
ranging from simple processes such as sensation to the more complicated
higher functions such as memory-processing, thinking, motor functions,
psychomotor functions and other executive functions. HIV-associated
neurocognitive deficits (HAND) refers to impaired neurocognition that is
attributed to HIV infections.

With HAART in the form of combined antiretroviral therapy (cART), severe forms
of HAND are now rare manifestations among those with HIV infection, though
milder forms of neurocognitive impairments that hinder daily independent
functioning are still prevalent among PLWHA (3). HAART has largely been
observed to improve neurocognitive functions or even prevent further
escalation from milder to a more severe and lethal form known as HIV dementia
which has relatively higher mortality rate (4).

Though the mechanism of action is still not very clear, the use of cART appears
to improve both immunological and cognitive functions among PLWHA (5). It
has also been reported that benefits may be maximized when initiation of an
ART is well timed, preferably at relatively earlier stages of HIV/AIDS (6-7).

Among the few factors that have been explored regarding how ART curbs
neurocognitive impairment is the CNS penetration effectiveness (CPE), which
refers to the ability of an ART to reach the CNS through the blood brain barrier.
In this study, the revised 2010 CPE ranking system developed by Latendre and
others was used to estimate penetration effectiveness of individual or combined
ART regimen (8) (see Table I). This scoring system was developed on the basis
of the pharmacokinetic and pharmacodynamic profile of the specific ART
regimens and has proven useful in predicting which particular cART suppresses
HIV1 viral RNA concentration in the CSF and plasma (9).

CPE has of recent been implicated as a protective factor against development of
HAND (9), It is theorized that once the drug reaches the CNS it will mitigate the
pathogenic process of HIV by preventing viral replication and neuronal damage
that may eventually lead to onset of neurocognitive impairment (10-11). ARVs
with higher CPE score tend to improve neurocognitive deficits more so than
those with lower CPE scores (9).

Pathogenesis of HIV in the CNS is multifaceted but evidence suggests that HIV-
infected monocytes and T-cells produce a pro-inflammatory cascade that may
be responsible for dysfunction and cell death clinically manifesting as
HAND(12). cART with good access to the CNS is thought to halt this process
and mitigate its effects including the development of HAND (13). Furthermore,



ART regimens with higher CPE score have been shown to reduce both plasma
and CSF viral load to undetectable levels compared to ART regimens with lower
CPE score which may have undetectable plasma but significant CSF viral
concentration (11)(14).

It has, however, been observed that some of the ART regimens have been
linked with poorer neurocognitive performance outcomes, despite having
higher CPE scores (15) (16). It is hypothesized that despite their high CPE score,
these antiretroviral drugs may have potential for neurotoxicity (17-24). One of
the proposed mechanisms to explain the development of HAND among those
on cART with good CNS penetration is that some of the ART regimens may
induce oxidative stress leading to accumulation of neurotoxic free radicals
which manifest clinically as HAND (18).

It is important to note that there are other non-pharmacological factors that
may be linked to neurocognitive performance amongst PLWHA. These include
age, level of education, WHO clinical staging and the presence of other chronic
medical or surgical illnesses that may interfere with brain function.

Our study aimed at determining the association between use of ARVs and
presence of neurocognitive impairment among those with HIV infection and to
determine specific ART factors that may be linked to neurocognitive deficits
without ignoring potential confounders to the development of HAND such as
age, level of education, WHO clinical staging and presence of chronic illness.

Materials and Methods

Study design and setting

This was a cross-sectional analytical study which was conducted at Muhimbili
National Hospital (MNH), a National Referral and Teaching Hospital with more
than 1,500 bed capacity, with 1,000 - 1,200 outpatients per day (19). The
hospital is located in Dar es Salaam, a major city in Tanzania with a population
of about 4,364,541 as per the 2012 census (20). MNH also runs a CTC clinic
from Monday to Friday with approximately, 100 patients attending per day.

Sample size and sampling procedure

A sample size of 328 was calculated using the Kish Leslie formula. Systematic
sampling procedure was observed whereby every fifth participant from the
attendance list was directed for interview once the inclusion and exclusion
criteria were applied.

Inclusion/exclusion criteria

Patients included in the study were 18 years or older, able to give informed
consent and fluent in either Swahili or English. Those with significant hearing or
visual impairments, impaired articulation or limb disabilities (and unable to
perform neurocognitive tasks) were excluded. However no patient in our sample
met exclusion criteria.



