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Abstract

Objective: While modern antiretroviral therapy (ART) is highly effective and safe, depressive 

symptoms have been associated with certain ART drugs. We examined the association between 

common ART regimens and depressive symptoms in women with HIV (WWH) with a focus on 

somatic vs. nonsomatic symptoms.

Design: Analysis of longitudinal data from the Women’s Interagency HIV Study.

Methods: Participants were classified into three groups based on the frequency of positive 

depression screening (CES-D ≥16): chronic depression (≥50% of visits since study enrollment), 

infrequent depression (<50% of visits), and never depressed (no visits). Novel Bayesian machine 

learning methods building upon a subset-tree kernel approach were developed to estimate the 

combined effects of ART regimens on depressive symptoms in each group after covariate 

adjustment.

Results: The analysis included 1538 WWH who participated in 12 924 (mean = 8.4) visits. The 

mean age was 49.9 years, 72% were Black, and 14% Hispanic. In the chronic depression group, 

combinations including tenofovir alafenamide and cobicistat-boosted elvitegravir and/or darunavir 

were associated with greater somatic symptoms of depression, whereas those combinations 

containing tenofovir disoproxil fumarate and efavirenz or rilpivirine were associated with less 

somatic depressive symptoms. ART was not associated with somatic symptoms in the infrequent 

depression or never depressed groups. ART regimens were not associated with nonsomatic 

symptoms in any group.

Conclusions: Specific ART combinations are associated with somatic depressive symptoms 

in WWH with chronic depression. Future studies should consider specific depressive symptoms 

domains as well as complete drug combinations when assessing the relationship between ART and 

depression.
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Introduction

More than three decades after the approval of the first antiretroviral (ART) drug, the 

treatment of HIV has substantially evolved. The development of safer and potent compounds 

such as the integrase strand transfer inhibitors (INSTIs) has changed the life course of 

people with HIV (PWH) who receive treatment. Similarly, the challenges that PWH face 

in modern times have also changed, with age-related comorbidities and drug toxicities 

becoming new priorities.

Parra-Rodriguez et al. Page 2

AIDS. Author manuscript; available in PMC 2025 February 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



In an aging population of PWH, the longer exposure to ART and the availability of multiple 

effective treatment options calls for rigorous surveillance of possible drug-related toxicities 

and side effects. While ART use overall often reduces depressive symptoms [1,2], there 

is a growing body of research exploring the neuropsychiatric adverse effects (NPAEs) of 

ART medications, some of which have been associated with depression [2–6]. Depression is 

about three-times more common in PWH compared to those without HIV [7]. Additionally, 

depression and other patient-related outcomes are known to be associated with treatment 

failure in PWH [8,9]. Moreover, the detrimental effect of depression on treatment outcomes 

may be independent of ART adherence [10] and is associated with cardiovascular outcomes 

[11,12] mortality [13] and worse cognitive function [14]. In addition, multiple studies have 

described an association between depression and immune activation [15–17], and more 

recent evidence suggests that somatic depressive symptoms may contribute more to immune 

activation in PWH than cognitive/affective (nonsomatic) symptoms [18].

Recent studies suggest that INSTIs are associated with NPAEs including sleep disorders, 

anxiety, depression, poor concentration, headaches, and slow thinking [19–22]. Cohort 

studies found higher rates of INSTI discontinuation due to NPAEs in real-life scenarios 

compared to clinical trials [23–28]. Some studies compared the risk between different 

INSTIs and found that NPAEs were highest with dolutegravir (DTG) but also seen with 

elvitegravir (EVG) or raltegravir (RAL) [20]. Moreover, effectiveness data of the fixed-drug 

combination bictegravir/emtricitabine/tenofovir alafenamide (BIC, FTC, TAF) in treatment-

experienced people shows rates of discontinuation of around 10% with NPAEs occurring in 

two-thirds of cases [27].

While there has been significant progress with respect to ART-related AEs, there is still 

a significant knowledge gap about how different drug regimens affect the overall risk of 

individual patients to experience any potential long-term complication. Considering the need 

to use multiple drugs for the treatment of HIV and the availability of various effective 

combinations, it is essential to under-stand the risk that specific, common ART regimens 

convey. This is exemplified in the context of ART and weight changes. Multiple randomized 

studies now support the influence that different drugs among INSTIs, EFV, TAF, and TDF 

can have on weight trajectory, but the eventual weight outcome will depend, among other 

factors, on the specific combination used [29–32].

In the same way, it is important to examine the effect of different drug combinations 

on the risk of NPAEs in PWH. For example, observational studies suggest that the co-

administration of abacavir and dolutegravir may increase the risk of NPAEs including 

depression [23,24,33], although this association has not been consistent [26]. Other 

observational studies have reported associations between TDF and less depressive symptoms 

[22,34], but these reports did not consider combination regimens as a whole.

In this analysis, we examined the longitudinal relationship between commonly used ART 

combinations and the frequency of somatic and nonsomatic depressive symptoms in 

participants from the Women Interagency HIV Study (WIHS). Based on prior literature 

and observations, we hypothesize that: ART will be associated with depressive symptoms, 

the magnitude and directionality of the associations will vary according to the specific drug 

Parra-Rodriguez et al. Page 3

AIDS. Author manuscript; available in PMC 2025 February 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



combination used, and INSTI-containing regimens will be associated with more depressive 

symptoms.

Methods

Study population

Data for the present analysis was obtained from the WIHS. The WIHS study design and 

procedures have been described elsewhere in detail [35–37]. Briefly, it is a large multicenter, 

prospective cohort study of the natural and treated history of women with HIV (WWH). 

Study enrollment occurred in four waves between October 1994 and September 2015. The 

first three enrollment waves occurred at five sites in Brooklyn and Bronx, NY; Chicago, 

IL; Washington, DC; Los Angeles and San Francisco, CA; whereas the final enrollment 

wave included five additional Southern United States sites in Chapel Hill, NC; Atlanta, GA; 

Miami, FL; Birmingham, AL; and Jackson, MS.

Participants attended semiannual visits where they self-reported data on sociodemographic 

status, healthcare utilization, and medical comorbidities. They also under-went a clinical 

examination, questionnaires [including the Center for Epidemiological Studies Depression 

scale (CES-D)], and laboratory testing.

We first identified study visits where ART and CES-D information was concurrently 

collected. There were 3046 participants with a total of 42 777 observations available across 

WIHS. We only included visits after January 1, 2014 and excluded those that had discordant 

ART use ‘at study visit’ and ‘since last study visit’ (approximately past 6 months) to ensure 

stability of ART for the previous 6 months. Those with 1–2 visits only were also excluded. 

