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Background: Neurocognitive impairment (NCI) is one of the most common neurological complications in HIV-positive individuals,
particularly in resource-limited countries. Neurocognitive impairments can occur at any stage of HIV infection, although the risk
increases as the infection progresses. However, in Africa, there are few studies with highly variable and inconsistent results. Therefore,
this study aimed to determine the prevalence and factors associated with NCI among HIV-positive people in Africa.

Methods: For this systematic review and meta-analysis, we used PubMed/Medline, Scopus, Web of Science, the Cochrane Library,
Embase, and PsycINFO to comprehensively search a number of papers. Studies reporting the prevalence of NCI and its factors were
included in the estimation of the pooled prevalence. A consistent data extraction format was created in Microsoft Excel to extract the
data, which was then imported into STATA 11 statistical software for analysis. The heterogeneity was evaluated using the 12 test, and
a random effect meta-analysis model was employed to calculate the pooled prevalence of NCI because the included studies showed
significant heterogeneity.

Results: In all, Africa had a pooled prevalence of NCI of 45.15% (95% CI: 36.86, 53.43). According to the subgroup analysis of this
study, West Africa had the lowest frequency, at 42.40% (95% CI: 22.03, 62.77), whereas Central and South Africa had the highest
prevalence, at 49.33% (95% CI: 10.72-87.95).

Conclusion: In Africa, the cumulative prevalence of NCI was high. Being a woman, not having a formal education, those with only
an elementary education, being older, having late-stage HIV, and abusing drugs were all often associated with NCI. The average
burden of NCI in Africa is high and that would be a significant figure for interventional actions in the area.
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Introduction
Patients with HIV infection often experience HIV Associated Neurocognitive Disorders. The specific pattern of
neuropsychological deficits is attributed to damage to the frontostriatal circuitry, which is commonly observed in HIV
infection.' Deficits in different areas of life such as cognitive, motor, emotional, and even personality changes can be
caused by HIV especially as the disease progresses. This HIV Associated Neurocognitive Disorder occurs on a spectrum
ranging from asymptomatic NCI to mild neurocognitive disorder (cognitive impairment with mild functional impairment)
to frank HIV-associated Dementia (marked cognitive impairment and marked functional impairment).*® This classifica-
tion is based on three parameters: performance during neuropsychological testing, functional impairment, and the
absence of any other condition explaining the existing symptoms.*

The HIV-associated neurocognitive disorder can affect many aspects of patient’s lives, including medication adher-
ence, daily activities such as cooking and cleaning, and the ability to hold a steady job. Therefore, it is important to

identify and treat NCI as part of routine HIV care.”'°
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One of the continents that is heavily impacted by HIV is Africa, particularly the sub-Saharan area. Numerous cross-
sectional research have shown that HIV-associated NCI becomes common as a result of the high HIV prevalence and
subpar healthcare environments. A study conducted in Zambia by Norma Kabuba et al revealed that 34.6% of Zambians
with HIV had a global NCI and met the criteria for HIV-associated neurocognitive disorder (HAND).!" Another study by
Nyamayaro et al demonstrated that 49.7% of NCI treatment-experienced adults living with HIV attend primary care
clinics in Zimbabwe.'?

The presence of other AIDS-defining infections or tumors, low haemoglobin concentration, advanced age, female sex,
level of education, income level, social support, medical comorbidities, intravenous drug use, and HIV medication
adherence, as well as self-reported alcohol use, Khat chewing, lifetime tobacco use, being married, and unmarried status
are all associated with cognitive impairment in HIV.'*"*?

However, as noted above, facility-based research was carried out in different parts of the African continent about NCI
associated with HIV infection, there are only two systematic reviews and meta-analyses done in Sub-Saharan countries
and not for African countries in general. In addition, the determinant factors reported by different researchers were not
consistent. This might be due to the demographic and clinical characteristics of study populations. So, regardless of
sociocultural differences, the goal of this meta-analysis was to ascertain the incidence of NCI across the continent and
identify the factors determining the problem’s burden there. Therefore, this study is crucial for giving detailed informa-
tion to scholars, decision-makers, and medical professionals who tackle the problem at the continental level.

