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ABSTRACT 

Background: Higher cumulative burden of depression among people with HIV (PWH) is 

associated with poorer health outcomes; however, longitudinal relationships with neurocognition 

are unclear. This study examined hypotheses that among PWH: 1) higher cumulative burden of 

depression would relate to steeper declines in neurocognition, and 2) visit-to-visit depression 

severity would relate to neurocognition within persons.  

Setting: Data was collected at a university-based research center from 2002-2016. 

Methods: Participants included 448 PWH followed longitudinally. All participants had >1 visit 

(M=4.97; SD=3.53) capturing depression severity (Beck Depression Inventory-II) and 

neurocognition (comprehensive test battery). Cumulative burden of depression was calculated 

using an established method that derives weighted depression severity scores by time between 

visits and total time on study. Participants were categorized into low (67%), medium (15%), and 

high (18%) depression burden. Multilevel modeling examined between- and within-person 

associations between cumulative depression burden and neurocognition over time.  

Results: The high depression burden group demonstrated steeper global neurocognitive decline 

compared to the low depression burden group (b=-0.100, p=0.001); this was driven by declines 

in executive functioning, delayed recall, and verbal fluency. Within-person results showed that 

compared to visits when participants reported minimal depressive symptoms, their 
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neurocognition was worse when they reported mild (b=-0.12 p=0.04) or moderate-to-severe (b=-

0.15, p=0.03) symptoms; this was driven by worsened motor skills and processing speed.  

Conclusions: High cumulative burden of depression is associated with worsening neurocognition 

among PWH, which may relate to poor HIV-related treatment outcomes. Intensive interventions 

among severely depressed PWH may benefit physical, mental, and cognitive health. 

 

Keywords: cognition, psychological stress, aging, chronic disease, comorbidity 

 

INTRODUCTION 

 Depression is one of the most common neuropsychiatric conditions among people with 

HIV (PWH) worldwide1,2. Reported rates of depression have been estimated as high as 

37%1,3,4— a prevalence five times greater than that of the general population5. The relationship 

between HIV and depression appears to be somewhat reciprocal in nature, such that individuals 

with depression are at higher risk for acquiring HIV and PWH are at higher risk for developing 

depression6,7. The latter directional association has been widely researched, with studies 

suggesting both biological (e.g., changes in brain structure and function, HIV-related 

physiological fatigue) and psychosocial factors (e.g., HIV stigma, stress of living with a chronic 

illness, psychiatric vulnerability to major depression) contributing to depression risk among 

PWH8,9.  

 The consequences of depression among PWH are multifaceted, including worse quality 

of life, poorer medication adherence, worse viral suppression, faster HIV disease progression, 

and mortality2. Although depression has been associated with neurocognitive decline in the 

general population and in specific clinical populations (i.e., Alzheimer’s disease)10-12, findings 
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among PWH have been somewhat inconsistent13,14. Cross-sectional studies more consistently 

demonstrate significant relationships between depressive symptoms and neurocognitive 

functioning among PWH13; however, the few longitudinal studies that exist in this population 

show inconsistent results. These inconsistencies may be partly explained by their failure to 

capture long-term severity and chronicity, or “cumulative burden,” of depression. For example, 

most of the existing longitudinal studies examine the likelihood of neurocognitive decline based 

on either presence of past major depressive disorder (MDD) and/or depression measured at a 

single timepoint14,15. Studies across populations, however, show that combined severity and 

chronicity of depression may be a stronger predictor of neurocognitive performance compared to 

that of depressive symptomology characterized at a single time point16,17. 

Accounting for long-term, cumulative burden of depression may help clarify longitudinal 

relationships between depression and neurocognitive functioning among PWH. For example, 

elevated depressive symptoms can detrimentally impact performance during neurocognitive 

testing (e.g., information processing speed, timed psychomotor tasks), but such deficits in test 

performance often resolve with alleviation of depressive symptoms18. In contrast, recent findings 

suggest that more chronic and severe depression is associated with long-term neurobiological 

