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Background: Cognitive impairment is one of the most prevalent complications of HIV infection, with significant medical and functional impacts. However, valid, and reliable assessment tools are lacking for the newly emergent ageing population of people living with HIV (PLWH) in many parts of sub-Saharan Africa (SSA), including Kenya. Without these tools, critical intervention opportunities, e.g., psychoeducation, treatment and additional support, are missed. To bridge this gap in Kenya, we adapted the Oxford Cognitive Screen Plus (OCSPlus), a tablet-based cognitive assessment tool designed for low-literacy settings, with adults ageing with HIV ≥ 50 years and their uninfected peers. This study examines the acceptability, reliability, and validity of the OCSPlus tool among older Kenyan adults and provides an initial understanding of the cognitive performance of these adults (by HIV status) and the biopsychosocial factors associated with their cognitive performance.

Methods: In a cross-sectional sample of 440 older adults (257 living with HIV), we administered the OCSPlus tool alongside the Raven’s Standard Progressive Matrices (RSPM), the International HIV Dementia Scale (IHDS), and health and sociodemographic assessments.

Results: There was a high level of acceptability of OCSPlus by participants and test administrators. OCSPlus demonstrated good test–retest reliability. Acceptable correlations between individual OCSPlus sub-tasks and conventional tests (RSPM and IHDS) were also observed for convergent validity. Regarding cognitive performance, older adults living with HIV (OALWH) presented with significantly lower scores on language (picture naming task), executive function, and the IHDS overall score compared to their uninfected peers. However, OALWH performed significantly better on memory domain (orientation, word encoding and word recall tasks), non-verbal intelligence and processing speed. There were no differences in attention domain. Cognitive performance as assessed by OCSPlus was significantly associated with behavioural and lifestyle factors (physical activity, sleeping difficulties, obesity, and sexual activity), sociodemographic factors (age, sex, educational status, household income, household size and asset index), medical or treatment factors (self-reported urinary incontinence, hearing problems, history of TB, seeking services of traditional healers, antiretroviral therapy (ART) regimen change, being on 3rd line ART treatment) and psychosocial factors including ageism and food insecurity.

Conclusion: We demonstrated the feasibility of OCSPlus administration by trained lay persons, its acceptability, and preliminary reliability and validity among low-literacy older adults on the Kenyan coast. Mean cognitive scores were mixed across the two groups. Cognitive performance was associated with several biopsychosocial factors spanning behavioural/lifestyle, sociodemographic, psychosocial, medical and treatment factors. Further validation studies and epidemiological research are needed to understand better the utility of OCSPlus and the cognitive function of these adults.
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Introduction

Cognitive impairment is one of the most frequently witnessed complications of Human Immunodeficiency virus (HIV) infection, affecting about 50% of people living with HIV (PLWH) globally and has important medical, functional, and public health consequences (Zenebe et al., 2022). Besides, the number of PLWH getting to 60 years old is rapidly increasing, an age at which dementia prevalence begins to rise in the general population. Given that age is an important risk factor for dementia (Livingston et al., 2020), even small effects of premature, accelerated, or accentuated neurocognitive ageing in PLWH may have serious public health consequences for dementia risk in the global HIV population. This underscores the crucial need for timely screening and intervention, which can slow cognitive decline and prevent the progression to more severe stages. Among existing studies, evidence for premature cognitive ageing is inconsistent whereas evidence for accelerated cognitive ageing appears consistent but is based on limited number of studies (Aung et al., 2021). Hence, stronger evidence is urgently needed to inform healthcare providers and the HIV sector about cognitive impairment risk among PLWH to properly facilitate screening, prevention and treatment among adults ageing with HIV.

Estimates of the prevalence for cognitive impairment among Africa’s 25.6 million PLWH (UNAIDS, 2022) range from 14 to 88% depending on geographical location, study design, measurement tools and participants’ antiretroviral therapy (ART) status (Mekuriaw et al., 2023). Cognitive deficits in HIV, known as HIV-associated neurocognitive disorder (HAND), typically cause impairments in various cognitive domains, including learning, memory, executive function, language, attention, processing speed and motor functions (Alford and Vera, 2018). HAND ranges in severity from asymptomatic and mild forms to severe dementia-type forms (Alford and Vera, 2018). There are significant medical and functional impacts associated with having even mild cognitive impairments, such as a higher risk of mortality, increased likelihood of developing a more severe impairment, limitations in activities of daily living, decreased quality of life, poor decision making and increased HIV transmission risk behaviors, placing many PLWH at risk for worse health outcomes (Gorman et al., 2009; Vivithanaporn et al., 2010; Tozzi et al., 2003; Ettenhofer et al., 2009; Iudicello et al., 2013; Thames et al., 2012). Recent findings from several settings suggest that the cognitive profile of PLWH has evolved. The advent of combination ART (cART) has lessened the severity but not the frequency of these impairments (Alford and Vera, 2018; Michael et al., 2021; Clifford and Ances, 2013). Noticeably, there has been a sharp drop in the severe forms of HAND and an increase in milder forms (Alford and Vera, 2018). Besides, the current manifestations of HAND show a subtle subcortical involvement and more cortical involvement compared to the progressive subcortical dementia with marked deterioration of cognitive speed and motor functions observed in the pre-cART era (Guha et al., 2016). Some findings also show a change in the cognitive domains most affected, from largely motor skills, processing speed, and verbal fluency in the pre-cART era to predominantly memory, learning and executive functioning in the cART era, suggesting possible domain-specific effects of HIV or cART (Heaton et al., 2011). Hence, understanding the domain-specific effects of HIV on cognition may extend our understanding of the mechanism of HAND, potentially guiding care, and future research.

As life expectancy of PLWH approaches that of people without HIV, PLWH become more vulnerable to age-associated cognitive impairment (Clifford and Ances, 2013). A combination of blood brain barrier dysfunction, legacy effect of CNS impairment prior to ART initiation, with the direct effects of HIV on the CNS, chronic neuroinflammation, telomere shortening, neurogenesis impairments and neurotoxicity associated with ART, alters and amplifies the mechanisms of normal brain aging in HIV, leading to cognitive decline and structural brain changes at an earlier age than normally witnessed in the general population (Lazar et al., 2024; Scutari et al., 2017; Irollo et al., 2021). Additionally, given the rapid increase in chronic age-related conditions in many parts of Africa, which also coincides with increasing prevalence of HIV among older adults, it is imperative to understand the cognitive profile of this vulnerable population to guide the design and implementation of health programs and policies in this population. In many countries in sub-Saharan Africa (SSA), older adults living with HIV often begin ART with severe levels of immunosuppression (Asiimwe et al., 2015). Such clinical, disease-specific or biological characteristics, along with a wide range of sociocultural factors – such as available support systems to provide care and assistance to older people - could result in different distributions of cognitive impairments in SSA compared to other regions. This underscores the need for country-specific data on cognition to facilitate adequate screening, diagnosis and treatment of these impairments.

Screening for cognitive impairment is critical to good holistic care and treatment strategies of HIV (Antinori et al., 2013). Routine screening can assist healthcare providers in detecting HAND early, determining when to adjust cART regimens, monitor cognitive function, and educate clients in a timely fashion about the effects of cognitive impairment and ways to minimize it (Antinori et al., 2013; Cysique et al., 2012; Shah et al., 2016). Nonetheless, the screening is rarely done in SSA due to numerous challenges, including the scarcity of locally developed tests and a lack of expert personnel to administer them (Mwangala et al., 2018; Gouse et al., 2021), thus missing critical opportunities to identify HAND and intervene for the millions of PLWH in the region. Additionally, many of the conventional screening measures, e.g., International HIV Dementia Scale (IHDS) take a binary view of cognition, relying on global scores with a single cut-off value for impairment. They are also subject to ceiling effects (i.e limited ability to differentiate test performance among high-scoring individuals partly due to task simplicity), low sensitivity and are inappropriate for populations with low literacy and low numeracy (Folstein et al., 1975; Hoops et al., 2009; Nasreddine et al., 2005).