A total of 12 924 observations from 1538 participants from January 2014 to September 2016 

were included in the final analysis.

ART drugs

For this study, we considered ART drug combinations that were used for 25 or more 

participants. Medication information was provided by participants via pill bottles or 

pharmacy print outs.

Depressive symptoms

To measure depressive symptoms, we usedthe CES-D scale which is a 20-item self-

administered questionnaire aimed to measure the frequency of depressive symptoms 

(somatic, nonsomatic) in the previous week [38]. Somatic symptoms on the CES-D 

include states of depressive mood with unpleasant or worrisome bodily sensations including 

changes in sleep, appetite, and concentration [39]. Nonsomatic symptoms include affective 

symptoms such as anhedonia and negative affect as well as interpersonal symptoms that 

relate to interpersonal challenges. The CES-D is well validated and commonly used in 

studies of PWH, often using a score of ≥16 to indicate depression [40–44]. Participants 

were classified into three groups based on the frequency of positive depression screening 

(CES-D ≥16): chronic depression group (≥50% of visits since study enrollment), infrequent 

depression group (<50% of visits), and never depressed group (no visits).
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Covariates

Covariates were selected based, in part, on previous research suggesting association between 

those covariates and depressive symptoms in WWH [42–45] (Table 1). Those included 

clinical research site (11 sites), enrollment wave (4 waves), sociodemographic, behavioral, 

and clinical factors. Sociodemographic factors included age, race, years of education, and 

annual household income. Behavioral factors included self-reported tobacco use status, and 

recent alcohol, cannabis, crack, cocaine, or heroin use. Clinical factors included standardized 

measures of height and weight used to calculate body mass index (BMI), self-reported 

menopause status, and diabetes (self-reported diagnosis, antidiabetic medication use, or any 

of fasting glucose ≥126 mg/dl or HgbA1c >6.5%). HIV-related factors included HIV RNA 

(copies/ml), CD4+ T-cell count (current and nadir, cells/ml), and self-reported previous 

AIDS diagnosis.

Statistical analysis

A novel Bayesian mixed-effects model was developed to estimate the effect of ART 

drug regimens on depressive symptoms stratified by depression group (chronic depression, 

infrequent depression, never depressed). Denote Y ij to be the depression score for participant 

i at visit j, i = 1, …, n, j = 1, …Ji. Let Zij denote the drug regimen used by participant i
at visit j. For example, Zij = DTG + TAF + emtricitabine (FTC) if participant i at visit j
takes a combination of DTG, TAF, and FTC. Let Xij be a vector including an intercept, 

time-invariant covariates (e.g., race), and time-varying covariates (e.g., BMI) for participant 

i at visit j. Denote tdij to be the accumulative exposure time of a single ART drug d for 

participant i before visit j. We proposed the following mixed-effects model:

Y ij = Xijβ + f Zij +
d = 1

D
γdtdii + bi ∈ij ,

where D is the total number of individual ART drugs that have been used in WIHS. In 

the proposed mixed-effects model, fixed effects consisted of drug regimens modeled by 

f Zij , covariates (see covariates section) effect Xijβ, and accumulative exposure time of all 

individual ART drugs ∑d = 1
D γdtdij; while the random effect consisted of a random intercept bi.

Modeling the effect of drug regimens is challenging due to its high dimensionality. With 

more than 30 FDA-approved ART drugs, there are thousands of possible drug combinations. 

Since some drug regimens were frequently used in WIHS but some were rarely used, we 

did not model drug regimens separately especially for regimens that were only used few 

times. For example, the drug combination atazanavir (ATV), FTC, and TDF was only used 

by four participants in nine visits. We proposed a kernel smoother approach to model f Zij . 

In particular, we selected a number V  of representative drug regimens (e.g. those commonly 

prescribed in clinical practice), denoted by z1, …, zV  and defined a drug similarity function 

κ Zij, zv . Then we model f Zij = ∑v = 1
V k Zij, zv αv

∑v = 1
V κ Zij, zv

. Such a design not only allows sharing of 

information across different drug regimens so that similar regimens have the similar effect, 

but also induces parsimony to reduce the high-dimensional regimen space to a manageable 
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size. To incorporate known clinical knowledge (e.g. the drug class information) in the drug 

similarity function κ Zij, zv , we represented each regimen as a tree structure encoding the 

knowledge such as drug classes and the number of distinct drug classes in each regimen, 

following our previous work [46]. Lastly, we conduct posterior inference by assigning priors 

to all unknown parameters and obtaining posterior distributions of all unknown parameters 

through Markov chain Monte Carlo simulation.

Results

Characteristics of study sample

Our study population included 1538 WWH who participated in 12 924 (mean 8.4) visits 

from January 2014 through September 2016 (Table 1). At baseline, the mean age was 

49.9 years, with 19% of participants >55 years of age. Minority representation was high 

with 72% of participants identifying as Black and 14% Hispanic. Most participants (68%) 

completed high school and 51% had an average household income/year of <$12 000. 

Overall, 16% of participants reported recent heavy alcohol use, 38% current tobacco 

smoking, 19% recent cannabis use, and 8% recent crack, cocaine, and/or heroin use. The 

median CD4þ T-cell count at baseline visit was 585 cells/ml, with 60% of participants 

having a CD4+ cell count >500 cells/μl. The median lowest CD4+ T-cell count was 275 

cells/μl. Seventy two percentage of participants had HIV RNA <50 copies/ml at baseline.

Within our study population, 30% (n = 459) were classified in the chronic depression group, 

33% (n = 500) in the infrequent depression group, and 37% (n = 579) in the never depressed 

group. There were significant differences among groups in baseline level of education, 

average household income, symptoms of depression, and use of tobacco, cannabis, crack, 

cocaine, and/or heroin as shown in Table 1. Regarding ART, the most common regimens 

used were: EFV, FTC, TDF (14%); DTG, ABC, 3TC (10%); and RPV, FTC, TDF (8%). 

Included ART combinations and classifications can be found in Table 2.

Association between ART drug combinations and depressive symptoms in women with 
HIV

Common ART regimens were significantly associated with depressive symptoms in WWH 

in the chronic depression group (Fig. 1). No associations were found in the infrequent 

depression, or never depressed groups. Specifically, the association was present for somatic 

depressive symptoms, while no associations were found between nonsomatic depressive 

symptoms and common ART combinations in any group.