(e.g., neuroinflammation, glucocorticoid cascade) and behavioral consequences (e.g., decreased 

engagement in cognitive and physical activities) that are known to adversely affect 

neurocognition19,20. Given that neurocognitive impairment remains prevalent in the current 

antiretroviral era21, understanding the impact of treatable conditions (e.g., depression) on 

neurocognitive decline is imperative for developing appropriate intervention plans for 

maintaining optimal cognitive health. 
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Thus, the current study included two aims to examine longitudinal associations between 

depressive symptoms and cognitive functioning among PWH. The first study aim was to 

examine the between-person association between cumulative depression burden and global 

neurocognitive decline over time (i.e., across all study visits). We hypothesized that participants 

with higher cumulative depression burden would have faster global neurocognitive decline (i.e., 

negative slopes of greater magnitude) than those with lower cumulative depression burden. The 

second study aim was to examine within-person associations between visit-to-visit depressive 

symptom severity and global neurocognitive functioning. We hypothesized that participants 

would exhibit worse global neurocognitive performance on visits when they had worse 

depressive symptoms. For each aim, we also explored neurocognitive domain-specific outcomes 

to aid interpretation of global findings.  

 

METHODS 

Participants 

Participants were 448 PWH enrolled in NIH-funded longitudinal studies at the UCSD 

HIV Neurobehavioral Research Program (HNRP) from 2002-2016. All the studies from which 

participants in the current study were pulled have specific aims that fall under the broad 

scientific aim of examining the effects of HIV on the central nervous system. Assessments and 

procedures are also standardized and consistent across all studies. Participants were included in 

the current study if they had at least two complete visits. Visits that occurred more than 10 years 

since baseline (i.e., about two standard deviations from the mean) were excluded as there were 

not enough data to robustly estimate slopes for cognitive change more than 10 years from 

baseline. Participants were included even if they missed visits in between complete visits. 
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Exclusion criteria consistent among all parent studies were diagnosis of a psychotic disorder and 

presence of a neurological condition known to impact neurocognitive functioning (e.g., stroke). 

Additional exclusion criteria for the current study included DSM-IV-TR diagnosis of current 

dependence on any substances of abuse at the baseline visit, including alcohol, cannabis, 

cocaine, hallucinogens, inhalants, methamphetamine, opioids, and sedatives. All study 

procedures were approved by the UCSD Institutional Review Board. Participants provided 

written, informed consent. 

 

Measures 

 Current Depressive Symptom Severity and Cumulative Burden of Depression. The second 

edition Beck Depression Inventory (BDI-II) was administered to assess depressed mood at each 

visit. These BDI-II scores were categorized by severity based on recommended clinical cutoffs: 

none-to-minimal (0-13); mild (14-19); moderate-to-severe (≥20)22. Cumulative burden of 

depression across all visits for each individual was calculated based on established methods as 

follows23. First, BDI-II scores were converted to a scale ranging from 0 to 1, such that scores ≥20 

were assigned a value of 1, scores <14 were assigned a value of 0, and scores 14-19 were 

assigned a value that is weighted proportionally between 0 and 1. Weighted averages for each 

individual across all their visits were then calculated based on the number of days between each 

visit. Specifically, the converted BDI-II scores were averaged over a given interval, then 

multiplied by the number of days in that interval. The resulting values for each interval were 

summed and then divided by the total number of days from first to last visit. This resulted in one 

total cumulative burden of depression score (ranging from 0 to 1) for each participant. This 

method has been validated previously, and represents the inverse of the commonly used 
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“depression-free days” metric that is used across clinical trials to evaluate effectiveness of 

depression treatments23,24. Last, in order to evaluate cognitive decline by cumulative depression 

burden severity groups, final values were categorized to indicate a low depression burden group 

(participants with scores <0.33), a medium depression burden group (participants with scores 

between 0.33 and 0.67), and a high depression burden group (participants with scores >0.67). 

 Psychiatric and Neuromedical Assessment. Modules of the WHO Composite 

International Diagnostic Interview (CIDI, v2.1) were administered to assess for current and past 

(occurring >12 months ago) mood and substance use disorders based on the DSM-IV-TR. All 

participants were tested for HIV using a fingerstick test (Medmira, Nova Scotia, Canada) and 

confirmed with an Abbott RealTime HIV-1 test (Abbott Laboratories, Illinois, USA) or by 

submitting specimens to a Clinical Laboratory Improvement Amendments (CLIA)-certified 

laboratory (ARUP Laboratories, Utah, USA) for HIV-1 viral load quantitation. At each visit, 

additional HIV characterization included AIDS status, plasma viral load, CD4+ T-cell counts 

(nadir and current), estimated duration of HIV disease, and current antiretroviral therapy (ART) 

regimen.  

