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Methods: Both studies used the same neuropsychological test battery. NCI was defined 

based on demographically-corrected global deficit score (≥0.5=impaired). Both studies also 

assessed comorbidities, neuropsychiatric conditions and functional status using similar tools. 

To determine the cross-sectional and longitudinal effects of age on the risk of NCI, a 

generalized linear mixed-effect model tested main and interaction effects of age group 

(young, <50 VS old, ≥50) and time on NCI adjusting the effects of covariates. 

Results: Older PLHIV had 83% higher chance of NCI compared to younger PLHIV 

(OR=1.83(1.15-2.90), p<0.05). Older participants also had a greater risk of increases in NCI 

over the follow-up (OR=1.66(1.05-2.64), p<0.05) than younger participants. Non-White 

ethnicity (p<0.05), having a contributing (p<0.05) or confounding (p<0.001) comorbidity, 

greater cognitive symptoms (p<0.001), and abnormal creatinine level (p<0.05), plasma viral 

load >200copies/ml (p<0.05), being from the Australian cohort (p<0.05) were also associated 

with a higher risk of NCI. 

Conclusions: Data integration may serve as a strategy to increase sample size and study 

power to better assess abnormal cognitive aging effect in PLHIV which was significant in the 

current study.  

Keywords: HIV, AIDS, Aging, Cognition, Cognitive Impairment, Data Integration 

 

Introduction 

Aging among people living with HIV (PLHIV) adds additional risks for neurocognitive 

impairment (NCI) [1]. Previous research has suggested that cognitive aging can be 

accentuated and accelerated among PLHIV [1, 2]. However, based on a systematic review [3] 

our group has recently conducted, current available evidence on these abnormal patterns of 

neurocognitive aging among PLHIV have been inconclusive. Low sample size, cross-
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sectional study design and heterogeneity in neuropsychological methods in previous research 

have led to conflicting results[3]. In addition, only a few studies considered the effect of 

comorbidities while examining the abnormal cognitive aging effects among PLHIV. Large 

scale multidimensional longitudinal data are needed to detect a small-medium effect of 

chronological age among PLHIV [4].  

The recruitment of large samples is always challenging. One possible solution to achieve 

higher sample sizes is to integrate data from individual studies across the world to form a 

larger dataset as in the dementia research [3, 5, 6]. This strategy for data integration has the 

benefit of leveraging the cost-effective use of data that are for public use [7]. Importantly, it 

will also improve the generalizability of research output since the sample will become more 

heterogeneous [5]. Moreover, there is merit to minimizing the effects of study-level factors 

through data integration between studies [7]. The NeuroHIV field could also establish a 

similar mechanism for data integration and harmonization internationally to help resolve 

emerging research questions. 

For successful data integration and harmonization, it is ideal that individual studies use not 

only the same neuropsychological tests but also the same testing and norming procedures. 

The HIV Neurobehavioral Research Centre (HNRC) neuropsychological test battery and its 

testing, scoring and norming procedures have been commonly used among many NeuroHIV 

studies across the world [8-10] including the HNRC CNS HIV Antiretroviral Therapy Effects 

Research (CHARTER) study [11, 12]. In Australia, our group set up the HIV and Brain Aging 

Research Program in 2009 [13] using a shortened version of this battery. Data from the 

CHARTER study are accessible upon request from the National NeuroAIDS Tissue 

Consortium (NNTC) (www.nntc.org). We therefore combined data from these two studies to: 

1. demonstrate the feasibility of data integration in the NeuroHIV field. 2. To determine 

whether older age increases the risk for NCI among PLHIV both cross-sectionally and 
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longitudinally while assessing for potential cohort effects and 3. To identify biomarkers and 

health conditions associated with cognitive impairment among PLHIV. 

Methods 

Study cohorts 

This study used data from two longitudinal NeuroHIV studies which have been extensively 

described: the HIV and Brain Aging Research Program in Australia [13] and the CHARTER 

study from the US [14]. Access to CHARTER data was obtained through a formal request to 

the NNTC. The Australian study recruited 102 PLHIV from St Vincent’s Hospital, Sydney 

between 2009 and 2011 [13]. Inclusion criteria were ≥45 years of age, had been diagnosed 

with HIV more than five years ago, had been stable on cART for a minimum of six months, 

and had a nadir CD4 lymphocyte T cell count ≤350 cells/mm3. Data were collected at 

baseline and at month 18. Ninety six participants attended the 18 month follow-up visit 

(average follow-up duration = 22 months, SD=3.82) [15].  

