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Abstract

Background: The intellectually demanding modern workplace is often dependent on good
cognitive health, yet there is little understanding of how neurocognitive dysfunction related to HIV
presents in employed individuals working in high risk vocations like driving. HIV-associated
neurocognitive impairment is also associated with poorer long term cognitive, health and
employment outcomes.

Setting: This study, set in Cape Town, South Africa, assessed the effects of HIV on
neuropsychological test performance in employed male professional drivers.

Method: We administered a neuropsychological test battery spanning seven cognitive domains
and obtained behavioral data, anthropometry, and medical biomarkers from three groups of

§ hetta.gouse@uct.ac.za, Tel: +27 21 404 5225.

Author contributions:

All authors contributed to the study conception and design. Material preparation and data collection was done by Hetta Gouse, Jane
Masson and Greg Kew. Analysis were performed by Michelle Henry, Anna Dreyer, Kevin Thomas and Hetta Gouse. The first draft
of the manuscript was written by Hetta Gouse and Jane Masson. All authors commented on previous versions of the manuscript. All
authors read and approved the final manuscript.

Competing interests:

The author(s) declare that they have no financial or personal relationship(s) that may have inappropriately influenced them in writing
this article.

Data availability statement:

The data that support the findings of this study are available from the corresponding author, [HG], upon reasonable request.
Disclaimer:

The views expressed in the submitted article are the authors’ own and not an official position if the institution or funder.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hetta. et al. Page 2

professional drivers (68 men with HIV, 55 men with cardiovascular risk, and 81 controls).

We compared the drivers’ cognitive profiles, and used multiple regression modelling to
investigate whether between-group differences persisted after considering potentially confounding
sociodemographic and clinical variables (i.e., income, home language, depression, and
Framingham Risk Score).

Results: Relative to other study participants, professional drivers with HIV performed
significantly more poorly on tests assessing processing speed (p<.003) and attention and
working memory (p=.018). Group membership remained a predictor of cognitive performance
after controlling for potential confounders. The cognitive deficits observed in men with

HIV were, however, largely characterized as being mild or asymptomatic. Consistent with
this characterization, their relatively poor performance on neuropsychological testing did not
generalize to self-reported impairment on activities of daily living.

Conclusion: Drivers with HIV may be at risk for poorer long-term health and employment
outcomes. Programs that monitor and support their long-term cognitive health are needed.

Keywords

Cognition; Automobile Driving; HIV-associated Neurocognitive Disorders; Occupational Health;
Activities of Daily Living; Cardiovascular Disease

INTRODUCTION

Chronic diseases such as HIV, diabetes mellitus type 2, and hypertension are often
associated with cognitive dysfunctionl=4. Such dysfunction may lead to premature
socioeconomic inactivity, particularly in professions like vocational driving, in which these
medical conditions appear commonly (probably due to vocation-related lifestyle factors such
as being away from home for extended periods, poor diet, and sitting for long stretches of
time)>~7. For professional drivers, cognitive dysfunction also confers an increased safety risk
with potentially harsh consequences.

During the Fourth Industrial Revolution8, rapidly evolving workplaces frequently present
complex and intellectually demanding challenges®. Task outcomes are often dependent

on good mental health, which therefore plays a critical role in the ability to perform
work-related duties!®11. Nonetheless, there is little understanding of how, for instance,
HIV-related cognitive dysfunction might present in actively-employed people and how it
might affect current and future work products. Moreover, few guidelines describe how to
identify (e.g., via screening instruments) and manage HIV+ employees with symptoms of
cognitive impairment22. Such guidelines are strikingly absent despite the well-documented
neurocognitive effects associated with HIV13,

HIV-associated neurocognitive impairment (HNCI) or HIV-associated neurocognitive
disorder is observed in 15%- 55% of people with HIV (PWH)14.15 and prevalence rates

as high as 70% have been reported in sub-Saharan Africal®1’. Dysfunction can range
from mild (asymptomatic neurocognitive impairment and mild neurocognitive disorder) to
severe (HIV-associated dementia), with effects across the domains of motor functioning,
processing speed, attention, language, memory, and executive functioning?15:18.19 Most
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people with HNCI who are virally suppressed and on antiretroviral treatment (ART)

remain cognitively stable2. They also remain in the workplace longer?1-23, In fact, many
people with mild HNCI maintain steady employment24. However, the health, medical, and
functional consequences of even mild HNCI can be significant, and therefore people who
experience the condition are more likely to have difficulty completing work-related activities
than those who do not2>-28, Of pertinence to this paper are studies showing that HNCI can
impact driving ability adversely29-38,

In people with diabetes and hypertension (both risk factors for cardiovascular disease),
relatively subtle and slowly progressive cognitive decrements occur at all ages-3°. Diabetes
increases the risk of mild cognitive impairment, and in older adults is associated with
increased risk of Alzheimer’s disease and related dementias*®-43. In diabetics, mild
impairment is observed in motor function, processing speed, memory, and executive
function3944-49_ progression of cognitive decline can mirror normal ageing or can occur

up to 50% faster than that*3:99.51 Diabetes can also impact driving performance®2:53,
Hypertension, the leading risk factor for stroke and a well-established risk factor for vascular
cognitive impairment, is associated with greater incidence of mild cognitive impairment
(mostly in the domains of processing speed and executive function), a relatively steep
gradient of age-related cognitive decline, and demential->4-58, Few studies have investigated
the effects of hypertension on driving performance despite relatively high rates of the
condition in professional drivers®®. However, a study of non-professional older drivers
suggested that people with hypertension may not experience more driving difficulty, but that
they do reduce their frequency of driving compared to healthy peers®0.

In many jurisdictions, fitness to drive is a regulatory requirement for professional drivers.
Such fitness is a public health concern: Because those drivers are on the road for extended
periods and because of the characteristics of their vehicles (e.g., petrochemical trucks,
buses), there is a high risk of third-party harm if they drive unsafely. No previous studies of
PWH have used a cohort that was uniformly employed in a reasonably cognitive demanding
profession such as driving, or examined the relative risk of impairment in PWH compared
to other conditions, such as diabetes and hypertension, with high prevalence in the same
profession.

The current study examined, using a sample of actively employed professional drivers, the
relative risk of cognitive impairment (and hence potentially reduced driving performance)
in men with HIV (MWH) compared to that in men with cardiovascular risk factors
(MCVR; diabetes mellitus type 2 and/or hypertension) and in controls. We hypothesised
that neuropsychological test performance would be worst among MWH, and that MCVR
would also perform more poorly than controls. We also measured, within each clinical
group, associations between sociodemographic/clinical risk factors and neuropsychological
test performance.
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This study is nested within a research program assessing effects of HNCI on driving
performance in professional drivers from South Africa. Data were collected between August
2017 and March 2020. Convenience and snowball sampling recruited male professional
drivers from occupational and primary healthcare clinics, a mobile-wellness clinic for
truckers, an HIV-patient health management company, and social media platforms. The final
sample comprised 204 participants (68 MWH, 55 MCVR [32 with hypertension, 23 with
diabetes], 81 controls).

Inclusion criteria were: =1 year employment as a professional driver; 212 hours of
professional driving per week; age =18 years; English fluency; and a valid South African
professional driver’s permit. For the two clinical groups, (1) MWH had to have a confirmed
prior diagnosis of HIV (we did not exclude MWH who also had cardiovascular risk factors);
and (2) MCVR had to have a confirmed prior diagnosis of diabetes and/or hypertension
(drivers with both diabetes and hypertension were classified as diabetic), and a HIV-negative
status confirmed via ELISA finger prick test. Participants with HIV or hypertension were
required to have initiated treatment =3 months prior to study enrolment.

Exclusion criteria were: history of non-HIV-related neurological disorder or medical
disorder affecting the nervous system (e.g., stroke, epilepsy, or head injury with consequent
hospitalization and/or loss of consciousness for 230 minutes); presence of an Axis | DSM
disorder, excluding major depressive disorder (due to the high prevalence of depressive
symptoms in professional drivers and in PWH61.62): self-reported history of learning
disability; self-reported diagnosis of diabetes mellitus type 1; and current substance abuse
or dependence, assessed using the Alcohol Use Disorders Identification Test (AUDIT;
cut-off score >8)%3, and a five-panel urine toxicology screen for tetrahydrocannabinol
(THC), methylenedioxymethamphetamine (MDMA), cocaine, opioids, and amphetamines.
Participants who tested positive for THC were only excluded if they had used marijuana
within the previous 24 hours.