Methods

Search Strategy

Through December 16, 2020, PubMed/Medline, Scopus, Web of Science, Cochrane Library, Embase, PsycINFO, and
reference lists of prior pertinent studies were used for literature searches.The following search terms were applied:
“epidemiology” OR “prevalence” OR “magnitude” AND “associated factors” OR “determinants” AND “Cognitive func-
tioning” OR “Cognition Disorder/s” OR “Neurocognitive Dysfunction” OR “Cognitive Dysfunction” OR “Cognitive
Impairment” OR “Neurocognitive problems” OR “Cognitive problems” OR “NCI” OR “HIV associated neurocognitive
disorder” OR “HIV associated dementia” OR “HIV” AND “Africa”. No restrictions were imposed. Additionally, reference
lists of the included articles were screened by the first author to detect complementary articles that met the selection criteria.

Eligibility Criteria

An article was eligible for inclusion in the analysis if it fulfilled the following criteria: (1) The initial criteria were that the
study must assess NCI in People living with HIV, (2) the study design should be either cross-sectional, cohort, or case-
control design, (3) the investigated outcome should be NCI and/or studies should assess the associated factors for NCI,
(4) the age of the participants should be 18 years old and more, (5) the sample size should be above 50 and (6) the study
must be conducted in Africa. In our review, NCI includes HIV Associated Neurocognitive Disorder, HIV-associated
neurocognitive deficit, cognitive dysfunction, HIV-associated neurocognitive impairment, HIV dementia, neurocognitive
disorder, and cognitive impairment. Previous reviews, studies conducted on animals, editorials, and works written in
languages other than English were all rejected. After carefully reviewing each publication, YZ, BA, and MW indepen-
dently decided which ones would be incorporated into the final meta-analysis. Any differences between these authors on
inclusion/exclusion criteria were resolved by discussion with a fourth author and consensus (MN).

Data Extraction

From eligible studies, four authors independently extracted relevant information, including the first author’s name,
publication year, country of the study, sample size, and the number of participants with NCI and age of the population.
Any disputed findings were resolved by discussions between investigators until a consensus was reached.
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Quality Assessment

The modified Newcastle-Ottawa Scale (NOS)>® was employed for the assessment of the quality of studies. An
ascertainment of NCI, statistical quality, sample representativeness, sample size, and comparability between participants
were the domains NOS scale to assess the quality of individual studies.

Statistical Analysis

In this meta-analysis, the pooled prevalence of NCI and its associated factors with their 95% Cls was computed using
a random-effects model.”* Meta-XL version 5.3%° and the STATA-11 Meta-prop package®® were used for the analysis.
Considering the Cochrane Handbook, heterogeneity among the studies was assessed using the 12 index. In this regard,
there are three categories for the 12 index: (25-49% indicates moderate heterogeneity, 50-75% indicates substantial
heterogeneity and over 75% indicates considerable heterogeneity).?” For a sensitivity analysis of the pooled estimate’s
power, studies were removed one at a time. Based on area, study design, and study instrument, subgroup analysis was
carried out to determine the cause of the heterogeneity among studies. To examine publication bias, funnel plots and the
Egger test was utilized. Any statistical analysis performed throughout this investigation that had a P-value of 0.05 or

lower was considered statistically significant. Tables and forest plots were used to present the results in the end.

Results

Search Result
The search strategy generated 579 citations of which 22 studies met inclusion criteria as presented according to the
PRISMA guidelines in Figure 1.

< . .
'% Records identified through Additional records identified
= database searching through other sources
g (n=538) (n=41)

I |

Records after duplicates
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§ (n=428)
§ T
Records excluded
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(n=428)
a2 | : .
= V Full text articles excluded
= Full text articles assessed (n=123)
3 for eligibility | Due to
(n=145) Not relevant sample group
No outcomes of interest
\L Review papers
T ; No country of interest
Studies included in

- -~ Not relevant language
3 quantitative and qualitative
E] synthesis
Q
= (n=22)

Figure | Flowchart of the study selection process.
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Characteristics of Studies Included

A total of 22 articles in Africa’ '*'!16292228740 that examined NCI and associated factors in 6741 people living with

HIV have been included in this study. Regarding the regional distribution, the three articles'®*®** were done in Central

and South Africa, fifteen®!1:12:15:20722.29-31.33-35.38.40 wore from East Africa and four'®3%37*° from West Africa.
Based on the study design, 19%-10:12.15,16,20-22.28-35.38-40 £ them were cross-sectional, one cohort,?” and two case-
control''*¢ studies. More than half of these studies'®-'>:1¢-21:22:28.30.32-36.3840 ;1564 THDS to screen NCI among indivi-
duals living with HIV. Two>'~? used Frascati criteria, three”'""'? used GDS, and the remaining three’**°*" studies used
others (MoCA, WAIS, NR). In addition, nine!>28:31323437.39 ere published from 2010-2015 years, and the remaining
thirteen” ' 210-20-22:29.30.33.38.40 yy djes were published from 2016-2020 years (Table 1). Thirteen of the included studies

assessed the clinical characteristics of study participants,'%!!-13-20-22.28.30.31.33.37.38.41