The CHARTER study [14] was conducted across six sites in the US. It recruited a total of 

1,600 PLHIV between 2003 and 2007. A subset of samples was followed-up six monthly for 

the longitudinal study up to a maximum of 11.5 years [16]. For our study, participants with 

pre-morbid Schizophrenia, non-HIV dementia or neurodegenerative disease, substance or 

alcohol intoxication, poor English proficiency level and those who were not taking cART at 

the time of cognitive testing were excluded. After exclusion of ineligible cases, 924 

participants remained in the CHARTER cohort. Follow-up visits from the CHARTER cohort 

were included only up to 36 months for the current study.  

Data integration 

Detailed data collection processes for each study cohort have been published elsewhere [11-13, 

15, 17]. Only information which was collected in both studies were incorporated in this study 
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and included demographic factors, comorbidities (comorbidity rating for HAND, current 

depression, substance use disorder, diabetes, anemia, history of heart attack and history of 

stroke), blood tests (cholesterol, triglyceride, and creatinine), HIV biomarkers and clinical 

information, cognitive symptoms, and functional status. For the current study analyses, 

Hispanic (N=59) and other ethnicity (N=15) were categorized as “Other” because on their 

own their prevalence was low. Lifetime and current (last 12 months) alcohol and drug use 

disorders were assessed with the Composite International Diagnostic Interview (CIDI) [18]  in 

the CHARTER study and with the Mini International Neuropsychiatric Interview (MINI) [19] 

in the Australian study. Both semi-structured interviews yield standard DSM-IV diagnoses 

which were used in rating psychiatric comorbidities. In both studies, the effect of medical and 

psychiatric comorbidities on NCI was classified into either no/incidental, contributing, or 

confounding as operationalized by Heaton et al. [20] (detailed steps are described in S1, 

http://links.lww.com/QAD/C488). Both studies used the Patient’s Assessment of Own 

Functioning Inventory (PAOFI) [21] to assess self-perceived cognitive symptoms, the Beck 

Depression Inventory-II (BDI-II) scale [22] to assess depressive symptoms, and the modified 

version of the Lawton and Brody (1969) instrumental activities of daily living (IADL) scale 

[23, 24] to assess functional decline. 

Regarding neuropsychological testing, the CHARTER study used a battery containing 15 

tests and the Australian study used a battery containing 13 tests. We used 10 

neuropsychological tests which were common between two studies (Table S2, 

http://links.lww.com/QAD/C489). Raw scores were converted to demographically-corrected 

T-scores applying standard normative data from the respective populations. Specifically, 

regression-based US norms [25] were used for the US cohort. For the Australian cohort, we 

used locally-derived regression-based Australian norms (generated from demographically, 

lifestyle, and geographically comparable HIV-negative controls [13] plus more recently 
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collected normative data) in participants with high literacy levels (≥15 years of education or 

pre-morbid full-scale IQ (FSIQ)≥110) because the US norms underperform in the Australian 

HIV-negative with high education (cognitive domains T-scores are statistically different from 

Mean = 50 and SD =10) . We used the regression-based US norms [25] in participants with 

lower literacy level (<15 years of education or pre-morbid FSIQ<110) as the US norms 

perform optimally in the Australian HIV-negative with low education (cognitive domains T-

scores are not statistically different from Mean =50 and SD =10). Follow-up cognitive data 

were corrected for practice effect as well [26]. T-scores were then transformed to deficit scores 

ranging from 0-5 (0 means no impairment and 5 means severe impairment). Next, the mean 

T-score and global deficit score (GDS) were computed by averaging across individual tests. 

Conventionally, a GDS of ≥0.5 was defined as neurocognitively impaired. A GDS of ≥0.5 

not only has optimal specificity and sensitivity to detect impairment in clinical populations 

[27] but also handles tests’ correlations across the test battery and optimally balances Type I 

and II errors [28]. The consideration of clinically relevant NCI is important because at this 

threshold, both patients and HIV physicians may start to notice that cognitive changes 

interfere with everyday activities [29]. 