In the current study, we use the Oxford Cognitive Screen Plus (OCSPlus) (Demeyere et al., 2021) and two other conventional tests the International HIV Dementia Scale – IHDS, and the Raven’s Standard Progressive Matrices (RSPM) to assess the cognitive function of older adults. The OCSPlus is a tablet-based cognitive screening instrument which bridges the gap between brief screens and comprehensive neuropsychological batteries, in terms of resource-efficiency and good psychometric properties (Demeyere et al., 2021). Unlike many conventional tests that rely on reading and numeracy skills, the OCSPlus primarily relies on visual abilities, making literacy and numeracy less critical to complete the test (Demeyere et al., 2021; Humphreys et al., 2017). The OCSPlus has previously been validated for detection of subtle neurocognitive deficits in a healthy aging population in the UK and Germany (Demeyere et al., 2021), sub-acute and chronic stroke survivors in the UK (Webb et al., 2022), patients with amnestic mild cognitive impairment in Germany (Hübner et al., 2020) and in a population of older adults in a low literacy and socioeconomic setting in South Africa (Humphreys et al., 2017). Overall, the findings from these studies have demonstrated that OCSPlus has high task compliance and good validity (construct, convergent, divergent and external validity), thus improving the measurement of cognition with minimal language content and avoiding floor and ceiling effects present in other brief cognitive assessment measures. However, some of the earlier studies have reported low convergent validity, and many of them have not examined the reliability of this tool, underscoring the need for further adaptation and validation in different settings and populations. This study focuses on Kenya, a country experiencing simultaneous demographic and epidemiologic transitions (Kenya National Bureau of Statistics, 2019). To our knowledge, no study in the country has examined the cognitive function of older adults living with HIV. To bridge this gap, the present study seeks to examines the acceptability, reliability (internal consistency and test–retest), and convergent validity of the OCSPlus tool among older Kenyan adults and provides an initial understanding of the cognitive performance of these adults (by HIV status) and the biopsychosocial factors associated with their cognitive performance.



Materials and methods


Study design and setting

This work is part of a larger cross-sectional study, the HIV-Associated Neurocognitive Disorders (HAND) study, which examines various neuropsychological outcomes, such as cognition, mental health, and psychosocial functioning in adults aged 50 years and older on the Kenyan coast in Mombasa and Kilifi counties (Mwangala et al., 2023a; Mwangala et al., 2023b; Mwangala et al., 2022; Mwangala et al., 2024). Data collection for this study took place between 2020 and 2021. Kilifi County has approximately 1.5 million residents, most of whom are rural dwellers and belong to the Mijikenda ethnic group (Kenya National Bureau of Statistics, 2019). Recent data indicates that Kilifi has an adult HIV prevalence of 4.5% (National AIDS Control Council (NACC), 2016). Mombasa County borders Kilifi to the north and has an estimated population of 1.2 million people (Kenya National Bureau of Statistics, 2019) and an adult HIV prevalence of 7.5% (National AIDS Control Council (NACC), 2016). More details have been described elsewhere (Mwangala et al., 2022).



Participants recruitment


Older adults living with HIV

Older adults living with HIV (OALWH) were recruited from two public HIV-specialized clinics: the Comprehensive Care and Research Clinic (at the Kilifi County Hospital) and the Comprehensive Care Clinic at the Coast General Teaching and Referral Hospital in Mombasa. The two clinics were chosen because of their wide client catchment area and a large volume of potential respondents. To participate in the study, individuals had to be at least 50 years old, have a confirmed HIV seropositivity status, be on routine HIV treatment, and be willing and able to provide informed consent for their participation. Exclusion criteria included: (a) having any acute medical/psychiatric condition on the assessment day, and (b) signs and symptoms of severe physical and mental disorders such as psychotic disorders. A rapid medical assessment was completed by a clinician to ascertain this. Excluded participants were referred to access appropriate health services through the county and sub-county referral pathway.

Two community health volunteers helped us review existing records at the HIV clinics to identify potential participants. We attempted to contact all potential respondents with contact details to invite them to participate in our project. Subsequently, a research assistant introduced the study to the potential participants before enrolment. We started the participant recruitment in Mombasa County; however, it was interrupted by the COVID-19 pandemic after having recruited and assessed only 72 OALWH. The remaining participants (n = 368) were recruited in Kilifi County upon resumption of project activities.



Older adults without HIV

We used the Kilifi Health and Demographic Surveillance System (KHDSS) to identify families with eligible older adults. Potential participants were randomly identified from the existing database and approached at their homesteads using Global Positioning System (GPS) coordinates by a trained research assistant. Study information was shared with all persons who expressed interest in participating. To be included in the study, participants had to be aged at least 50 years, be resident of Kilifi County, and be willing and able to provide written informed consent, including willingness to be tested for HIV using a rapid HIV testing kit (OraQuick) for a confirmation of their HIV seronegative status.




Sample size calculations

We estimated our sample size using a previous study (Bloch et al., 2016) that reported significant cognitive function differences between adults living with HIV and their uninfected peers. In this, we carried out power analyses in Stata (using effect estimates and proportions from previous literature). An overall sample of 218 was sufficient to identify differences at 85% power and a 5% level of statistical significance. A sample of 400 participants was deemed adequate to conduct multiple regression analyses to explore correlates of cognitive scores among these adults (Jenkins and Quintana-Ascencio, 2020). The sample size for psychometric analysis is based on recommended numbers of at least 100 participants among controls for stable estimates of reliability and internal consistency (Yurdugül, 2008).



Measures

Our research instruments were programmed on Android tablets using the Electronic Data Capture (REDCap) platform (Harris et al., 2009) for face-to-face interviewer administration. The first author (PNM) trained the research assistants for 2 weeks. The intensive training emphasized how to administer and interpret the cognitive tests before field implementation. The training comprised various components, including familiarization with study procedures, infection prevention and control, test administration rules and neuropsychological testing techniques. It also covered potential pitfalls of administering cognitive tests in low-resource settings like Kenya and the sensitivities involved in administering tests to ensure reliability and validity. Working with local assessors who were knowledgeable of the local language and culture as well as a wealth of experience administering neurocognitive and psychological assessments in the same study setting enabled a smooth training experience, and endorsement and acceptance of the study by the local community. Several pre-tests and using role-play helped ensure assessor scoring was consistent, accurate and standardized. Through facilitated debriefing sessions, discrepancies were identified and addressed, fostering a shared understanding of scoring criteria and interpretation.

All measures not previously adapted to the local language (Swahili) underwent adaptation procedures that comprised forward translation, forward translation review, back translation, back translation review, harmonization by a panel of experts (comprising a research psychologist, global mental health practitioner, and 4 research assistants from the KEMRI-Wellcome Trust Research Program (KWTRP) who had extensive experience administering neuropsychological assessments in the local setting), pilot testing, pilot testing review and proofreading (Abubakar and Van De Vijver, 2017). The expert panel members were conveniently selected from the Neurosciences department at KWTRP based on their subject expertise, experience in neuropsychological assessments and knowledge of the local culture. Where applicable (e.g., OCSPlus tool), an international representative from the team of tool developers was included in the harmonization process. We conducted two rounds of pilot testing and participants provided feedback regarding item relevancy, word clarity and ambiguities, content, cultural nuances, flow of questions, response options, and administration process and logistics which was then synthesized in coming up with the revised version.