Table | The Prevalence of NCI and the Tool Used in Each Study Among People Living with HIV in Africa

Author, Year of Country Study Sample | Tools With Cut Response | Prevalence | Age of
Publication Design Size Off Points Rate Participants
Lawler et al, 201032 Botswana (& 120 IHDS < 9.5 100% 38% 22| years
Kelly et al, 2014%' Blantyre, Malawi (&) 106 Frascati criteria>2 93.8% 15% 218 years
SD
Yakasai et al, 2015%° Northwestern, (& 80 Frascati criteria 22 100% 30% 218 years
Nigeria SD
Belete et al, 2017%° Mekelle, Ethiopia (& 254 IHDS < 9.5 92.1%. 33.3% 218 years
Nyamayaro et al, 2020'? | Harare, Zimbabwe (&) 155 GDS > 0.5 100% 49.7% 218 years
Tsegaw et al, 2017%® South Wollo, Ethiopia | CS 593 IHDS< 9.5 99% 36.4%. 218 years
Pascal et al, 2016'¢ Bangui, Central Cs 244 IHDS = 8.36 100% 25% >|8 years
African Republic
Awori et al, 2018% Nairobi, Kenya Cs 218 MoCA < 26. 98.6% 69% = |8years
Sunmonu et al, 20157 Southwestern Nigeria | Cohort 58 WAIS=z-score 100% 63.8% 2|8 years
below | SD
Nakasuijja et al, 20123 Kampala, Uganda Cs 156 IHDS= 1.0 SD 100% 64.7% 2|8 years
Kabuba et al, 2016" Lusaka, Zambia C-C 266 GDS > 0.5 100% 34.6% 218 years
Yechoor et al, 2016° Kampala, Uganda (&) 181 GDS=2 0.5 100% 38% 218 years
Nakku et al, 2013% Entebbe, Uganda CS 680 IHDS<I10 90.9% 64.4%. 218 years
Oshinaike et al, 20123¢ Lagos, Nigeria C-C 208 IHDS=10 100% 54.3% >|8 years
MMSE=26
Atashili et al, 2013%8 Bamenda, Cameroon CS 400 IHDS<10 100% 85% 218 years
Yusuf et al, 2017'° Zaria, Nigeria CS 418 IHDS=9.5 100% 21.5% 2|8 years
Animut et al, 201972 Gamo Gofa, Ethiopia CS 684 IHDS <9.5 98% 67.1% 2|8 years
Mugendi et al, 2019% Nairobi, Kenya Cs 345 IHDS <10 100% 88% 2|8 years
Araya et al, 2020%' Addis Ababa, Ethiopia | CS 581 IHDS< 9.5 99.49% 35.6% 218 years
Yitbarek et al, 2019*' Jimma, Ethiopia Cs 328 IHDS<10 97.04% 35.7% > |8 years
(Continued)
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Table | (Continued).

Author, Year of Country Study Sample | Tools With Cut Response | Prevalence | Age of

Publication Design Size Off Points Rate Participants

Mossie et al, 2014'® Debre Markos, CS 423 IHDS<I10 100% 24.8%. 2|8 years
Ethiopia

Sanmarti M et al, 2020%° | Tanzania cs 243 NR 100% 19.3% >18 years

Quality of Included Studies

According to the NOS, the 22 studies’ overall quality assessment scores range from 6 to 10. Twenty of the studies had
good methodological quality, while the other two had moderate quality. However, it was determined that none of the
research was of poor quality.

The Prevalence of NCI Among People Living with HIV

9-12.15.16,20-22.28-40 i, Africa were pooled in the final meta-analysis to determine the average

Twenty-two studies
magnitude of NCI among HIV-positive people. The reported prevalence of NCI in People living with HIV among
studies included in the analysis varies from as low as 15% in Malawi’' to as high as 88%% in Kenya.>®> We used the
standard error, prevalence, and author year of each study to compute the overall prevalence of NCI. Using a random
effect model, the pooled prevalence of NCI among HIV-positive people in Africa was 45.15% (95% CI: 36.86,
53.43). Significant heterogeneity (12=100%, P-value 0.001) had an impact on this average estimate. Below is a forest
plot with detailed information about the combined prevalence of NCI among people living with HIV in Africa

(Figure 2).