 Neurocognitive Assessment. At each visit, participants completed a standardized battery 

of well-validated neuropsychological tests assessing seven cognitive domains: verbal fluency, 

executive functioning, speed of information processing (i.e., processing speed), learning, delayed 

recall, working memory, and speeded fine motor skills25. Raw test scores were converted to 

practice-effect corrected scaled scores (M=10; SD=3 in normative sample), which subtract a 

median practice-effect from the observed scaled score based on the number of testings26. Scaled 

scores were averaged across all tests to create a global scaled score, and averaged within each 

domain to create domain-specific scaled scores. Scaled scores were not corrected for 
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demographics, as neurocognitive change is best measured using scores that do not remove 

reliable sources of variance in change over time (e.g., age)27.  

 

Statistical Analyses  

  To compare baseline demographic and clinical characteristics by cumulative depression 

burden group, one-way analysis of variance (ANOVA) or chi-squared analysis was used for 

continuous or dichotomous variables, respectively. Nonparametric Wilcoxon tests were used for 

non-normally distributed continuous variables (i.e., CD4 counts). Pairwise comparisons were 

examined using Tukey’s HSD for continuous outcomes or Bonferroni adjustments for 

dichotomous outcomes. ANOVA and Pearson correlations were also used to examine predictors 

of length of follow up (i.e., total years on study), including depression burden group, 

demographics, and HIV disease characteristics.  

Next, a multilevel model was used to examine between- and within- person predictors of 

global neurocognitive performance, as multilevel models are able to account for the repeated 

measures nature of the data (i.e., multiple visits [at level 1] nested within participants [level 2])28. 

The effect of time (i.e., years since baseline) was modeled as a random slope allowing the 

relationship between time and global scaled score to vary by participants (i.e., modeling a 

cognitive change trajectory for each person), and thus allowing us to examine cumulative 

depression burden as a between-person predictor of this random slope. In other words, at the 

between-person level of the multilevel model, cumulative depression burden group was modeled 

as a moderator of the relationship between neurocognition and time. Cumulative depression 

burden group, mean age, sex, baseline education, and baseline nadir CD4 count<200 also 

predicted global scaled score averaged over each individual’s visits at the between-person level. 
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At the within-person level of the multilevel model, depressive symptom severity was used to 

predict global scaled score at each visit, covarying for time-varying HIV disease severity (i.e., 

current CD4 count<200 [yes vs. no]). Random intercepts were specified. This statistical model 

was repeated for each neurocognitive domain outcome to explore domain-specific effects. 

Unstandardized model estimates are reported. Given that examination of domain-specific 

outcomes was exploratory, no corrections for multiple comparisons were applied.  

To aid interpretation of results, four additional analyses were conducted. 1) In order to 

understand whether depression longitudinally relates to HIV medication adherence (a possible 

mechanism underlying cognitive change), we used a multilevel model to examine the within-

person effect of visit-specific BDI-II score on log-transformed HIV plasma viral load (i.e., a 

proxy for ART adherence) among only participants on ART. 2) An additional multilevel model 

was examined to determine differences in cognitive change trajectories among the high 

depression burden group by antidepressant use. 3) Additional within-person longitudinal 

analyses also examined trajectories of change in BDI-II scores over time in each depression 

burden group, allowing us to understand whether BDI-II scores generally increased or decreased 

over time. For these analyses, the relationship between BDI-II score and time was modeled 

specifying random slopes and intercepts. 4) Last, a sensitivity analysis removing all female 

participants was completed to ensure that between- and within-person relationships between 

depression and global neurocognition were not being driven by women, as depression has 

previously been found to be a stronger predictor of neurocognition among women living with 

HIV29. All baseline analyses were conducted using JMP Pro version 14.0.0 (JMP®, Version 

14.0.0. SAS Institute Inc., Cary, NC, 1989-2007). All longitudinal analyses were conducted 

using Mplus, version 7.4. 
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RESULTS 

 Of the 448 participants, there were 301 (67.2%) participants with low depression burden, 