Data collection and analysis

It took 45 working days to conduct the interview and assess 351 patients
between July - August 2012. A total of 358 patients were recruited but seven of
them were lost to follow-up. These patients were not included in the analysis. A
guestionnaire was used to determine socio-demographic and clinical profiles of
participants. Socio-demographic characteristics included age, gender, years of
formal education and duration of illness in years.

Clinical profile included WHO HIV clinical staging, and presence of chronic
illness. A list of potential confounding illnesses such as diabetes, any
cardiovascular diseases, epilepsy, malignancies, asthma, peptic ulcer diseases,
sickle cell anemia, chronic kidney disease and other illnesses were recorded.
Information on the patient’s current regimen was also recorded, including
proposed ability to penetrate the central nervous system based on CPE scoring
system version 2010.

In CPE scoring system, an individual ART is given a score based on its ability to
reach the CNS (22). Adding the scores of each individual ART in a combined
regimen gives the sum of the CPE score for a given ART combination (see Table
1).



Table 1. Central Nervous System Penetration-Effectiveness Ranking

CPE Score
Drug Class 2 3 > 1
Nucleoside Zidovudine Abacavir Didanosine Tenafovir
Reverse Emtricitabine Lamivudine Zalcitabine
Transcriptase Stavudine
Inhibitors
Nonnucleoside Nevirapine Delavirdine Etravirine
Reverse Efavirenz
Transcriptase
Inhibitors
Protease Indinavir/r Darunavir/r Atazanavir Nelfinavir
Inhibitors Fosamprenavir/r Atazanavir/r Ritonavir
Indinavir Fosamprenavir Saquinavir
Lopinavir/r Saquinavir/r
Tipranavir/r
Entry/Fusion Maraviroc Enfuvirtide
Inhibitors
Integrase Raltegravir
Strand
Transfer
Inhibitors

CPE indicates central nervous system penetration effectiveness: /r, ritonavir-
boosted. Larger

CPE scores reflect estimates of better penetration or effectiveness in the
central nervous system (eg. A ranking of 4 indicates the best penetration or

effectiveness.

Neurocognitive function was determined using the International HIV Dementia
Scale (IHDS) at a cut off point of 10 /12. This tool assesses memory recall,
motor speed and psychomotor speeds as domains of neucognitive functions.
This screening tool has a good pooled sensitivity of 0.90 [95% confidence
interval (Cl), 0.88-0.91] and overall specificity of 0.96 (95% Cl, 0.95-0.97)
under summary receiver operation (23).

Data was analyzed using Statistical Package for Social Science (SPSS) version 18.
Factors associated with positive screening for neurocognitive deficits were
determined using Chi-squared tests and Fisher’s exact tests for cells with



observations less than five. Those with p-value of < 0.05 were further analyzed
under multivariate logistic regression.

Ethical consideration

The study obtained ethical clearance from the Muhimbili University of Health
and Allied Science research clearance committee. The University uses Muhimbili
National Hospital as a teaching hospital where the study was undertaken.



Results
Socio-demographic and clinical profile

Out of 351 participants, 240 (68.4%) screened positive for HIV-associated
neurocognitive deficits. Seventy-eight out of 351 (22.3%), 149 (42.5%), 89
(25.4%), 35(10%) was aged between 18-35, 36-45, 46-55 and above 55 years,
respectively. Females comprised 260/351 of the study participants (74%).
Majority of participant attained less than seven years of formal education while
for duration of illness majority had duration of illness of 1-5 years.

Patients were also categorized based on WHO clinical staging. 15.4% of
participants fell into clinical stage |, 68.9% were in stage Il, 12.5% were on stage
Il and 3.1% fell into stage IV. Only 59 (16.8%) participants had another chronic
illness in addition to HIV/AIDS, with diabetes and cardiovascular disease
making up 49.2% among those with chronic illnesses (see Table 2).