Subgroup Analysis of the Prevalence of NCI Among People Living with HIV
In addition, we performed subgroup analysis based on the regional location of the study, the study design, the study
instrument used, and the year of publication. Among the studies included, three'®***? were done in Central and South
Africa, fifteen®!"1%15:20-22.2931.33-35.3840 wore in East Africa, and four'®*%*7>% of them were in West Africa.
Accordingly, the pooled prevalence of NCI was 49.33% (95% CI; 10.72, 87.95) (12=100%; P-value<0.001) in Central
and South Africa, 45.04% (95% CI; 35.55, 54.53) (12=100%; P-value<0.001) in East Africa and, 42.40% (95% CI; 22.03,
62.77) (12=100%; P-value<0.001) in West Africa. Case-control and cohort studies showed a higher prevalence of NCI
(50.90% (95% CI; 34.41, 67.39)) than cross-sectional studies (44.24% (95% CI; 34.98, 53.49) (12=100%; P-value 0.001).
As determined by MoCA, WAIS, and NR, the prevalence of NCI was greater at 50.70% (95% CI: 16.21, 85.19)
(I2=100%; P-value: 0.001). In addition, the pooled prevalence of NCI among studies that utilized the IHDS screening
tool was 48.13% (95% CI; 37.43, 58.83) (12=100%; p-value<0.001). However; the lower prevalence of NCI was reported
among studies that utilized GDS and Frascati criteria, 33.46% (95% CI; 24.32, 42.60) (12=100%; p-value<0.001),
screening tool. The prevalence of NCI was lower among studies published from 20162020 Years; 42.55% (95% CI;
32.42, 52.69) (12=100%; p-value<0.001) than studies published from 2010-2015 Years; 48.89% (95% CI; 34.41, 63.36)
(12=100%; p-value<0.001) (Table 2).

Meta-Regression

To identify independent determinants of the observed differences in the prevalence of NCI in People living with HIV, we
did a meta-regression analysis. The analysis process was a univariate regression analysis followed by a final meta-
regression analysis. In the univariate regression analysis, variables with P-value < 0.8 were selected and fitted to the final
meta-regression model as recommended by Ferrari et.al. In the final meta-regression analysis model, we computed the
impacts of study design (Case-control/cohort studies and cross-sectional studies), studies location (studies conducted in
Central and South Africa, East Africa, and West Africa), the instrument used to screen NCI (MoCA, WAIS, and NR,
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Author

Lawler et al. 2010*
Kelly et al.2014*'
Yakasai et al.2015*
Belete et al.2017*
Nyamayaro et al.2020"
Tsegaw et al.2017%¢
Pascal et al.2016"®
Awori et al.2018%
Sunmonu et al.2015%
Nakasuijja et al.2012*
Kabuba et al.2016"
Yechoor et al.2016°
Nakku et al.2013%
Oshinaike et al.2012*
Atashili et al.2013%
Yusuf et al.2017"°
Animut et al.2019%
Mugendi et al.2019%
Araya et al.2020%'
Yitbarek et al.2019*
Mossie et al.2014'®
Sanmarti M et al.2020%°

Overall (l-squared = 100.0%, p = 0.000)

NOTE: Weights are from random effects analygis

L

%
ES (95% Cl) Weight
38.00 (37.63, 38.37)4.55
15.00 (14.47, 15.53)4.54
30.00 (29.52, 30.48)4.55
33.30 (33.04, 33.56)4.55
49.70 (49.39, 50.01)4.55
36.40 (36.23, 36.57)4.55
25.00 (24.71, 25.29)4.55
69.00 (68.71, 69.29)4.55
63.80 (63.26, 64.34)4.54
64.70 (64.37, 65.03)4.55
34.60 (34.35, 34.85)4.55
38.00 (37.70, 38.30)4.55
64.40 (64.24, 64.56)4.55
54.30 (54.03, 54.57)4.55
85.00 (84.73, 85.27)4.55
21.50 (21.27, 21.73)4.55
67.10 (66.94, 67.26)4.55
88.00 (87.68, 88.32)4.55
35.60 (35.43, 35.77)4.55
35.70 (35.47, 35.93)4.55
24.80 (24.58, 25.02)4.55
19.30 (18.98, 19.62)4.55
45.15 (36.86, 53.43)100.00

I
a10

Figure 2 The pooled estimated prevalence of neurocognitive impairment among people living with HIV in Africa.