69 (15.4%) participants with medium depression burden, and 78 (17.4%) participants with high 

depression burden. Participants had a mean of 4.97 complete visits (SD=3.53; min=2; max=15) 

that were about 0.89 years apart on average (SD=0.63), with no more than 10 years from 

baseline to last visit (M=3.88 years; SD=2.94; min=0.50; max=10.0). Baseline (i.e., first visit) 

demographic and clinical characteristics of each cumulative depression burden group are 

displayed in Table 1. At baseline, the high cumulative depression burden group was older than 

the medium depression burden group (p=0.04). Groups were comparable on all other 

demographic and HIV disease characteristics. Regarding psychiatric characteristics, groups with 

higher cumulative depression burden severity had higher rates of MDD, higher BDI-II scores, 

and more antidepressant use, consistent with expectations. Additionally, the medium depression 

burden group had a higher rate of past SUDs compared to the low depression burden group. 

Groups also had comparable baseline global and domain-specific neurocognitive performance. 

Last, length of follow up was not related to depression burden group, demographics, or HIV 

disease characteristics (ps>0.05). 

 Results of the multilevel model examining between- and within-person predictors of 

global neurocognitive functioning are presented in Table 2. At the between-person level, 

participants in the high depression burden group had significantly steeper declines in global 

neurocognitive functioning over time compared to the low depression burden group (b=-0.100, 

p=.001; Figure 1). The medium depression burden group also had marginally significantly 

steeper declines in global neurocognition over time compared to the low burden group (b=-

0.059, p=0.057). The rate of decline among the high depression burden group did not differ 
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significantly from that of the medium burden group (when specifying the medium burden group 

as the reference; b=-0.050, p=0.223). Within-person results indicated that on visits when 

participants reported mild (b=-0.119, p=0.042) or moderate-to-severe (b=-0.150, p=0.026) 

depressive symptoms on the BDI-II, they had worse global neurocognitive functioning compared 

to visits when they reported none-to-minimal depressive symptoms.  

 Examination of neurocognitive domain-specific outcomes (Table 3) revealed the 

between-person effect of high depression burden on global neurocognitive decline (compared to 

that of low depression burden) was primarily driven by declines in executive functioning (b=-

0.152, p=0.020), delayed recall (b=-0.131, p=0.023), and verbal fluency (b=-0.096, p=0.045). 

The medium depression burden group also demonstrated significantly steeper declines in 

executive functioning (b=-.133, p=0.039) and verbal fluency (b=-.153, p=0.001), compared to 

the low depression burden group. Notably, a different pattern emerged at the within-person level 

for each domain. The within-person effects of visit-to-visit changes in depressive symptom 

severity on global neurocognition appeared to be driven by speeded fine motor skills and 

processing speed. 

 The first additional analysis examining the within-person effect of visit-specific BDI-II 

score on log-transformed HIV plasma viral load (covarying for mean age, sex, education, and 

depression burden group) among only those on ART (n=323) showed that compared to visits 

when participants reported no/minimal depressive symptoms, they had higher viral loads on 

visits when they reported either mild (b=0.257, p=0.001) or moderate-to-severe (b=0.244, 

p=0.009) depressive symptoms. The second additional analysis examining differences in 

cognitive change trajectories by antidepressant use among the high depression burden group 

(n=78) showed a significant interaction between antidepressant use and time (i.e., years since 
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baseline) on global cognitive performance (b=-0.159; p=0.033) such that participants on 

antidepressants demonstrated a steeper decline (b=-0.213; p<0.001) than those who were not on 

antidepressants (b=-0.022; p=0.707). The third additional analysis exploring trajectories of 

change in BDI-II scores over time within each depression burden group showed that BDI-II 

scores slowly decreased over time for each group (low burden group: b=-0.494, SE=0.081, 

p<0.001; medium burden group: b=-0.482, SE=0.236, p=0.051; high burden group: b=-0.817, 

SE=0.201, p<0.001). Examination of model estimates showed that although BDI-II score 

decreased over time, scores generally stayed within respective clinical ranges for each group (see 

Figure 2). Finally, the sensitivity analysis removing all female participants from the sample did 

not change the results of the primary analyses examining within- and between-person 

relationships between depression and global cognition.  

 

DISCUSSION 

 Given the high rates of depression and neurocognitive impairment among PWH, there 

was a strong and compelling rationale to examine how these conditions related to one another. 