Sociodemographic information

We captured sociodemographic characteristics, including participants’ age, sex, marital status, educational level, household size, household income, and living arrangements. Additional information included individual/family ownership of disposable assets (for asset index calculation as a proxy for socioeconomic status). Participants also gave information about food security, social support, caregiving responsibilities and whether they were utilizing traditional medicine.



General health data

This information included participants’ anthropometric details (e.g., height, weight, blood pressure, waist, and hip circumference), sexual activity, levels of physical activity, number of medications one was using, self-reported comorbidities, past medical history, and common complaints, e.g., pain, fatigue, sleeping problems, visual and hearing problems.

For older adults living with HIV, we also asked HIV-specific questions, e.g., disclosure of HIV status, access to HIV services, cART regimen, past HIV medical history such as regimen interruption, and prolonged illness after HIV diagnosis. Information regarding the current ART regimen and overall ART duration were extracted from their clinic medical records. Additionally, we collected 10 mL of venous blood samples from the OALWH for viral load testing.



Psychosocial data

Psychosocial variables included HIV-related stigma, functional disability, ageism, and loneliness. These constructs were assessed using interviewer-administered Likert scales: the brief 12-item HIV stigma scale (Reinius et al., 2017), the 12-item World Health Organization Disability Assessment Schedule 2 (Üstün et al., 2010), the UCLA (University of California, Los Angeles) 8-item loneliness scale (Hays and DiMatteo, 1987), and the 20-item ageism survey (Palmore, 2001). For each scale, a higher score translates into greater impairment.



Neuropsychological evaluation

We used various measures to evaluate cognitive function, including:

International HIV Dementia Scale (IHDS). The IHDS is a conventional brief 3-min screening tool comprising tasks that assess verbal memory, motor and psychomotor performance (Mwangala et al., 2018; Sacktor et al., 2005). The highest possible score is 12, with higher scores indicating better cognitive performance. A score of less than 10 shows a reasonable sensitivity (64–74%) and specificity (55–66%) in identifying moderate to severe HIV-associated neurocognitive impairment (Haddow et al., 2013).

Ravens Standard Progressive Matrices (RSPM) (Raven et al., 1977): The RSPM is a non-verbal standardized test of general intelligence (non-verbal intelligence) comprising five series with 12 items. The measure has previously been used in Kilifi, yielding good psychometric properties (Nyongesa et al., 2018). The maximum possible score is 60, with a higher score indicating better cognitive performance.

Oxford Cognitive Screen Plus (OCSPlus) (Demeyere et al., 2021): OCSPlus is a tablet-based cognitive assessment tool suitable for low-literacy, low-income settings. OCSPlus assesses distinct cognitive domains, such as language, memory, attention, and executive functioning. Participants’ performance and timing are automatically recorded and scored. Initial validation in rural South Africa yielded excellent construct and external validity (Humphreys et al., 2017). The adapted Swahili version was used in this study. Briefly, the memory domain included: (a) an orientation task assessing orientation in time and space, (b) a 5-word immediate recall task where the participant has two stages of encoding (encoding 1 and 2) – the participant is given a list of 5 words to remember and asked to recall the items immediately; then regardless of performance the participant is presented with the list again and asked for immediate recall a final time; (c) delayed recall (4 to 5-min delay) that assesses the recall of the 5 encoded words; (d) incidental memory that assesses incidental recognition of items and tasks which the participant experienced earlier in the assessment. The language domain was assessed by a picture naming task with four target pictures and a test of semantic knowledge (four objects). The executive function domain assessment consisted of three versions of non-verbal trails task where participants were required to connect shapes using different rules: first circles, then squares, and then alternating between circles and squares. The trails items were all treated as components of the same test. Processing speed was calculated as the sum of time taken on both versions of trails baseline tasks (circles or squares) divided by proportional accuracy. The attention domain was measured using a cancellation task. The participant selects drawings of fruit among drawings of common fruits and vegetables immediately followed with an invisible version of the same display. Demeyere et al. (2021) provides a comprehensive description of the OCSPlus development and validation.

OCSPlus was administered by two diploma-level research assistants who have several years’ experience conducting psychological assessments at the KWTRP. The two assessors underwent 1 week of training at the beginning (and a subsequent refresher at mid-project) on how to conduct neurocognitive assessments including the OCSPlus. The training was led by a master’s level mental health researcher with guidance from the tool developers. Following training, the team conducted pilot activities with adults in the community. To evaluate the acceptability and feasibility of the OCSPlus tool, clients and test administrators responded to post-test survey questions (both closed and open-ended questions) about their experience using the tool. Clients were asked to indicate their ease of using the tool, e.g., their interactions with the tablet, and the degree of difficulty of the battery of tests. Test administrators provided feedback through an open-ended questionnaire in addition to debriefing sessions. Responses included noting how easy/difficult it was for clients to understand instructions, and as well as their own experience with the tool. Test–retest participants were randomly selected from the pool of assessed participants (1 month after the initial assessment) by the data manager and recontacted to come for the follow up assessments at the KWTRP. The test–retest assessors were the same at both timepoints. The choice of IHDS and RSPM as comparator instruments to OCSPlus in the present study was informed by the tool’s prior adaptation and use in the current study setting. We also considered brief measures to avoid making participants very tired.




Data analysis

All analyses were conducted in STATA version 15.0 (StataCorp LP). We used descriptive statistics (chi-square tests and student t-tests) to summarize sample characteristics and where appropriate, we used their non-parametric equivalents. Test–retest reliability was assessed using intra-class correlations (two-way mixed model). To examine convergent validity between the OCSPlus tests and the conventional tests, Pearson correlation coefficients were computed for each OCSPlus test. We aimed for correlations above 0.3 to demarcate convergence (Rotenberg et al., 2020) but also cautiously interpreted correlations >0.19 (Demeyere et al., 2021). Correlations between 0.19 and 0.29 were considered weak but still suggestive of convergence. This approach is consistent with earlier validation of the OCSPlus (Demeyere et al., 2021). We used the Wilcoxon rank-sum test to compare cognitive performance between older adults living with HIV and their uninfected peers. The multiple comparisons likely gives rise to familywise Type I error that is controlled in the current project by using the false discovery rate (FDR) method (Benjamini and Hochberg, 1995). This method is less conservative and has greater efficiency when compared to other approaches like the Bonferroni correction (Glickman et al., 2014). Specifically, we conducted 17 separate Wilcoxon rank-sum tests on 17 different cognitive sub-tests. The FDR formula is given by pi = α * i / n, where pi represents the adjusted p value for the ith dependent variable with the ith smallest pre-adjusted p value. Here, we set α = 0.05 as the pre-set p-value, n = 17, and i takes values 1, 2, 3, 4, 5…17 because of the 17 separate tests. All the p-values reported in Table 1 have undergone this adjustment. The eight lowest p-values were less than their corresponding FDR values; thus, significant at the 0.05 false discovery rate and the others were not significant. Finally, we conducted multiple linear regressions to examine the association between OCSPlus raw scores and biopsychosocial variables among the participants. To do this, univariable linear regression analyses were conducted to identify factors associated with OCSPlus raw scores and all factors having a p-value of ≤ 0.20 (Katz, 2011) were then entered into a multivariable linear regression model to examine the independent correlates through a back-ward elimination process (Royston et al., 2009). In all the multivariable models, we performed collinearity diagnostics using STATA’s ‘collin’ syntax and no multicollinearity problems were identified based on an interpretation of the variance inflation factor. In all cases, the data was verified for skewness using histograms and calculating skewness coefficients to determine need for data transformation. Statistical significance was considered at p < 0.05.


TABLE 1 Cognitive profile on conventional and OCSPlus cognitive tests, according to HIV status (n = 440).