Additional exclusion criteria for the control group were: self-reported diagnosis of diabetes;
self-reported prior prescription for hypertension medication or a blood pressure measure by
research staff >140/90 mmHg®4: and HIV-negative status confirmed via ELISA finger prick
test on the research day.

Our institution’s Human Research Ethics Committee approved this study. Participants
provided written informed consent and were compensated the equivalent of US$40.

Measures and Procedure

A psychometric technician administered the study measures. We used standard versions of
all tests except the Hopkins Verbal Learning Test-Revised (HVLT-R); in that case, we used a
culturally adapted version that combines items from Forms 1 and 4 of the original test®:66,
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Test administrators and scorers were trained, supervised, and monitored by two clinical
neuropsychologists (HG, CIM).

Demographic measures—Study-specific questionnaires gathered demographic
information (e.g., regarding socioeconomic status and occupational history) and enquired
about neuromedical history (e.q., cognitive changes and neurological symptoms).

Anthropometry and medical biomarkers—On the day of the research visit, we
collected blood for lipid testing (including total cholesterol, HDL, LDL, and triglycerides),
plasma viral load and CD4 count (for MWH), and glycated hemoglobin Alc (for
diabetics); measured blood pressure, waist circumference, hip circumference, and weight;
and administered a cotinine test (to confirm smoking status) and a five-panel urine
toxicology screen. We calculated a Framingham Risk Score (FRS; 10-year cardiovascular
risk prediction score informed by the D’Agostino et al, [2008]67 equation) using the
calculator available at https://framinghamheartstudy.org/fhs-risk-functions/cardiovascular-
disease-10-year-risk/ 68,

Behavioral scales—The Beck Depression Inventory-11 assessed self-reported severity

of depressive symptomatology®°. The Patient’s Assessment of Own Functioning (PAOFI)
assessed self-reported functioning in the domains of memory, language and communication,
use of hands, sensory-perception, and higher-level cognitive and intellectual functions’®.
We used the Woods et al. (2004)71 guidelines to calculate everyday functional ability. An
endorsement of “fairly often” through “almost always” on =3 questions within any domain
was taken as an indication of self-reported cognitive difficulties.

Neuropsychological assessment—A neuropsychological test battery assessed
performance on 16 measures, across seven cognitive domains: motor function (indexed

by completion time on the Grooved Pegboard Test [GPT] dominant and non-dominant
hands); processing speed (Trail Making Test Part A [TMT-A], completion time; Color Trails
Test [CTT1], completion time; Wechsler Adult Intelligence Scale-Third Edition [WAIS-I11]
Digit Symbol Coding, total score; WAIS-111 Symbol Search, total score); attention/working
memory (Wechsler Memory Scale-Third Edition [WMS-I11] Spatial Span, total score;
WAIS-I1I Digit Span, total score;); /anguage (category fluency, total number of animals/total
number of fruits and vegetables named in 1 minute); /earning (HVLT-R, total learning; Brief
Visuospatial Memory Test-Revised [BVMT-R], total learning); memory (HVLT-R, delayed
recall total; BVMT-R, delayed recall total); and executive functioning (CTT2, completion
time; Wisconsin Card Sorting Test [WCST], total correct).

This battery has demonstrated evidence of psychometric validity in South Africa’2,

Statistical Analyses

We used RStudio (version 1.2.5019), R (version R-4.0.3), and SPSS (version 27.0). The
threshold for statistical significance was set at a=.05. Effect size estimates (ESE) were
calculated for each analysis. Specifically, we used Cramer’s V for chi-square tests and
partial eta squared [npz] for ANOVAs. Interpretation of effect sizes followed convention: For
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Cramer’s V, small effect size < 0.2; medium 0.2 to < 0.6; and large > 0.6; for npz, small
<.06; medium .06 to .14; and large >.1473,

First, one-way ANOVAs (for continuous variables) and chi-square tests (for categorical
variables) investigated between-group (controls, MWH and MCVR) differences regarding
participant sociodemographic and clinical characteristics. Where appropriate, we followed
up with post-hoc pairwise comparisons using Tukey’s Honestly Significant Difference’4.
The purpose here was to identify potential confounders that would need to be controlled for
in subsequent analyses.

Second, we processed the neuropsychological test data. For each outcome variable, the raw
score was transformed into a standardized zscore (mean [M] = 0, standard deviation [SD/
= 1) using existing regression-based norms’®. Scores were modified so that lower totals
indicated poorer performance on all tests. Z-scores were then converted to 7-scores (M
=50, SD = 10). An average domain 7-score was calculated by taking the mean of all
7-scores within each domain. A global 7-score was calculated by taking the mean across
domain 7-scores. A global deficit score (GDS) was calculated by, first, converting each
7-score to a deficit score following these guidelines: 7>39 =0 (normal); 7= 35 -39

=1 (mild impairment); 7= 30 — 34 = 2 (mild-to-moderate impairment); 7> 25-29 =

3 (moderate impairment); 7= 20 — 24 = 4 (moderate-to-severe impairment); 7<20=5
(severe impairment). Then, the sum of the deficit scores was divided by the number of tests
to compute the overall GDS’S. Thus, lower 7-scores and higher GDS scores indicate more
severe impairment.

Third, multiple linear regression models assessed the influence group status had on cognitive
outcomes after controlling for the potential confounders identified earlier. For each model,
the outcome variable was a domain 7-score, the global 7-score, or the GDS.

Finally, chi-square tests (initially comparing all three groups, and following up with pairwise
comparisons where appropriate) determined between-group differences in proportion of
participants classed as showing cognitive impairment on each outcome measure, with the
threshold for such impairment set at 2<-1.00 and at GDS >0.5.

Sample Sociodemographic and Clinical Characteristics

Analyses detected significant between-group differences with regard to age and monthly
income, but not education (see Table 1). On average, MWH and controls were significantly
younger than MCVR (p=.001 and .008, respectively), but controls and MWH were similarly
aged (p=.417). MWH had a significantly lower monthly income than MCVR and controls
(0=.001 and <.001, respectively), with no significant difference between the latter two

groups (p=.566).

Analyses detected significant between-group differences in terms of both home language
and medium of schooling instruction. The MWH and control groups both consisted
predominantly of Xhosa speakers, whereas the MCVR group consisted predominantly of
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Afrikaans speakers. Within each group, approximately 50% of all participants had been
schooled in English; however, more than 40% of MWH had been schooled in Xhosa
whereas almost 40% of both controls and MCVR had been schooled in Afrikaans.

Although most participants in all groups were employed full-time, significantly more MWH
than controls and MCVR were employed part-time.

Regarding the sample’s clinical characteristics, most MWH (71%) were virally suppressed
(viral load <20 copies/mL) at study enrolment. The median and interquartile range values
for relevant variables were: plasma viral load = 0 (0-33) copies mL, CD4 count = 501
(328-674) cells/ul, nadir CD4 count = 270 (103-408) cells/ul. For participants with diabetes
mellitus type 2, glycated haemoglobin (NGSP and IFCC) values were 8.3 (6.5-10.7) and
62.5 (46.5-91.2) respectively, with an average glucose (Eag) value of 62.5 (7.6-91.2).

Table 2 illustrates the numerous clinical variables on which analyses detected significant
between-group differences. Follow-up pairwise comparisons indicated that, relative to
controls and MWH, MCVR had significantly higher (a) risk for cardiovascular disease,

as measured by the FRS (all p-values [ps] <.001); (b) systolic and diastolic blood pressure
(15<.05); (c) body mass index (BMI; p=.005 and <.001, respectively); (d) triglyceride levels
(0s=.003); and (e) total cholesterol (p=.006 and .009, respectively). MCVR also had a higher
hip-waist ratio than controls (p=.031), and higher LDL cholesterol than MWH (p=.026). All
effect sizes were in the low range. Controls and MWH did not differ significantly on any of
the measured clinical variables.

Analyses detected no significant between-group differences in the number of participants
who met the clinical cut-off for functioning on PAOFI scores. However, there was a
significant between-group difference in number of participants who scored above the BDI-II
threshold of =19 indicating depressive symptomatology (MCVR=18.18%; MWH=11.76%;
controls=4.96%).

