
Improvement in depressive symptoms after antiretroviral therapy 
initiation in people with HIV in Rakai, Uganda

Noeline Nakasujja1,*, Alyssa C. Vecchio2,*, Deanna Saylor3, Sarah Lofgren4, Gertrude 
Nakigozi5, David R. Boulware4, Alice Kisakye5, James Batte5, Richard Mayanja5, Aggrey 
Anok5, Steven J. Reynolds6,7, Thomas C. Quinn6,7, Carlos A. Pardo3, Anupama Kumar5, 
Ronald H. Gray8, Maria J. Wawer8, Ned Sacktor3, Leah H. Rubin3,8,9

1Department of Psychiatry, Makerere University, Kampala, Uganda

2Institute of Global Health, University of North Carolina-Chapel Hill, Chapel Hill, NC, USA

3Department of Neurology, Johns Hopkins University School of Medicine, 600 N. Wolfe Street/
Meyer 6-113, Baltimore, MD, USA

4Division of Infectious Diseases and International Medicine, University of Minnesota, Minneapolis, 
MN, USA

5Rakai Health Sciences Program, Kalisizo, Uganda

6Division of Intramural Research, National Institute of Allergy and Infectious Disease, National 
Institutes of Health, Bethesda, MD, USA

7Medicine, Johns Hopkins University School of Medicine, Baltimore, MD, USA

8Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, USA

9Department of Psychiatry, Johns Hopkins University School of Medicine, Baltimore, USA

Abstract

Depression is common following HIV infection and often improves after ART initiation. We 

aimed to identify distinct dimensions of depression that change following ART initiation in 

persons with HIV(PWH) with minimal comorbidities(e.g., illicit substance use) and no psychiatric 

medication use. We expected that dimensional changes in improvements in depression would 

differ across PWH. In an observational cohort in Rakai, Uganda, 312 PWH(51% male; mean 

age=35.6 years) completed the Center for Epidemiologic Studies–Depression(CES-D) scale before 

and up to two years after ART initiation. Twenty-two percent were depressed(CES-D scores ≥16) 

pre-ART that decreased to 8% after ART. All CES-D items were used in a latent class analysis to 
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identify subgroups with similar change phenotypes. Two improvement phenotypes were identified: 

affective-symptom improvement(n=58, 19%) and mixed-symptom improvement(effort, appetite, 

irritability; n=41, 13%). The affect-improvement subgroup improved on the greatest proportion 

of symptoms(76%). A third subgroup was classified as nosymptom changes(n=213, 68%) as they 

showed no difference is symptom manifestation from baseline (93% did not meet depression 

criteria) to post-ART. Factors associated with subgroup membership in the adjusted regression 

analysis included pre-ART self-reported functional capacity, CD4 count, underweight BMI, 

hypertension, female sex(P’s<0.05). In a subset of PWH with CSF, subgroup differences were 

seen on Aβ-42, IL-13, and IL-12. Findings support that depression generally improves following 

ART initiation; however, when improvement is seen the patterns of symptom improvement differ 

across PWH. Further exploration of this heterogeneity and its biological underpinning is needed to 

evaluate potential therapeutic implications of these differences.
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Introduction

Clinically significant depressive symptoms are common following an HIV infection 

diagnosis and may even be more common among those with preexisting depression. Several 

studies (Eaton et al, 2017; Hellmuth et al, 2017; Manne-Goehler et al, 2019), but not all 

(Gold et al, 2014), indicate that depression decreases following suppressive antiretroviral 

therapy (ART). Nevertheless, the post-ART rates of depression among people with HIV 

(PWH) (Rubin and Maki, 2019) often remain higher than the general population (Bing 

et al, 2001; Cook et al, 2018; Do et al, 2014; Orlando et al, 2002). Delineating the 

cause and effect in the entangled relationship between HIV and depression remains elusive 

(Cournos et al, 2005; Triesman and Angelino, 2004). Focusing on dimensions of depression 

that improve after ART may provide a more optimal framework for understanding the 

biological mechanisms and social factors (e.g., entering HIV care) contributing to depression 

improvement after ART initiation.