Data Analysis 

First, descriptively, all of the baseline information were compared between the US and 

Australian cohorts, between young (<50) and old (≥50) participants (this cut-off is seen as a 

biologically meaningful cut-off in PLHIV [1]), and between those classified as cognitively 

normal and impaired using t-test, Mann-Whitney U Test, and chi-square test. Afterwards, to 

detect and extract the magnitude and significance of the cross-sectional and longitudinal 

effects of chronological age on the risk of NCI, generalized linear mixed-effect regression 

(GLMER) models were conducted. Mixed-effect models are robust in dealing with 

unbalanced data with varied number of follow-ups and varied duration between follow-up 
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visits among participants by treating the follow-up time as a continuous variable [30]. Using 

random effects, a mixed-effect model accounts for correlation between repeated 

measurements within a person and variations of the outcome measure at the baseline among 

individual participants [31, 32]. NCI (No versus Yes) derived from the demographically 

corrected T-scores was used as the primary outcome to assess whether aging imposes 

additional risk of NCI among PLHIV even after correcting for the normal aging effect (per 

use of the country-based regression norms correcting for a normal aging effect). Age group 

(young VS old) and follow-up time in years, and their interaction were chosen as the main 

fixed effects. Subject was used as the random effect. Covariates were selected based on a top-

down selection process. Variables with p>0.5 were gradually removed from the model. 

Model performance was measured with the Akaike Information criteria (AIC) value. Models 

with and without random slope were tested. Since the model with the random slope 

outperformed, the final model was run with the random slope. A sensitivity analysis was 

conducted by testing a model confined to the participants who had at least a follow-up visit 

because only 48% of the participants had a follow-up visit. In addition, another model was 

tested among those who were virally-suppressed (VL<1,000 copies/ml) to assess if the age 

effect changes in the context of viral suppression. LME4 package [33] from R version 3.6.1 [34] 

was used for all the statistical analysis.   

Results 

After combining the eligible participants from the two cohorts, a total of 1,026 participants 

remained in this study (mean age=45.22 years±8.66). Table 1 shows the baseline 

characteristics of study participants in the entire sample and in young versus old participants 

and impaired versus unimpaired participants at the baseline. Results from the generalized 

linear mixed-effect model with NCI as the outcome were presented in Table 2 and Fig 1. 

Both older age (OR=1.83 (1.15, 2.90), p<0.05) and the interaction between older age and 
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follow-up time (OR=1.66 (1.05, 2.64), p<0.05) were associated with a higher risk of NCI. 

Longer follow-up duration was associated with a lower risk of NCI (OR=0.64 (0.45, 0.90), 

p<0.01).  

Among covariates, Black/African American (OR=1.60 (1.01, 2.53), p<0.05) and “Other” 

ethnicity (OR=2.41 (1.12, 5.17), p<0.05) were associated with a higher risk of NCI compared 

with White ethnicity. In terms of comorbidities, having a contributing (OR=1.59 (1.03, 2.46), 

p<0.05) or confounding (OR=11.9 (5.77, 24.70), p<0.001) comorbidity rating was associated 

with a higher chance of NCI compared to having incidental/no comorbidity rating. In 

addition, higher PAOFI score (OR=1.07 (1.04, 1.11), p<0.001) and having abnormal 

creatinine level (>90 µmol/L for Females and >110 µmol/L for Males) (OR=1.83 (1.08, 

3.08), P<0.05) were also associated with a greater likelihood of NCI. On the other hand, 

plasma viral count <200 copies/ml (OR=0.63 (0.43, 0.92), p<0.05) and being from the US 

cohort (OR=0.48 (0.24, 0.98), p<0.05) were associated with a lower risk of NCI.  

Two sensitivity analyses were conducted (Table S3, http://links.lww.com/QAD/C490) with 

one model confined to those who had at least one follow-up visit (N=488 inclusive of all 

Australians) and one model among those who had achieved viral suppression at the time of 

their visits (N=793 inclusive of all Australians). The effect of age remained significant in 

both models. Both the individual effect of age group and the interaction between age group 

and follow-up time were associated with a higher risk of NCI in both the model that included 

only participants with at least one follow-up visit (OR for older age =1.97 (1.00, 3.85), 

p<0.05) (OR for older age * follow-up time interaction=1.70 (1.03, 2.80), p<0.05), and in the 

model which included participants who had achieved viral suppression at the time of their 

visits (OR for older age =1.65 (1.05, 2.61), p<0.05) (OR for older age * follow-up time 

interaction=1.68 (1.05, 2.70), p<0.05).  
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Discussion 

