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Abstract

Background: It is estimated that almost half of all people living with HIV have some form of neurocognitive impairment,
but few studies have looked at the risk of neurocognitive impairment and its associated factors in Ghana, due in part to
limited resources for such testing.

Objective: To examine neurocognitive performance in a group of Ghanaians living with HIV and possible factors that
contribute to their performance.

Methods: One hundred and four patients were assessed using a selection of brief non-invasive neuropsychological assess-
ments as well as the International HIV Dementia Scale. Psycho-behavioural factors (alcohol use, depression, and medication
adherence) as well as demographic characteristics and functional daily activities were assessed to determine their association
with neurocognitive performance, using linear regression and receiver operating characteristic analyses.

Results: About 48% of the participants met the criteria for risk of neurocognitive impairment. Age, education, and symp-
toms of depression were found to be significantly associated with the risk of impairment.

Conclusion: Some people living with HIV showed risk of neurocognitive impairment, which was significantly associated
with education, age and depressive symptoms. It is therefore important to consider routine neurocognitive screening in HIV

management to recognize any risks for early interventions.
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Introduction

The Human Immunodeficiency Virus (HIV) compro-
mises the immune system to cause Acquired Immune
Deficiency Syndrome (AIDS) and has the capability
to infect the central nervous system (CNS)'. A major
consequence of HIV infection in the brain, especially
for patients without medication, is neurocognitive im-
pairment (NCI) or what are sometimes categorized as
HIV Associated Neurocognitive Disorders (HAND)>’.
As viral load increases, NCI becomes mote severe,
with AIDS presenting the worst prognosis for cogni-
tion*. The cognitive deficits can be global, but specif-
ic areas affected include psychomotor skills, speed of
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propetly cited.

information processing, memory, attention, language,
and perception’. With the availability and access to an-
tiretroviral therapy, progression of HIV can be curbed,
corresponding with a reduction in neurocognitive im-
pairment’. However, milder cases of HAND, such as
asymptomatic neurocognitive impairment and mild
neurocognitive disorder are reported to be prevalent
in cases of undetectable viral load’. Almost half of
all people living with HIV are estimated to have some
form of impairment’.

Although sub-Saharan African countries account for
more than 66% of the wotld’s HIV population®, the
implication of cognitive deficits due to HIV has not
been extensively explored. In low and middle income
countries, the prevalence of HAND ranges from 6% to
64% in adults on ART medication’. It is also important
to establish that most HAND studies were conducted
in the developed world, in which most patients have
the HIV-1 sub-type B; HIV cases in Africa have the
non-B HIV subtypes, and how this may affect the de-
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velopment of NCI is unclear®. In Ghana, there is an
initiative to have 85% of eligible patients on ART to
limit the number of AIDS-specific fatalities'. Where
ART is limited, or where there is poor adherence to the
medications, it is important to consider the possibility
of severe cases of NCI. With an estimated 310, 000
Ghanaians living with HIV and about 42% of persons
15 years or older receiving and adhering to ART, milder
forms of HAND may persist and cognitive impair-
ment has the potential to adversely affect daily life'"'.
To this end, this study sought to examine the pattern
of neurocognitive performance in a sample of people
living with HIV in Ghana, and to identify the factors
that may contribute to the performance.

Methods

Study design and site

This was a cross-sectional, exploratory study, us-
ing questionnaires and neurocognitive tests to collect
quantitative data from people living with HIV recruit-
ed from the HIV clinic at the Ridge Hospital in Accra,
Ghana, during the month of June 2017. The HIV clinic
at Ridge Hospital, situated in Accra, which is the capital
and largest city of Ghana, regularly provides services
such as HIV and STI testing and provides ART medi-
cations through the adjacent pharmacy. The clinic runs
during the weekday, serving approximately 30 clients a
week. The actual number of clients may vary depend-
ing on availability of medications. The client pool is
mostly female, particularly those who come in-person
to receive their medications. Ridge Hospital appeared
to be an ideal place to recruit participants for an inves-
tigation, with the advantage that participants could be
asked about their adherence to medications.