The phenotypic expression of depression is highly heterogeneous with depressed individuals 

often exhibiting markedly different profiles of somatic (e.g., sleep, appetite) and non­

somatic (e.g., affective) symptoms (Goldberg, 2011). The multidimensionality of depression 

(Gibbons et al, 1993) should be considered generally in PWH and how ART initiation 

changes these symptoms also warrants investigation. The effects of ART itself and 

the subsequent viral suppression on depressive symptoms may contribute to significant 

heterogeneity, particularly given evidence of variation in the underlying pathophysiologic 

mechanisms of depression in this group such as varying changes in monoamine levels and 

neurotrophic pathways (Treisman et al, 2001).

In this study, we aimed to examine changes in overall depression rates and changes in 

dimensions of depression following ART initiation in a rural Ugandan cohort of PWH with 

minimal comorbidities (e.g., illicit substance use, obesity) and no psychiatric medication 
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use. Similar to other studies, we expected that depression overall would improve after 

ART initiation; however, we hypothesized that dimensional changes in depression would 

differ across PWH. We also aimed to examine factors associating with dimensional changes 

in depression including socio-demographic, clinical, behavioral, and CSF cytokines and 

neurodegenerative biomarkers.

Methods

Participants

We evaluated 312 PWH before and approximately two-years after initiating ART at the 

Rakai Health Sciences Program (RHSP) supported HIV clinics and the Rakai Community 

Cohort Study. This open, community-based cohort includes participants residing in 40 

communities in rural Rakai District, Uganda. Eligible participants were ART-naïve PWH, 

over the age of 20 with advanced immunosuppression (n=147, CD4 < 200 cells/μL) or 

moderate immunosuppression (n=165, CD4 350-500 cells/μL) at the time of enrollment. 

Additional exclusion criteria for the overall study included severe cognitive or psychiatric 

impairment precluding written consent (participants answered several questions about the 

study to demonstrate their ability to understand the nature of the study and their competency 

to provide informed consent), physical disability preventing travel to the RHSP clinic for 

study procedures, known CNS opportunistic infections, or prior CNS disease.

Study procedures

Participants were enrolled between August 2013 and July 2015. They completed a 

sociodemographic survey, including self-reported substance use, and behavioral interview, 

mental health and neurological screeners (e.g., International HIV Dementia Scale-IHDS 

(Sacktor et al, 2005)), neuropsychological test battery (Rubin et al, 2019), functional status 

assessments (e.g., Patient Assessment of Own Functioning Inventory-PAOFI (Richardson­

Vejlgaard et al, 2009), a neuromedical evaluation by a Ugandan medical officer, and 

peripheral blood draw to assess HIV status (CD4 cell count, HIV RNA). A subset of 

participants (n=61) consented to receive an optional lumbar puncture at enrollment, and CSF 

levels of 17 cytokines/chemokines (Human 17-Plex Panel, Bio-Rad, Hercules, CA) and 20 

biomarkers of neurodegeneration (Milliplex Catalog: HMMP1-55K-03; HMMP2-55K-05; 

HNDG4MAG-36K-05; HND1MAG-39K-07; HNDG3MAG-36K-10) were measured by 

multiplex assays using with the Luminex-200® system in combination with Luminex 

manager software (Bioplex manager 5·0, Bio-Rad, Hercules, CA) (Abassi et al, 2017).

Depressive Symptomatology

We used the Center for Epidemiological Studies Depression Scale (CES-D), a 20-item 

questionnaire measuring how often (0 “rarely” to 3 “most of the time”) participants 

experience depressive symptomatology including emotional, somatic, and interpersonal 

symptoms in the two weeks before assessment (Radloff, 1977). Emotional symptoms 

on the CES-D include negative affect (e.g. depressed, lonely) and positive affect (or 

absence of, anhedonia)(e.g. hopefulness, feelings that life is enjoyable), while somatic 

symptoms include unpleasant or worrisome bodily sensations, including sleep, appetite, 

and concentration (Kapfhammer, 2006). Finally, interpersonal symptoms on the CES-D 
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reflect interpersonal challenges (e.g. feeling as though people were unfriendly or disliked 

oneself). The CES-D has excellent reliability, validity, and factor structure (Radloff, 1977) 

and is commonly used in studies involving PWH in sub-Saharan Africa (Bernard et al, 

2017; Kemigisha et al, 2019; Nakasujja et al, 2010). A CES-D total score ≥16 was 

considered clinically significant depressive symptoms. However, the primary outcomes used 

for analysis were the item-level responses rather than a total score or factor analytic driven 

composite symptom scores (e.g., negative, lack of positive affect, somatic) as the correlation 

patterns (Supplemental Tables 1 and 2) did not align with prior studies (Kim et al, 2011).