In the chronic depression group, ART combinations including TAF plus COBI-boosted EVG 

and/or darunavir (DRV) were associated with more somatic symptoms of depression after 

adjusting for all specified covariates and accumulative exposure time of all individual ART 

drugs. Specifically, this association was present for: EVG, COBI, FTC, TAF; DRV, COBI, 

FTC, TAF; and EVG, COBI, DRV, FTC, TAF. No associations were observed with similar 

regimens that contained TDF instead of TAF (Fig. 1). In addition, no associations were 

observed for regimens containing DTG or BIC. There were also no significant associations 

between those receiving boosted regimens containing ritonavir (RTV) as a boosting agent, 
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such as DRV, RTV, ABC, 3TC; ATV, RTV, ABC, 3TC; DRV, RTV, TDF, FTC; and ATV, 

RTV, TDF, FTC. Combinations containing TDF plus a nonnucleoside reverse transcriptase 

inhibitor (NNRTI) were associated with less frequent somatic symptoms of depression. 

Specifically, this pattern was observed for EFV, TDF, FTC; and RPV, TDF, FTC (Fig. 1).

Subsequent analyses were conducted to examine the specific CES-D items that were linked 

to those combinations (see Fig. 2). The combinations DRV, COBI, FTC, TAF and EVG, 

COBI, DRV, FTC, TAF were associated with higher scores on CES-D item 20 (‘I could not 

get going’) while DRV, COBI, FTC, TAF was also associated higher scores on item 11 (‘my 

sleep was restless’). In addition, combinations containing TDF plus an NNRTI, including 

both EFV- and RPV-based regimens, were associated with lower scores on item 2 (‘I did not 

feel like eating; my appetite was poor’), CES-D item 11, and CES-D 20.

Discussion

There is a growing body of literature describing the association of some ART drugs and drug 

classes with depression and depressive symptomatology, including the INSTIs. Given its 

superior efficacy and otherwise good tolerance, INSTIs are the currently recommended first-

line therapy in most parts of the world. Here we analyzed data from the WIHS, a cohort of 

WWH, to evaluate the relationship of the commonly used ART regimens in clinical practice 

with symptoms of depression. We found that specific ART combinations are associated 

with somatic symptoms of depression. This association is complex, and the magnitude and 

directionality vary depending on baseline characteristics and drug combination. This could 

be due to a number of factors including a modulation of the toxicity risk posed when certain 

drugs are combined, as well as interactions with concomitant medications, or other off-target 

effects.

Among participants in the chronic depression group, certain drug combinations were 

associated with more somatic symptoms of depression, while nonsomatic symptoms showed 

no significant relationship. For instance, in this group, we observed that combinations 

including TAF with either COBI-boosted EVG and/or DRV were linked to greater somatic 

symptoms, whereas there was no difference when TDF was used instead of TAF in 

similar regimens. Moreover, no association was found with RTV-boosted regimens, un-

boosted regimens, or those not containing TAF. We found no association between regimens 

containing DTG or BIC and symptoms of depression.

Considering these observations, certain scenarios are possible. Like RTV, COBI is a 

strong inhibitor of cytochrome P450 (CYP) 3A4, the intestinal transporters P-glycoprotein 

(P-gp), and the breast cancer resistance protein (BCRP), which can lead to increased 

exposure to any drug metabolized through these pathways. There have been no reports of 

neurotoxicity of COBI itself although it has not been extensively studied. COBI could play 

an enhancing effect on the neurotoxicity of other concomitant medications. For example, 

TAF is a substrate of P-gp and co-administration with a P-gp inhibitor such as COBI 

has been reported to result in 6–183% increases in TAF exposures. Therefore the TAF 

dose is typically decreased from 25 to 10 mg when combined with a boosting agent 

[47,48]. However, TAF achieves greater intracellular concentrations than TDF which could 
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potentially lead to increased risk of toxicity in some people [49,50]. While some studies 

have not found biomarker evidence of neuronal injury in people switching TDF to TAF 

[51], a recent study suggest that compared to TDF, TAF is associated with reduced cellular 

respiration and reduced mitochondrial ATP production rate, among other bioenergetic 

measurements, in peripheral blood mononuclear cells (PBMCs) of PWH both in vitro 
and in vivo [52]. Mitochondrial dysfunction has a key role in HIV pathogenesis and may 

be a common denominator driving the pathophysiology of HIV-associated comorbidities. 

Mitochondrial dysfunction has also been implicated in the pathophysiology of depression 

[53,54]. On the other hand, COBI is a more selective inhibitor of other CYP enzymes but 

it can still increase the exposure of multiple other non-ART medications [55] which can 

contribute to the risk of depressive symptoms.

Additionally, we found that combinations containing TDF plus an NNRTI were associated 

with fewer somatic symptoms of depression. However, this effect was not observed when 

NNRTIs were combined with TAF or ABC. These findings, together with the lack of 

association of TDF plus either an INSTI or a PI with depressive symptoms, suggest that 

TDF may not have a detrimental effect on the risk of somatic symptoms of depression.

For those drug combinations associating with somatic symptoms of depression, we 

performed item-level analyses and found that the combinations DRV, COBI, FTC, TAF 

and EVG, COBI, DRV, FTC,TAF were associated with higher scores on item 20 (‘I could 

not get going’). This item can be related to both somatic (lack of energy) and nonsomatic 

(lack of motivation, helplessness, problems with concentration) symptoms. Additionally, 

DRV, COBI, FTC, TAF was also associated with restless sleep. A recent randomized trial 

suggested favorable results on sleep quality and mood in people with insomnia switching 

from DTG, ABC, 3TC to DRV, COBI, FTC, TAF [56], however, this was an open-label 

study with a small, predominantly male population without depression. Moreover, PIs 

including DRV have been shown to interfere with oligodendrocyte maturation in vitro 
[57], and there is evidence to suggest an implication of these cells in the pathogenesis 

of depression [58]. Nevertheless, the number of people using DRV, COBI, FTC, TAF in 

our study was relatively low and conclusions regarding this regimen should be drawn with 

caution.

The evidence linking the INSTI class, and its individual agents, and depression is conflicting 

[23,59–63]. However, in a prospective cohort analysis of young male PWH, switching to 

DTG-based regimens did not have a clear association with worsening of clinically relevant 

mood symptoms and those with higher depression preswitch had a decrease in depression 

score after switch [63]. Additionally, an analysis including clinical trials of PWH receiving 

DTG-based combinations, and a large pharmaco-epidemiology cohort found that depressive 

symptoms occurred at a low rate, mild to moderate in intensity, typically in the first 6 

months, and in those who continued treatment, resolved or improved [62]. This may explain 

the lack of association between DTG-based combinations and depression in our study. In 

addition, a potential link between DTG drug levels and central nervous system side effects 

has been inconsistently described [64,65] and there is some evidence to suggest an influence 

of genetic polymorphisms on DTG-related NPAEs [66]. Moreover, an analysis of a large 
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prospective cohort of PWH found that, in people with preexisting depression, the risk of 

depression was higher for EVG compared to DTG [67].