To our knowledge, this is the first study which combined and harmonized data between 

NeuroHIV studies from two different countries. We successfully combined data from the 

HIV and Brain Aging Research Program in Australia and the CHARTER study from the US 

and robustly determined the effects of abnormal cognitive aging on the risk of NCI among 

PLHIV. A total of 1,026 participants (102 from the Australian study and 924 from the 

CHARTER study) were included in this study.  

Large sample sizes are needed to achieve a “conventional” power of 80% to detect small to 

medium sized effects, especially when outcomes are expressed as count/categorical variables 

such as clinically relevant NCI [2, 3].  Our study provides a pragmatic solution to increase 

sample size through data integration among studies internationally. Based on the sample size 

calculation in our review [3], the current study sample size had at least 80% power to detect a 

small-medium effect size of age on NCI at a statistically significant level (p<0.05). While the 

Australian sample size was much smaller than the US sample, the study represents evidence 

of feasibility and proof of concept for larger data pooling not only for neuropsychological 

and IADL data, but also for clinical and biomarker data, demonstrating feasibility for data 

integration in several types of NeuroHIV data sciences. Further, the data  integration 

enhanced the heterogeneity of the final sample [7] as there were clear demographic, clinical 

and HIV disease differences between the two cohorts. The Australian group was mostly 

composed of older, white, high functioning gay and bisexual men who had achieved long-

term viral suppression whereas the US cohort was younger and included a considerable 

proportion of African Americans, females and a sizeable proportion that had not achieved 

viral suppression.  
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Data pooling can be done in two ways: a posteriori and a priori. For a posteriori scenario, 

studies which used similar neuropsychological testing methods and collected similar data 

items could be integrated as we did in this study. We hope that the requirements for the data 

merging can be followed using the steps that we have provided, and our group is open to 

providing further guidance in the eventual uptake of the current work including for the 

development of regression-based norms. For a priori scenarios, the NeuroHIV research 

community would need to agree on a core set of neuropsychological tests [35] (e.g., the 

international HNRC neuropsychological test battery which has already been adapted and used 

in different countries such as China [8], India [10] and Brazil [36]) and a minimum set of data 

items to be collected provisionally. In both a posteriori and a priori scenarios, a consortium 

with a steering committee may need to be established to determine how and where the data 

repository may be developed and maintained. Such efforts have been successfully established 

in the neuroimaging community (e.g., ENIGMA [37]) and dementia research (e.g., ADNI [38]) 

and will be useful for the newly established NIMH Biotypes of CNS Complications in 

PLHIV project [39].  

Our study further confirms that older age is associated with increased risk for NCI both cross-

sectionally and longitudinally even after considering for cohort, demographic factors, 

comorbidities, and HIV disease factors. Our analyses reveal that participants older than 50 

years of age had 83% higher chance of NCI compared to the younger participants. Older 

participants also had a higher probability of increases in NCI over the follow-up compared to 

the younger participants (OR=1.66). These effects were still significant when the analysis 

was confined to participants who had already achieved viral suppression: 65% increased risk 

cross-sectionally and 68% increased risk longitudinally among older participants in relation 

to younger participants. While we did not have HIV-negative controls in this study, cognitive 

scores were corrected for demographic effects with robust regression-based norms derived 
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from appropriate controls’ sample, and we are therefore confident that the residual age effect 

detected was representative of pathological cognitive aging above and beyond that of normal 

aging. 

Despite detection of the significant age effects on NCI in our study, the original longitudinal 

CHARTER analyses published in 2015 [40] did not identify a significant age effect on 

neurocognitive decline. This may be explained by relative differences in samples’ 

demographic and clinical characteristics. First, our study results are based on a larger sample 

compared to the original CHARTER (N=436 versus N=1,026), which may have improved 

the power in our study to detect small-medium sized age effects at a statistically significant 

level.  Second, we used a dichotomous age grouping (50+ as a cut-off for older) while the 

original CHARTER used a linear age strategy. Third, the inclusion of Australians who were 

all older than 40 years of age increased the overall number of people age 50+ at baseline by 

about 5% (23.8% in the 2014 CHARTER study sample VS 29.4% in our study sample) 

(additional data on age group breakdown and characteristics of the older and younger 

samples in the original CHARTER analysis were sought from the CHARTER team). Lastly, 

younger participants in the 2015 CHARTER study were less likely to be on treatment, which 

might have predisposed them to have higher neurocognitive decline over older participants. 