In summary, there were significant differences between the groups on four
sociodemographic variables (age, monthly income, home language, schooling language)
and on six clinical variables (BDI-II score, FRS, blood pressure, BMI, hip-waist ratio,
cholesterol). Subsequent analyses controlled for these potential confounders. To avoid
multicollinearity we used only FRS as an indicator of vascular risk (i.e., we did not include
blood pressure, BMI, hip-waist ratio, and cholesterol in subsequent modelling), and we
used home language rather than schooling language because home language is positively
associated with academic ablility’”.

Cognitive Performance

Table 3 presents within-group descriptive statistics for domain 7-scores, global 7-scores,
and GDS data. Without controlling for any potential confounders, analyses suggested that
(a) MWH performed significantly more poorly than MCVR on all single-domain outcome
variables, as well as on the global 7-score and GDS; (b) MWH performed more poorly
than controls on tests assessing processing speed, attention and working memory, language,
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memory and executive function, as well as on the global 7-score and GDS; and (c) MCVR
performed significantly better than controls on memory.

Multiple Regression Modelling—Each regression model set out to investigate whether
between-group differences in cognitive performance persisted even after considering the
total variance accounted for by the potential confounders of income, home language, BDI-II
score, and FRS.

After controlling for those potential confounders, group status was significantly associated
with test performance in the domains of attention and working memory, learning and
memory, and with both measures of overall cognitive performance (see Table 4). More
specifically, MWH performed significantly more poorly than MCVR.

Home language was a significant predictor of performance on several different outcome
variables. Compared to participants who spoke English as a home language, those who (a)
spoke Afrikaans as a home language performed better on tests assessing motor function;
(b) spoke Xhosa as a home language performed more poorly on tests assessing processing
speed, attention and working memory, learning, and memory, and on the global 7-score;
(c) spoke Shona as a home language performed more poorly on tests assessing processing
speed, attention and working memory, memory, and executive functioning, and on the
global 7-score; (d) indicated ‘other” as home language performed more poorly on tests
assessing language. FRS was a significant predictor for better performance on tests of
processing speed and learning. A higher BDI-II score predicted poorer performance on tests
of processing speed (see Table 4).

Rates of Cognitive Impairment—Table 5 presents within-group data on the number
of participants presenting with cognitive impairment (globally and within each domain),
as well as results of between-group comparisons for rates of cognitive impairment. As the
Table shows, initial analyses detected significant small to medium sized between-group
differences on four different outcome variables with MWH presenting with the highest
frequency of impairment. Follow-up pairwise comparisons indicated that (a) significantly
more PWH than HC and PCVR presented with impaired performance on tests of processing
speed (p=.003 and <.001, respectively) (b) significantly more PWH than PCVR presented
with impaired performance on tests of attention and working memory (p=.018), (c)
significantly more PWH than HC and PCVR presented with GDS in the impaired range
(p5<.001), and (d) with regard to EF, there were no significant between-group differences
although there was a trend toward significantly more PWH than HC and PCVR being
impaired (ps<.065).

DISCUSSION

We assessed cognitive performance in professional drivers with and without chronic medical
conditions, hypothesizing that men with HIV (MWH) and men with cardiovascular risk
factors (MCVR; either hypertension or diabetes) would perform more poorly than matched
controls, with PWH performing worst. This hypothesis was partially confirmed: MWH
presented with the poorest cognitive outcomes and highest rate of cognitive impairment, but
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MCVR did not perform more poorly than controls. Group membership remained a predictor
of cognitive performance after controlling for potential confounders (age, monthly income,
home language, depressive symptomatology, and cardiovascular risk).

On average, MCVR were older than MWH and controls, and MWH had a significantly
lower monthly income than MCVR and controls. This difference in socioeconomic status
is likely explained by the fact that a larger proportion of MWH worked part-time rather
than full-time. The relevance of this difference for the current study, and one reason why
we included monthly income as a predictor in our ultimate regression models, is that higher
income may translate into better health care and cognitive health?8:7°.

Further regarding sociodemographic characteristics, our sample’s language profile reflects
cultural aspects of South African society. English was the predominant language of
academic instruction, regardless of participants’ group assignment or home language.
Notably, 84% of MWH had Xhosa as their home language but 54% were schooled in
English. Although this suggests that these participants were bilingual to at least some
degree, their relative fluency in each language was not measured and we can thus not
speculate about effects of language profile on cognitive test performance. Nonetheless, we
included home language as a predictor in our ultimate regression models.

Regarding the sample’s clinical characteristics, MCVR presented with the highest number
of depressive symptoms, but also performed best on cognitive testing. Although major
depressive disorder is frequently associated with poorer cognitive performance, milder
depressive symptoms in adults with cardiovascular risk factors may not have the same
association with cognition9. Overall, depression was associated with slower processing
speeds!.

Our major analyses indicated that group status was a significant predictor of performance on
tests of attention and working memory, learning, and memory, as well as on both measures
of overall cognitive functioning (global 7-score and GDS). As expected, given previous
reports of more severe cognitive impairment associated with HIV than with diabetes or
hypertension?:82.83 these between-group differences were driven by MWH performing
significantly more poorly than MCVR. Of note is that these between-group differences
persisted even after the analyses controlled for potential confounders (i.e., sociodemographic
and clinical variables on which previous analyses had detected significant between-group
differences). We therefore conclude that in this sample of professional drivers HIV-related
factors are sufficient to account for poor cognitive performance. We consider MCVR’s
marginal and non-significant superior performance over controls, as well as the association
of processing speed with higher FRS risk, as potentially spurious results

Although the cognitive performance of the MWH group was poor relative to that of the
MCVR group, for the most part the individual test scores of MWH participants were only
marginally greater than or within 1 SD of the normative mean. Hence, their performance
would, broadly speaking, be considered as falling within the range conventionally described
as asymptomatic or mild. This categorization is consistent with the fact that MWH PAOFI
reports indicated no significant everyday functional impairment.
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Although asymptomatic/mildly impaired cognitive performance in professional drivers with
HIV may not appear to be immediately concerning, it is important to identify and monitor
them because research suggests that (a) MWH with that degree of impairment have a 2- to 6-
fold increase in risk for earlier development of symptomatic HIV-associated neurocognitive
disorders and for early mortality28:84, and (b) poorer cognitive performance is associated
with lower employment status in older PWH®5. Drivers could thus benefit, both in terms of
health and risk management, from being monitored for HNCI.

A significantly greater proportion of MWH than MCVR presented with cognitive
impairment (as defined by a domain z-score <—1.00) on tests of processing speed and of
attention and working memory. There was also a strong trend toward poorer executive
functioning in MWH than MCVR. Furthermore, significantly more MWH (41% of the
group) than MCVR and controls met the GDS cut-off for cognitive impairment. These data
are consistent with the profile of HIV-associated neurocognitive impairment in the CART
era and previously published reports regarding the prevalence of cognitive impairment in
MWH2’16’86.

A noteworthy secondary finding is that home language was a significant predictor of overall
cognitive performance (as measured by global 7-score). Specifically, performance was better
among participants with English, rather than Xhosa or Shona, as a home language. This
finding can be interpreted in the light of evidence that test-taking proficiency influences
neuropsychological test performance®’. Given there were no significant between-group
differences in educational attainment, we suggest that language may serve as a proxy for
test-taking proficiency, with Xhosa and Shona speakers being less test-savvy than English
speakers. This is an important consideration in clinical settings.

We assessed daily functioning using only the PAOFI. Some evidence suggests that self-
report is relatively insensitive in identifying impediments to optimal daily functioning, and
that more PWH with asymptomatic cognitive impairment may have mild difficulties in
daily functioning than is gauged via self-report2”. Daily functioning could therefore have
been assessed more completely. We did not evaluate anxiety or quality of life. Self-reported
clinical variables (e.g., time since ART initiation) used in this study may be unreliable.
Because so few woman work as professional drivers, we only included men in this study.
Substance use other than alcohol was screened for using a urine toxicology screen only.
Not all study participants were virally suppressed, but analyses comparing the cognitive test
performance of MWH who were virally suppressed and those who were not detected no
significant between-group differences.

SUMMARY AND CONCLUSION

After controlling for potential confounders, between group differences on cognitive
performance persisted. A significant percentage of drivers with HIV presented with lower
cognitive performance, largely characterised as asymptomatic/mild impairment. Although
the level of cognitive impairment in these drivers might be characterised as asymptomatic/
mild and did not generalise to activities of daily living, they are at risk for poorer long-term
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health and employment outcomes. Hence, programs that monitor and support their long-
term cognitive health (e.g., cognitive remediation training) and their mental and physical
health (especially as they continue to operate in occupational settings) are recommended.
Future studies should directly assess, both cross-sectionally and longitudinally, the impact of
cognitive impairment on vocational functioning of PWH, even if it is asymptomatic/mild.