	Domain
	Test
	Older adults living with HIV (n = 257)
	Older adults without HIV (n = 183)
	P-value



	Median (IQR)
	Median (IQR)

 

 	OCSPlus sub-tests


 	Language (A higher score is better cognitive performance) 	Picture naming task 	4.0 (4.0–4.0) 	4.0 (4.0–4.0) 	<0.001


 	Semantics task 	2.0 (2.0–3.0) 	2.0 (2.0–3.0) 	0.1


 	Memory (A higher score is better cognitive performance) 	Orientation task 	4.0 (2.0–4.0) 	2.0 (1.0–3.0) 	<0.001


 	Word encoding task 1 	3.0 (2.0–4.0) 	3.0 (2.0–4.0) 	0.3


 	Word encoding task 2 	4.0 (4.0–5.0) 	4.0 (3.0–5.0) 	0.02


 	Word recall - free score 	2.0 (1.0–3.0) 	2.0 (1.0–3.0) 	0.001


 	Word recall - total score 	3.0 (3.0–4.0) 	3.0 (2.0–4.0) 	0.1


 	Incidental - memory 	3.0 (2.0–3.0) 	3.0 (2.0–3.0) 	0.5


 	Executive functioning 	Trails - Baseline trails 	9.0 (5.0–12.0) 	8.0 (4.0–12.0) 	0.3


 	Trails - Executive score 	0.6 (0.3–1.0) 	1.0 (0.5–1.4) 	<0.001


 	Processing speed (A lower score is better cognitive performance) 	Trails - processing speed score (milliseconds) 	94157.5 (57830.5–191499.6) 	135350.3 (68265.2–239052.5) 	0.008


 	Attention (A higher score is better cognitive performance for taps on targets, and the opposite is true for taps on distractors) 	Selection visible task - Number of unique taps on targets 	27.0 (19.0–29.0) 	26.0 (19.0–29.0) 	0.9


 	Selection visible task - Number of unique taps on distractors 	0 (0–6) 	1.0 (0–10.0) 	0.04


 	Selection invisible task - Number of unique taps on targets 	19.0 (10.0–26) 	20.0 (14.0–25.0) 	0.6


 	Selection invisible task - Number of unique taps on distractors 	0 (0–2.0) 	0 (0–7.0) 	0.07


 	Conventional measures


 	Non-verbal intelligence 	Ravens standard progressive matrices 	17.0 (14–22) 	15.0 (13.0–18.0) 	0.001


 	verbal memory, motor, and psychomotor performance (A higher score is a better cognitive performance) 	International HIV Dementia Scale 	8.0 (6.0–9.0) 	8.0 (7.0–9.0) 	<0.001





Cognitive domains with significant differences at the 0.05 false discovery rate are indicated with bolded p-values. All the values are based on the Mann–Whitney U test.
 




Results


Sample characteristics

The final sample comprised 440 older adults (58% living with HIV), with a median age of 59 (range 54–64) years and a participant response rate of 90%. Female participants slightly outnumbered males comprising 58.6% of the sample. The majority of the participants (63.2%) had formal education, with an average of 4.8 years of formal schooling, 65.5% were unemployed, and 81.6% were living in multigenerational households. All the adults living with HIV were on HIV treatment with a mean duration of HIV treatment of 11.4 years (SD = 4.3). Most of the OALWH had disclosed their HIV status (95.3%) and were on first-line cART treatment (90%). Most (98%) of the OALWH were virally suppressed. Further details of the sample characteristics have been reported in Mwangala et al. (2022).



Preliminary psychometrics


Acceptability of the OCSPlus tool

Ninety-four percent (n = 407) of participants reported never having used a computer. Only 22 % (n = 88) had used a smartphone previously. Only 2 % (n = 10) reported using a tablet before. Fifty-three percent of the sample reported that the study tablet was “very easy” to “somewhat easy” to use, while the rest (47%) felt the study tablet was “somewhat difficult” to “very difficult to use.”

Table 2 gives respondents’ perceived degree of difficulty or ease on the different OCSPlus subtests. Trail making test was reported to be the most challenging test by 96 (22%) of the respondents. On the other hand, the selection visible OCSPlus task was considered the easiest by 349 (79%) of the participants. On average, study participants took 17 min to complete the OCSPlus sub-tasks. Further details on the different OCSPlus subtasks are highlighted in Table 2.


TABLE 2 Perceived degree of difficulty or ease on various OCSPlus tests from respondents.


	OCSPlus subtest
	Respondents who reported that the test was difficult
	Respondents who reported that the test was easy

 

 	Picture naming 	35 (8%) 	270 (61%)


 	Semantics 	39 (9%) 	267 (61%)


 	Orientation 	31 (7%) 	268 (61%)


 	Word encoding 1 	68 (15%) 	239 (54%)


 	Word encoding 2 	59 (13%) 	242 (55%)


 	Trail making 	96 (22%) 	244 (55%)


 	Delayed word recall 	71 (16%) 	236 (54%)


 	Incidental memory 	30 (7%) 	249 (57%)


 	Selection visible 	48 (11%) 	349 (79%)


 	Selection invisible 	67 (15%) 	306 (70%)




 

Feedback from the test administrators was generally positive. Administrators rarely encountered any technical problems when administering the test. In three instances, the tablet froze; however, restarting the tablet was able to fix the problem. Other reported challenges included eyesight difficulties and hand tremors, which were experienced by 8 participants.



Reliability

A group of 46 older adults living with HIV were re-tested on the OCSPlus tool on average 30 days after the initial test. The time between test administrations (1 month) was deemed long-enough to minimize practice effects. Intra-class correlations were computed to examine test–retest reliability for the different OCSPlus subtasks highlighted in Table 3. Reliability coefficients were generally of acceptable quality, ranging from 0.51 to 0.79.


TABLE 3 Intra class correlations for the different OCSPlus subtasks.


	Measure
	Reliability coefficients (95% CI)

 

 	Picture naming 	0.78 (0.61, 0.83)


 	Semantics 	0.68 (0.46, 0.77)


 	Orientation 	0.79 (0.65, 0.88)


 	Word encoding 1 	0.60 (0.37, 0.76)


 	Word encoding 2 	0.53 (0.28, 0.71)


 	Delayed word recall 	0.51 (0.26, 0.70)


 	Trails circles 	0.57 (0.33, 0.73)


 	Trails squares 	0.51 (0.26, 0.70)


 	Trails baseline 	0.68 (0.48, 0.81)


 	Cancellation 	0.68 (0.47, 0.80)




 

We also calculated Cronbach alphas for the different OCSPlus domains; most alpha values were low (Table 4). However, performance on these items was stable over time.


TABLE 4 Cronbach alphas for some of the OCSPlus subtasks.


	Measure
	Cronbach alphas (95% CI)

 

 	Picture naming 	0.58 (0.47, 0.68)


 	Semantics 	0.67 (0.59, 0.75)


 	Orientation 	0.67 (0.62, 0.72)


 	Word encoding 	0.57 (0.53, 0.62)


 	Word recall 	0.68 (0.57, 0.73)




 



Convergent validity

To examine convergent validity between the OCSPlus tests and the conventional tests, Pearson correlation coefficients were computed for each OCSPlus test. Table 5 displays the correlation matrix between OCSPlus and the conventional tests. Generally, statistically significant correlations between the OCSPlus and conventional tests were observed for most tests.


TABLE 5 Correlations between OCSPlus and the conventional tests (n = 440).