Table 2. SOCIO-DEMOGRAPHIC AND CLINICAL PROFILE

VARIABLE CATEGORY COUNT(N PERCENTAGE (%)
)
Age of patients 18-25 8 2.3
(in years) 26-35 70 19.9
36-45 149 42.5
46-55 89 25.4
55+ 35 10.0
Gender Male 91 25.9
Female 260 74.1
Years of formal <7 211 60.1
education attained 7-10 107 30.5
>10 33 9.4
Duration in years since <1 29 8.3
the first diagnosis 1-5yrs 162 46.2
5-10yrs 121 34.5
10+ 39 11.1
WHO clinical staging Stage | 54 15.4
Stage I 241 68.9
Stage lli 44 12.6
Stage IV 11 3.1
Presence of chronic No 292 83.2
illness Yes 59 16.8
Patient on ARTs Yes 315 90
No 36 10
CPE score category <7 97 30.7
>7 218 69.3

Of all 351 patients, 315 (90%) were on ART and among these 218 (69.2%) were
on ART combination with Central Nervous System penetration effectiveness
(CPE) score of more than 7. The most common ART combinations used included
AZT/3TC/EFV (31.7%), (d4T/3TC/NVP) (15.2%), d4T/3TC/EFV (10.8%) and
AZT/3TC/NVP (10.2%). The single most common ART used was Lamivudine
(3TC), with 276 (87.6%) of participants being on a 3TC-containing combination
(Table 4).

Neurocognitive performance and associated factors

The mean score of neurocognitive performance based on IHDS was 9.35 with
the median of 10, standard deviation of 1.89, ranging from minimal score of 2
to maximum score of 12. A greater proportion 26/36 (72.2%) of those who
were not on ARVs had neurocognitive impairment compared to 214/315
(67.9%). However this was not statistically significant with p-value of 0.707
(Table 4).



One hundred eighty one (69.6%) of females screened positive for
neurocognitive deficits compared to 59 (64.8%) of males, although this was not
statistically significant at (P=0.390) (see Table 3.)

On descriptive analysis, we found that age and years of formal education were
significantly associated with HAND with p values of 0.03 and 0.038,
respectively. Other factors such as gender (p=0.39), number of years living with
HIV since diagnosis (p=0.153), WHO clinical staging (p=0.08), presence of
chronic illness (p=0.28) and being on ART (p=0.707) were not statistically
significant, (see Table 3).



Table 3. Socio-demographic/clinical profile versus HAND

Variable HIV-associated neurocognitive deficits P value
[HAND]
Positive Negative screening
screening
N % N %
Age of 18- 4 50.0% 4 50.0% 0.030
patients 25
26- 43 61.4% 27 38.6%
35
36- 95 63.8% 54 36.2%
45
46- 66 74.2% 23 25.8%
55
55+ 32 91.4% 3 8.6%
Gender Male 59 64.8% 32 35.2%
Femal 181 69.6% 79 30.4% 0.390
e
Years of </=7 153 72.5% 57 27.5%
formal 7-10 63 58.9% 44 41.1% 0.038
education >12 23 69.7 10 30.3
Duration <1 25 86.2% 4 13.8%
in years 1- 108 66.7% 54 33.3% 0.153
since Syrs
diagnosis 5- 82 67.8% 39 32.2%
10yrs
10+ 25 64.1% 14 35.9%
Clinical I 28 52.8% 25 47.2%
staging Il 166 68.9% 75 31.1% 0.080
1] 37 82.2% 8 17.8%
1Y 9 75.0% 3 25.0%
Presence of No 196 67.1% 96 32.9%
chronic Yes 44 74.6% 15 25.4% 0.280
illness

ARVs were categorized based on their CPE scores (22), those with a score above
seven and those with a score seven or below. Of all 315 patients that were on
ARV, a greater proportion 218( 69.3%) used ARTs regimens with a score of
above seven, while the rest had a score of seven or less. Of those who used



ARVs with a CPE score of less than seven, 76 (78%) screened positive for HAND
compared to 135 (62%) of those who used ARV combination with CPE score of
more than 7; this was statistically (p-value of <0.001).

The association of an individual antiretroviral drug within a particular
combination was analyzed. Among the most common antiretroviral used, only
efavirenz was significantly associated with neurocognitive impairment at
P=0.039 while other antiretroviral drugs did not show significant association
with neurocognitive impairment (see table 4).