Acknowledgements

Funding information:

This work was supported by a Fogarty International Center grant, 1K43TW010361-01.

Funding:

This study was funded by a K-43 Fogarty International Center grant, 1K43TW010361-01.

References

1.

ladecola C, Gottesman RF. Neurovascular and Cognitive Dysfunction in Hypertension. Circ Res.
Mar 29 2019;124(7):1025-1044. doi:10.1161/circresaha.118.313260 [PubMed: 30920929]

. Heaton RK, Franklin DR Jr., Deutsch R, et al. Neurocognitive change in the era of HIV combination

antiretroviral therapy: the longitudinal CHARTER study. Clin Infect Dis. Feb 1 2015;60(3):473-80.
doi:10.1093/cid/ciu862 [PubMed: 25362201]

. Vance DE, Nicholas N, Cody SL. HIV Neurocognitive Impairment: Perspectives on Neurocognitive

Reserve and Behavioral Remediation/Compensation Strategies. Austin Journal of neuropsychiatry
and Cognitive Sciences. 2015;1(1):1002.

. Lee Y, Smofsky A, Nykoliation P, et al. Cognitive Impairment Mediates Workplace Impairment in

Adults With Type 2 Diabetes Mellitus: Results From the Motivaction Study. Can J Diabetes. Jun
2018;42(3):289-295. doi:10.1016/j.jcjd.2017.06.013 [PubMed: 28958785]

. Delany-Moretlwe S, Bello B, Kinross P, et al. HIV prevalence and risk in long-distance truck

drivers in South Africa: a national cross-sectional survey. Int J STD AIDS. May 2014;25(6):428-38.
doi:10.1177/0956462413512803 [PubMed: 24352131]

. Lalla-Edward ST, Fischer AE, Venter WDF, et al. Cross-sectional study of the health of southern

African truck drivers. BMJ Open. 2019;9(10):e032025. doi:10.1136/bmjopen-2019-032025

. Guest AJ, Chen Y-L, Pearson N, King JA, Paine NJ, Clemes SA. Cardiometabolic risk factors and

mental health status among truck drivers: a systematic review. BMJ Open. 2020;10(10):e038993.
doi:10.1136/bmjopen-2020-038993

. Correlation of In Vivo Neuroimaging Abnormalities With Postmortem

Human Immunodeficiency Virus Encephalitis and Dendritic Loss,
3 (2004). Apr 01. http://archneur.jamanetwork.com/article.aspx?articleid=785503http://
archneur.jamanetwork.com/data/Journals/NEUR/13732/NOC30107.pdf

. Scully-Russ E, Torraco R. The Changing Nature and Organization of Work: An

Integrative Review of the Literature. Human Resource Development Review. 2020;19(1):66-93.
doi:10.1177/1534484319886394

10. Lam RW, Persad C. Cognitive Dysfunction in the Workplace: Focus on Depression. In: Riba M,

Parikh, Greden J, eds. Mental Health in the Workplace Integrating Psychiatry and Primary Care.
Springer; 2019.

11. Silvaggi F, Leonardi M, Tiraboschi P, Muscio C, Toppo C, Raggi A. Keeping People

with Dementia or Mild Cognitive Impairment in Employment: A Literature Review on Its
Determinants. International journal of environmental research and public health. 2020;17(3):842.
doi:10.3390/ijerph17030842

12. Gouse H, Masson CJ, Henry M, et al. Assessing HIV provider knowledge, screening practices,

and training needs for HIV-associated neurocognitive disorders. A short report. Aids Care. Mar 5
2020:1-5. doi:10.1080/09540121.2020.1736256

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2023 April 15.


http://archneur.jamanetwork.com/article.aspx?articleid=785503http://archneur.jamanetwork.com/data/Journals/NEUR/13732/NOC30107.pdf
http://archneur.jamanetwork.com/article.aspx?articleid=785503http://archneur.jamanetwork.com/data/Journals/NEUR/13732/NOC30107.pdf

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hetta. et al.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Page 12

Alford K, Vera JH. Cognitive Impairment in people living with HIV in the ART era: A Review. Br
Med Bull. Sep 1 2018;127(1):55-68. doi:10.1093/bmb/ldy019 [PubMed: 29868901]

Saylor D, Dickens AM, Sacktor N, et al. HI\-associated neurocognitive disorder--pathogenesis
and prospects for treatment. Review. Nat Rev Neurol. Apr 2016;12(4):234-48. doi:10.1038/
nrneurol.2016.27 [PubMed: 26965674]

Antinori A, Arendt G, Becker JT, et al. Updated research nosology for

HIV-associated neurocognitive disorders. Neurology. Oct 30 2007;69(18):1789-99.
doi:10.1212/01.WNL.0000287431.88658.8b [PubMed: 17914061]

Habib AG, Yakasai AM, Owolabi LF, et al. Neurocognitive impairment in HIV-1-infected

adults in Sub-Saharan Africa: a systematic review and meta-analysis. Int J Infect Dis. Oct
2013;17(10):e820-31. doi:10.1016/j.ijid.2013.06.011 [PubMed: 23953699]

Kelly CM, van Oosterhout JJ, Ngwalo C, et al. HIV Associated Neurocognitive Disorders (HAND)
in Malawian Adults and Effect on Adherence to Combination Anti-Retroviral Therapy: A Cross
Sectional Study. Plos One. Jun 10 2014;9(6)doi:ARTN €98962 10.1371/journal.pone.0098962

Sacktor N Changing clinical phenotypes of HIV-associated neurocognitive disorders. Journal of
Neurovirology. Apr 2018;24(2):141-145. doi:10.1007/s13365-017-0556-6 [PubMed: 28752495]
The Mind Exchange Working Group, Antinori A, Arendt G, Grant |, Letendre S, Munoz-
Moreno JA. Assessment, Diagnosis, and Treatment of HIV-Associated Neurocognitive Disorder:
A Consensus Report of the Mind Exchange Program. Clinical Infectious Diseases. Apr 1
2013;56(7):1004-1017. doi:10.1093/cid/cis975 [PubMed: 23175555]

Sacktor N, Skolasky RL, Seaberg E, et al. Prevalence of HIV-associated neurocognitive disorders
in the Multicenter AIDS Cohort Study. Neurology. Jan 26 2016;86(4):334—40. doi:10.1212/
WNL.0000000000002277 [PubMed: 26718568]

Croxford S, Kitching A, Desai S, et al. Mortality and causes of death in people diagnosed with
HIV in the era of highly active antiretroviral therapy compared with the general population:

an analysis of a national observational cohort. Lancet Public Health. Jan 2017;2(1):E35-E46.
d0i:10.1016/S2468-2667(16)30020-2 [PubMed: 29249478]

Lohse N, Hansen AE, Gerstoft J, Obel N. Improved survival in HIV-infected persons:
consequences and perspectives. Journal of Antimicrobial Chemotherapy. 2007;60(3):461-463.
May MT, Ingle SM. Life expectancy of HIV-positive adults: a review. Sex Health. 2011;8(4):526-
533. d0i:10.1071/Sh11046 [PubMed: 22127039]

Van Wijk CH, Meintjies WAJ. International HIV Dementia Scale: screening for HIV-assocaited
neurocognitive disorders in occupational health settings. Occupational Health Southern Africa.
2015;21(4):10-16.

Heaton RK, Marcotte TD, White DA, et al. Nature and vocational significance of
neuropsychological impairment associated with HIV infection. The Clinical Neuropsychologist.
Feb 1996;10(1):1-14.