Lastly, EFV, TDF, FTC and RPV, TDF, FTC were associated with lower scores (better 

function) in items relating to poor appetite, restless sleep, and fatigue/lack of motivation. 

While this appears paradoxical considering the abundant literature on EFV neurotoxicity, it 

is now known that the association between EFV and NPAEs is complex and dependent on 

pharmacokinetic and genetic factors. For example, a correlation between CNS side effects 

and EFV plasma concentration has been inconsistently described [68]. A pooled analysis of 

two prospective studies in Uganda found that genetic polymorphisms associated with poor 

EFV metabolism were associated with a fourfold increase in the odds of depression in those 

without pre-ART depression but not in the cohort as a whole [69]. Moreover, a 2022 study 

of 15 people with late-onset EFV neurotoxicity syndrome found that all participants had a 

slow EFV metabolizer genotype and supra-therapeutic EFV plasma levels [70]. Our findings 

of a possible protective association of EFV in those in the chronic-depression group may 

be related to fundamental differences in the population studied (ethnically-diverse women) 

and does not allow us to draw conclusions regarding a beneficial effect. On the other hand, 

prescription bias is still possible due to factors unaccounted for in our model. Regarding 

RPV, TDF, FTC combination, our findings suggest that it has no detrimental association 

with depressive symptoms and rather a possible improvement which has been previously 

described [71,72].

It is known that depression in PWH is conditioned by multiple factors including viral-

related, HIV-associated inflammation, psychosocial factors, and ART-related neurotoxicity, 

among others; hence ascertaining the ‘net’ contribution of ART to this problem has proven 

difficult. The fact that ART has traditionally been comprised of three-drug combinations 

adds an additional layer to the problem given the modulatory effect that some drugs may 

have on others. Here we found that ART can have a different relationship with the risk of 

symptoms of depression in WWH that depends on the specific drug combination used and 

the frequency of depressive symptoms, with a predominant association in those with more 

symptoms at baseline.

Our study has limitations due to its observational nature, which may introduce channeling 

bias and overlook unaccounted factors contributing to symptoms of depression. To address 

prescribing bias, we incorporated in our model a broad range of covariates previously linked 

to depression, and variables related to depression itself including the frequency of depressive 

symptoms (overall CES-D score), and the presence of a positive depression screening 

(CES-D ≥16). This was not a prespecified analysis of the WIHS cohort, and data regarding 

concomitant medications or prior psychiatric diagnoses was not available which can be a 

significant confounder. Although our analysis is restricted to females, women have been 

found to have a higher risk of depression than men. Additionally, our dataset lacked direct 

medication adherence information, but we excluded participants that had discordant ART 

use ‘at study visit’ and ‘since last study visit’ to ensure ART stability for around six months. 

The CES-D score evaluates the frequency of depressive symptoms in the prior week with 

higher scores indicating greater symptomatology, and we observed significant associations 

with ART in the chronic depression group only. Whether these changes represent pathologic, 
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clinically significant events, or rather natural fluctuation of depressive symptoms cannot 

be ascertained from our study. Finally, direct causality cannot be concluded based on our 

results. Monitoring the trajectory of depressive symptoms in PWH on ART and depression is 

advised with attention to those receiving the highlighted drug combinations.

In summary, we found the association between ART and symptoms of depression depends 

on the baseline frequency of depressive symptoms and the specific combination of drugs 

used. Some ART combinations may increase the risk of somatic symptoms of depression 

in WWH. This study provides evidence comparing different specific regimens rather than 

individual drugs. The goal was to provide data that is readily relevant to clinicians as it 

compares the regimens more commonly used in clinical practice. These findings also add to 

a growing body of literature to provide evidence regarding the complex relationship between 

ART and depression and has potential utility for clinicians when managing the longitudinal 

care of PWH who may experience depression. Lastly, prospective randomized, double-blind 

studies are necessary to better understand the relationship between ART and depression in 

PWH.

Acknowledgements

This work was supported by: the JHU Center for the Advancement of HIV Neurotherapeutics (JHU-CAHN)-
Clinical Core (MH075673, Rubin, Coughlin), NSF grant DMS-1918854/ 1918851 (Xu, Rubin), and R01 
MH128085 (Xu). The contents of this publication are solely the responsibility of the authors and do not 
represent the official views of the National Institutes of Health (NIH). MWCCS (Principal Investigators): Atlanta 
CRS (Ighovwerha Ofotokun, Anandi Sheth, and Gina Wingood), U01-HL146241; Baltimore CRS (Todd Brown 
and Joseph Margolick), U01-HL146201; Bronx CRS (Kathryn Anastos, David Hanna, and Anjali Sharma), 
U01-HL146204; Brooklyn CRS (Deborah Gustafson and Tracey Wilson), U01-HL146202; Data Analysis and 
Coordination Center (Gypsyamber D’Souza, Stephen Gange and Elizabeth Topper), U01-HL146193; Chicago-
Cook County CRS (Mardge Cohen and Audrey French), U01-HL146245; Chicago-Northwestern CRS (Steven 
Wolinsky), U01-HL146240; Northern California CRS (Bradley Aouizerat, Jennifer Price, and Phyllis Tien), U01-
HL146242; Los Angeles CRS (Roger Detels and Matthew Mimiaga), U01-HL146333; Metropolitan Washington 
CRS (Seble Kassaye and Daniel Merenstein), U01-HL146205; Miami CRS (Maria Alcaide, Margaret Fischl, 
and Deborah Jones), U01-HL146203; Pittsburgh CRS (Jeremy Martinson and Charles Rinaldo), U01-HL146208; 
UAB-MS CRS (Mirjam-Colette Kempf, Jodie Dionne-Odom, and Deborah Konkle-Parker), U01-HL146192; UNC 
CRS (Adaora Adimora and Michelle Floris-Moore), U01-HL146194. The MWCCS is funded primarily by the 
National Heart, Lung, and Blood Institute (NHLBI), with additional co-funding from the Eunice Kennedy Shriver 
National Institute Of Child Health & Human Development (NICHD), National Institute On Aging (NIA), National 
Institute Of Dental & Craniofacial Research (NIDCR), National Institute Of Allergy And Infectious Diseases 
(NIAID), National Institute Of Neurological Disorders And Stroke (NINDS), National Institute Of Mental Health 
(NIMH), National Institute On Drug Abuse (NIDA), National Institute Of Nursing Research (NINR), National 
Cancer Institute (NCI), National Institute on Alcohol Abuse and Alcoholism (NIAAA), National Institute on 
Deafness and Other Communication Disorders (NIDCD), National Institute of Diabetes and Digestive and Kidney 
Diseases (NIDDK), National Institute on Minority Health and Health Disparities (NIMHD), and in coordination 
and alignment with the research priorities of the National Institutes of Health, Office of AIDS Research (OAR). 
MWCCS data collection is also supported by UL1-TR000004 (UCSF CTSA), UL1-TR003098 (JHU ICTR), UL1-
TR001881 (UCLA CTSI), P30-AI-050409 (Atlanta CFAR), P30-AI-073961 (Miami CFAR), P30-AI-050410 (UNC 
CFAR), P30-AI-027767 (UAB CFAR), P30-MH-116867 (Miami CHARM), UL1-TR001409 (DC CTSA), KL2-
TR001432 (DC CTSA), and TL1-TR001431 (DC CTSA). The authors gratefully acknowledge the contributions of 
the study participants and dedication of the staff at the MWCCS sites.