IHDS, GDS and Frascati criteria) and year of publication of the study (from 2010-2015 and 2016-2020). The overall
fraction of difference elucidated by the above covariates in the regression model was 9% (R* = 0.09; P value=0.870).
However, all four of the above independent variables were not significant determinants for the observed difference in the
prevalence of NCI in People living with HIV.

Table 2 A Subgroup Analysis of the Prevalence of NCI Among People Living with HIV

Subgroup Number of studies Estimates Heterogeneity
Prevalence (%) 95% ClI 12 P-value
Study settings
Central and South Africa 3 49.33 10.72, 87.95 | 100% | <0.001
East Africa 15 45.04 35.55, 54.53 | 100% | <0.001
West Africa 4 42.04 22.03, 62.77 | 100% | <0.001
Study design
Cross-sectional 19 44.24 34.98, 53.49 | 100% | <0.001
Others(Case-control and Cohort) 3 50.90 34.41, 67.39 | 100% | <0.001
(Continued)
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Table 2 (Continued).

Subgroup Number of studies Estimates Heterogeneity
Prevalence (%) 95% CI 12 P-value

Assessment tool used
IHDS 14 48.13 37.43,5883 | 100% | <0.001
GDS and Frascati criteria 5 33.46 24.32, 42.60 | 100% | <0.001
Others 3 50.70 16.21, 85.19 | 100% | <0.001
Year of publication
2010-2015 Years 9 48.89 34.41, 6336 | 100% | <0.001
2016-2020 Years 13 42.55 3242, 52.69 | 100% | <0.001

Sensitivity Analysis on the Prevalence of NClI Among People Living with HIV

The sensitivity analysis was done to see if any of the twenty-two studies had over-weighted the average prevalence of

NCI among HIV-positive individuals. However, as the 95% CI interval was derived by excluding each of the twenty-two

studies individually during the 95% CI interval of the overall result, the outcome demonstrated that there was no single

influential study (Figure 3).

Lawler et al. 2010%
Kelly et al.2014*'
Yakasai et al.2015*
Belete et al.2017%°
Nyamayaro et al.2020"
Tsegaw et al.2017%
Pascal et al.2016"°
Awori et al.2018%°
Sunmonu et al.2015*
Nakasujja et al.2012*
Kabuba et al.2016""
Yechoor et al.2016°
Nakku et al.2013%
Oshinaike et al.2012%*
Atashili et al.2013%
Yusuf et al.2017"
Animut et al.2019%
Mugendi et al.2019%
Araya et al.2020%'
Yitbarek et al.2019*
Mossie et al.2014"
Sanmarti M et al.2020%°

Meta-analysis estimates, given named study is omitted

| Lower CI Limit 0 Estimate | Upper CI Limit
| o |
| -0 |
| 0 |
| 0 |
| 0 |
I 0 |
| 0 |
| 0 |
| 0
| 0
= 0 8
0 |
| 0
| 0 |
| 0 |
| 0 |
| 0 |
|
0 1
| 0 1
| 0 l
| 0 1
|
35.086.86 45.15 53.4355.00

Figure 3 A sensitivity analysis of the prevalence of neurocognitive impairment among people living with HIV in Africa.
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Funnel Plot on the Risk of Publication Bias for the Prevalence of NCI Among People
Living with HIV

To identify publication bias, Egger’s publication bias plot test was used. However, as the P-value of the Eggers
publication bias plot test is negligible (P-value=0.630), there was no publication bias in this meta-analysis. A funnel
plot for a Logit event rate of prevalence of NCI among HIV-positive individuals against its standard error might be used
to visually reinforce this (Figure 4).