Ranka JL, Chapparo CJ. Assessment of productivity performance in men with HIV Associated
Neurocognitive Disorder (HAND). Work. 2010;36(2):193-206. doi:10.3233/WOR-2010-1020
[PubMed: 20634613]

Chiao S, Rosen HJ, Nicolas K, et al. Deficits in self-awareness impact the diagnosis

of asymptomatic neurocognitive impairment in HIV. AIDS Res Hum Retroviruses. Jun
2013;29(6):949-56. doi:10.1089/A1D.2012.0229 [PubMed: 23432363]

Grant I, Franklin DR, Deutsch R, et al. Asymptomatic HIV-associated neurocognitive impairment
increases risk for symptomatic decline. Neurology. Jun 09 2014;

Marcotte TD, Heaton RK, Wolfson T, et al. The impact of HIV-related neuropsychological
dysfunction on driving behavior. The HNRC Group. J Int Neuropsychol Soc. Nov 1999;5(7):579—
92. [PubMed: 10645701]

Rashid R, Standen P, Carpenter H, Radford K. Systematic review and meta-analysis of association
between cognitive tests and on-road driving ability in people with dementia. Neuropsychological
Rehabilitation. 2019:1-42. doi:10.1080/09602011.2019.1603112

Jacobs M, Hart EP, Roos RAC. Driving with a neurodegenerative disorder: an overview of the
current literature. J Neurol. Apr 19 2017;d0i:10.1007/s00415-017-8489-9

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2023 April 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hetta. et al.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Page 13

Reger MA, Welsh RK, Watson GS, Cholerton B, Baker LD, Craft S. The relationship
between neuropsychological functioning and driving ability in dementia: a meta-analysis.
Neuropsychology. Jan 2004;18(1):85-93. d0i:10.1037/0894-4105.18.1.85 [PubMed: 14744191]

Marcotte TD, Heaton RK, Reicks C, Gonzalez R, Grant I, Group H. HIV-related
neuropsychological impairment and automobile driving. J Int Neuropsychol Soc. 2000;6(2):233.

Marcotte TD, Lazzaretto D, Scott JC, et al. Visual attention deficits are associated with
driving accidents in cognitively-impaired HIV-infected individuals. J Clin Exp Neuropsychol. Jan
2006;28(1):13-28. doi:10.1080/13803390490918048 [PubMed: 16448973]

Marcotte TD, Scott JC. Neuropsychological performance and the assessment of driving behavior.
Neuropsychological assessment of neuropsychiatric disorders. 3 ed. Oxford University Press;
2009.

Marcotte TD, Wolfson T, Rosenthal TJ, et al. A multimodal assessment of driving performance in
HIV infection. Neurology. Oct 26 2004;63(8):1417-22. [PubMed: 15505158]

Vance DE, Fazeli PL, Ball DA, Slater LZ, Ross LA. Cognitive functioning and driving simulator
performance in middle-aged and older adults with HIV. Journal of the Association of Nurses AIDS
Care. Mar-Apr 2014;25(2):e11-26. doi:10.1016/j.jana.2013.12.001

Gouse H, Masson CJ, Henry M, et al. The Impact of HIV-Associated Neurocognitive Impairment
on Driving Performance in Commercial Truck Drivers. AIDS Behav. Sep 10 2020;d0i:10.1007/
$10461-020-03033-7

Biessels GJ, Despa F. Cognitive decline and dementia in diabetes mellitus: mechanisms

and clinical implications. Nat Rev Endocrinol. Oct 2018;14(10):591-604. doi:10.1038/
s41574-018-0048-7 [PubMed: 30022099]

Ott A, Stolk RP, van Harskamp F, Pols HA, Hofman A, Breteler MM. Diabetes mellitus and

the risk of dementia: The Rotterdam Study. Neurology. Dec 10 1999;53(9):1937-42. doi:10.1212/
wnl.53.9.1937 [PubMed: 10599761]

Moran C, Beare R, Wang W, Callisaya M, Srikanth V. Type 2 diabetes mellitus, brain atrophy, and
cognitive decline. Neurology. Feb 19 2019;92(8):e823-e830. doi:10.1212/wnl.0000000000006955
[PubMed: 30674592]

Biessels GJ, Staekenborg S, Brunner E, Brayne C, Scheltens P. Risk of dementia in

diabetes mellitus: a systematic review. Lancet Neurol. Jan 2006;5(1):64-74. doi:10.1016/
51474-4422(05)70284-2 [PubMed: 16361024]

Zilliox LA, Chadrasekaran K, Kwan JY, Russell JW. Diabetes and Cognitive Impairment. Current
diabetes reports. 2016;16(9):87-87. doi:10.1007/s11892-016-0775-x [PubMed: 27491830]

Palta P, Schneider AL, Biessels GJ, Touradji P, Hill-Briggs F. Magnitude of cognitive dysfunction
in adults with type 2 diabetes: a meta-analysis of six cognitive domains and the most frequently
reported neuropsychological tests within domains. J Int Neuropsychol Soc. Mar 2014;20(3):278-
91. do0i:10.1017/s1355617713001483 [PubMed: 24555960]

Sadanand S, Balachandar R, Bharath S. Memory and executive functions in persons with

type 2 diabetes: a meta-analysis. Diabetes Metab Res Rev. Feb 2016;32(2):132—-42. doi:10.1002/
dmrr.2664 [PubMed: 25963303]

Monette MC, Baird A, Jackson DL. A meta-analysis of cognitive functioning in nondemented
adults with type 2 diabetes mellitus. Can J Diabetes. Dec 2014;38(6):401-8. doi:10.1016/
j.jcjd.2014.01.014 [PubMed: 24933107]

Mansur RB, Lee Y, Zhou AJ, et al. Determinants of cognitive function in individuals with type

2 diabetes mellitus: A meta-analysis. Ann Clin Psychiatry. Feb 2018;30(1):38-50. [PubMed:
29373617]

Rawlings AM, Sharrett AR, Schneider AL, et al. Diabetes in midlife and cognitive change over
20 years: a cohort study. Annals of internal medicine. Dec 2 2014;161(11):785-93. doi:10.7326/
m14-0737 [PubMed: 25437406]

Koekkoek PS, Kappelle LJ, van den Berg E, Rutten GE, Biessels GJ. Cognitive function in
patients with diabetes mellitus: guidance for daily care. Lancet Neurol. Mar 2015;14(3):329-40.
doi:10.1016/s1474-4422(14)70249-2 [PubMed: 25728442]

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2023 April 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hetta. et al.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Page 14

Biessels GJ, Strachan MW, Visseren FL, Kappelle LJ, Whitmer RA. Dementia and cognitive
decline in type 2 diabetes and prediabetic stages: towards targeted interventions. Lancet Diabetes
Endocrinol. Mar 2014;2(3):246-55. doi:10.1016/s2213-8587(13)70088-3 [PubMed: 24622755]

Moheet A, Mangia S, Seaquist ER. Impact of diabetes on cognitive function and brain structure.
Ann N'Y Acad Sci. Sep 2015;1353:60-71. d0i:10.1111/nyas.12807 [PubMed: 26132277]

Skurtveit S, Stram H, Skrivarhaug T, Mgrland J, Bramness JG, Engeland A. Road traffic accident
risk in patients with diabetes mellitus receiving blood glucose-lowering drugs. Prospective follow-
up study. Diabet Med. Apr 2009;26(4):404-8. d0i:10.1111/j.1464-5491.2009.02699.x [PubMed:
19388971]

Ma S, Zhang J, Zeng X, et al. Type 2 diabetes can undermine driving performance of middle-aged
male drivers through its deterioration of perceptual and cognitive functions. Accid Anal Prev. Jan
2020;134:105334. doi:10.1016/j.aap.2019.105334 [PubMed: 31689573]

Gasecki D, Kwarciany M, Nyka W, Narkiewicz K. Hypertension, brain damage and cognitive
decline. Curr Hypertens Rep. Dec 2013;15(6):547-58. doi:10.1007/s11906-013-0398-4 [PubMed:
24146223]

Lane CA, Barnes J, Nicholas JM, et al. Associations between blood pressure across adulthood and
late-life brain structure and pathology in the neuroscience substudy of the 1946 British birth cohort
(Insight 46): an epidemiological study. Lancet Neurol. Oct 2019;18(10):942-952. doi:10.1016/
s1474-4422(19)30228-5 [PubMed: 31444142]

ladecola C, Yaffe K, Biller J, et al. Impact of Hypertension on Cognitive Function: A
Scientific Statement From the American Heart Association. Hypertension. Dec 2016;68(6):e67—
€94. doi:10.1161/hyp.0000000000000053 [PubMed: 27977393]

Muela HC, Costa-Hong VA, Yassuda MS, et al. Hypertension Severity Is Associated

With Impaired Cognitive Performance. J Am Heart Assoc. Jan 11 2017;6(1)doi:10.1161/
jaha.116.004579

Shehab A, Abdulle A. Cognitive and autonomic dysfunction measures in normal controls,
white coat and borderline hypertension. BMC Cardiovasc Disord. Jan 11 2011;11:3.
doi:10.1186/1471-2261-11-3 [PubMed: 21223543]