Critically, in our study, we included only participants on cART, and have therefore excluded 

the complex effect of no treatment and its association between younger age and NCI.  

Despite normative correction of cognitive scores for racial/ethnic background, we still found 

much higher risk of NCI among Black/African American participants (1.60 times higher risk 

compared to White participants) and those from “Other” racial/ethnic backgrounds (2.41 

times greater risk compared to White participants). We interpret these results not so much as 

the “imperfect” corrections of the norms, but as effects that the norms cannot correct because 
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they represent the cumulative or synergistic impact of racial/ethnic disparities impacting 

many aspects of a person’s life (e.g., lower quality of education, lower socio-economic status 

and intergenerational poverty, poorer housing, lower social opportunities, and psychosocial 

stress associated with racial discrimination) [41-44]. This interpretation is supported by the fact 

that African American and other racial/ethnic background participants also had higher 

contributing and confounding comorbidities.  

More severe comorbidity ratings were associated with a significant higher risk of NCI. 

Specifically, having a contributing or confounding comorbidity increased the chance of NCI 

by 1.59 times and 11.9 times respectively compared to incidental or no comorbidity rating. 

The Australian cohort included 30% of people with contributing comorbidities and only 2% 

with confounding comorbidities. Therefore, the confounding effect essentially came from the 

US cohort. Previous research has also reported such an association between comorbidities 

and cognitive performance in both PLHIV [45] and the general population [46]. Since age-

related comorbidities such as cardiovascular diseases and diabetes, and non-age-related 

comorbidities such as depression, substance and alcohol use disorders and hepatitis C 

infection (which can all have an impact on cognition) are more common among PLHIV than 

in the general population, risk for NCI may be much higher among PLHIV, especially in 

elders [1]. However, it also follows that minimization of NCI is possible via early detection 

and management of these comorbidities. With the aging of the HIV population, screening and 

management strategies for these comorbidities is probably best considered within the context 

of an HIV geriatric clinic [47, 48].  

Our study also showed that abnormal creatinine level is associated with increased risk of 

NCI. Having abnormal creatinine level was associated with 83% higher chance of NCI. 

Previous studies have reported an association between renal dysfunction and cognitive 



ACCEPTED

impairment in both PLHIV [49] and general population [50, 51]. Renal impairment is often 

associated with other risk factors for cognitive impairment such as hypertension, diabetes, 

cerebrovascular disease, and anemia; these conditions are likely to mediate the effect of renal 

impairment on cognition [50]. In our study, participants who had renal impairment were more 

likely to have higher comorbidity rating, diabetes, history of myocardial infarction and stroke 

and abnormal hemoglobin level.  

Lower self-perceived cognitive functioning (higher PAOFI score) was associated with an 

increased risk for NCI. This finding supports results from previous studies indicating that 

objective cognitive impairment is associated with subjective cognitive symptoms in PLHIV 

[52-54]. The PAOFI is often associated with depressive symptoms in PLHIV and thus, 

cognitive deficit among those with higher PAOFI score may partly be mediated by 

depression [55, 56]. In the current study, PAOFI score was significantly higher among those 

who were depressed at baseline (P=<0.0001).  

Lastly, a plasma viral count <200 copies/ml reduced the risk for cognitive impairment by 

37%. This is congruent with previous studies [57-59]. This finding reinforces the importance of 

access and adherence to ART to keep HIV viral replication suppressed [60]. Yet it is important 

to note that even in virally suppressed individuals, the abnormal aging effects were also 

detected. 

Our study has several methodological limitations. During data integration, some of the 

variables could not be included because of lack of information in either of the studies. The 

participants included in the study were still overall relatively young (mean age = 45.22, SD 

=8.86; 29% 50+ years of age). It is therefore possible that as PLHIV are getting older, a 

stronger effect of age on cognitive deficit may be observed. Lastly, time periods which the 

US (2003-2007) and Australian (2009-2011) studies were conducted were different, and 
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variances in HIV treatment advancements over these periods may have affected the cognitive 

health of participants differently between the two cohorts. Nonetheless, the adjustment of 

cohort effect in the regression model may have corrected any residual effect of cohort which 

could not be explained by individual participant level characteristics such as viral load and 

history of AIDS illnesses.  