Consistent with our first hypothesis, higher depression burden was associated with faster 

declines in global neurocognitive functioning from baseline to last visit. The apparent rank 

ordering of the cumulative depression burden groups with regard to their rates of neurocognitive 

decline also suggest a dose-response relationship between depression burden and neurocognitive 

decline. Consistent with our second hypothesis, we also found an association between acute, 

visit-to-visit depressive symptom severity and global neurocognitive performance within 

persons, such that participants had lower global cognitive scaled scores on visits when they 

reported more severe depressive symptoms. Interestingly, these two findings were driven by 
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different neurocognitive domains, possibly suggesting different mechanisms underlying these 

relationships. 

 Our finding that PWH with the highest depression burden exhibited faster global 

cognitive decline compared to PWH with the lowest depression burden is a novel result within 

this population. This finding, however, is consistent with recent literature in the general older 

adult population showing that greater long-term, cumulative depressive symptom severity over 

several evaluations is associated with higher risk for developing dementia17. Notably, our 

domain-specific analyses also demonstrated that the effect of high depression burden on global 

neurocognitive decline was driven by declines in executive functioning, delayed recall, and 

verbal fluency. These domains are some of the most commonly affected in the context of HIV 

disease30, which may suggest an overlap in neurobiological mechanisms of cognitive dysfunction 

in depression and HIV13. Deficits in executive functioning and delayed recall, in particular, are 

also associated with poor everyday functioning outcomes (e.g., medication non-adherence, poor 

healthcare engagement), highlighting the clinical relevance of our finding31. Additional analyses 

exploring trajectories of BDI-II score change among the three depression burden groups suggests 

that the observed declines were not simply due to corresponding increases in depression severity 

over time. In fact, results showed small but significant decreases in BDI-II score over time, 

suggesting that our data likely captured the outcome of underlying adverse neurobiological 

processes, rather than just behavioral manifestations of worsening depression. The slight 

decreases in depressive symptoms over time may also be consistent with the theory of emotional 

aging whereby psychological well-being generally increases from middle to older age32. 
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There are a number of possible mechanisms that may drive the relationship between 

cumulative depression burden and neurocognitive decline among PWH. In the context of HIV 

disease, depression is strongly associated with non-adherence to antiretroviral therapy33. This 

appears to be true in our sample as well, as supported by the result showing a positive within-

person relationship between depressive symptom severity and HIV plasma viral load. This may 

lead to faster HIV disease progression and subsequent HIV-related neurocognitive impairment34. 

Neurobiological studies of depression have also found that sustained depressive symptoms and 

stress can lead to chronic neuroinflammation and a glucocorticoid cascade causing subsequent 

neuronal damage19. Coupled with the neuroinflammation and neuronal damage caused by HIV in 

the brain35, chronic depression may inflict detrimental additive or synergistic effects on brain 

integrity among PWH. Notably, we found that individuals in the high depression burden group 

who were on antidepressants had the steepest cognitive decline. While mechanisms underlying 

this relationship are unclear, it is possible that this group was perhaps the most clinically severe 

(as indicated by their having a prescription antidepressant medication). Next, psychosocial 

factors may also play a role. For example, depression is known to relate to decreased 

engagement in physical, social, and cognitively stimulating activities, all of which are protective 

factors against cognitive decline among older adult populations36,37. Last, it is important to 

highlight that although this study utilizes longitudinal data, causal conclusions cannot be drawn 

from the between or within-person effects. Thus, it is possible that the participants who 

experienced the most neurocognitive decline also experienced the highest levels of depression 

possibly due to awareness of their decline38 and/or to lowered cognitive ability needed to 

regulate emotions39.  
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 Our within-person finding that depressive symptom severity was negatively associated 

with global neurocognitive performance at each visit is also consistent with other recent 

longitudinal work showing an acute effect of depression severity on test performance18. 

Interestingly, this within-person association was driven primarily by the neurocognitive domains 

of speeded fine motor skills and speed of information processing, which is highly consistent with 

the clinical presentation of depression. This finding demonstrates that not only are speeded fine 

motor skills and processing speed worse on visits when depressive symptoms are more severe, 

but that there is improvement in these domains on visits when one’s depressive symptoms 

subside. The distinction between the current within-person and between-person effects of 

depression severity on neurocognitive function highlight differences between acute and chronic 

(long-term) cognitive outcomes that cannot be distinguished when examining cross-sectional 

data from only one visit40,41. 