Adedokun AO, Ter Goon D, Owolabi EO, Adeniyi OV, Ajayi Al. Driving to Better Health:
Screening for Hypertension and Associated Factors Among Commercial Taxi Drivers in Buffalo
City Metropolitan Municipality, South Africa. The Open Public Health Journal. 2017;10(1)
Lyman JM, McGwin G, Sims RV. Factors related to driving difficulty and habits in

older drivers. Accident Analysis & Prevention. 2001/05/01/ 2001;33(3):413-421. doi:10.1016/
S0001-4575(00)00055-5 [PubMed: 11235803]

Wadley AL, lacovides S, Roche J, et al. Working nights and lower leisure-time physical activity
associate with chronic pain in Southern African long-distance truck drivers: A cross-sectional
study. PLoS One. 2020;15(12):e0243366. doi:10.1371/journal.pone.0243366 [PubMed: 33270793]

Crizzle AM, McLean M, Malkin J. Risk Factors for Depressive Symptoms in Long-Haul Truck
Drivers. Int J Environ Res Public Health. May 26 2020;17(11)doi:10.3390/ijerph17113764

Bohn MJ, Babor TF, Kranzler HR. The Alcohol Use Disorders Identification Test (AUDIT):
validation of a screening instrument for use in medical settings. Journal of Studies on Alcohol.
1995;56(4):423-432. doi:10.15288/jsa.1995.56.423 [PubMed: 7674678]

Seedat YK, Rayner BL, Veriava Y. South African hypertension practice guideline 2014. Cardiovasc
J Afr. Nov-Dec 2014;25(6):288-94. doi:10.5830/cvja-2014-062 [PubMed: 25629715]

Scott TM, Gouse H, Joska J, et al. Home-versus acquired-language test performance on the
Hopkins Verbal Learning Test-Revised among multilingual South Africans. Appl Neuropsychol
Adult. Sep 28 2018:1-8. doi:10.1080/23279095.2018.1510403

Nyamayaro P, Gouse H, Hakim J, Robbins RN, Chibanda D. Neurocognitive impairment in
treatment-experienced adults living with HIV attending primary care clinics in Zimbabwe. BMC
Infect Dis. May 29 2020;20(1):383. doi:10.1186/s12879-020-05090-8 [PubMed: 32471350]
D’Agostino RB Sr., Vasan RS, Pencina MJ, et al. General cardiovascular risk profile for use in
primary care: the Framingham Heart Study. Circulation. Feb 12 2008;117(6):743-53. doi:10.1161/
circulationaha.107.699579 [PubMed: 18212285]

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2023 April 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hetta. et al.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Page 15

Framingham Heart Study. Framingham Heart Study. 2021. 2020. https://framinghamheartstudy.org/
fhs-risk-functions/cardiovascular-disease-10-year-risk/).

Beck AT, Steer RA, Brown G. Manual for the Beck Depression Inventory-I1. vol Database Record.
Psychological Corporation; 1996.

Chelune GJ, Heaton RK, Lehman RA. Neuropsychological and personality correlates of patients’
complaints of disability. Advances in clinical neuropsychology. Springer; 1986:95-126.

Woods SP, Rippeth JD, Frol AB, et al. Interrater reliability of clinical ratings and
neurocognitive diagnoses in HIV. J Clin Exp Neuropsychol. Sep 2004;26(6):759-78.
doi:10.1080/13803390490509565 [PubMed: 15370374]

Nyamayaro P, Chibanda D, Robbins RN, Hakim J, Gouse H. Assessment of neurocognitive
deficits in people living with HIV in Sub Saharan Africa: A systematic review. Clin Neuropsychol.
Jan-Dec 2019;33(sup1):1-26. doi:10.1080/13854046.2019.1606284

Lakens D Calculating and reporting effect sizes to facilitate cumulative science: a practical

primer for t-tests and ANOVAs. Review. Frontiers in Psychology. 2013-November-26
2013;4(863)d0i:10.3389/fpsyg.2013.00863

Tukey JW. Comparing individual means in the analysis of variance. Biometrics. Jun 1949;5(2):99-
114. [PubMed: 18151955]

Gouse H, Thomas KGF, Masson CJ, et al. Generating and testing neuropsychological test norms
that are fair, reliable and accurate in a low- and middle-income country. Under Review. 2021;
Carey CL, Woods SP, Gonzalez R, et al. Predictive validity of global deficit scores in detecting
neuropsychological impairment in HIV infection. J Clin Exp Neuropsychol. May 2004;26(3):307—
19. doi:10.1080/13803390490510031 [PubMed: 15512922]

Andrea J, Visser M. Home and school environmental determinants of science achievement of South
African students. South African Journal of Education. 2017;37:1-10.

Lyu J, Burr JA. Socioeconomic Status Across the Life Course and Cognitive Function Among
Older Adults: An Examination of the Latency, Pathways, and Accumulation Hypotheses. J Aging
Health. Feb 2016;28(1):40-67. doi:10.1177/0898264315585504 [PubMed: 26006338]

Wu F, Guo Y, Zheng Y, et al. Social-Economic Status and Cognitive Performance among

Chinese Aged 50 Years and Older. PloS one. 2016;11(11):¢0166986-e0166986. doi:10.1371/
journal.pone.0166986 [PubMed: 27861572]

LaMonica HM, Biddle DJ, Naismith SL, Hickie 1B, Maruff P, Glozier N. The relationship
between depression and cognitive function in adults with cardiovascular risk: Evidence from a
randomised attention-controlled trial. Plos One. Sep 5 2018;13(9)doi:ARTN e0203343 10.1371/
journal.pone.0203343

Nufio L, Gémez-Benito J, Carmona VR, Pino O. A Systematic Review of Executive

Function and Information Processing Speed in Major Depression Disorder. Brain Sci. Jan 22
2021;11(2)doi:10.3390/brainsci11020147

Heaton RK, Clifford DB, Franklin DR Jr., et al. HI\V-associated neurocognitive disorders persist in
the era of potent antiretroviral therapy: CHARTER Study. Neurology. Dec 07 2010;75(23):2087—
96. doi:10.1212/WNL.0b013e318200d727 [PubMed: 21135382]

Walker KA, Power MC, Gottesman RF. Defining the Relationship Between Hypertension,
Cognitive Decline, and Dementia: a Review. Curr Hypertens Rep. Mar 2017;19(3):24.
doi:10.1007/s11906-017-0724-3 [PubMed: 28299725]

Rourke SB, Bekele T, Rachlis A, et al. Asymptomatic neurocognitive impairment is a risk for
symptomatic decline over a 3-year study period. Aids. Jan 1 2021;35(1):63-72. doi:10.1097/
gad.0000000000002709 [PubMed: 33048883]

Kordovski VM, Woods SP, Verduzco M, Beltran J. The effects of aging and HIV disease
on employment status and functioning. Rehabil Psychol. Nov 2017;62(4):591-599. d0i:10.1037/
rep0000175 [PubMed: 29265874]

Heaton RK, Franklin DR, Ellis RJ, et al. HIVV-associated neurocognitive disorders before and
during the era of combination antiretroviral therapy: differences in rates, nature, and predictors.
Journal of Neurovirology. Feb 2011;17(1):3-16. d0i:10.1007/s13365-010-0006-1 [PubMed:
21174240]

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2023 April 15.


https://framinghamheartstudy.org/fhs-risk-functions/cardiovascular-disease-10-year-risk/
https://framinghamheartstudy.org/fhs-risk-functions/cardiovascular-disease-10-year-risk/

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Hetta. et al.

Page 16

87. Aghvinian M, Santoro AF, Gouse H, et al. Taking the Test: A Qualitative Analysis of Cultural and
Contextual Factors Impacting Neuropsychological Assessment of Xhosa-Speaking South Africans.
Arch Clin Neuropsychol. Nov 25 2020;d0i:10.1093/arclin/acaall5

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2023 April 15.



Page 17

Hetta. et al.