The CES-D was translated into the predominant local language of Luganda and then back­

translated into English for accuracy. The tool was then administered in the participants’ 

preferred language which, for the majority of participants, was the local language of 

Luganda.

Standard protocol approvals, registrations, and patient consents

Participants gave written informed consent for study participation. The study was approved 

by Western Institutional Review Board, the Uganda Virus Research Institute Research and 

Ethics Committee, and the Uganda National Council for Science and Technology.

Statistical Analysis

Using the pre- and post-ART CES-D item responses, a reliable change index was calculated 

for each item and participant (Busch et al, 2011) using the standard error of the difference 

formula from Jacobson and Truax (Jacobson and Truax, 1991), and the test-retest reliability 

from PWH (Supplemental Table 3). The reliable change index is a standardized difference 

score that allows a threshold to be set for change which is considered reliable, meaning 

not due to measurement error alone. A reliable change index cutoff at 1.645 per-item was 

considered clinically meaningful change (Brouillette et al, 2016; Norman et al, 2003). We 

only focused on clinically meaningful improvement for each CES-D item as clinically 

meaningful decline was rare with less than 5% of participants demonstrating significant 

decline on any of the 20 CES-D items. There was no missing data at the item-level for 

participants and RCI for each item were normally distributed prior to dichotomizing into 

categories of either present of absent clinically meaningful improvement (reliable change 

index cutoff of 1.645).

Each of the CES-D items (20) that had been dichotomized (clinically meaningful change 

vs. not) were then used in a latent class analysis (LCA) to identify homogenous subgroups 

of PWH with similar dimensional changes in depressive symptoms after ART initiation. 

LCA is a latent variable statistical technique used to identify a few mutually exclusive latent 

(unobservable) classes of individuals (Hagenaars and McCutcheon, 2002). These classes are 

based on the individuals’ responses to a set of measured (observed) continuous variables - 

in this case, performance on the CES-D. Advantages of LCA include: 1) use of an objective 

approach (model-based, relies on probabilities, and model fit statistics), 2) consideration 

of all variables jointly (e.g., changes in all 20 items simultaneously after ART initiation; 

Supplemental Table 4) 3) ability to capture complex patterns of variables, and 4) ability 

to handle a high degree of multi-collinearity (Stanley et al, 2017). Five separate LCA 
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solutions were examined and consisted of 2- to 4- clusters each. To determine the best 

fitting model in terms of balancing fit and parsimony several standard model fit statistics 

were used, including Akaike’s Information Criterion (AIC; lower = better model fit), the 

Bayesian Information Criterion (BIC; lower = better model fit), entropy (higher suggests 

better class separation, ideally >0.80), and interpretability of the models. The posterior 

probability of an individual’s membership in each latent class was extracted from the 

best fitting model. Individuals were assigned to the latent class in which their posterior 

probability of membership was highest. The subtype names used in the results are based on 

the predominant symptom changes observed in each latent class.

Group membership was then used as the primary predictor variable for all subsequent 

analyses to probe differences among classes. Analysis of variance (ANOVA) and chi-square 

tests were used for continuous and categorical variables respectively. A single generalized 

estimating equation (GEE) model was conducted to examine group membership differences 

in the pre-ART CSF biomarker panel. LCA analyses were done with Mplus statistical 

software (version 7.4). All other analyses were conducted in SAS version 9.4 (Cary, NC). 

Significance was set at p<0.05; trends were noted at p>0.05 and p<0.10.

RESULTS

Participant Demographics and Clinical Characteristics

Participants included 312 PWH, of whom 51% were male and had an average age of 35.6 

years (Table 1). Pre-ART, 47% had a CD4 count ≤200, 53% between 350 and 500, and HIV 

RNA ranged from undetectable to 6.6 log copies[cp]/ml (median=4.6 log cp/ml, IQR=1.2). 