References

1. Eaton EF, Gravett RM, Tamhane AR, Mugavero MJ. Antiretroviral therapy initiation and changes in 
self-reported depression. Clin Infect Dis 2017; 64:1791–1794. [PubMed: 28419238] 

2. Gutiérrez F, García L, Padilla S, Álvarez D, Moreno S, Navarro G, et al. Risk of clinically 
significant depression in HIV-infected patients: effect of antiretroviral drugs. HIV Med 2014; 
15:213–223. [PubMed: 24215356] 

Parra-Rodriguez et al. Page 10

AIDS. Author manuscript; available in PMC 2025 February 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



3. Mukonzo JK, Okwera A, Nakasujja N, Luzze H, Sebuwufu D, Ogwal-Okeng J, et al. Influence 
of efavirenz pharmacokinetics and pharmacogenetics on neuropsychological disorders in Ugandan 
HIV-positive patients with or without tuberculosis: a prospective cohort study. BMC Infect Dis 
2013; 13:261. [PubMed: 23734829] 

4. Richterman A, Sax PE. Antiretroviral therapy in older people with HIV. Curr Opin HIV AIDS 2020; 
15:118–125. [PubMed: 31990705] 

5. Mollan KR, Smurzynski M, Eron JJ, Daar ES, Campbell TB, Sax PE, et al. Association between 
efavirenz as initial therapy for HIV-1 infection and increased risk for suicidal ideation or attempted 
or completed suicide: an analysis of trial data. Ann Intern Med 2014; 161:1–10. [PubMed: 
24979445] 

6. Mollan KR, Tierney C, Hellwege JN, Eron JJ, Hudgens MG, Gulick RM, et al. Race/ethnicity 
and the pharmacogenetics of reported suicidality with efavirenz among clinical trials participants. J 
Infect Dis 2017; 216:554–564. [PubMed: 28931220] 

7. Do AN, Rosenberg ES, Sullivan PS, Beer L, Strine TW, Schulden JD, et al. Excess burden of 
depression among HIV-infected persons receiving medical care in the United States: data from the 
medical monitoring project and the behavioral risk factor surveillance system. PLoS One 2014; 
9:e92842. [PubMed: 24663122] 

8. Uthman OA, Magidson JF, Safren SA, Nachega JB. Depression and adherence to antiretroviral 
therapy in low-, middle- and high-income countries: a systematic review and meta-analysis. Curr 
HIV/AIDS Rep 2014; 11:291–307. [PubMed: 25038748] 

9. Marconi VC, Wu B, Hampton J, Ordóñez CE, Johnson BA, Singh D, et al. Early warning indicators 
for first-line virologic failure independent of adherence measures in a South African urban clinic. 
AIDS Patient Care STDS 2013; 27:657–668. [PubMed: 24320011] 

10. Bouhnik A-D, Préau M, Vincent E, Carrieri MP, Gallais H, Lepeu G, et al. Depression and clinical 
progression in HIV-infected drug users treated with highly active antiretroviral therapy. Antivir 
Ther 2005; 10:53–61. [PubMed: 15751763] 

11. White JR, Chang C-CH, So-Armah KA, Stewart JC, Gupta SK, Butt AA, et al. Depression and 
HIV infection are risk factors for incident heart failure among veterans: veterans aging cohort 
study. Circulation 2015; 132:1630–1638. [PubMed: 26358261] 

12. Khambaty T, Stewart JC, Gupta SK, Chang C-CH, Bedimo RJ, Budoff MJ, et al. 
Association between depressive disorders and incident acute myocardial infarction in human 
immunodeficiency virus-infected adults: veterans aging cohort study. JAMA Cardiol 2016; 1:929–
937. [PubMed: 27557332] 

13. So-Armah K, Gupta SK, Kundu S, Stewart JC, Goulet JL, Butt AA, et al. Depression and all-cause 
mortality risk in HIV-infected and HIV-uninfected US veterans: a cohort study. HIV Med 2019; 
20:317–329. [PubMed: 30924577] 

14. Rubin LH, Maki PM. HIV, depression, and cognitive impairment in the era of effective 
antiretroviral therapy. Curr HIV/ AIDS Rep 2019; 16:82–95. [PubMed: 30661180] 

15. Schroecksnadel K, Sarcletti M, Winkler C, Mumelter B, Weiss G, Fuchs D, et al. Quality of life 
and immune activation in patients with HIV-infection. Brain Behav Immun 2008; 22:881–889. 
[PubMed: 18261883] 

16. Warriner EM, Rourke SB, Rourke BP, Rubenstein S, Millikin C, Buchanan L, et al. Immune 
activation and neuropsychiatric symptoms in HIV infection. J Neuropsychiatry Clin Neurosci 
2010; 22:321–328. [PubMed: 20686139] 

17. Hellmuth J, Colby D, Valcour V, Suttichom D, Spudich S, Ananworanich J, et al. Depression and 
anxiety are common in acute HIV infection and associate with plasma immune activation. AIDS 
Behav 2017; 21:3238–3246. [PubMed: 28484888] 

18. Stewart JC, Polanka BM, So-Armah KA, White JR, Gupta SK, Kundu S, et al. Associations 
of total, cognitive/affective, and somatic depressive symptoms and antidepressant use with 
cardiovascular disease-relevant biomarkers in HIV: veterans aging cohort study. Psychosom Med 
2020; 82:461–470. [PubMed: 32282648] 

19. Kolakowska A, Maresca AF, Collins IJ, Cailhol J. Update on adverse effects of HIV integrase 
inhibitors. Curr Treat Options Infect Dis 2019; 11:372–387. [PubMed: 33380904] 