To conclude, our study demonstrates the feasibility of integrating data between NeuroHIV 

studies. Data integration or pooling may serve as a cost-effective way to obtain adequate 

power in the NeuroHIV field. Harmonization of neuropsychological measurement tools and 

data collection tools are urgently needed to be able to pool data prospectively in the future 

studies. Our study advocates for HIV clinics to immediately implement routine cognitive 

screening in all PLHIV age 50+ years, especially those with comorbidities, subjective 

cognitive complaints, and those who fall into a vulnerable demographic group within their 

countries. 
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Table 1: Baseline characteristics of study participants 

 Young VS Old 
Australian VS US 

cohort 

Cognitively 

impaired VS 

Normal Total 

 Young 

(724) 

Old (302) Australi

a (102) 

US (924) Impaired 

(449) 

Normal 

(577) 

Age 

(Mean) 

40.93 

(6.1) 

55.51 

(5.24)*** 

55.98 

(7.97) 

44.03 

(8.13)*** 

45.92 

(8.72) 

44.68 

(8.94)* 

45.22 

(8.86) 

Male 559 

(77%) 

253 

(84%)* 

99 

(97%) 

713 

(77%)*** 

342 

(76%) 

470 

(81%)* 

812 

(79%) 

Years of 

educatio

n 

(Mean) 

12.53 

(2.47) 

13.28 

(2.81)*** 

13.93 

(2.89) 

12.62 

(2.53)*** 

12.50 

(2.70) 

12.95 

(2.49)** 

12.75 

(2.59) 

Ethnicit

y 

       

White 294 

(41%) 

173 

(57%)*** 

100 

(98%) 

367 

(40%)*** 

187 

(41%) 

280 

(49%) 

467 

(46%) 

Black/A

frican 

Americ

an 

368 

(51%) 

115 (38%) 0 (0%) 483 (53%) 223 

(50%) 

260 

(45%) 

483 

(47%) 

Other 62 (8%) 14 (5%) 2 (2%) 74 (7%) 39 (9%) 37 (6%) 76 (7%) 

Employ

ed 

138 

(33%) 

74 (38%) 55 

(54%) 

157 

(31%)*** 

74 (29%) 138 

(39%)** 

212 

(34%) 
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Current 

depressi

on a 

257 

(36%) 

86 (29%)* 18 

(18%) 

325 

(35%)*** 

181 

(40%) 

161 

(28%)*** 

343 

(34%) 

Use of 

psychot

ropic 

medicat

ion ever 

554 

(77%) 

200 

(68%)** 

30 

(33%) 

724 

(79%)*** 

330 

(74%) 

424 

(75%) 

754 

(75%) 

Lifetime 

substan

ce use 

disorder 

317 

(44%) 

103 

(34%)** 

11 

(11%) 

409 

(44%)*** 

178 

(40%) 

242 

(42%) 

420 

(41%) 

Current 

substan

ce use 

disorder 

28 (4%) 1 

(0.5%)** 

0 (0%) 29 (3%)* 13 (3%) 16 (3%) 29 (3%) 

PAOFI 

score 

(Mean) 

5.29 

(6.88) 

4.72 (6.6) 3.89 

(4.99) 

5.26 

(6.96)* 

6.84 

(8.02) 

3.80 

(5.32)*** 

5.12 

(6.8) 

IADL 

score 

0.96 

(1.51) 

1.27 

(1.94)* 

1.07 

(1.64) 

1.05 (1.66) 1.24 

(1.89) 

0.92 

(1.45)** 

1.06 

(1.66) 

Comorb

idity 

rating  

       

No/Incid 432 177 69 540 210 399 609 
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ental (60%) (59%)* (68%) (58%)** (47%) (69%)*** (59%) 

Contribu

ting 

189 

(26%) 

96 (31%) 31 

(30%) 

254 (28%) 133 

(30%) 

152 

(26%) 

285 

(28%) 

Confoun

ding 

103 

(14%) 