 This study importantly covaried for factors known to impact neurocognitive functioning, 

including demographics and HIV characteristics. Consistent with what is known about the 

effects of demographics on neuropsychological test performance42, our multilevel models 

suggest lower mean age and higher baseline education are consistently related to better average 

neurocognitive performance in all domains. In contrast, current and nadir CD4 counts were not 

predictive of neurocognition in any domain. While it is well documented that cognition can 

improve with reduction in HIV disease severity, e.g.43, our lack of significant findings may be 

related to the nature of our participants, who were healthy and clinically stable enough to be able 

to participate in our studies over a long period of time. 
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 The current study has strengths, including a large, diverse, longitudinal sample, robust 

statistical methods, and novel findings; however, it is not without limitations. First, our measure 

of cumulative depression burden utilized repeated BDI-II assessments over relatively large 

intervals, which may not accurately estimate mood outside of in-laboratory observation. This 

method, however, has been previously used to predict important outcomes in HIV (e.g., 

mortality)23, and has been validated and used extensively in depression treatment literature24. 

Next, our sample included only PWH, precluding direct comparisons to individuals without HIV; 

however, given the already extensive literature on depression and cognition in the general 

population, our goal was to specifically understand these relationships in the context of HIV. Our 

sample also excluded for current substance dependence, preventing generalizability of our 

findings to those with co-occurring depression and current substance dependence. Our data were 

also limited with regard to depression treatment history, including reasons for non-treatment and 

history of non-pharmacological treatment. Additionally, because our sample of participants was 

selected for long-term engagement in our comprehensive longitudinal studies, they are likely not 

representative of the wider population of PWH in the U.S. who may not be as clinically stable. 

Future work must continue to examine how HIV disease severity may interact with psychiatric 

conditions (e.g., depression) in the progression of neurocognitive decline.  

 In summary, the current longitudinal study, using of a large sample of PWH, 

demonstrated between-person differences in the trajectories of neurocognitive decline by 

cumulative depression burden severity, as well as within-person fluctuations in neurocognitive 

performance with corresponding changes in depressive symptoms. Thus, our findings 

demonstrate both acute effects of depressive symptom severity on neurocognitive performance 

(particularly in speeded fine motor skills and processing speed) and chronic effects of cumulative 

ACCEPTED

Copyright � 20 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited. 20



Depression and Cognitive Decline in HIV 

 

 

17 

depression burden severity on long-term neurocognitive decline. The declining neurocognitive 

functioning observed among PWH with the highest cumulative burden of depression may also be 

reciprocally related to the poorer healthcare engagement and HIV-related health outcomes in this 

group23. Our results support the need for future work that both monitors depression in a more 

continuous fashion (e.g., between clinical visits via mobile assessment) and examines how both 

pharmacological and/or psychotherapeutic interventions to treat depression may affect cognitive, 

mental, and physical health.   
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FIGURE CAPTIONS 

Figure 1. Trajectories of global neurocognitive change over a 10-year period by cumulative 

depression burden group. Intercepts, slopes, and 95%CI bands were derived from multilevel 

model estimates.  

 

Figure 2. Change in BDI-II score over time by cumulative depression burden group. Intercepts, 

slopes, and 95%CI bands were derived from multilevel model estimates. 
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Table 1. Baseline Demographic and Clinical Characteristics of Participants Living with HIV (N = 448) 
 

Cumulative Depression Burden Group   

 

A 

Low 

(n=301) 

B 

Medium 

(n=69) 

C 

High 

(n=78) 

p-value 
Pairwise 

Comparisons 

Demographics      

Age (years) 44.03 (10.34) 41.84 (8.73) 45.97 (8.94) 0.040 C > B 

Education (years) 13.30 (2.53) 12.90 (2.90) 13.08 (2.62) 0.456  

Sex (% female) 44 (14.6%) 11 (15.9%) 16 (20.5%) 0.481  

Race/Ethnicity 
   

0.468  

Non-Hispanic 

White 
140 (46.5%) 40 (58.0%) 42 (53.8%) 

 
 