Participants

The study participants included adults (18 years and
older) who had received a diagnosis of HIV and were
on ART for about six months or more to be able to as-
sess the level of adherence to the medications'. Based
on the information in the health records, participants
possible susceptibility to NCI such as having a prior di-
agnosis of a major psychiatric disorder like schizophre-
nia or major depressive disorder, or having a record of
severe head injury, were excluded from the study. This
was to ensure that no participant had any predisposition
to NCI and to limit factors that could contribute to
neurocognitive performance, independent of HIV.
Due to sampling challenges associated with hard-to-
reach study populations like persons with HIV and
AIDS, all clients who attended the ART clinic dur-
ing the study period were invited to participate in the
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study”. Persons who met the inclusion criteria and con-
sented to be part of the study were recruited. In total
104 participants took part in the study.

Measures

All the materials were in the form of paper-based ques-
tionnaires and performance assessments. The question-
naire obtained the following characteristics from the
participants: age, sex, current employment status, edu-
cation level, and daily functional activities. In addition,
the years the participant had been living with HIV, oth-
er conditions and current ART regimen were verified
from health records.

The Psycho-behavioural profile for the participants
were obtained using the Center for Epidemiologic
Studies Short Scale Depression Scale (CES-D), Alco-
hol Use Disorders Identification Test (AUDIT), and
the Questionnaire on Taking Anti-retroviral Medica-
tion (QTAM). The neurocognitive profile was obtained
with the following assessments: Trail Making Test Part
A (TMT A), Stroop Colour-Word (SCW), and the Inter-
national HIV Dementia Scale (IHDS).

The CES-D is a 10-item depression scale, with points
ranging from 0-3 assigned to each response. A partici-
pant obtaining a score of 10 or greater is considered to
exhibit depressive symptoms. This test by itself does
not constitute a clinical diagnosis for depression'*.

The AUDIT is a 10-item screening tool developed by
the World Health Organization to assess alcohol con-
sumption, drinking behaviours, and alcohol-related
problems and has been validated across gender, ethnic
and racial groups. This study adopted the clinician-ad-
ministered version with questions on the frequency of
drinking behaviours. The scores for each participant
was derived by adding the 10 items to give a total score
ranging from 0 — 40. Participants who had a score of 0
on the AUDIT abstained from alcohol use, those with
a score of 1 — 7 were non-hazardous drinkers and a
score of 8 or more indicative of harmful alcohol use'™.
The QTAM is a brief 5-item self-reported scale which
asks participants in non-accusatory language about
any tendencies to forget or opt not to take their med-
ications. The scale included items that ask participants
about the medications they take (if participants are un-
sure of names, medical records were used to confirm),
and specific instances in which medications were not
taken. Patients were considered non-adherent based on
the items on the scale, if they reported not taking more
than 5% of their pills on the preceding day, the penul-
timate day, the preceding seven days or during the past
30 days'.
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The TMT is a timed neuropsychological test in which
participants use a pen to connect circled numbers on
paper. In Part “A,” the participant is to draw lines to
connect circled numbers in a numerical sequence (i.e.,
1-2-3, etc.) as rapidly as possible until reaching the last
number “25”. They are first given a sample to practice
before proceeding to the actual test, in which their time
to completion is measured. This test reflects a wide va-
riety of cognitive processes in executive functioning:
attention, visual search and scanning, sequencing and
psychomotor speed. The TMT A has an inter-rater reli-
ability coefficient of 0.99".

The SCW test for this study focused on the Colour—
Word task, in which the individual is shown the names
of colours printed in conflicting ink (e.g.,, the word
“blue” in red ink) and is asked to name the colour of
the ink rather than the word as quickly as possible. The
Colour—Word task measures both mental flexibility and
ability to inhibit a dominant response, because of the
interference of the word is printed in a conflicting col-
our’. The test-retest reliability coefficient for Colour
Word is reported as 0.671".

The IHDS is an internationally used tool for screening
and identifying patients at risk of developing HAND in
persons with HIV. The tool asks participants to perform
memory and motor tasks and should take no longer
than 10 minutes to complete. The tool starts with mem-
ory registration, in which four English words are read
out loud to the patient and he/she is told to memorize
them for later. The test then has three subsets: motor
speed (patient taps first two fingers of non-dominant
hand as quickly as possible), psychomotor speed (pa-
tient performs a specific sequence of hand movements
with non-dominant hand as quickly as possible), and
then memory recall (patient is asked to recall the four
words that they were told during the memory registra-
tion). Each of the three subtests have a score range of 0
to 4, creating a total range score of 0 to 12. The IHDS
uses a cut-off point of 11 to flag for dementia risk, but
does not have specific metrics for milder cases of NCI
which can be seen in HAND.