Associated Factors for NClI Among People Living with HIV

. . . 10-12,15,16,20-22,28,30-35,37-4
From the total included studies, nineteen'® !'21-16:20-22.28,30-35.37-40

reported data regarding the associated factors
of NCI in People living with HIV. female gender,®' no formal education,'>*'® having a primary-level
education,?! older age,*® age group of 41-64 years,*® older age of 50 years or above,'”> unemployment status,*
impairment in the activity of daily living,>® body mass index 16 kg/m2,? late clinical-stage of the illness,*® being
in WHO clinical stage T3 category/advancing stages of the disease,’”*° > 3logl0 copies/mL,* having a co-
morbid opportunistic infection,'® increasing stress scores,>” stopping medication,'® khat chewing,*® and substance
use'” were strongly and positively associated with NCI (Table 3). The factors most frequently associated with NCI
in People living with HIV were being female,”'***** having no formal education,'>*'*® having a primary level

21,28 22.30.40 and substance use.!>*0

education, older age,'®*®%° late clinical stage of the illness

The pooled odds ratio of being female was 3.09. In addition, the pooled odds ratio for people with no formal
education is 4.20. The pooled odds ratio in people with primary-level education was 5.80. Moreover, The pooled
odds ratio of older people in the above-mentioned studies was 3.57. Besides, the late clinical stage of the illness
was also found to have a significant association with the development of NCI with a pooled odds ratio of 4.45.
Substance use was also an associated factor for the development of NCI with a pooled estimate odds ratio of 4.54

(Table 4).

Discussion
This study used systematic review and meta-analysis to best estimate the prevalence and associated factors for NCI
among people living with HIV in Africa. In this review, a small number of studies with a high level of heterogeneity

Funnel plot with pseudo 95% confidence limits
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Figure 4 Funnel plot of the risk of publication bias for the prevalence of neurocognitive impairment among people living with HIV in Africa.
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Table 3 Associated Factors for NCI Among People Living with HIV

Factor Category Associated Factors AOR | 95% CI Strength of Author, Year of
Association Publication

Demographic Level of education NR NR NR Lawler et al, 2010%?
characteristics of subjects

Age NR NR NR
Socio-demographic and Pill count 0.957 | 0.918, 0.998 | Weak Kelly et al, 2014%'
clinical factors

Female gender 4.28 1.39, 13.14 Strong
Socio-demographic Few years of education 1.22 1.04, 1.44 Weak Yakasai et al, 2015%°
factors
Clinical factors Late clinical stage of the illness 42 1.19, 14.44 Strong Belete et al, 2017°%°

Impairment in the activity of daily living 7.19 1.73, 21.83 Strong
Socio-demographic A good level of education 0.05 0.10, 0.25 Weak Nyamayaro et al,
factors 2020'?
Socio-demographic No formal education 429 2.62,7.02 Strong Tsegaw et al, 201738
factors

Older age 3.31 1.26, 8.70 Strong
Clinical factors Those who had CD4 count of 500 cells/dl or 237 1.52, 3.68 Moderate

less

Poor medication adherence 1.49 1.01, 2.18 Weak
Socio-demographic Patients older than 40 years NR NR NR Pascpal et al, 2016'¢
factors

Left school at the primary level NR NR NR
Clinical factors Presence of opportunistic infections NR NR NR Sunmonu et al,

2015%

Lower body weight NR NR NR
Socio-demographic Female 2.89 1.05, 7.92 Moderate Nakasujja et al,
factors 201234
Clinical factors Viral load NR | NR NR Kabuba et al, 2016''
Psychosocial risk factors Increasing stress scores 3.29 1.99, 5.45 Strong Nakku et al, 20133°

Psychosocial impairment 0.45 0.32, 0.64 Weak
Socio-demographic Having primary education or less 833 3.85, 16.67 Strong Atashili et al, 2013%®
factors
Clinical factors Having HIV symptoms 12.16 | 3.08, 48.05 Strong
Socio-demographic Education 0.94 0.88, 0.98 Weak Yusuf et al, 2017'°
factors
Clinical factors Duration of illness 1.33 1.18, .51 Weak

Detectable viral load 0.19 0.09, 0.41 Weak

CD4 count 0.99 0.993, 0.998 | Weak

Stopping medication 3.55 1.35, 9.29 Strong

Severity of illness 1.24 1.07, 1.44 Weak

(Continued)
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Table 3 (Continued).