	Domain
	Ravens total score
	IHDS total score

 

 	OCSPlus subtasks


 	Picture naming 	0.1 	0.3**


 	Semantics 	0.3** 	0.2**


 	Orientation 	0.5** 	0.2**


 	Word recall total score 	0.3** 	0.3**


 	Incidental memory 	0.2** 	0.2**


 	Trails circle 	0.5** 	0.2**


 	Trails squares 	0.5** 	0.3**


 	Trails mixed 	0.2** 	0.3**


 	Selection visible targets 	0.3** 	0.3**


 	Selection invisible targets 	0.3** 	0.4**





**p < 0.01.
 



Cognitive performance on conventional and OCSPlus measures

Table 1 gives the median scores for the OCSPlus sub-tasks and the conventional cognitive measures (RSPM and the IHDS). OALWH presented significantly lower scores on language (picture naming subtask), executive function (trails), and the conventional screening measure (IHDS) compared to their uninfected counterparts. However, OALWH performed significantly better in memory (orientation, word encoding and free recall subtasks), non-verbal intelligence and processing speed. There were no differences in attention.



Association of OCSPlus raw scores with biopsychosocial variables

Table 6 shows biopsychosocial variables predicting OCSPlus raw scores among older adults living with HIV. The most consistent finding in this group was that education was a significant independent positive predictor of OCSPlus mean scores across all cognitive domains. Female sex was significantly independently associated (negatively) with all but one (attention) of the five OCSPlus cognitive domains. Moreover, as expected, age was significantly independently associated (negatively) with memory, executive functioning, and attention scores. Asset index (a proxy measure of socioeconomic status) was positively independently associated with memory scores, while food insecurity was negatively related with the same domain. Monthly household income and being sexually active were positively independently associated with executive scores, while self-reported urinary incontinence was negatively independently associated with the same domain. Doing light physical activities was positively independently associated with language scores, while sleeping difficulties were negatively independently associated with the same domain. Self-reported hearing problems, ART regimen change and seeking services of traditional healers were negatively independently associated with attention scores. Ageism was negatively independently associated with executive and attention scores. Caring for a sick family member was positively independently associated with language and attention scores. An increasing number of dependents was negatively independently associated with language, executive and processing speed scores. Being on third-line HIV treatment was negatively independently associated with language and memory scores.


TABLE 6 Multiple linear regression model showing the association of OCSPlus raw scores with biopsychosocial variables among OALWH.


	Independent variables
	β-coefficient (95% CI) of cognitive domains as dependent variables



	Language
	Memory
	Executive
	Processing speed
	Attention



	Picture naming
	Semantics
	Orientation
	First immediate word recall
	Delayed word recall
	Incidental memory
	Trails, circles
	Trails, squares
	Trails, mixed
	Trails – processing speed score
	Selection, visible
	Selection, invisible

 

 	Sociodemographic characteristics


 	Female sex (ref: male) 	−0.1 (−0.2; 0.04) 	−0.3*** (−0.5; −0.2) 	−0.5*** (−0.7; −0.2) 	−0.1 (−0.4; 0.2) 	−0.2 (−0.5; 0.1) 	−0.03 (−0.2; 0.2) 	−0.8** (−1.4; −0.2) 	−0.7** (−1.3; −0.2.) 	1.2 (−0.1; 2.4) 	72298.4** (1463.9; 143132.9) 	−0.2 (−2.4; 2.1) 	−1.3 (−3.3; 0.6)


 	Age (ref: 50-59 years) 	 	 	 	 	 	 	 	 	 	 	 	


 	60–69 years 	−0.04 (−0.2; 0.1) 	0.02 (−0.2; 0.2) 	−0.01 (−0.2; 0.2) 	−0.1 (−0.4; 0.2) 	−0.6*** (−0.9–0.3) 	0.1 (−0.1; 0.3) 	−0.1 (−0.7; 0.5) 	−0.6** (−1.1–0.1) 	0.6 (−0.5; 1.7) 	14190.6 (−54615.9; 82997.1) 	−1.6 (−3.6; 0.4) 	−2.2** (−4.2; −0.3)


 	≥70 years 	−0.2 (−0.5; 0.04) 	0.03 (−0.3; 0.4) 	−0.2 (−0.6; 0.3) 	−0.1 (−0.7; 0.4) 	−1.0*** (−1.5–0.5) 	−0.3 (−0.7; 0.05) 	−0.8 (−2.0; 0.4) 	−1.3** (−2.3–0.3) 	1.6 (−0.5; 3.8) 	74949.1 (−64132.2; 214030.4) 	−6.0*** (−10.1; −1.9) 	−6.0*** (−9.9; −2.1)


 	Education (ref: none) 	 	 	 	 	 	 	 	 	 	 	 	


 	Primary level (upto completion) 	−0.2 (−0.3; 0.0) 	0.2 (−0.01; 0.4) 	1.0*** (0.8; 1.3) 	0.4** (0.03; 0.7) 	0.6*** (0.3; 0.9) 	0.4*** (0.2; 0.6) 	1.9*** (1.2; 2.6) 	0.9*** (0.3; 1.6) 	1.6** (0.4; 2.8) 	−149863.4*** (−230170.3; −69556.5) 	1.7 (−0.7; 4.0) 	3.0** (0.7; 5.4)


 	Secondary level (upto completion) 	−0.1 (−0.3; 0.1) 	0.3** (0.001; 0.5) 	1.2*** (0.9; 1.6) 	0.5** (0.03; 0.9) 	0.5*** (0.1; 0.9) 	0.5*** (0.2; 0.8) 	2.9*** (2.0; 3.8) 	1.9*** (1.1; 2.7) 	2.5*** (1.0; 4.1) 	−200253.8*** (−302309.7; −98198.0) 	4.8*** (1.8; 7.8) 	4.3*** (1.3; 7.3)


 	Tertiary level (upto completion) 	−0.3 (−0.5; 0.0) 	0.4** (0.04; 0.8) 	1.1*** (0.6; 1.6) 	0.8*** (0.2; 1.4) 	1.1*** (0.1; 0.7) 	0.4** (0.03; 0.8) 	2.8*** (1.6; 4.0) 	1.5** (0.4; 2.6) 	2.6** (0.4; 4.8) 	−244202.9*** (−387041.2; −101364.5) 	0.8 (−3.2; 4.7) 	3.9 (−0.1; 7.9)


 	Asset index score 	– 	– 	0.1*** (0.1; 0.2) 	0.1*** (0.04; 0.2) 	– 	– 	– 	– 	– 	– 	– 	–


 	Monthly household income >10,000 Ksh (ref: ≤10,000 Ksh) 	– 	– 	– 	– 	– 	– 	– 	1.1*** (0.4; 1.8) 	2.5*** (1.2; 3.9) 	– 	– 	–


 	Health-related characteristics


 	Food insecurity in the past week (ref: never) 	 	 	 	 	 	 	 	 	 	 	 	


 	Sometimes 	– 	– 	– 	– 	−0.3** (−0.6; 0.03) 	– 	– 	– 	– 	−19886.4 (−93226.0; 53453.2) 	– 	–


 	Most of the time 	– 	– 	– 	– 	−0.2 (−0.6; 0.2) 	– 	– 	– 	– 	140935.2*** (27179.5; 254691.0) 	– 	–


 	Sexual intercourse (ref: no) 	– 	– 	– 	– 	– 	– 	– 	– 	1.8*** (0.6; 2.9) 	– 	2.0 (−0.3; 4.2) 	


 	Days spent doing light activities in the past week 	0.1*** (0.02; 0.1) 	– 	– 	– 	– 	– 	– 	– 	– 	– 	– 	–


 	Self-reported hearing (ref: good) 	– 	– 	– 	– 	– 	– 	– 	– 	– 	– 	−2.9** (−5.3; −0.5) 	–


 	Sleeping difficulties in the past month (ref: none) 	 	 	 	 	 	 	 	 	 	 	 	


 	Sometimes 	−0.1** (−0.3; 0.03) 	– 	– 	– 	– 	– 	– 	– 	– 	 	– 	–


 	Most of the time 	−0.2 (−0.4; 0.01) 	– 	– 	– 	– 	– 	– 	– 	– 	 	– 	–


 	Access to social support (ref: none) 	0.2 (−0.02; 0.5) 	– 	– 	– 	– 	– 	– 	– 	– 	 	– 	–