The Katz Instrumental Activities of Daily Living ques-
tionnaire was used to confirm that the participants were
not so disabled to require assistance in daily function-
ing. The index ranks adequacy of performance in the
six functions: bathing, dressing, toileting, transferring,
continence, and feeding, Clients were scored yes or no
for independence in each of the six functions. A score
of 6 indicates full function, 5 or 4 indicates moderate
impairment, and 2 or less being severe functional im-
pairment®’.
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Ethical considerations

Ethical approval was sought from the Ethical Review
Committee of the Ghana Health Service (GHS-ERC:
48/12/16), the National AIDS Control Programme
(NACP), as well as permission from the director of
Ridge Hospital prior to the commencement of the
study. Participants were told about the study and as-
sured of confidentiality. Additionally, they were told
that they could withdraw from the study at any time
and doing so would not affect any of the services they
received from the facility. Those who agreed to be part
of the study were required to sign an informed consent
form. Knowing that assessments may indicate (but not
diagnose) dementia, the investigators utilized the ser-
vices of a medical officer at Ridge Hospital, such that
any patient at risk for impairment was flagged and re-
ferred for follow-up.

Data analysis

Data were analysed using Stata (version 14.1). Summary
statistics were performed to create demographic, psy-
cho-behavioural and neurocognitive profiles of partic-
ipants. Correlation and linear regression analyses were
done to determine associations among demographic,
psycho-behavioural factors and neurocognitive perfor-
mance. Receiver Operating Characteristic (ROC) analy-
sis was used to assess how well assessment tools could
identify risks for NCI. The IHDS has been designed
to flag for HIV-associated dementia, but because the
specific cut-offs for different types of HAND are not
specified by the IHDS, this study classified NCI risk as
a score below the IHDS threshold of 11%.

Results

Demographic Profile

Data from 104 participants were collected during the
study period. The demographic characteristics are pre-
sented in Table 1. The mean age of the group was 37.15
110.06 years. Eighty-two (78.85%) of the participants
were females, with 67 (64.4%) attaining a minimum of
secondary school education and 87 (83.7%) currently
employed. The average number of years living with
HIV (as of 2017) was 4.75 £3.84 years.

The majority of the participants took a combination of
ART, with the most commonly prescribed being Lam-
ivudine (78.9%), Efavirenz (58.6%), Tenofovir (56.7%)
and Zidovudine (18%). About 50% of the participants
were prescribed hematinics.
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Table 1: Summary of Participant Characteristics

Variable Number (%)
Background Characteristics
Sex
Male 22 (21.2)
Female 82 (78.8)
Total 104
Age
Mean (SD) 37.15 (10.06)
Educational Level
Basic 22 (21.2)
Secondary 67 (64.4)
Tertiary 15 (14.4)
Total 104
Employment Status
Employed 87 (83.7)
Unemployed 17 (16.3)
Total

104
Years of living with HIV
Mean (SD) 4.75 (3.84)
Instrumental Activities of Daily Living 6 (0)
Psycho-behavioural characteristics Mean (SD)
CES-D score 4.00 (4.47)
AUDIT score 1.14 (3.21)
ART pills missed in past week 0.086 (0.318)
Neurocognitive performance
TMT scores (seconds) 67.77 (40.12
Stroop Colour-word score (# of words) 21.08 (9.75)
IHDS total score 10.11 (1.58)

**_Correlation is significant at the 0.01 level (2-tailed).

Psycho-behavioural Profile

Summary statistics for the Psycho-behavioural profile
can be found in Table 1. The mean score for symptoms
of depression was 4.00 + 4.46. The mean score on the
AUDIT scale was 1.14 £ 3.21, with 86 (83.5%) of the
participants reporting not using any alcohol in the past
year. ART adherence was noted to be adequate, with 86
(92.47%0) participants reporting missing none, 6 (6.45%)
participants reporting missing one pill in the past week,
and 1 (1.08%) participant reporting missing two pills in
the past week. Forgetfulness was the main reason cited
for the missed pills. There was no significant associa-
tion between medication adherence and neurocogni-
tive function (p > 0.05). All participants had a mean
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score of 6 on the instrumental activities of daily living,
indicating optimal independent physical functioning,

Neurocognitive Profile

The mean score on the TMT task was 69.77 £ 40.12
seconds. The mean for SCW test was 21.07 + 9.75
words. All 104 participants completed the IHDS scale
and received a total score derived from the sum of the
three subset tests: motor speed, psychomotor speed,
and memory recall. The range of scores was from 0
to 12, with lower scores indicating poorer performance
and a score below 11 flagged for risk of neurocognitive
impairment. The mean score in the group was 10.11
+ 1.58. The mean IHDS scores of participants on or
without Efavirenz were 10.10 and 10.11 respectively,
and there was no significant difference in their mean
scores (t value = 0.05656, p = 0.9550).
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Factors associated with risk of neurocognitive im-
pairment.