‘(eyep Buissiw) TG =& YADIN pUe Z9 = S|0JJU0I UO paseq Emom

"31BWINISD 9Z1S 103443 = JST ‘UOIRIAGD PIepUBIS = S ‘UBSW = [N S{SI JBJNISEAOIPIED YHM UBW = YADIN AlH UM UsW = HAIN ‘9JON

- (%€'Ly) 92 (%09) €€ (%T2) LT JaALIp Yjon11 10N

- (%L.29) 62 (%05) €€ (%6L) ¥9 Jantip oniL
287 .xx?00> 7 poOT adA) JuswAoldw

- (%16) S (%v62) 02 (%TTT) 6 awi-yed

- (%6°06) 05 (%90L) 87 (%6'88) 2L awn-|in4
ez k€00 z €07l snies JuawAojdws

- (%6') € (%62) ¢ (%9T) T Yo

- (%8'L) v (%z'1Y) 82 (%6'L1) L esoyx

- (%€ L8) 6T (%ST) T (%L°8¢) 2 suee LYY

- (%6v) G¢ (%¥'vS) L€ (%¥'8v) g ustjbu3

258 100> g 6gYY » 0enbuey Buijooyos

- (%S9 € (%rv) e (%e9) s LYo
- (%2L21) L (%v'2) s (%ezT)oT euoys
- (%02) 1T (%8€8) 2§ (%t'82) €2 esoyx
- (%5v€) 6T (%sT) T (%97¢) 82 sueBMq LY
- (%z'L2) ST (%62) ¢ (%5'8T) ST ust1bu3
STV« 00> g yz0L abenBue| swoH
o 353 d ) X (6)4 (%)4 (%)4 sa|qeleA [edrobsre)

o (LLVOT9) 09°9GW ET  , (19°98L V) 8G'L56 L

6VT  sxx 100> g6T'Z  8TLT (¢z'eeT 9) £9'656 2T (dvZ) awoour Ajpuo

900’ 2€es’ 102 €90 (92°7) 58°0T (zv'1) L0TT (LzT)¥TTT (pa1edwiod sik) uomeonp3

950° €00 10z'e  96G (#1°8) LTSV (50°6) 85°6€ (05°07) G8°0% (s14) aby
o 1JeA snonuijuo:

p 353 d oA @)W (@s) W (@s) W IqeL A SnonuRUOD

(GG =U) YADIN (89 =U) HMIN (T8 = u) sjou0d

(¥0Z = N) suosuredwo) dnoio-usamiag pue sansnels aandioasaq :ssjgelieA olydesbowaq ajdwes

T alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2023 April 15.



Page 18

Hetta. et al.

100" >d
-

¥¥

‘10" >d

*¥
G0 >d

*

"ONSIEIS A S JaWelD ayl Ag parewss si aiay azIs 19449 ay IR

"011S17e1S ANQS pasenbs €19 [e1ed ayy Aq parewiisa sl a1ay azis 19a)a ay, ._.~Q

“(e1ep BUISSIW SI JBYI0 B PUB BLIOJUI J18Y) 8S0J9SIP 10U pIp Juedionted 8uo) €G = YADIA U0 paseq eleq,

*(eyep Buissiw) 99 = HAAIN UO paseq Smon

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2023 April 15.



Page 19

Hetta. et al.

"6TZ JO 21008 110-1N2 31 3AOCE Palods oym siuedioned Jo abejuaolad are erea,

‘urewop Aue ulyim suonsanb alow 1o 931y uo , sAeme 1sow|e,, pasiopus oym usw Jo sbejusalad ate Emm_Q

"2100S Ys1y WeyBuiwei4 Ag parewnss se ‘aseasip JejnasenoIpJed JO Si 18 usl Jo mmﬁcmu_mn_m

‘[1-A101uaAu] uoissaidaq %999 = |1-1Ag ‘A10iusAul BUIUOROUNS UMQ JO JUBWSSSSY Udled = [40OVd
‘(sa]qeLIBA [20110B81RD 10} A S, JaWEID pUR S3|GRLIBA SNONURUOD 10} HNQE paJenbs e1a [ened ‘9sed SIU Ul) S1RWISS 9ZIS 10949 = JST HSK JINISLAOIPIRD UM UsW = YADIN AIH YIM usl = HAIN /0N

Lo ev0 @ 109 (81'81) 0T (91711)8 (r6%) ¥ "las
0r0  gge @81 (oe9T) 6 (6502) ¥1 (ge'zT) 0T g '40vd
3s3 d ap) X (%)4 %)/ (%)4 sa|qelie [eatiofered
00 €00  (/5T2) L6 (eTT) 6T'S (T 15 (06°0) T5% [eroL
Vo VED (es1'2) LvE (8L0) 262 (80T 2re (68°0) 262 (1@7) uieroadodsy Ansuap-mo
0’ 850° (L8120 06'C (ev'0) 6T'T (tro) LT (88052t (1aH) ursroadodi) Asuap-ubiH
|0J8188|]04D
80 ,.T000 (ST TCL (ev) TT°E (0oT) €8T (820 Sv'T 8pLROAIBUL
0’ L TEO0° (c61'2) S5°€ (60°0) 00°'T (80°0) 66'0 (¢c1'0) 96'0 oney 1stepn-01-diH
.. 100> (6912 T0TT  (vz'8) eeze (cz's) 059z (rz'9) 1982 xapul ssew Apog
0} ar (errad1ee @UITOLEL (80'21) 65TL (65'8) L£'69 (unwystesq) oyl asind
Vo VEO @17 sve  (85€1) 9998 (8S2T) 98'€8 (02'6) 59°08 ainssaid poojq dljoiselq
v €20 (eLr7)sge (€9 SvieT  (ve6T)8v6eT  (96'%T) ST'6CT ainssaid poojq 1j0IsAS
ez . T00> (es1'2).8Te  (12'8) 66'ST (609) 5T'9 (s8'8)8LL p (%) 8105 Xisiy WeyBuiwely
10 T0€" (861'2) 12T (ov'8) 162 (trg) 81’2 (r29) 58S 21035 [e10} |1-1Q9
€00’ STL (tozadveo  (06'6€) 52591 (18°22) 29'69T (09°22) 66'89T 21095 [€10} I4OVd
3s3 d () 4 (@) w (@) W (@) S3|qelleA SNONUIUOD

(G5 =Uu) 4AOIN (89 =U) HMIN (T8 =u)s|011u0D

dnoio

(¥0Z = N) suosiredwo) dnolo-usamiag pue sansiels aanduasaq :ssjgeLieA [eaul)d sjdwes

¢ dlqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2023 April 15.



Page 20

Hetta. et al.

700" >0

FHK

10 >d
£

G0 >d
-

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2023 April 15.



Page 21

Hetta. et al.

“T6T" = ‘S|043U02 SA YADIN ‘900°
'12T =d ‘s1013u02 SA YADI ‘T00
'9G/" =d 's|0Nu0d SA HADIN ‘700"
‘870" =@ 'S|0J1U0I SA YADIA ‘870"
"JST" =d ‘S|013U09 SA YADIN ‘ZET
‘PP =d 'S|013U0d SA YADIN ‘21O
"96T" ={ ‘S|043U02 SA YADIN ‘100

‘066 =4 ‘s]013U03 SA YADIN ‘T0O

=4 ‘s]0JJu0d SA HMIA ‘T00" >4 “HADIN SA HMIA :suosiiedwod asimired ooc.ymon_t

>d ‘s]0J3U0d SA HMIN ‘T00" >4 “HADIN SA HMIA :suostiedwod asimired ooc.Hmoam

=4 *s]013U0d SA HMIN ‘100" =@ "HADIN SA HMIA :suostiedwod asimired 85.50@
=d ‘s]0u02 SA HMIA ‘T00" >d “Y4ADIN SA HMIA :suostiedwiod asimired uo;.gmoam
=4 's|onuod sA HMIN ‘T00" =d "dADN SA HMIA :suosiiedwod asimired ooc.ywon_n
=4 's|0u02 SA HMIN ‘700" =d “dADN SA HMIA suosiiedwod asimired d0y-1sod,
>d ‘s]0JU0d SA HMIA ‘T00" >4 “HADIN SA HMIA :suosiiedwod asimired oo;.ymon_Q
>d ‘s|0Ju0d SA HMIA ‘T00" >4 “HADIN SA HMIA :suostiedwod asimired uo:.wwoam

81008 191J3p [2G0|6 = SAD S JeNISBACIPIEI YUM UBW = HADIN AIH UHM USW = HAAIN "Sesaujualed Ul SUOIRIASP pIepuelsS UM ‘suesw ase pajussald eleq sjoN

Author Manuscript

960° 100> G0y 6T0 (9€0) L¥'0 (07'0) 62°0 sas

8sT’ 64100> () 6)ggvs (60 0TSy (v5'L) 22°2S 2103s-/ [eqO|D

v.0° ;100> hpe) 1 (6ze)sely  (€L0T) 1SS UON2UNY 9AINIEXT

060° o 100> (1h6) 0785 (89'2) 6805 (62°0T) 9v'HS Kiows

650 p*0  Gre)eors  (109) 068y  (56%) bLTS Buiuree

Lo o800 (o501 6095 (09°0T) 6505 (6T'0T) 265 afenbue

eeT g=100"> (o9 gees  (€T9) 0697  (99'8) 9IS Alowaw Buppiom pue uonusny

9T’ e 100> eog)aeps  (ore)eTar (122D s peads Bulssaooid

120° 0zT (e8'6) G205  (95'6) L6'9F  (L2'8) vT'6Y s|11{s J010
81005—/ urewoq

2eP [enred d (g =u) (89 =u) (18=u) a|qelen
HAOW HMIN S[0.4U0D
dnoio

(¥0Z = N) suosuredwod dnoi9-usamiag pue Sa1ISIIRIS aANdLI2SaQq :92UBWIOAd 1581 aAniubo)

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2023 April 15.