 	Ageism scores 	– 	– 	– 	– 	– 	– 	– 	−0.1*** (−0.1; 0.03) 	– 	 	– 	−0.2*** (−0.4; −0.1)


 	Caring for a sick family member (ref: no) 	0.3*** (0.2; 0.5) 	– 	– 	−0.2 (−0.5; 0.1) 	– 	– 	– 	– 	– 	 	8.6*** (6.4; 10.7) 	8.4*** (5.9; 10.9)


 	Number of dependents 	– 	−0.04** (−0.1; 0.01) 	– 	– 	– 	– 	−0.1** (−0.2; 0.04) 	−0.1*** (−0.2; 0.03) 	– 	16146.7*** (4199.0; 28094.5) 	– 	–


 	Number of drugs the client currently uses 	– 	– 	– 	– 	– 	– 	– 	– 	– 	33344.3*** (6694.2; 59994.4) 	– 	–


 	cART regimen (ref: 1st line) 	 	 	 	 	 	 	 	 	 	 	 	


 	2nd line 	– 	0.04 (−0.3; 0.3) 	0.3 (−0.03; 0.7) 	– 	– 	0.2 (−0.1; 0.5) 	– 	– 	– 	– 	– 	–


 	3rd line 	– 	−1.7** (−3.1; 0.4) 	−0.8 (−2.4; 0.9) 	– 	– 	−1.6** (−3.0; −0.1) 	– 	– 	– 	– 	– 	–


 	History of cART change (ref: no) 	– 	– 	– 	– 	– 	– 	– 	– 	– 	– 	– 	−4.6*** (−6.8; −2.4)


 	History of frequent body pain (ref: no) 	– 	– 	– 	– 	0.4*** (0.1; 0.7) 	0.3** (0.1; 0.5) 	– 	– 	– 	– 	– 	–


 	History of stomach upsets 	– 	– 	– 	– 	– 	– 	– 	– 	– 	– 	– 	−2.6 (−7.3; 2.1)


 	Mid-upper arm circumference 	– 	– 	– 	– 	– 	– 	0.1** (0.01; 0.1) 	– 	– 	– 	– 	–


 	Incontinence - urinary (ref: no) 	– 	– 	– 	– 	– 	– 	– 	– 	−2.2** (−3.9; 0.4) 	– 	– 	–


 	Seeking services of traditional healers (ref: no) 	– 	– 	– 	– 	– 	– 	– 	– 	– 	– 	−4.5** (−8.0; −1.0) 	–


 	n, final model 	246 	249 	253 	247 	252 	249 	250 	254 	250 	247 	248 	248


 	R-squared, final model 	28.1% 	14.2% 	47.5% 	17.3% 	28.3% 	14.7% 	30.6% 	32.1% 	16.8% 	21.3% 	31.5% 	41.9%





**p < 0.05; ***p < 0.01; Predictors with no information on beta values were not unique significant predictors in the simultaneous multi-linear regression.
 

Table 7 shows the biopsychosocial variables associated with OCSPlus raw scores among HIV uninfected older adults. Among HIV uninfected older adults, education was significantly independently associated (positively) with memory, executive and processing speed domains. Female sex was significantly independently associated (negatively) with language and memory scores. Age was negatively independently associated with language, processing speed and attention scores. Asset index was positively independently associated with language scores. Increasing number of dependents was negatively associated with memory scores. Self-reported hearing problems were negatively independently associated with executive scores. A history of tuberculosis was negatively independently associated with attention scores. Food insecurity was negatively independently associated with attention scores. Being overweight and frequent fatigue were negatively associated with processing speed scores.


TABLE 7 Multiple linear regression model showing the association of OCSPlus raw scores with biopsychosocial variables among HIV uninfected older adults.


	Independent variables
	β-coefficient (95% CI) of cognitive domains as dependent variables



	Language
	Memory
	Executive
	Processing speed
	Attention



	Semantics
	Orientation
	First immediate word recall
	Delayed word recall
	Incidental
	Trails, circles
	Trails, squares
	Trails, mixed
	Trails – processing speed score
	Selection, visible
	Selection, invisible

 

 	Sociodemographic characteristics


 	Female sex (ref: male) 	−0.6*** (−0.8; −0.3) 	−0.4*** (−0.8; −0.1) 	0.2 (−0.2; 0.5) 	−0.2 (−0.6; 0.2) 	−0.1 (−0.4; 0.1) 	−0.3 (−1.1; 0.5) 	−0.2 (−0.9; 0.6) 	0.4 (−1.2; 2.0) 	18254.2 (−76428.8; 112937.2) 	−0.7 (−3.1; 1.7) 	−0.5 (−2.9; 1.8)


 	Age (ref: 50–59 years) 	 	 	 	 	 	 	 	 	 	 	


 	60–69 years 	−0.03 (−0.3; 0.2) 	0.1 (−0.3; 0.4) 	−0.01 (−0.4; 0.3) 	−0.2 (−0.6; 0.2) 	−0.1 (−0.4; 0.2) 	−0.6 (−1.3; 0.2) 	−0.5 (−1.2; 0.2) 	0.5 (−1.0; 2.0) 	89259.2** (4521.5; 173996.8) 	0.1 (−2.2; 2.3) 	−1.1 (−3.3; 1.1)


 	≥70 years 	−0.4** (−0.7; 0.02) 	0.2 (−0.3; 0.7) 	0.1 (−0.4; 0.6) 	−0.5 (−1.1; 0.1) 	−0.3 (−0.7; 0.2) 	0.3 (−0.8; 1.3) 	−0.6 (−1.7; 0.5) 	0.1 (−2.2; 2.3) 	154362.1** (28638.9; 280085.3) 	−2.0 (−5.4; 1.3) 	−4.2** (−7.6; −0.8)


 	Education (ref: none) 	 	 	 	 	 	 	 	 	 	 	


 	Primary level 	−0.05 (−0.3; 0.2) 	1.1*** (0.8; 1.5) 	0.6*** (0.2; 1.0) 	0.5** (0.04; 0.9) 	0.2 (−0.1; 0.5) 	1.0** (0.2; 1.9) 	1.4*** (0.6; 2.2) 	2.5*** (0.8; 4.2) 	−119893.2** (−213755.6; −26030.7) 	1.3 (−1.3; 3.8) 	


 	Secondary level 	0.1 (−0.3; 0.5) 	1.8*** (1.2; 2.3) 	0.8*** (0.3; 1.3) 	1.0*** (0.4; 1.6) 	0.3 (−0.1; 0.8) 	3.1*** (1.9; 4.3) 	2.8*** (1.5; 4.0) 	3.7*** (1.3; 6.1) 	−244097.7*** (−378665.5; 109529.9) 	2.4 (−1.4; 6.2) 	2.2 (−0.3; 4.7)


 	Tertiary level 	0.02 (−0.6; 0.6) 	0.8 (−0.1; 1.8) 	0.2 (−0.8; 1.2) 	0.5 (−0.5; 1.5) 	−0.1 (−0.8; 0.6) 	2.6*** (0.7; 4.5) 	2.2** (0.3; 4.2) 	3.9** (0.02; 7.8) 	−181,528 (−398055.6; 34999.7) 	3.0 (−3.0; 9.0) 	3.4 (−0.1; 7.0)


 	Asset index score 	0.1*** (0.04; 0.2) 	– 	– 	– 	– 	−0.1 (−0.4; 0.2) 	−0.02 (−0.3; 0.3) 	– 	– 	0.6 (−0.3; 1.6) 	4.2 (−2.3; 10.7)


 	Employment (ref: none) 	 	 	 	 	 	 	 	 	 	 	