29 (10%) 2 (2%) 130 (14%) 106 

(23%) 

26 (5%) 132 

(13%) 

CD4 

(Median

) 

403.5 

(363.5) 

456 

(328.5)*** 

527.5 

(361.5) 

407 

(343)*** 

405 

(374) 

433.5 

(340.25) 

418 

(351) 

CD8 

(Median

) 

858.5 

(583.25) 

871 (547) 822 

(533.25) 

862 

(558.5) 

874 

(589) 

846.5 

(523.75) 

861 

(554) 

CD4:C

D8 ratio 

(Median

) 

0.45 

(0.47) 

0.5 (0.45) 0.58 

(0.44) 

0.46 

(0.47)*** 

0.48 

(0.45) 

0.47 

(0.46) 

0.47 

(0.45) 

HIV 

viral 

load < 

200 

copies/

ml 

429 

(62%) 

233 

(80%)*** 

101 

(99%) 

561 

(63%)*** 

291 

(68%) 

371 

(66%) 

662 

(67%) 

Duratio

n of 

current 

ART in 

8.25 

(21) 

18.98 

(32.09)*** 

26 

(30.75) 

9.3 

(22.82)***

11.42 

(24.57) 

10.00 

(22.76) 

11.03 

(23.49) 
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months 

(Median

) 

Duratio

n of 

HIV 

diagnosi

s in 

years 

(Mean) 

10.37 

(6.35) 

14.02 

(7.03)*** 

19.32 

(6.67) 

10.56 

(6.17)*** 

11.68 

(6.66) 

11.26 

(6.84) 

133 

(124.11) 

CPE 

(Mean) 

7.82 

(1.96) 

8.07 (2.1) 7.97 

(2.34) 

7.88 (1.2) 8.11 

(2.10) 

7.71 

(1.92)** 

7.89 (2) 

Nadir 

CD4 < 

200 

cells/m

m3 

482 

(67%) 

200 (66%) 57 

(56%) 

625 

(68%)* 

316 

(71%) 

366 

(64%)* 

682 

(67%) 

AIDS 318 

(44%) 

160 

(53%)** 

71 

(70%) 

407 

(44%)*** 

228 

(51%) 

250 

(43%)* 

478 

(47%) 

Risk 

Group 

       

Heterose

xual 

179 

(32%) 

53 (21%)* 5 (5%) 227 

(32%)*** 

109 

(31%) 

123 

(26%)* 

232 

(28%) 

MSM 306 

(54%) 

149 (60%) 87 

(91%) 

368 (51%) 176 

(50%) 

279 

(60%) 

455 

(56%) 
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Intraven

ous drug 

use 

58 

(10%) 

38 (15%) 1 (1%) 95 (13%) 52 (15%) 44 (10%) 96 

(12%) 

Other 23 (4%) 10 (4%) 3 (3%) 30 (4%) 14 (4%) 19 (4%) 33 (4%) 

History 

of 

myocar

dial 

infarcti

on 

19 (3%) 30 

(10%)** 

17 

(17%) 

32 

(3%)*** 

24 (5%) 25 (4%) 49 (5%) 

History 

of 

stroke 

31(4%) 23 (8%)* 0 (0%) 54 (6%)* 38 (8%) 16 

(3%)*** 

54 (5%) 

Systolic 

blood 

pressur

e in 

mmHg 

(Mean) 

123.85 

(15.83) 

128.81 

(16.27)*** 

130.67 

(16.08) 

124.71 

(16.01)***

124.56 

(16.98) 

125.90 

(15.39) 

125.31 

(16.11) 

Cholest

erol in 

mmol/L 

(Mean) 

4.69 

(1.2) 

4.77 (1.17) 4.99 

(1.11) 

4.68 

(1.2)** 

4.71 

(1.29) 

4.72 

(1.11) 

4.72 

(1.19) 

Triglyce

ride 

2.03 

(1.63) 

1.97 (1.43) 2.26 

(2.21) 

1.98 (1.45) 2.01 

(1.44) 

2.01 

(1.68) 

2.01 

(1.58) 
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mmol/L 

(Mean) 

Abnorm

al 

creatini

ne b 

58 (8%) 47 

(16%)*** 

13 

(13%) 

92 (10%) 60 (13%) 45 

(8%)** 

105 

(10%) 