Education (Table 2) and age (Table 3) were the only
demographic characteristics that exhibited significant
associations with risk of NCI.

Table 4 shows a linear regression plot of NCI risk, us-
ing IHDS scores against the psycho-behavioural factors

investigated (depressive symptoms, alcohol use, ART).
Depressive symptoms as measured by the CES-D
showed association with NCI risk. When CES-D scores
were included in a linear regression model with educa-
tion, age and risk of NCI (Table 5), significant associ-
ations were observed (I value = 15.086, df = 102, p <
0.0001).

Table 2: Association between different educational levels and IHDS score.

Mean
Education Educational status Difference  Std. Error Sig.
Basic Secondary -816 366 071
Tertiary -1.971° 498 <.0001
Secondary Basic 816 366 071
Tertiary -1.155° 425 021
Tertiary Basic 1.971° 498 <.0001
Secondary 1.155° 425 021
*The mean difference is significant at the 0.05 level
Table 3: Association between age and [HDS score
Variable Age IHDS score
A P
ge earson ‘ i 0.391
Correlation
Sig. <0.0001
[HDS P -
score earson‘ 0,391 i
Correlation
Sig. <0.0001

**Correlation is significant at the 0.01 level (2-tailed).
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Table 4: Linear regression results for psycho-behavioural factors and risk of neurocognitive

impairment
NCl risk B Coefficient ~ S.E. t P value 95% CI
Depression -0.082 0.038 -2.15 0.034 -0.158 — -.006
Alcohol use 0.045 0.054 084  0.402 -0.062 - .152
ART pills missed 0.387 0.527 0.74  0.464 -0.659 — 1.434
Constant 10.335 0220 473 <0.0001  9.898-10.771

Adjusted R’=0.0304 (Fvalue=1.951,df=91,p=0.127)

Table 5: Association between Depression, age, educational level and NCI risk

Variable B Coefficient S.E. t P value
Depression -0.074 0.030 -2.51 0.014

Age -0.055 0.013 -4.12 <0.0001
Educational level 0.406 0.099 0.74 0.464

Constant 10.612 0.758 13.9 <0.0001

Adjusted R’=0.0314 (F value = 15.086, df = 102, p<=0.0001)

The association between the neurocognitive test scores
(TMT and SCW) and the IHDS was significant ( p <
0.0001) for both the TMT (p = 0.011) and the SCW (p
= 0.002).

Using a Receiver Operating Characteristic (ROC) anal-
ysis to determine which variables were accurate in clas-
sifying a participant as having an NCI risk, the CES-D
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Scale, TMT Score, and SCW were selected and each
variable was plotted as a curve of sensitivity (true posi-
tive) vs. 1 minus specificity (true negative), with the area
under the curve representing the variable’s accuracy in
NClI risk classification. The TMT, CES-D and the SCW
were calculated as having 72.14%, 56.45% and 30.9%
accuracy respectively (Figure 1).
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Discussion

The study assessed neurocognitive performance in a
group of people living with HIV. Impairment was as-
sessed on the IHDS, which is an internationally vali-
dated scale for assessing HIV-associated dementia and
first used in Uganda®. Because the scale originated in
another African country, it was believed its application
would be well-suited for Ghanaian participants. It has
been debated whether IHDS can be effective for di-
agnosing the milder categories of HAND, with some
researchers advocating that the IHDS should be com-
bined with other neurocognitive tests, such as TMT to
make it more sensitive to milder NCI®. It was shown
that scores on the two tests were correlated with the
scores on the IHDS, indicating that the two tests may
be good indicators of neurocognitive performance.
About 48% of the participants had scores slightly be-
low the threshold for risk for NCI using the THDS.
While the IHDS was not enough to diagnose HAND in
our sample, the findings are similar to the evidence that
almost half of all people living with HIV show some
form of risk of cognitive impairment®.