Twenty-two percent of the overall sample met CES-D criteria for depression pre-ART 

and 8% met depression criteria post-ART. Cardiovascular comorbidities were minimal, 

and participants did not report using common neuropsychiatric medications including 

antidepressants, at the pre- or post-ART visit. Forty-three percent of participants used 

alcohol, 15% smoked tobacco, and narcotic use was rare (n=7, 2.2%). Post-enrollment, 

the most common ART regimen that PWH were on was on Tenofovir disoproxil 

fumarate (TDF)+Lamivudine (3TC)+Efavirenz (EFV) (n=260, 83%). Additional regimens 

included: TDF+3TC+Nevirapine (NVP)(n=12; 4%), Zidovudine (AZT)+3TC+NVP (n=7; 

2%), AZT+3TC+EFV (n=4; 1%), TDF+3TC+Lopinavir (n=1; <1%); Abacavir+EFV (n=1; 

<1%), and 27 (9%) did not know the name of their ART regimen. At the two-year follow­

up, the median CD4 count was 394 (IQR=254), and 85% (n=262) had undetectable viral 

loads (cut-off 40 copies/ml). The subset of participants who had consented to give CSF 

samples (n=61) was similar demographically to the overall subset of participants (P’s>0.25; 

Supplemental Table 5).

Patterns of Depression Changes in the Overall Sample after ART Initiation

Of the 312 PWH, 75% were never depressed, 17% were depressed pre-ART but not post­

ART, 3% were not depressed pre-ART but depressed post-ART, and 5% were depressed both 

pre- and post-ART (Figure 1). The four groups differed by sex, body mass index (BMI), 

alcohol, narcotic use, hypertension, PAOFI scores (higher=more subjective functional 
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impairment), IHDS scores (lower=possible dementia) with trends observed with CD4 count 

and tobacco use (Table 1).

Dimensional Changes in Depressive Symptoms after ART initiation

The three-class solution provided the best fit to the observed data in terms of entropy 

(3-class=0.83 vs. 2-class =0.81 and 4-class=0.80), AIC (3-class=4176 vs. 2-class =4214 

and 4-class=4155), and BIC (3-class=4408 vs. 2-class=4368 and 4-class=4466) and was 

clinically interpretable. A Lo-Mendell-Rubin likelihood ratio test revealed that the 3-class 

model had a significantly better fit than the 2-class model (P<0.05) but not the 4-class 

model (P= 0.78). Subgroup 1 included 18.5% (n=58), subgroup 2 included 13% (n=41), and 

subgroup 3 included 68% (n=213) of the individuals.

Figure 2 depicts the item-response probabilities for each subgroup. Responses where a 

group member was more likely to demonstrate clinically significant improvements on a 

specific CES-D item after ART would have values greater than 0.50. After ART, subgroup 

1 individuals demonstrated less sadness, unhappiness, depression, and enjoying life more 

(affect-only change subgroup). Subgroup 2 individuals demonstrated less irritability, a better 

appetite, and not feeling that everything was an effort (mixed-symptom change subgroup). 

Subgroup 3 demonstrated no improvement in CES-D items (no-change subgroup).

When the proportion of PWH meeting criteria for depression at both the pre-ART and 

post-ART visit was examined by subgroups (Figure 1), the affect-only change subgroup 

had the highest percent of PWH endorsing clinically significant depressive symptoms (76%) 

pre-ART followed by the mixed-symptom change subgroup (44%) and then the no-change 

subgroup (3%). Both the affect- and mixed-symptom-change subgroups demonstrated 

significant reductions in depressive symptoms from pre- to post-ART assessment. Figure 

3 provides the average score for each CES-D item by subgroup to understand the degree 

of symptom severity pre-ART initiation and the degree of symptom change post-ART. 

The affect-only change subgroup was on average symptomatic pre-ART on several items 

that included mostly affect symptoms (e.g., depressed, feelings of failure and fearfulness, 

unhappy, sadness) and some somatic symptoms (appetite), and effort. The mixed-symptom 

change subgroup was on average symptomatic pre-ART on being easily bothered, having 

no appetite, lacking effort, and feelings of failure. Although the no-change subgroup had 

minimal depressive symptoms generally pre-ART, they were high on feelings of being a 

failure which remained high post-ART.