Factor Category Associated Factors AOR | 95% CI Strength of Author, Year of
Association Publication

Socio-demographic Being married 0.377 | 0.21, 0.67 Weak Animut et al, 2019%
factors

Unemployment status 3.18 1.75, 5.78 Strong
Clinical factors Body mass index 16 kg/m2 439 1.60, 12.02 Strong

Being in WHO clinical stage T3 category/ 3.558 | 1.41, 9.0l Strong

advancing stages of the disease
Socio-demographic Women 2.17 1.02, 4.71 Moderate Mugendi et al,
factors 2019%

More years in school 0.58 0.38, 0.88 Weak
Clinical factors Higher CD4 count 0.998 | 0.997, 0.999 | Weak
Socio-demographic Being illiterate 5.16 2.20, 12.07 Strong Araya et al, 2020%'
factors

Having a primary-level education 3.27 1.46, 7.29 Strong
Clinical factors Having a CD4 count (cells/uL) < 500 1.6l I.11,2.39 Weak

Lifetime use of tobacco 2.40 1.44, 401 Moderate
Socio-demographic Age group of 41-64 years 3.1 13,74 Strong Yitbarek et al,
factors 2019
Clinical factors Plasma HIV-1 RNA load between |.7logl0 and 22 1.1, 43 Moderate

3logl0 copies/mL

2 3logl0 copies/mL 7.5 26,215 Strong

Clinical stage Il of the disease 5.6 1.7, 19.2 Strong

Khat chewing 44 23,83 Strong
Socio-demographic Having no education 3.1 1.37, 7.04 Strong Mossie et al, 2014'®
factors

Older age of 50 years or above 425 1.05, 17.18 Strong
Clinical factors Having co-morbid opportunistic infection 7.48 4.1, 13.64 Strong

Substance use 4.64 2.3, 9.36 Strong
Socio-demographic Age NR NR NR Sanmarti M et al,
factors 2020%°
Clinical factors Alcohol use NR NR NR

Table 4 Pooled Odds Ratio of NCI Among People Living with HIV

Factors Estimates Heterogeneity Studies Pooled
Pooled Effect Size 95% ClI 12 P-value
Female 3.09 1.86, 4.32 83.5% | P=0.002 | (31,33, 4l)
No formal education 4.20 3.12,5.28 94.7% | P<0.001 (15, 21, 38)
Having a primary level education | 5.80 0.84, 10.76 | 99.7% | P<0.001 (21, 28)
(Continued)
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Table 4 (Continued).

Factors Estimates Heterogeneity Studies Pooled
Pooled Effect Size 95% ClI 12 P-value

Older age 3.57 2.87, 4.27 82.3% | P=0.003 | (l6, 38, 40)

Late clinical stage of the illness 4.45 3.16, 5.74 95.2% P<0.001 (22, 30, 40)

Substance use 4.54 4.19, 4.88 0.0% P=0.499 | (I5, 40)

found that 45.15% of People living with HIV were likely to have NCI in the continent. According to experts, this is the
first study of its kind to quantitatively and qualitatively evaluate the prevalence and contributing variables of NCI in HIV-
positive patients in an African environment. Therefore, the study’s goal was to add to epidemiological knowledge about
NCI prevalence and related determinants in HIV-positive individuals. Therefore, the information obtained from the
pooled prevalence and associated factors for NCI could serve as important evidence for stakeholders working in the area.

In this study, the overall pooled prevalence of NCI was 45.15% (Total number of study participants=6741). This was
higher than the pooled estimated prevalence of NCI among HIV-1 infected pre-ART adults in sub-Saharan Africa which
was 42.37%, and those on ART for 6 months was 30.39%,** a systematic review and meta-analysis study among HIV/
AIDS patients on anti-retroviral therapy in Sub-Saharan Africa was 44.46% (Total number of study participants=5820),*!
and a meta-analysis study on a global prevalence and burden of HIV-associated neurocognitive disorder which was
42.6% (Total number of study participants=35,513),** and an Ethiopian systematic review and meta-analysis which was
39.15% (Total number of study participants=3529).** The current pooled prevalence was lower than the global pooled
prevalence of HIV-associated neurocognitive disorders 50.41% (Total number of study participants=14,107).*> The
discrepancy could be due to the study period, sample size, and the ART status of the study participants. It reaffirmed
that ART confers substantial benefits against NCI, lowering it by over 60%.*

In the present analysis, the average pooled estimated prevalence of NCI in Central and South Africa (49.33%) was
larger than the pooled estimated prevalence in East Africa (45.04%) and West Africa (42.40%). Region-specific HIV
distribution, cultural and socio-economic factors, access to ART service, quality of ART service, retention of patients to
ART care, and skilled human power related to ART services might be responsible for such variation.*”>°

The average pooled prevalence of NCI in case-control and cohort studies was higher than in cross-sectional studies.
This might be due to the methodology employed in case-control and cohort studies than cross-sectional studies.