Black 101 (33.6%) 21 (30.4%) 24 (30.8%) 
 

 

Hispanic 44 (14.6%) 8 (11.6%) 9 (11.5%) 
 

 

Asian 2 (0.7%) 0 (0.0%) 1 (1.3%) 
 

 

Other 14 (4.7%) 0 (0.0%) 2 (2.6%) 
 

 

WRAT4 Reading 96.82 (13.70) 
97.91 

(13.44) 
95.87 (13.67) 0.728  

Total years on study 4.00 (2.96) 3.67 (2.98) 3.55 (2.87) 0.398  

Psychiatric and 

Medical 

Characteristics 

     

Current MDD (% 

yes) 
13 (4.3%) 15 (21.7%) 30 (38.5%) <0.001 A < B < C 

Lifetime MDD (% 

yes) 
111 (36.9%) 47 (68.1%) 60 (76.9%) <0.001 A < B,C 

BDI-II score 8.19 (7.25) 21.06 (8.23) 27.57 (8.44) <0.001 A < B < C 

Any past SUD  

(% yes) 
171 (56.8%) 57 (82.6%) 59 (75.6%) <0.001 A < B 

Hepatitis C infection  

(% yes) 
59 (19.6%) 16 (23.2%) 12 (15.4%) 0.458  

On antidepressant 

medication 
85 (28.2%) 30 (43.5%) 45 (57.7%) <0.001 A < B,C 
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HIV Disease 

Characteristics 
     

History of AIDS  

(% AIDS) 
185 (61.5%) 37 (53.6%) 47 (60.3%) 0.433  

Nadir CD4 155 [26-316] 197 [66-390] 180 [60-286] 0.265  

Current CD4 448 [270-675] 
491 [204-

721] 
494 [323-677] 0.573  

Estimated Duration 

of HIV Disease 
10.21 (7.25) 10.95 (7.33) 11.17 (7.29) 0.495  

Plasma viral load  

(% undetectable) 
215 (71.4%) 43 (62.3%) 56 (71.8%) 0.586  

On ART (% yes) 217 (72.1%) 47 (68.1%) 59 (75.6%) 0.597  

Neurocognitive Scaled 

Scores (SS) 
     

Global 9.06 (1.94) 8.81 (2.22) 8.67 (1.79) 0.250  

Verbal Fluency 10.09 (2.19) 10.05 (2.26) 9.61 (2.28) 0.239  

Executive 

Functioning 
8.65 (2.64) 8.81 (3.08) 8.52 (2.41) 0.812  

Processing Speed 9.81 (2.45) 9.42 (2.91) 9.38 (2.25) 0.272  

Learning 7.75 (2.26) 7.54 (2.73) 7.59 (2.13) 0.754  

Delayed Recall 8.51 (2.72) 8.40 (2.87) 8.32 (2.56) 0.844  

Working Memory 9.26 (2.73) 8.81 (2.97) 8.86 (2.62) 0.309  

Motor Skills 8.74 (2.51) 8.51 (2.92) 7.91 (2.96) 0.054  

Note. Values are displayed as mean (SD), median [IQR] or n (%). Bolded p-values are significant at p<0.05. 
WRAT4 Reading = Wide Range Achievement Test, 4th Edition Reading subtest; MDD = major depressive 
disorder; BDI-II = Beck Depression Inventory-2nd Edition; SUD = substance use disorder; ART = antiretroviral 
therapy. 
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Table 2. Results of multilevel model examining between- and within-person effects of depression severity on 
global cognition and global cognitive decline  
 
 Estimate SE p-value 
Between-person Level    

Outcome: Random Slope (Global SS on Years)    
Intercept -0.020 0.013 .117 
Medium cumulative depression burdenb -0.059 0.031 .057 

High cumulative depression burdenb -0.100 0.031 .001 
Outcome: Average Global SS    

Medium cumulative depression burdenb -0.284 0.234 .224 
High cumulative depression burdenb 0.027 0.228 .906 
Mean age (years) -0.084 0.009 <.001 
Sex (female vs. male) 0.246 0.232 .287 
Baseline education (years) 0.299 0.033 <.001 
Baseline nadir CD4<200 (yes vs. no) -0.314 0.173 .070 

Within-person Level    

Outcome: Global Scaled Score (SS)    