Factors and CSF Markers Differing Across the Subgroups of Individuals showing Similar 
Changes in Depressive Symptoms after ART initiation

Subgroups—Table 2 provides socio-demographic, behavioral, and clinical characteristics 

as well as laboratory profiles (CD4 count, HIV RNA) by the three subgroups. Specifically, 

the mixed-symptom change subgroup had the highest proportion of smokers pre-ART, 

followed by the affect-only change subgroup and then the no-change subgroup (P’s<0.05). 

The mixed-symptom and affective symptom-only change subgroups had a higher percentage 

of PWH that were underweight, had higher PAOFI scores, and had higher log serum viral 

loads pre-ART compared to the no-change subgroup (P’s<0.05). The affect-only change 
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subgroup had a higher percentage of females than the no-change subgroup (P=0.03). The 

mixed-symptom change subgroup trended to have lower IHDS scores than the no-change 

subgroup (P=0.06), and the mixed-symptom change and affective symptom-only change 

subgroups trended to have a higher percentage of PWH with hypertension than the no­

change subgroup (P’s=0.05).

There were also significant subgroup differences in pre- to post-ART changes in mean BMI 

and PAOFI scores. Specifically, the mixed-symptom and affective symptom-only change 

subgroups demonstrated greater increases in BMI and greater improvements in PAOFI 

scores than the no-change subgroup (P’s=0.05). As noted above, these two subgroups had 

a higher percentage of underweight individuals with higher PAOFI scores compared to the 

no-change subgroup. Thus, initiating ART appears to have normalized BMI and functional 

status in the mixed-symptom and affective symptom-only change subgroups.

Incorporating all of the factors that differed between the subgroups at P<0.10 into a 

single generalized logistic regression model indicated that the combination of the pre-ART 

variables that included PAOFI score, CD4 count, underweight BMI, hypertension, and 

female sex were significant predictors of post-ART subgroup membership (P’s<0.01).

Following a false discovery rate (FDR) correction (Benjamini-Hochberg procedure; FDR 

set at 15%), significant subgroup differences emerged on three CSF biomarkers when 

comparing the mixed-symptom or affective-only change subgroups versus the no-change 

subgroup (Figure 4). The affect and mixed-symptom change subgroups had lower beta 

amyloid 42 (Aβ42) compared to the no-change group (P’s<0.05). The mixed-symptom 

change subgroup also demonstrated lower IL-13 and higher IL-12 than the no-change 

subgroup (P’s<0.001).

Discussion

Depression was prevalent in this ART-naïve, rural Ugandan cohort at a rate higher than 

HIV-uninfected individuals assessed at the same time (11%)(Vecchio et al, in press). The 

rates decreased following ART-initiation. After ART-initiation, a majority of the cohort 

showed no change in depression symptoms. Of those who showed improvement, there 

were distinct differences in the pattern of depression symptom changes, specifically with 

individuals tending to show either improved affective or improved mixed symptoms.

Overall, the prevalence of depression at baseline (22%) was consistent with other studies of 

PWH in sub-Saharan Africa and the United States (Asrat et al, 2020; Chibanda et al, 2016; 

Monahan et al, 2009; Rubin and Maki, 2019). At the start of HIV infection, high rates of 

depression are associated with delayed engagement in HIV care, internalized HIV-related 

stigma, reduced energy and substance abuse (Cholera et al, 2017; Mayston et al, 2015; 

Nash et al, 2016; Sudfeld et al, 2017). Here depression was more common in females 

and associated with alcohol use, low BMI, hypertension and lower cognitive function pre­

ART. Most of these cases improved following ART, with a low rate of incidence while on 

study. The prevalence of depression after viral suppression (8%) approaches the estimated 

rate of depression of the general regional population (Bitew, 2014; Moledina et al, 2018) 
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and was similar to or lower than HIV-uninfected individuals in Rakai assessed as part 

of this cohort (11%)(Vecchio et al, in press). Although the determinants of depression 

are multifactorial and vary substantially from one depressed individual to another, the 

demographic, behavioral and associated comorbidities seen here were consistent with 

previous research (Chibanda et al, 2016; Monahan et al, 2009; Nakimuli-Mpungu et al, 

2012; Rubin and Maki, 2019).