 	Employed 	– 	0.1 (−0.3; 0.5) 	0.1 (−0.3; 0.5) 	– 	– 	– 	– 	 	– 	 	


 	Retired 	– 	0.5 (−0.1; 1.0) 	0.6 (−0.03; 1.1) 	– 	– 	– 	– 	 	– 	 	


 	Number of dependents 	– 	– 	– 	−0.1** (−0.2;-0.02) 	– 	– 	– 	 	– 	 	


 	Monthly household income >10,000 Ksh (ref: ≤10,000 Ksh) 	– 	– 	– 	– 	– 	– 	– 	– 	0.3 (−0.05; 0.6) 	 	


 	Health-related characteristics


 	Self-reported hearing (ref: good) 	– 	– 	– 	– 	– 	– 	– 	−2.0** (−3.8; −0.2) 	 	 	


 	Past history of TB (ref: no) 	– 	– 	– 	– 	– 	– 	– 	– 	– 	−15.9** (−29.8; −2.0) 	–


 	Food insecurity in the past week (ref: never) 	 	 	 	 	 	 	 	 	 	 	


 	Sometimes 	– 	– 	– 	– 	– 	– 	– 	– 	79050.4 (−9371.8; 167472.6) 	– 	−2.5** (−4.8; −0.1)


 	Most of the time 	– 	– 	– 	– 	– 	– 	– 	– 	−446.6 (−231369.1; 230475.8) 	– 	−6.6 (−14.9; 1.7)


 	BMI Categories (ref: normal) 	 	 	 	 	 	 	 	 	 	 	


 	Underweight 	– 	– 	– 	– 	– 	– 	– 	– 	51386.0 (−88180.5; 190952.4) 	– 	–


 	Overweight 	– 	– 	– 	– 	– 	– 	– 	– 	126147.0 *** (34067.3; 218226.7) 	– 	–


 	Obese 	– 	– 	– 	– 	– 	– 	– 	– 	5823.6 (−119896.6; 131543.8) 	– 	–


 	Frequent fatigue 	– 	– 	– 	– 	– 	– 	– 	– 	176293.6 *** (55624.7; 296962.4) 	– 	–


 	n, final model 	179 	182 	175 	181 	176 	181 	181 	181 	181 	181 	180


 	R-squared, final model 	21.9% 	44.8% 	13.4% 	15.0% 	5.5% 	20.6% 	19.3% 	12.2% 	27.4% 	9.3% 	13.8%





**p < 0.05; ***p < 0.01; Predictors with no information on beta values were not unique significant predictors in the simultaneous multi-linear regression.
 





Discussion

Although HIV-associated neurocognitive impairments are mostly mild in patients successfully treated with modern ART, ageing is likely to exacerbate severe forms of impairments with greater impacts on activities of daily living and health-related quality of life. Unfortunately, valid and reliable screening tools for these impairments are lacking in many parts of SSA, including Kenya. To bridge this gap, our study provides preliminary evidence for the acceptability, reliability (internal consistency and test–retest), and validity (convergent and external validity) of the Oxford Cognitive Screen Plus (OCSPlus) tool, a brief, tablet-based, domain-specific cognitive assessment designed for low-literacy settings in a hospital sample of adults ageing with HIV (≥50 years) and their uninfected peers at the Kenyan coast. Additionally, our study documents the cognitive performance of these adults (by HIV status) and reports the factors associated with their cognitive performance. The current paper and data present the initial steps toward building valid and reliable neurocognitive assessment tools for ageing populations in Kenya and similar contexts, and open opportunities for further research, e.g., largescale validation of the tool to further confirm its validity and reliability and generate normative scores before testing the tool’s utility in clinical settings.

Our findings demonstrate the feasibility of layperson-administered older adults cognitive testing with the OCSPlus in a low-literacy Kenyan setting. All the administered tasks had >90% valid data. There was also a high level of acceptability of OCSPlus by the participants. Performance on most of the OCSPlus subtasks correlated well with the conventional cognitive tests, although some of the correlations were relatively low. OCSPlus was also found to have good test–retest reliability. Regarding cognitive performance, OALWH had significantly lower scores in language (picture naming task), executive function and one of the conventional measures (IHDS) compared to their uninfected peers. However, they (OALWH) performed better in the memory domain (orientation, word encoding and word recall tasks), non-verbal intelligence and processing speed. Cognitive performance among OALWH (on OCSPlus domains) was predicted by a host of biopsychosocial variables ranging from sociodemographic factors (female sex, age, educational level, asset index, monthly household income, number of dependants), psychosocial factors (food insecurity, sleeping difficulties, ageism, physical activity, sexual activity), biomedical (self-reported urinary incontinence, hearing problems) and treatment-related factors (ART regimen change, being on third-line HIV treatment, and seeking the services of traditional healers). All the observed associations were in the hypothesized direction. Similar associations were also seen among HIV uninfected older adults. Our findings extend the evidence on cognitive screening instruments among older adults in the region and pave the way for further research on the utility and application of the OCSPlus tool in the region and similar settings.

To the best of our knowledge, OCSPlus has been normed and validated in healthy ageing cohorts in the UK and Germany (Demeyere et al., 2021), validated among patients with amnestic mild cognitive impairment in Germany (Hübner et al., 2020) and has been used in epidemiological research in a low literacy setting in South Africa (Humphreys et al., 2017) and recently validated for use in stroke survivors in the UK (Webb et al., 2022; Roberts et al., 2024). The current study is the second one in Africa, besides the South African study, to adapt and validate the OCSPlus for use among adults ageing with HIV in the region. The initial validation in South Africa was conducted in a population of older adults (aged at least 40 years) in rural South Africa against standard questionnaires (for construct validity) and in relation to associations with several variables, including physical and mental health, age, education, and alcohol consumption (for external validity) (Humphreys et al., 2017). The authors reported high task compliance and good construct and external validity of the OCSPlus in their large, low-education, low-income population sample from the rural South African community of Agincourt. Unlike the South African study (which included 1,402 adults), the OCSPlus in our study was validated among older adults ≥50 years, and our sample was smaller (440 older adults), comprising OALWH in routine HIV care and HIV-uninfected older adults from the surrounding communities. Generally, our findings confirm the validity of the OCSPlus tool among low-literacy, low-income populations in SSA. Our study also provides preliminary evidence of the tool’s reliability in Kenya with acceptable test–retest results. Only internal consistency and test–retest are reported in this study. Additional studies are needed to explore other aspects of reliability. A variant of the OCSPlus tool known as the Oxford Cognitive Screen: Executive Function (OCS-EF) has also been validated in SSA, albeit among adolescent females in rural South Africa. The results indicated that the tool can be administered by trained lay people and is valid for assessing cognition at scale among adolescents (Rowe et al., 2021). Outside SSA, the OCSPlus has also been validated among 320 neurologically healthy older adults from a pooled English and German normative sample (Demeyere et al., 2021). OCSPlus subtasks were found to have good divergent validity. Additionally, performance on several OCSPlus subtasks correlated with performance on analogous standard measures, though some of the convergent validity was relatively low. OCSPlus was also found to have good test–retest reliability despite the wide-ranging test–retest intervals.

Regarding convergent validity, the range of correlation coefficients reported in this study (0.2–0.5) represents an acceptable level of convergent validity in reference to the values reported in the original OCSPlus tool (Demeyere et al., 2021). The relatively low convergent validity may be attributed to the unique ability of this test to measure neuropsychological functions that were indistinguishable with existing cognitive-screening tools. Alternatively, this could be because of the conventional tools used in this study – which utilized a global neurocognitive score, and not individual cognitive domains scores similar to OCSPlus. In terms of the size of the convergent correlations, the majority were at or above an acceptable level of convergence observed in validations of other commonly used screens, that is, >0.20 (Demeyere et al., 2021). While the performance on OCSPlus subtasks and conventional tests are significantly associated, these tests are not identical or have very few lower-range scores to give perfect estimates. We recommend additional studies to further explore these aspects of validity.