Mild depressive symptomsa -0.119 0.058 .042 
Moderate-to-severe depressive symptomsa -0.150 0.067 .026 
Current CD4<200 (yes vs. no) -0.087 0.081 .283 

Note. Bolded p-values are significant at p<0.05. 
aCompared to none-to-minimal depressive symptoms 
bCompared to low cumulative depression burden 
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Table 3. Multilevel model results for each neurocognitive domain outcome; values are regression estimate (SE) 
 Neurocognitive Domain Outcome 

Between-person Level 
Verbal 

Fluency 
Executive 

Functioning 
Processing 

Speed 
Learning 

Delayed 
Recall 

Working 
Memory 

Motor Skills 

Outcome: Random Slope 
(Cognitive Domain SS on Years) 

       

Intercept 
-0.021 
(0.020) 

0.044 (0.026) 
-0.012 
(0.020) 

0.021 (0.025) 
-0.065 

(0.024)** 
-0.019 
(0.020) 

-0.114 
(0.024)***  

Medium cumulative 
depression burdenb 

-0.153 
(0.047)** 

-0.133 
(0.064)* 

-0.097 
(0.049)† 

-0.049 
(0.058) 

-0.041 
(0.056) 

0.028 (0.047) 0.001 (0.057) 

High cumulative depression 
burdenb 

-0.096 
(0.048)* 

-0.152 
(0.065)* 

-0.078 
(0.049) 

-0.086 
(0.059) 

-0.131 
(0.058)* 

-0.023 
(0.048) 

-0.111 
(0.057)† 

Outcome: Average Cognitive 
Domain SS 

       

Medium cumulative 
depression burdenb 

0.215 
(0.279) 

0.046 (0.314) 
-0.304 
(0.301) 

-0.419 
(0.317) 

-0.452 
(0.325) 

-0.379 
(0.334) 

-0.456 
(0.324) 

High cumulative depression 
burdenb 

-0.168 
(0.278) 

0.477 (0.320) 0.052 (0.296) 
-0.066 
(0.319) 

-0.088 
(0.328) 

-0.130 
(0.329) 

-0.223 
(0.324) 

Mean age (years) 
-0.047 

(0.010)*** 
-0.120 

(0.011)*** 
-0.079 

(0.011)*** 
-0.085 

(0.011)*** 
-0.084 

(0.011)*** 
-0.046 

(0.012)*** 
-0.135 

(0.012)*** 

Sex (female vs. male) 
-0.099 
(0.271) 

0.284 (0.299) 
0.661 

(0.296)* 
0.252 (0.307) 0.412 (0.311) 

-0.070 
(0.327) 

0.227 (0.315) 

Baseline education (years) 
0.247 

(0.039)*** 
0.345 

(0.043)*** 
0.341 

(0.042)*** 
0.307 

(0.044)*** 
0.285 

(0.044)*** 
0.331 

(0.047)*** 
0.192 

(0.045)*** 
Baseline nadir CD4<200 (yes 
vs. no) 

-0.099 
(0.203) 

-0.271 
(0.224) 

-0.270 
(0.221) 

-0.364 
(0.229) 

-0.408 
(0.233)† 

-0.282 
(0.245) 

-0.307 
(0.236) 

Within-person Level        
Outcome: Cognitive Domain SS        

Mild depressive symptomsa 
-0.029 
(0.098) 

-0.175 
(0.133) 

-0.064 
(0.089) 

-0.131 
(0.120) 

-0.108 
(0.128) 

-0.060 
(0.102) 

-0.391 
(0.111)*** 

Moderate-to-severe 
depressive symptomsa 

0.001 
(0.113) 

-0.137 
(0.154) 

-0.256 
(0.103)** 

-0.126 
(0.140) 

0.007 (0.149) 
-0.161 
(0.118) 

-0.471 
(0.129)*** 

Current CD4<200 (yes vs. no) 
-0.091 
(0.131) 

-0.290 
(0.174)† 

-0.137 
(0.122) 

-0.144 
(0.160) 

-0.097 
(0.170) 

-0.241 
(0.139)† 

-0.035 
(0.150) 

aCompared to none-to-minimal depressive symptoms 
bCompared to low depression burden 
† p<0.10; * p<0.05; ** p<0.01; *** p<0.001 
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