Depression is a heterogeneous disorder manifested by a spectrum of emotional, cognitive, 

somatic, and interpersonal symptomatology (Goldberg, 2011). Variations in depressive 

symptomatology have been associated with sociodemographic and environmental factors 

(Kim et al, 2011). A unique aspect of this analysis is understanding changes in dimensions 

of depressive symptoms after ART in a cohort with low rates of confounding factors 

including cardiovascular risk factors, illicit substance use, and non-ART medications, in 

particular the meager rates of psychotropic medications such as antidepressants. Since the 

majority of the cohort were already depression free pre-ART, it was not surprising to find 

that most of the participants (68%) did not demonstrate improvement on CES-D items.

Eighty-five percent of the overall sample was on an EFV-based regimen. Here we found 

that depressive symptoms improved after initiating an EFV-based regimen which aligns with 

some previous studies in ART-naïve PWH (Robertson et al, 2019) and those in Uganda on 

EFV based regimens (Chang et al, 2018), but not all (Gazzard et al, 2010; Gutierrez et al, 

2005; Marzolini et al, 2001; Silveira et al, 2012; Sumari-de Boer et al, 2018).

Those who did show improvement in affective or mixed symptoms had higher viral loads at 

baseline and were more likely to have gained weight and to demonstrate improved cognitive 

performance following ART initiation. Although general health improvement could account 

for some of these changes, lower levels of Aβ42 were also seen at baseline in both the 

affective and mixed symptom improvement subgroups compared to the no-change subgroup. 

Low Aβ42 levels are associated with an increased risk for Alzheimer’s disease (Fink et 

al, 2020; Vergallo et al, 2019). Thus, the finding of lower Aβ42 levels among the two 

subgroups demonstrating depression symptom improvement was unexpected and requires 

further examination in future studies.

The subgroup demonstrating mixed-symptom improvement also demonstrated lower IL-13 

and higher IL-12 levels pre-ART compared with the no-change subgroup. Although studies 

much more strongly implicate IL-6, TNF-α, IL-1β, and interferon-γ as mechanisms of 

mood dysregulation (Dantzer et al, 2008), IL-12 and IL-13 have also been found to 

be dysregulated in depression (Kohler et al, 2018) and IL-12 found to normalize after 

antidepressant treatment in people without HIV (Lee and Kim, 2006; Sutcigil et al, 2007). 

Additional work is needed to better understand the importance of these two markers in 

relation to depressive symptom improvement in PWH after ART initiation.

Study strengths include the longitudinal study design, examination of somatic and non­

somatic depressive symptomatology, and minimal confounding from comorbidities that are 

common in large cohorts in the United States, including co-infections, illicit substance use, 

and non-ART medications with known adverse neuropsychiatric effects. However, there 
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remain several study limitations, including that only a limited number of PWH in the overall 

analyses had pre-ART CSF levels to examine differences in biomarkers by subgroups. There 

are also limitations to the specific analysis model utilized, including multiple comparisons 

by subgroup for the exploratory secondary analysis. Finally, there are limitations to using the 

CES-D including its content redundancy within and across dimensions. For example, apathy 

includes two items (“I could not get going” and “I felt that everything I did was an effort”). 

Affective disturbance includes three items (“I was happy”, “I felt sad”, “I felt that I could 

not shake off the blues even with the help of my family and friends”). The redundancy leads 

to inflated scores at the group level and inconsistent sensitivity related to the psychometrics. 

This point warrants further consideration for the field of neuropsychiatry.

In conclusion, our study found heterogeneity in depression symptomatology in PWH 

followed for two years after initiation of ART. While most participants showed improvement 

in depression symptomatology, changes were heterogeneous, with some individuals 

improving primarily in affective and others in mixed symptoms. We also identified 

differences in CSF biomarkers between these groups. These differences need further 

investigation in larger cohorts as, if these differences are concerned, they may have 

therapeutic implications in that targeting different pathophysiologic mechanisms in each 

group may result in more effective treatment of their depression.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Patterns of changes in depression in the overall sample and by subgroup.
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Fig. 2. 
Three-latent-class model of antiretroviral (ART)-related depressive symptom improvement. 