Age and education were the demographic factors that
related with neurocognitive performance, with longer

African Health Sciences Vol 20 Issue 2, June, 2020

time to completion on TMT and less words named on
SCW being associated with older age. There have been
findings from diffuse tensor imaging studies that show
the integrity of the brain’s white matter declining with
age, and because cognitive ability was dependent on
processes among brain regions, age played a mediating
role in cognitive decline®. Similarly, a study on a co-
hort of HIV-positive individuals on ART showed that
the odds of neurocognitive impairment increased by
nearly 20% with each decade of advancing age when
follow-up assessments wetre conducted®. Significant as-
sociations between education and cognitive impairment
have been reported due to cognitive reserve, in which
an individual is able to resist age-related brain changes
or dementia-related pathology at certain levels of edu-
cation®,

Depression is a significant problem encountered by
people living with HIV because of its association with
severe immunodeficiency and disease progression”. In
this study, depression was associated with poor neuro-
cognitive performance, which supports previous find-
ings in which depression had the greatest association
with neurocognitive loss®. Depression is frequently
co-motbid with HIV infection, so it is unclear which
illness may contribute to lower neurocognitive perfor-
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mance”. The co-occurrence of HIV and depression
has been linked to poor clinical outcomes, with the call
for effective mental health policies, and efficient and
readily accessible mental health services to address the
negative impact of depression on HIV outcomes at the
community level as well™.

In this study, there was no significant association be-
tween alcohol use and NCI, with 83.5% of the partic-
ipants reporting no alcohol consumption in the past
year. A study about alcohol use in older adults in Ghana
showed that heavy consumption of alcohol in the
Greater Accra Region was generally lower compared to
other regions and the lifetime abstinence rate was also
found to be higher in urban areas compared to rural®’.
This may account for the high proportion of non-alco-
hol consumption in these study participants.

The use of ART in HIV management has been crucial
in preventing HIV disease progression from worsening,
and adherence to these medications help to mitigate the
effects of NCI***. In this study, medication adherence
was not associated with neurocognitive performance,
similar to what has been previously reported™. There is
also evidence that the neurotoxicity of some HIV med-
ications may contribute to cognitive decline in patients
with HIV. For example, a study to assess factors associ-
ated with cognitive impairment involving asymptomat-
ic HIV+ patients showed that Efavirenz use predicted
worse performance on cognitive tests™. Considering
that some participants in this study were on Efavirenz
(58.6%), no significant difference was observed in per-
formance on the IHDS for participants on efavirenz
and those who were not on the drug;

When the CES-D, TMT and SCW scores were selected
for ROC analysis, TMT had the highest discriminability.
This suggests that the TMT may be a good diagnostic
tool for NCI when considering resource limited settings
including the health facilities at the community level as
a testing resource for routine screening by communi-
ty mental health practitioners. The fact that the TMT
showed the highest ability to discriminate NCI is in line
with previous evidence that the TMT is able to iden-
tify milder forms of HAND as well as detect a wide
range of HAND?®. For example, a study using TMT in
a cognitive battery for individuals with advanced HIV
detected HAND with 81.1% sensitivity, 69.9% specific-
ity, and 81% positive predictive value®. These observa-
tions may be due to the fact that TMT is an assessment
of complex attention which is likely what gets compro-
mised in HIV infection of the central nervous system.

We acknowledge that a limitation to this study was the
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absence of a control group for comparison. Another
limitation of this study is the lack of assessment for
other potential clinical and behavioural modifiers of
cognition, such as, viral diseases and use/abuse of addi-
tional substances other than alcohol. In addition, using
a self-report measure for variables such as alcohol use
and medication adherence may be prone to bias since
some participants may want to provide socially accept-
able responses.

Despite these limitations, this is the first study that has
attempted to explore the neurocognitive profile of a
sample of Ghanaians living with HIV and on ART.
The results from this study should encourage future
researchers to do actual prevalence estimates of neu-
rocognitive dysfunction through a comparative study
which can provide actual risk estimates. The hope is
that this study can bring this subject area into greater
prominence for future investigations.

Conclusion

Some people with HIV in Ghana showed risk of neu-
rocognitive impairment, even when on anti-retroviral
medications. This risk was significantly associated with
education, age and depressive symptoms. It is therefore
important to consider routine neurocognitive screening
in HIV-AIDS management to recognize any risks for
early interventions. Certain neurocognitive tests like the
Trail Making Test could also be considered for measur-
ing neurocognitive impairment in low resource settings.
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