Parra-Rodriguez et al. Page 11

AIDS. Author manuscript; available in PMC 2025 February 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



20. Hoffmann C, Llibre JM. Neuropsychiatric adverse events with dolutegravir and other integrase 
strand transfer inhibitors. AIDS Rev 2019; 21:4–10. [PubMed: 30899113] 

21. Harris M, Larsen G, Montaner JSG. Exacerbation of depression associated with starting raltegravir: 
a report of four cases. AIDS 2008; 22:1890–1892. [PubMed: 18753871] 

22. Lafay-Chebassier C, Chavant F, Favrelière S, Pizzoglio V, Perault-Pochat M-C, French Association 
of Regional Pharmacovigilance Centers. Drug-induced depression: a case/non case study in the 
French pharmacovigilance database. Therapie 2015; 70:425–432. [PubMed: 26056040] 

23. de Boer MGJ, van den Berk GEL, van Holten N, Oryszcyn JE, Dorama W, Moha D ait, et 
al. Intolerance of dolutegravir-containing combination antiretroviral therapy regimens in real-life 
clinical practice. AIDS 2016; 30:2831–2834. [PubMed: 27824625] 

24. Hoffmann C, Welz T, Sabranski M, Kolb M, Wolf E, Stellbrink H-J, et al. Higher rates of 
neuropsychiatric adverse events leading to dolutegravir discontinuation in women and older 
patients. HIV Med 2017; 18:56–63. [PubMed: 27860104] 

25. Llibre JM, Montoliu A, MiróJ M, Domingo P, Riera M, Tiraboschi J, et al. Discontinuation of 
dolutegravir, elvitegravir/cobicistat and raltegravir because of toxicity in a prospective cohort. HIV 
Med 2019; 20:237–247. [PubMed: 30688007] 

26. Cuzin L, Pugliese P, Katlama C, Bani-Sadr F, Ferry T, Rey D, et al. Integrase strand transfer 
inhibitors and neuropsychiatric adverse events in a large prospective cohort. J Antimicrob 
Chemother 2019; 74:754–760. [PubMed: 30534993] 

27. Ambrosioni J, Rojas Liévano J, Berrocal L, Inciarte A, de la Mora L, González-Cordón A, et 
al. Real-life experience with bictegravir/emtricitabine/tenofovir alafenamide in a large reference 
clinical centre. J Antimicrob Chemother 2022; 77:1133–1139. [PubMed: 35040990] 

28. Elzi L, Erb S, Furrer H, Cavassini M, Calmy A, Vernazza P, et al. Adverse events of raltegravir and 
dolutegravir. AIDS 2017; 31:1853–1858. [PubMed: 28692533] 

29. Bhagwat P, Ofotokun I, McComsey GA, Brown TT, Moser C, Sugar CA, et al. Changes in waist 
circumference in HIV-in-fected individuals initiating a raltegravir or protease inhibitor regimen: 
effects of sex and race. Open Forum Infect Dis 2018; 5:ofy201. [PubMed: 30465010] 

30. Progressive rises in weight and clinical obesity for TAF/ FTCRDTG and TDF/FTCRDTG versus 
TDF/FTC/EFV: AD-VANCE and NAMSAL trials. https://www.natap.org/2019/IAS/IAS_40.htm 
(accessed 18 August 2022).

31. Switch to dolutegravir from a boosted protease inhibitor associated with significant weight gain 
over 48 weeks in NEAT-022, a randomised 96-week trial j Cochrane Library. doi:10.1002/central/
CN-01669279.

32. Sax PE, Erlandson KM, Lake JE, Mccomsey GA, Orkin C, Esser S, et al. Weight gain following 
initiation of antiretroviral therapy: risk factors in randomized comparative clinical trials. Clin 
Infect Dis 2019; 71:1379–1389.

33. Scheper H, van Holten N, Hovens J, de Boer M. Severe depression as a neuropsychiatric side effect 
induced by dolutegravir. HIV Med 2018; 19:e58–e59. [PubMed: 28744997] 

34. Williams DW, Li Y, Dastgheyb R, Fitzgerald KC, Maki PM, Spence AB, et al. Associations 
between antiretroviral drugs on depressive symptomatology in homogenous subgroups of women 
with HIV. J Neuroimmune Pharmacol 2021; 16:181–194. [PubMed: 31933016] 

35. Barkan SE, Melnick SL, Preston-Martin S, Weber K, Kalish LA, Miotti P, et al. The women’s 
interagency HIV study. WIHS Collaborative Study Group. Epidemiology 1998; 9:117–125. 
[PubMed: 9504278] 

36. Bacon MC, von Wyl V, Alden C, Sharp G, Robison E, Hessol N, et al. The Women’s Interagency 
HIV Study: an observational cohort brings clinical sciences to the bench. Clin Diagn Lab Immunol 
2005; 12:1013–1019. [PubMed: 16148165] 

37. Adimora AA, Ramirez C, Benning L, Greenblatt RM, Kempf M-C, Tien PC, et al. Cohort profile: 
the women’s interagency HIV study (WIHS). Int J Epidemiol 2018; 47:393–394i. [PubMed: 
29688497] 

38. The CES-D Scale. A Self-Report Depression Scale for Research in the General Population, 
Lenore Sawyer Radloff, 1977. https://journals-sagepub-com.beckerproxy.wustl.edu/doi/pdf/
10.1177/014662167700100306 (Accessed 23 January 2023).

Parra-Rodriguez et al. Page 12

AIDS. Author manuscript; available in PMC 2025 February 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.natap.org/2019/IAS/IAS_40.htm
https://journals-sagepub-com.beckerproxy.wustl.edu/doi/pdf/10.1177/014662167700100306
https://journals-sagepub-com.beckerproxy.wustl.edu/doi/pdf/10.1177/014662167700100306


39. Kapfhammer H-P. Somatic symptoms in depression. Dialogues Clin Neurosci 2006; 8:227–239. 
[PubMed: 16889108] 

40. Moore J, Schuman P, Schoenbaum E, Boland B, Solomon L, Smith D. Severe adverse life events 
and depressive symptoms among women with, or at risk for, HIV infection in four cities in the 
United States of America. AIDS 1999; 13:2459–2468. [PubMed: 10597788] 

41. Ickovics JR, Hamburger ME, Vlahov D, Schoenbaum EE, Schuman P, Boland RJ, et al. Mortality, 
CD4 cell count decline, and depressive symptoms among HIV-seropositive women: longitudinal 
analysis from the HIV Epidemiology Research Study. JAMA 2001; 285:1466–1474. [PubMed: 
11255423] 