Probability of Center for Epidemiologic Studies Depression Scale (CES-D) item level 

symptom improvement for each subgroup.
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Fig. 3. 
Average CES-D item scores for each subgroup pre- and post-antiretroviral (ART). Green 

corresponds to symptom improvement with ART and magenta with symptom exacerbation 

with ART.
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Fig. 4. 
Pre-antiretroviral CSF estimated mean (standard error) biomarker levels (log-transformed 

and z-scored) showing significant differences between the subgroups demonstrating affect or 

somatic symptom improvement compared to the no-change subgroup. Note. Shaded regions 

meet statistical significance following a false discovery rate correction.
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Table 2.

Socio-demographic, behavioral, and clinical characteristics in the overall sample and as a function of 

subgroup.

Affect only
(n=58; 19%)

n (%)

Mixed
(n=41; 13%)

n (%)

No change
(n=213; 68%)

n (%) P-value

Pre-ART

 Age, years, mean (SD) 36.9 (9.2) 36.8 (9.8) 35.0 (7.9) 0.18

 Education, mean (SD) 4.6 (3.4) 5.4 (3.3) 5.6 (3.2) 0.13

 Female sex 36 (62) 22 (54) 96 (45) 0.05

 Married 36 (62) 28 (68) 136 (64) 0.81

BMI 22.2 (3.8) 21.6 (4.0) 22.2 (3.3) 0.57

 Underweight 9 (15) 9 (22) 9 (4) <0.001

 Overweight/obese 10 (17) 6 (15) 29 (14) 0.79

 Tobacco use 5 (9) 11 (27) 30 (14) 0.04

 Alcohol use 25 (43) 18 (44) 114 (53) 0.25

 Narcotic use 1 (2) 2 (5) 4 (2) 0.55

 Hypertension 1 (2) 1 (2) 0 (0) 0.09

 High cholesterol 2 (3) 0 (0) 3 (1) 0.31

 PAOFI total, mean (SD) 134.6 (25.6) 147.8 (14.6) 150.1 (15.7) <0.001

 IHDS total, mean (SD) 9.1 (1.9) 8.6 (1.8) 9.3 (1.8) 0.08

 CD4 count, mean (SD) 256.6 (160.8) 180.2 (156.7) 288.4 (165.3) 0.001

 Log viral load (cp/ml) 4.7 (1.0) 4.8 (1.1) 4.4 (0.9) 0.03

 HIV subtype† 0.36

 A1 7 (44) 1 (17) 22 (46)

 D 9 (56) 5 (83) 26 (54)

ART-medication initiated

 EFV 54 (93) 35 (85) 176 (83) 0.10

 TDF+3TC+EFV 53 (91) 35 (85) 172 (81) 0.12

 CPE, mean (SD) 5.7 (1.4) 5.5 (1.8) 5.6 (2.0) 0.77

Post-ART

 Undetectable viral load (<40cp/ml) 47 (82) 35 (85) 180 (85) 0.83

Δ Pre- to Post-ART, mean (SD)

 PAOFI total −14.6 (23.0) −1.9 (17.6) −5.0 (12.6) <0.001

 IHDS total −0.6 (2.0) −0.6 (2.2) −0.8 (1.8) 0.70

 BMI 1.2 (2.5) 1.2 (2.3) 0.4 (1.9) 0.01

 CD4 count 163.3 (147.9) 170.9 (183.2) 133.9 (162.4) 0.26

Note. ∆ = change values; 3TC=Lamivudine; BMI=body mass index; CES-D=Center for Epidemiologic Depression Scale; CPE= central nervous 
system penetration effectiveness score; EFV= Efavirenz; PAOFI=Patient Assessment of Own Functioning Inventory; IHDS=International HIV 
Dementia Scale; TDF= Tenofovir disoproxil fumarate. Group differences on continuous variables (normally distributed) were examined using 
analysis of variance (ANOVA), and group differences on categorical variables were examined using chi-square analysis.

†
subtype only available on N=70.
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