In our second objective, OALWH presented with significantly lower cognitive scores on language (picture naming subscale) and executive function and on the IHDS. However, the same adults performed significantly better in memory domain (orientation, word encoding, and word recall subscales), non-verbal intelligence and processing speed. Our findings are partly different from those of a population-based cross-sectional study of older adults in rural South Africa (Asiimwe et al., 2020). When using a conventional battery (assessing orientation, word recall, and numeracy skills), the authors observed significantly higher cognitive scores among PLWH. Nonetheless, when cognitive function was evaluated using OCSPlus, the authors found no significant differences in cognitive function according to HIV and ART status. The discrepancy in findings may perhaps be due to differences in the samples of OALWH studied (population-based vs. hospital sample), tools used (conventional ones), participants’ age (≥50 years in our study vs. ≥ 40 years in the South African study) and other contextual differences. The South African study used summative cognitive scores (for both the conventional and OCSPlus test scores) compared to the Kenyan study, which used domain-specific test scores in the OCSPlus. Our findings of lower cognitive scores (language, executive function and IHDS) among OALWH is consistent with previous findings which tend to show lower cognitive scores among people living with HIV compared to their uninfected peers (Sheppard et al., 2015). Our observations of better cognitive scores among OALWH (memory, non-verbal intelligence and processing speed) add to a growing literature in SSA showing that people living with HIV have similar or better health outcomes compared to their uninfected peers (Mwangala et al., 2021) potentially due to, e.g., differential access to healthcare, and selective survival among people living with HIV. The OCSPlus tool assesses several domains of cognitive function, and some of these domains may be especially sensitive to HIV-related brain changes. Our results also highlight that different measures may produce different conclusions, and that the cultural validation of cognitive screens is very important in cognitive assessment in HIV populations.

Our study also identified several variables associated with cognitive performance (across OCSPlus subtasks). These factors ranged from behavioral and lifestyle factors (physical activity, sleeping difficulties, obesity, and sexual activity), sociodemographic factors (age, sex, educational status, household income, household size and asset index), medical or treatment factors (self-reported urinary incontinence, hearing problems, history of TB, seeking services of traditional healers, ART regimen change, being on 3rd line ART treatment) and psychosocial factors including ageism and food insecurity. The observed associations were in the expected direction, consistent with previous literature. Notably, many of these factors are modifiable, hold great promise for promoting cognitive health, and may lend themselves to developing effective interventions in this population. Our findings, however, do not infer causality; further research with suitable study designs, e.g., longitudinal studies, is needed to understand the results further. Similar findings on some of these variables have been reported elsewhere in West Africa (Bernard et al., 2023; Bernard et al., 2021) and South Africa (Kobayashi et al., 2019).


Implications

By 2040, about 70% of the 80 million individuals with dementia will reside in LMICs, where many older adults have little formal education and low levels of literacy, yet optimal screening tools suited for these settings are limited (Ferri et al., 2005). Additionally, the HIV/AIDS epidemic will likely significantly alter the patterns of cognition and dementia in late adulthood (Mateen and Mills, 2012). The adapted OCSPlus measure bypasses limitations of paper-and-pencil assessments and builds on the rising familiarity with electronic devices now common in many LMICs. Our study highlights important advantages offered by the OCSPlus instrument in standardization of administration, use of visually oriented and simple language tasks that reduce cultural and literacy limitations and automatic scoring with reduced assessor input or bias, allowing for important gains in speed and process of data collection and management. Overall, this suggests that OCSPlus is suitable as a cognitive screen in a variety of cultural and socioeconomic settings. We believe that our initial findings in this study provide strong argument that OCSPlus hold promise for research purposes and builds a strong foundation for assessing its clinical utility in Kenya. In the context of neurocognitive screening, the medical and financial consequences must be weighed for both screening and full neuropsychological assessments. Given that HAND is quite prevalent, carrying out a gold standard neuropsychological evaluation on every PLWH would be ideal. Nonetheless, this will be prohibitive, and impractical in many clinical settings in SSA. Overburdened and under-resourced health facilities in many cases do not have the time, staff and financial resources to conduct full evaluations on all their clients. Additionally, many HIV clinics in Kenya and similar settings do not have neuropsychologists. Therefore, a screening measure that is brief, easy to use that can assist clinics determine which clients are most likely to have cognitive deficits can help clinics make better referrals, better tracking, integration with electronic medical records and use their limited resources more wisely. While our findings indicate that OCSPlus holds promise as an easy-to-use solution for screening cognition in this population, however, more research is needed to replicate our findings with a larger sample before tool can be widely used in our context. Assessment of its clinical utility is also required before use in the clinical setting. Ideally, such research should be able to clarify which cadre of healthcare providers will provide such services and assess the health systems preparedness, e.g., a robust pathway to care for those identified to have cognitive deficits.



Limitations and future research

Our study had a few limitations. This being a cross-sectional study, it precludes any conclusions on causality for the associations observed herein. We recruited our OALWH from public HIV clinics, thus, our findings may not be readily generalized to OALWH who may be out of care or attending private or urban HIV clinics or recruited from the community. Additionally, given the relatively small sample size, and modest convergent validity, we recommend further research with larger sample sizes to confirm the tool’s reliability and applicability across different populations and settings. Additional studies are required to establish local normative data, carry out sensitivity and specificity analyses and conduct long-term follow-ups to refine the clinical and community applicability of the tool. The OCSPlus tool, in its current state, is designed to briefly measure more detailed cognitive performance metrics that can be used to make informed clinical decisions and not to separate the spectrum of cognitive deficits into impairment categories. Normative performance data have not been established for OCSPlus in Kenya, making generalization of performance on it difficult. Also, the conventional tests used in our study (the Ravens standard progressive matrices and the international HIV dementia scale) assessed limited cognitive domains compared to the OCSPlus, and this may explain some of the low correlation coefficients for the convergent validity. Future validation studies should expand the conventional neuropsychological battery. Despite these limitations, we believe OCSPlus offers researchers and clinicians a brief, easy-to-use solution to screen for cognitive function among older adults living with HIV and other patients with brain-involving pathologies. However, more research is required to validate the tool as a screening tool for neurocognitive impairments. A larger sample, statistically powered to confirm internal and external validity, is essential for the tool scale-up. There is also scope for in-depth qualitative research with potential users of OCSPlus in clinical settings, e.g., clinicians and nurses, to assess the utility of the tool in these settings.




Conclusion

Neurocognitive impairment is one of the most common complications of HIV infection, with serious medical and functional impacts. Valid and reliable assessments of HIV-related cognitive deficits are essential to advance research, yet challenging to implement in many settings where research is most urgently needed given that most existing tests were designed to detect only the severe forms of impairments, have poor psychometric properties, require additional equipment (e.g., stopwatches, pens test forms) and many require highly trained professionals to administer, score and interpret – resources not readily available in SSA. Mobile technologies offer better solutions to neurocognitive screening by making testing more accurate, efficient, affordable, and accessible to those who need testing, especially in low-resource settings. Our study provides preliminary evidence for the reliability and validity of OCSPlus, an innovative, domain-specific, and domain-general tablet-based approach to cognition assessment, among a clinic sample of OALWH and their uninfected peers in a low-literacy Kenyan setting. The results show that OCSPlus has promise as a brief cognitive screen in this population, showing good test–retest reliability and convergent validity. Our study also provides an initial understanding of the cognitive performance of older Kenyans by HIV status and the factors associated with the cognitive performance of these adults on the Kenyan coast. Further validation and epidemiologic studies are needed to understand better the utility of the tool and the cognitive function of older adults in the region.
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