42. Cook JA, Cohen MH, Burke J, Grey D, Anastos K, Kirstein L, et al. Effects of depressive 
symptoms and mental health quality of life on use of highly active antiretroviral therapy among 
HIV-seropositive women. J Acquir Immune Defic Syndr 2002; 30:401–409. [PubMed: 12138346] 

43. Rubin LH, Cook JA, Grey DD, Weber K, Wells C, Golub ET, et al. Perinatal depressive 
symptoms in HIV-infected versus HIV-uninfected women: a prospective study from preconception 
to postpartum. J Womens Health (Larchmt) 2011; 20:1287–1295. [PubMed: 21732738] 

44. Maki PM, Rubin LH, Cohen M, Golub ET, Greenblatt RM, Young M, et al. Depressive symptoms 
are increased in the early perimenopausal stage in ethnically diverse human immunodeficiency 
virus-infected and human immunodeficiency virus-uninfected women. Menopause 2012; 19:1215–
1223. [PubMed: 22872013] 

45. Cook JA, Grey DD, Burke-Miller JK, Cohen MH, Vlahov D, Kapadia F, et al. Illicit drug use, 
depression and their association with highly active antiretroviral therapy in HIV-positive women. 
Drug Alcohol Depend 2007; 89:74–81. [PubMed: 17291696] 

46. Jin W, Ni Y, Rubin LH, Spence AB, Xu Y. A Bayesian nonparametric approach for inferring 
drug combination effects on mental health in people with HIV. Biometrics 2022; 78:988–1000. 
[PubMed: 34145900] 

47. Cattaneo D, Minisci D, Baldelli S, Mazzali C, Giacomelli A, Milazzo L, et al. Effect of cobicistat 
on tenofovir disoproxil fumarate (TDF): what is true for TAF may also be true for TDF. J Acquir 
Immune Defic Syndr 2018; 77:86–92. [PubMed: 28961682] 

48. Begley R, Das M, Zhong L, Ling J, Kearney BP, Custodio JM. Pharmacokinetics of tenofovir 
alafenamide when coadministered with other HIV antiretrovirals. J Acquir Immune Defic Syndr 
2018; 78:465–472. [PubMed: 29649076] 

49. Lanman T, Letendre S, Ma Q, Bang A, Ellis R. CNS neurotoxicity of antiretrovirals. J 
Neuroimmune Pharmacol 2021; 16:130–143. [PubMed: 31823251] 

50. Podany AT, Bares SH, Havens J, Dyavar SR, O’Neill J, Lee S, et al. Plasma and intracellular 
pharmacokinetics of tenofovir in patients switched from tenofovir disoproxil fumarate to tenofovir 
alafenamide. AIDS 2018; 32:761–765. [PubMed: 29334548] 

51. Hermansson L, Yilmaz A, Price RW, Nilsson S, McCallister S, Makadzange T, et al. Plasma 
concentration of neurofilament light chain protein decreases after switching from tenofovir 
disoproxil fumarate to tenofovir alafenamide fumarate. PLoS One 2019; 14:e0226276. [PubMed: 
31826005] 

52. Ritou E, Satta S, Petcherski A, Daskou M, Sharma M, Vasilopoulos H, et al. Blood immune 
cells from people with HIV on antiviral regimens that contain tenofovir alafenamide (TAF) and 
tenofovir disoproxil fumarate (TDF) have differential metabolic signatures. Metab Clin Exp 2023; 
141:155395. [PubMed: 36842771] 

53. Khan M, Baussan Y, Hebert-Chatelain E. Connecting dots between mitochondrial dysfunction and 
depression. Biomolecules 2023; 13:695. [PubMed: 37189442] 

54. Bansal Y, Kuhad A. Mitochondrial dysfunction in depression. Curr Neuropharmacol 2016; 14:610–
618. [PubMed: 26923778] 

55. Marzolini C, Gibbons S, Khoo S, Back D. Cobicistat versus ritonavir boosting and differences in 
the drug-drug interaction profiles with co-medications. J Antimicrob Chemother 2016; 71:1755–
1758. [PubMed: 26945713] 

56. Cabello-Úbeda A, Baeza AG, García JT, de La Fuente Moral S, Mena MN, Martínez AP, et 
al. Changes in quality of sleep, mood, and other neuropsychiatric symptoms after switching 
dolutegravir/lamivudine/abacavir to darunavir/cobicistat/emtricitabine/tenofovir alafenamide in 

Parra-Rodriguez et al. Page 13

AIDS. Author manuscript; available in PMC 2025 February 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



a randomized study of people with human immunodeficiency virus with poor sleep quality: 
GESIDA 10418. Open Forum Infect Dis 2022; 9: ofac345. [PubMed: 36147597] 

57. Festa L, Roth LM, Jensen B, Geiger JD, Jordan-Sciutto KL, Grinspan JB. Protease inhibitors, 
saquinavir and darunavir, inhibit oligodendrocyte maturation: implications for lysosomal stress. J 
Neuroimmune Pharmacol 2021; 16:169–180. [PubMed: 31776836] 

58. Zhou B, Zhu Z, Ransom BR, Tong X. Oligodendrocyte lineage cells and depression. Mol 
Psychiatry 2021; 26:103. [PubMed: 33144710] 

59. Povar-Echeverría M, Comet-Bernad M, Gasso-Sánchez A, Ger-Buil A, Navarro-Aznarez H, 
Martínez-Álvarez R, et al. Neuropsychiatric adverse effects of dolutegravir in real-life clinical 
practice. Enferm Infecc Microbiol Clin (Engl ed) 2021; 39:78–82. [PubMed: 32234251] 

60. Préta L-H, Chroboczek T, Treluyer J-M, Chouchana L. Association of depression and suicidal 
behaviour reporting with HIV integrase inhibitors: a global pharmacovigilance study. J Antimicrob 
Chemother 2023; 78:1944–1947. [PubMed: 37311223] 

61. Reeves AA, Fuentes AV, Caballero J, Thomas JE, Ii JFM, Harrington C. Neurotoxicities in the 
treatment of HIV between dolutegravir, rilpivirine and dolutegravir/rilpivirine: a meta-analysis. 
Sex Transm Infect 2021; 97:261–267. [PubMed: 33782144] 

62. Fettiplace A, Stainsby C, Winston A, Givens N, Puccini S, Vannappagari V, et al. Psychiatric 
symptoms in patients receiving dolutegravir. J Acquir Immune Defic Syndr 2017; 74:423–431. 
[PubMed: 27984559] 

63. Chan P, Goh O, Kroon E, Colby D, Sacdalan C, Pinyakorn S, et al. Neuropsychiatric outcomes 
before and after switching to dolutegravir-based therapy in an acute HIV cohort. AIDS Res Ther 
2020; 17:1. [PubMed: 31907064] 

64. Yagura H, Watanabe D, Nakauchi T, Tomishima K, Kasai D, Nishida Y, et al. Effect of dolutegravir 
plasma concentration on central nervous system side effects.