There was also a significant variety of pooled estimated NCI across the study instrument used. The average estimated
prevalence of NCI in People living with HIV as measured with IHDS, GDS, and Frascati criteria, and others (MoCA and
WAIS) was 48.13%, 33.46%, and 50.70% respectively. The disparity may be caused by the fewer studies that were
included in some of the evaluation tool categories, which would reduce the accuracy of the estimate.

Those published between 2016 and 2020 indicated a lower pooled estimated prevalence of NCI (42.55%) than studies
published between 2010 and 2015 (488.9%). This reason could be that African countries launched recently an intensive
screening program for HIV to meet the 90-90-90 target set by WHO.>' Furthermore, diagnosed patients received quality
ART service which could improve the treatment outcome, leading to a decreased prevalence of NCI. Between 2012 and
2015, international guidelines went the last step further and recommended treating all HIV-infected adults regardless of
their CD4 count. Since 2016 African countries initiated ART for all HIV-positive patients irrespective of their CD4
count. This early initiation of ARV drugs has a hallmark that the CD4 count remains high which could account for
a difference in the prevalence of NCI across the study period.’*°

In this study, females were three times more likely to develop NCI than males. This could be due to the high
vulnerability of females to contracting HIV. Several factors can increase the risk of HIV in females. For example, during
vaginal or anal sex, a female has a greater risk of getting HIV because, in general, receptive sex is riskier than insertive
sex.”’ The more vulnerability to HIV, females might develop the late stages of the disease and NCI.
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People living with HIV who had no formal education were four times to have NCI as compared with those who had
Secondary & above grades. This might be due to the low awareness of the treatment of HIV and late presentation to
health facilities.

In our review, older people were almost four times at higher risk of developing NCI than people with 18-25 years.
This finding was inconsistent with a meta-analysis study conducted in two Sub-Saharan Africa studies.*'** The strong
association observed in our study might reflect an increased vulnerability to NCI which may be intensified by lifestyle
changes and physical changes during old age.

Besides, the current study revealed that the late clinical stage of the illness was 4.45 times more likely to have NCI
than clinical stage I HIV. This might be because the late clinical stage of HIV may affect the central nervous system and
may expose the individual to develop different kinds of neurocognitive impairment.

People with HIV who used substances were nearly five times more likely to have NCI as compared to people with
HIV who did not use the substance. The current study was consistent with another study.”® HIV-associated neurocog-
nitive impairment was associated with problematic methamphetamine use and higher plasma HIV RNA levels.’®

Meta-Analysis on the Difference Among Included Studies

Due to the differences across the included studies, there may be significant variability in the prevalence of NCI and
related variables among HIV-positive individuals. Therefore, more investigation into the cause of such significant
variability was necessary. An analysis of subgroups was conducted as a result. The results of the subgroup analysis
showed that the location of the study, the type of study design used, the type of study instrument used to screen for NCI,
and the year of publication were responsible for the variation in NCI prevalence between the included studies.
Additionally, a temporal sensitivity analysis had also been done, although none of the research had been found to
have an impact on the final estimate.

Limitations

The following restrictions apply to this comprehensive review and meta-analysis. The inclusion of only English-language
evaluations raises the possibility of publication bias. It might be challenging to generalize to all African countries
because studies from only 10 African nations were considered. Furthermore, there was a significant amount of
heterogeneity across the included studies, which can be related to variations in the technique, research scope, and
screening tool types. The overall pooled prevalence of NCI may be high due to the false positive estimate of ITHDS,

Frascati criteria, and GDS scale.’” ¢!

Conclusion

This comprehensive review and meta-analysis study found significant heterogeneity and a high average burden of NCI
among HIV-positive individuals. Being a woman, not having a formal education, those with only an elementary
education, being older, having late-stage HIV, and abusing drugs were all often associated with NCI. The authors
make a lot of their findings of different rates of NCI between African regions, however, this is only a few percentage
points, compared to the large difference between methods (about double) and between studies (15-88%). The average
burden of NCI in Africa is high and that would be a significant figure for interventional actions in the area.

Our narrative synthesis showed that NCI was highly and positively associated with female gender, low education,
advanced age, unemployment, impairment in daily living activities, having a co-morbid opportunistic infection,
elevated stress scores, medication non-adherence, and substance use. In light of the above-mentioned factors and
the systematic review and meta-analysis study, healthcare treatments for NCI among HIV-positive individuals would
be significant.
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