Anemia 

c 

192 

(27%) 

80 (27%) 19 

(20%) 

253 (28%) 128 

(29%) 

144 

(25%) 

272 

(27%) 

Diabete

s 

61 (8%) 38 (13%)* 7 (7%) 92 (10%) 52 (12%) 47 (8%) 99 

(10%) 

Cogniti

ve 

Scores 

       

Mean T-

score 

(Mean) 

46.74 

(7.50) 

46.39 

(6.75) 

47.44 

(6.99) 

46.55 

(7.32) 

40.72 

(5.41) 

51.11 

(4.89)*** 

46.64 

(7.29) 

Global 

Deficit 

Score 

(Mean) 

0.52 

(0.60) 

0.54 (0.56) 0.46 

(0.62) 

0.53 (0.58) 1.01 

(0.59) 

0.15 

(0.14)*** 

0.52 

(0.59) 

Cognitiv

ely 

impaired 

298 

(41%) 

143 (47%) 36 

(35%) 

405 

(44%)π 

  441 

(43%) 

Data are presented as n (%) for categorical variables and mean (SD) or median 
(interquartile range) for continuous variables. Chi-square test was used for categorical, and 
t-test and Mann-Whitney U Test were used for continuous variables. 
*p<0.05; **p<0.01, ***p<0.001   
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PAOFI= Patient's Assessment of Own Functioning Inventory, IADL=Instrumental Activities 
of Daily Living, CPE=CNS penetrative effectiveness score 
a≥14 in Beck Depression Inventory score, b>90mmol/L for Females and >110 mmol/L for 
Males, cHemoglobin <12g/dl for Females and <13.5g/dl for Males 
π In the original CHARTER study, the NCI rate is 52%. This difference may be due to that 
we included only participants on cART.  
 

 

 

Table 2: Generalized linear mixed effects model results with NCI as the outcome (NCI is a 
normative age-corrected outcome) 
Variable Odds Ratio Standard 

Error (SE) 

95% CI  

Age group (Young VS Old) 1.83* 0.43 1.15, 2.90 

Time (Year) 0.64** 0.11 0.45, 0.90 

Ethnicity    

White VS Black/African American 1.60* 0.37 1.01, 2.53 

White VS Other 2.41* 0.94 1.12, 5.17 

Education 0.95 0.04 0.87, 1.03 

Cohort (US) 0.48* 0.17 0.24, 0.98 

Comorbidity    

Incidental VS Contributing 1.59* 0.35 1.03, 2.46 

Incidental VS Confounding 11.9*** 4.43 5.77, 24.70 

Viral Load < 200 copies/ml 0.63* 0.12 0.43, 0.92 

PAOFI (continuous) a 1.07*** 0.02 1.04, 1.11 
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IADL (

Historic

Systolic

Historic

Current

Cholest

Abnorm

History

Age gro

Apart f
covaria
*p<0.05
PAOFI=
IADL=I
a Highe
b Highe
c >90µm

 
 

continuous)

cal substanc

c Blood Pre

cal AIDS (Y

t Depression

terol (mmol

mal Creatini

y of Stroke (

oup * Time 

from demog
ates. 
5; **p<0.0

I= Patient's 
Instrumenta

er score mea
er score mea
mol/L for F

) b 

ce used diso

essure (mmH

Yes) 

n (Yes) 

l/L) 

ine (Yes) c 

(Yes) 

graphic var

1, ***p<0.
Assessment

al activities 
ans greater 
ans greater f

Females and

order (Yes)

Hg) 

riables, all 

001   
t of Own Fu
of daily liv
cognitive sy
functional d

d >110 µmo

1.04

0.70

0.99

1.13

1.40

1.06

1.83

1.56

1.66

l the other 

unctioning I
ving 
ymptoms 
decline 
l/L for Male

4 

0 

9 

3 

0 

6 

3* 

6 

6* 

variables 

Inventory 

es 

0.06 

0.15 

0.005 

0.21 

0.29 

0.08 

0.49 

0.71 

0.39 

were treate

0.93, 1

0.46, 1

0.98, 1

0.78, 1

0.94, 2

0.91, 1

1.08, 3

0.64, 3

1.05, 2

ed as time-

.16 

.05 

.00 

.64 

2.10 

.22 

3.08 

3.81 

2.64 

-varying 