Page 22

Hetta. et al.

Z/00 187T- 010 8T0- ,L0S0° 86T- OTO 020- TES €90- 2T0 800- (%) S¥4

916" TIT0 9¥Z  097¢ 099 v¥0- G¥Z 80T- €18  ¥Z0 16T  0L0 (6T o-12) 11-1a9

8T, 9€0- 000 L0'G- 0,9° €¥0- 000 000 8IE 00T 000 000 (¥vZ) awoour AjypuoiN
TS0 L6T- T6€ 69'L- v.00 08T- 68€ T0.- ,L8Y0" 002- TV T¥6- 1B8YI0
L6200 ozz- 61t 20L- 190" S8T- /T’ 98G- 8IT /ST- +8€ €09- BUOYS
8100 62— 8.7 199- 110" 6S¢- LT LTL- 6SV ¥L0- GEE  6vC- eSOYX
218 ¥20- 2LT  S90- v¥e  S6°0- TLT [GC- 618 €20- 8ZE€ GLO- sueey LY

(ys116u3 sa) abenbue| swoH
vee  ¢ZT 88T  0EC L0g  €0T /8T ¢6T VI ST lTT €8¢ sjouod
«C€0° 9Tz €zz 18y ,.¢0  ggz TZT  €TS 00T 99T 89T wrY YA

(HMIA sA) dnoi

a ] 35 d a ] 3s d a ] 3s d lopipald

Aows Pulutes abenbueT]

826" 600- 800 T00- ,L,90  18Z O0T0 /20 069 Ov0- OT0 V00— (%) Sy

606" TT0- G8T T120- ,LV¢0' 622- S€C¢ L9¥- 9T 9€0- 0SC 060- (672 Ho-Md) 11-1ag

9500 €6T 000 000 219 IS0 000 000 T8 200~ 000 000 (¥vZ) swoour Ajyluo
8y’ 9.0- V6T €22 060" TLT- €L€ [£9- 9I8 €20- €6€ ¢60- Jayio
«C00" goe- 6€C Ll€/- ,,.C000 yzEe- VOE 986- ¥BE G80- TTE VLC- eUOYS
260" 96'T- 60C 60v- 010" 192- 99C €69- €9  Zr0 18C 6TT eSOYX
9¢6' 800- ¥0C 9T0- 9eL"  vE€0 09C 880 LSIO© vz wlZ 9.9 sueey LY

116u3 sA) abenbue| swoH
€IS 990 T €60 T/00 28T 08T [z€ 088 GTO- 68T 620- s[ou0d
LV7¢0° 6z 19T z8¢€ 0T 92T 2Tz 197 L8S 290 tvZZ 6ET HAIN

(HMW sA) dnoio

d ] 3s ! d 1 3s d a ] 35 d lopipaid

AJOWSs|A BUIYION pue uonuany paads buissadold S|[1%S J010|A

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2023 April 15.

(#0Z = N) siapunojuo) [enualod 1o} Burjjonuo) Jayy diysisquiaiy dnoas Jo asuanjjul Bunoipaid S|opoIN uoissalbay :aouewlollad 1531 aAniubo)

¥ alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 23

Hetta. et al.

100" >d
P
‘10" >d
o
50 >d
*
‘abejusdlad XSII aseasIp Je[NISLAOIPIRD Jedk-0T 94038 Xsiy weybulweld = (%) SHH ‘11-A10wuanu| uoissaidaq 3299 = [1-1Ag {SU JBINISLAOIPIRD YIM UdW = YADIN ‘AlIH YIM UdW = HAIA 970N
¢06° ¢r’'0 200 000 696 ¥0'0 000 000 8LC 60T 0T0 170 (%) sud
0¢s" G90- 99T [LOT- T9¢ T6'0 ¢90 PAN] €81 8¢0 6¥¢ 690 (6T= Ho-N0) [I-1A9
ey 080 000 €5°L 98¢ /80— 000 000 §99° €7'0 000 000 (4vz) swoour Ajyuo
8L0" ¢8T- €9¢C LLV- 8€9" ¢90 ¥0'T 790 899" 690- G6€ <cEC- Y10
LS10° vz- vT'e 8T 9rT"  IST /80 18T LEI00 eSe- e vI'8- BUOYS
»1€0° 8TZ- /8T 80V- 168" ¥I0- 180 TI0- ,LSYO' ¢€0c- 718C O0LG- BSOYX
918" €00 €8T V0 89" 9¥'0- T60 <¢v0- ¥€8  1¢0- GL¢ 890- sueey Y
(ysnbu3 sn) sbenbue| swoH
99T 6T 12T 9.1 €60 89T- 090 V80— ¢6€° 980 0671 91T §|0ju0D
L L10° ¢r'e 09T ¢9€ ve0" 9zz- ov0  SPI- iz4h 6v'0 G¢'¢ oT'T HADN
(HMIA sn) dnoi
a 7 3s d d 7 s d d 7 3s ! J0)a1paid

8103S—/ [eqO|D

8103S 13 d [eq0|D

UONOUNS 8ANAXT

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2023 April 15.



Page 24

Hetta. et al.

100 >d
-

F¥

10 >d

KK
‘G0 >d

¥

‘pawogiad 191 10eX3 m.a;m_“_m_

'8109S 119143p 12G016 = SAD ‘(A S.JawelD ‘9sed SIy} Ul) 81ewWIISs 9ZIS 199448 = ST YSII JeNISLAOIPIRD YIM UdW = YADIN AIH YIM Usll = HAIN ‘2 8Jam wopaaly 40 sealfiap ‘uostiedwod dnolb-usamiaq
42es 104 *(50'0 Z 84035 ‘SAD 104 ‘00’ T- >Z ‘surewop aAiubod fenpiaipul Joy) Juswiredwi samubod ynm pajussald oym suedioned Jo (sebeiuaalad) sarousnbaly mes ase psjussald ereq ‘sioN

7, T00> 1oy (%S¥T)8  (%TTr)8Z  (%S'8T) ST sas
60° Gog" o (o (%62 ¢ (%52) ¢ 81095/ [eq0]D
8T’ L9E0° vog @€Y (%90 vT  (%98) L uo1oUNy 3AINJEXT
L0 985" 0T (wss)e  (weoT) L  (%6'6)8 KiowaN
oT 1oy 80C (wss)e (wzen)6  (%6'6)8 Butusea
L0 Sr9’ 880 (%T6)S (weoT) L  (%29)s Aouany [equan
6T, ¥20 6s  (W8TT (%9 TT  (%9'8) L  Aiowsw Buniom pue uonusny
28, 700> egrz (W9€)T  (wvze)zz  (%TTT)6 paads Buissaooid
80’ 61S" €T (%r91)6  (%902) ¥T  (%9€T) IT SIID{S JOJION

9100S—/ Urewop aAubo)

353 d X (s5=u) (89 =u) (T8 =u) a|qelren
HAOW HMIN s[oJju0D
dnol9

(¥0zZ = N) seaualayi@ dnois-usamiag :Juswuredw | aalIubo) Jo sarey

G 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2023 April 15.



	Abstract
	INTRODUCTION
	METHOD
	Participants
	Measures and Procedure
	Demographic measures
	Anthropometry and medical biomarkers
	Behavioral scales
	Neuropsychological assessment

	Statistical Analyses

	RESULTS
	Sample Sociodemographic and Clinical Characteristics
	Cognitive Performance
	Multiple Regression Modelling
	Rates of Cognitive Impairment


	DISCUSSION
	Limitations

	SUMMARY AND CONCLUSION
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