Table 4. Association between ARV and HAND

Variable HIV-ASSOCIATED NEUROCOGNITIVE DEFICITS P value
Positive screening Negative screening
N % N %
PATIENT Yes 214 67.9% 101 32.1% 0.707
ON ARV No 26 72.2% 12% 27.8%
CPESCORE =<7 76 78% 23 22% <0.001
CATEGORY
>7 135 62% 83 38%
ART EFV NO 53 62.3% 33 37.7% 0.039
TYPE YES 168 73.4% 61 26.6%
3TC NO 22 58.3% 17 41.7% 0.063
YES 175 63.5% 101 36.5%
NVP NO 130 56.4% 102 43.6% 0.170
YES 53 64.1% 30 45.9%
d4T NO 163 69.8% 70 40.2% 0.124
YES 43 52.1% 57 47.9%
AZT NO 40 30.2% 92 69.8% 0.339
YES 71 38.8% 112 62.2%

Under multivariate analysis we found that the use of ARV combination with CPE
score of =7 was positively associated with HAND (p=0.02, OR=0.449 and
C.I=0.27-0.748). We also found that having attained between seven to ten
years of formal education was protective against HAND when computed against
those who attained no formal education or had less than seven years of formal
education (p=0.029, OR=1.129, C.1=0.444-2.874). Other variables such as age
and use of efavirenz containing regimen showed no significant association on
multivariate regression analysis. (Table 5).



TABLE 5. MILTIVARIATE REGERSSION ANALYSIS

Variable STATISTICS
~ Confidence interval
P value Odds ratio
Lower Upper
CPE score .02 0.449 270 748
Efv Usage .119 1.490 .902 2.461
Years of Formal 0-7 Reference
Education 7-10 .029 0.555 327 941
10+ .798 1.129 444 2.874
Age .869 0.998 .973 1.024
Discussion

The aim of this study was to determine the relationship between ART regimens
and neurocognitive functions among PLWHA.

Just like in previous studies, this study suggests that females are at higher risk
of developing neurocognitive deficits (24)(16), contrary to reports that refute
the link between gender and HAND (17-18).

This study shows that duration of formal education positively influence
cognitive performances as report by few other studies(26) and usually those
with more years of formal education to have much higher neurocognitive
performance at least at baseline(27).

Both descriptive and multivariate analysis suggests high CPE was positively
associated with better neurocognitive outcome. This supports the hypothesis
that regimens with a high CPE score may be effective against CNS complications
including HAND (7)(28)20) by directly inhibiting viral replications in the CNS
(11). This also alludes to the idea that antiretroviral regimens with higher CPE
score tend to improve overall survival and reduce incidence of CNS disease that
may manifest as HAND (28).

Our findings agree with the theory that ARV drugs with higher CPE scores tend
to lower both plasma and CSF viral concentrations to undetectable levels, more
so than those with lower CPE scores (11)(14). In doing so they halt the
pathogenic cascade induced by the virus, thus mitigating the HIV viral effect in
the CNS including development of HAND(12).

This study evaluated the potential of the most frequently used cART in our
study which included nevirapine, zidovudine, stavudine, efavirenz and
lamivudine, In our case only efavirenz was found to be significantly associated
with  HAND under descriptive analysis. Overall efficacy of efavirenz is
undisputed but it cannot be ignored that many neuropsychiatric and
neurological complications of efavirenz (including HAND) have been
demonstrated, though the mechanism is still unclear but growing evidence
points to disturbances in brain mitochondrial function and bioenergetics(30-
33).



Though efavirenz has been the ARV drug that has been documented as being
associated with neurotoxicity(16)(25), other ARVs such as zidovudine have also
been associated with CNS toxicity, manifesting as mania and psychosis, and
stavudine association with peripheral neuropathy has also been implicated.
Lamivudine at p-value of 0.063 was closest to statistical significance, this may
be due to the fact that majority of the patients that were on lamivudine were
also on efavirenz, which is well documented for its negative effect on cognitive
functions. This means that what appears to be a correlation between lamivudine
and HAND may actually be the default effect of nevirapine being paired with
efavirenz.

In this study, although the trend suggested use of zidovudine to be a risk
factor for cognitive impairment (Table 4), this was not statistically significant,
one probable explanation may be the potential of AZT to cause psychiatric
symptoms such as depression, that can mimic neurocognitive impairment but
yet not enough to show true neurocognitive impairment as reflected in our
study.

Despite providing many information on the correlation between neurocognitive
deficits and ARV characteristics, this study was limited as it did not provide
information on CD4 count and viral load which may indicate overall ART
response.

There was no account given on psychiatric symptoms such as depression and
anxiety symptoms that may have additive effect on poor neurocognitive
performance.

Conclusion

The current opinion of the authors is in favor of using ARV with high CPE score
while keeping in mind the potential for neurotoxicity

The study highlights the link between the use ARV and their association with
HAND. However it is still not clear which combinations work best for each
individual.
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