65. Elliot ER, Wang X, Singh S, Simmons B, Vera JH, Miller RF, et al. Increased dolutegravir 
peak concentrations in people living with human immunodeficiency virus aged 60 and over, and 
analysis of sleep quality and cognition. Clin Infect Dis 2019; 68:87–95. [PubMed: 29771285] 

66. Cusato J, Borghetti A, Teti E, Milesi M, Tettoni MC, Bonora S, et al. Dolutegravir discontinuation 
for neuropsychiatric symptoms in people living with HIV and their outcomes after treatment 
change: a pharmacogenetic study. Metabolites 2022; 12:1202. [PubMed: 36557240] 

67. Hsu R, Fusco J, Henegar C, Mounzer K, Wohlfeiler M, Vannappagari V, et al. Psychiatric 
outcomes observed in patients living with HIV using six common core antiretrovirals in the 
Observational Pharmaco-Epidemiology Research and Analysis database. Ther Adv Drug Saf 2018; 
9:675–686. [PubMed: 30546862] 

68. Dalwadi DA, Ozuna L, Harvey BH, Viljoen M, Schetz JA. Adverse neuropsychiatric events and 
recreational use of efavirenz and other HIV-1 antiretroviral drugs. Pharmacol Rev 2018; 70:684–
711. [PubMed: 29945900] 

69. Chang JL, Lee SA, Tsai AC, Musinguzi N, Muzoora C, Bwana B, et al. CYP2B6 genetic 
polymorphisms, depression, and viral suppression in adults living with HIV initiating efavirenz-
containing antiretroviral therapy regimens in Uganda: pooled analysis of two prospective studies. 
AIDS Res Hum Retroviruses 2018; 34:982. [PubMed: 29973058] 

70. van Rensburg R, Nightingale S, Brey N, Albertyn CH, Kellermann TA, Taljaard JJ, et al. 
Pharmacogenetics of the late-onset efavirenz neurotoxicity syndrome (LENS). Clin Infect Dis 
2022; 75:399–405. [PubMed: 34882770] 

71. Wiriyatanakorn S, Sungkanuparph S. Switching tenofovir/emtricitabine/efavirenz (TDF/FTC/EFV) 
to TDF/FTC/rilpivirine vs continuing TDF/FTC/EFV in HIV-infected patients with virological 
suppression: a randomized controlled trial. Open Forum Infect Dis 2019; 6:ofz297. [PubMed: 
31341931] 

72. Cozzi-Lepri A, Peters L, Pelchen-Matthews A, Neesgaard B, Wit SD, Johansen IS, et al. 
Observational cohort study of rilpivirine (RPV) utilization in Europe. AIDS Res Ther 2022; 19:38. 
[PubMed: 35933352] 

Parra-Rodriguez et al. Page 14

AIDS. Author manuscript; available in PMC 2025 February 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 1. Combined effects of different ART regimens according to frequency on somatic depressive 
symptoms by depression group.
3TC, lamivudine; ABC, abacavir; ATV, atazanavir; BIC, bictegravir; COBI, cobicistat; DRV, 

darunavir; DTG, dolutegravir; EFV, efavirenz; EVG, elvitegravir; RAL, raltegravir; RPV, 

rilpivirine; RTV, ritonavir; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate. 

All models controlled for: study enrollment site; age; race/ethnicity; years of education; 

exposure time of ART drugs used prior to 2014 (drugs used less than 100 times in the 

database are not included); average household income; CD4+ cell count; body mass index; 

substance use (crack, cocaine, and/or heroin use; cannabis; tobacco; alcohol); menopausal 

status; diabetes; and undetectable viral load.
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Fig. 2. Item-level analysis of the effects of different ART regimens on somatic depressive 
symptoms in the chronic-depression group.
3TC, lamivudine; ABC, abacavir; ATV, atazanavir; BIC, bictegravir; BTHRPS, I was 

bothered by things that usually don’t bother me; COBI, cobicistat; CONCPS, I had trouble 

keeping my mind on what I was doing; DRV, darunavir; DTG, dolutegravir; EFFTPS, I felt 

that everything I did was an effort; EFV, efavirenz; EVG, elvitegravir; MOTVPS, I could not 

get going; NoAPPS, I did not feel like eating; my appetite was poor; RAL, raltegravir; RPV, 

rilpivirine; RTV, ritonavir; SLEPPS, My sleep was restless; TAF, tenofovir alafenamide; 

TALKPS, I talked less than usual; TDF, tenofovir disoproxil fumarate. All models controlled 

for: study enrollment site; age; race/ethnicity; years of education; exposure time of ART 

drugs used prior to 2014 (drugs used less than 100 times in the database are not included); 

average household income; CD4+ cell count; body mass index; substance use (crack, 

cocaine, and/or heroin use; cannabis; tobacco; alcohol); menopausal status; diabetes; and 

undetectable viral load.
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Table 2.

Common ART regimens.

Regimen Number of participants (n = 1538) Number of visits (n = 12 924)

EFV, FTC, TDF 298 1734

DTG, ABC, 3TC 269 1288

RPV, FTC, TDF 194 1056

EVG, COBI, FTC, TAF 323 1046

EVG, COBI, FTC, TDF 206 916

ATV, RTV, FTC, TDF 180 745

DRV, RTV, FTC, TDF 148 636

DTG, FTC, TAF 146 414

DTG, FTC, TDF 112 350

RPV, FTC, TAF 123 343

RAL, FTC, TDF 78 312

BIC, FTC, TAF 129 180

ATV, RTV, ABC, 3TC 37 167

EFV, ABC, 3TC 28 161

DRV, COBI, FTC, TAF 48 129

RAL, ABC, 3TC 25 129

DRV, RTV, ABC, 3TC 29 128

EVG, COBI, DRV, FTC, TAF 36 110

DRV, COBI, FTC, TDF 34 90

3TC, lamivudine; ABC, abacavir; ATV, atazanavir; BIC, bictegravir; COBI, cobicistat; DRV, darunavir; DTG, dolutegravir; EFV, efavirenz; EVG, 
elvitegravir; FTC, emtricitabine; INSTI, integrase strand-transfer inhibitors; NNRTI, nonnucleoside reverse transcriptase inhibitors; PI, protease 
inhibitors; RAL, raltegravir; RPV, rilpivirine; RTV, ritonavir; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate.
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