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Title: Long-term patterns of self-reported opioid use, VACS Index, and mortality among 

people with HIV engaged in care 

 

ABSTRACT 

Longitudinal analyses of opioid use and overall disease severity among people with HIV (PWH) 

are lacking. We used joint-trajectory and Cox proportional hazard modeling to examine the 

relationship between self-reported opioid use and the Veterans Aging Cohort Study (VACS) 

Index 2.0, a validated measure of disease severity and mortality, among PWH engaged in care. 

Using data from 2002 and 2018, trajectory modeling classified 20% of 3,658 PWH in low (i.e., 

lower risk of mortality), 40% in moderate, 28% in high, and 12% in extremely high VACS Index 

trajectories. Compared to those with moderate VACS Index trajectory, PWH with an extremely 

high trajectory were more likely to have high, then de-escalating opioid use (adjusted odds ratio 

[AOR], 95% confidence interval [CI]: 5·17 [3·19-8·37]) versus stable, infrequent use. PWH who 

report high frequency opioid use have increased disease severity and mortality risk over time, 

even when frequency of opioid use de-escalates.  
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INTRODUCTION 

Opioids, both in the context of prescribed opioids and opioids used without a prescription 

or in a manner other than prescribed, are increasingly being used by people with HIV (PWH) 

globally (1). Long-term and high dose opioid use increases risk of accidental and intentional 

opioid overdose (2) and other adverse health outcomes including cardiovascular effects(3), 

bloodstream infections (e.g., endocarditis) (4), and death from accidental injury other than 

overdose (5). Importantly, PWH may be particularly vulnerable to harms associated with opioid 

use due to the increased prevalence of substance use disorders and mental illness (6, 7). In 

addition, opioids may negatively impact immune function (8, 9), interact with antiretroviral 

medication (10), or cause other harms specific to HIV serostatus. A recent cross-sectional 

analysis demonstrated that opioid misuse is associated with poor viral control by decreasing 

antiretroviral (ART) use and adherence (11). While there is a lack of compelling evidence that 

prescribed opioid use impacts CD4 count (12), less is known on the impact of opioids 

(regardless of source and reason for use) on an overall measure of disease severity over time.  

To our knowledge, no studies have yet examined the impact of longitudinal opioid use 

on overall disease severity and mortality among PWH. Within this analysis, we examine opioid 

use and trajectories of the VACS Index 2.0 score (“VACS Index”), a validated and generalizable 

risk index that measures overall disease severity, over time. The VACS Index incorporates 

routinely collected biomarkers to provide an overall summary of disease burden (13). Since the 

VACS Index was introduced in 2013, studies have shown that higher scores indicate an 

increased risk of all-cause mortality, hospitalization, intensive care admission, and other 

adverse health outcomes (14, 15). To date, while studies have examined the impact of alcohol 

use (16) and receipt of opioid agonist treatment among patients with opioid use disorder (17) on 

the VACS Index and mortality, no studies have assessed the relationship between any opioid 

use and VACS Index among PWH. As PWH are increasingly exposed to opioids long-term, 
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particularly in developing countries, there is a need to understand the relationship between 

opioid use and overall health (1). 

Thus, using data on a sample of PWH engaged in care, we sought to characterize long-

term patterns of self-reported opioid use and concurrent trajectories of the VACS Index, which 

accounts for HIV disease progression and changes in biomarkers capturing overall health. We 

hypothesized that patients with an escalating pattern of self-reported opioid use over time would 

have poorer mortality prognosis and higher rates of mortality compared to individuals with other 

patterns of opioid use. Classification of self-reported opioid use trajectories might assist health 

providers in identifying patients with patterns of use that place them at increased mortality risk.   

 

METHODS 

Overview and Study population  

The Veterans Aging Cohort Study (VACS) is a prospective cohort of U.S. military 

veterans with HIV and race-, age-, and site-matched HIV-negative controls within Veterans 

Health Administration care in the following locations: Atlanta, Georgia; Baltimore, Maryland; 

New York (Bronx and Manhattan); Houston, Texas; Los Angeles, California; Pittsburgh, 

Pennsylvania; and Washington, D.C. Patient surveys are administered approximately every 

year and linked to electronic health record information including pharmacy fills/refills, laboratory 

data (including HIV RNA viral load and CD4+ cell count), and administrative data on health care 

utilization and diagnostic codes (18). Detailed information regarding the VACS study design and 

methods has been previously described (18). For this analysis, we included participants if they 

had an HIV diagnosis and we excluded those missing all self-reported items on opioid use 

during the study period. VACS received approval from the Institutional Review Boards at Yale 

University, VA Connecticut Healthcare System, and each participating site.  
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Self-reported opioid trajectories 

We created a time-varying variable to capture frequency of self-reported opioid use 

(regardless of reason or source) using self-reported prescription opioid use and heroin use on 

every available survey between 2002 and 2018 (19). Consistent with our prior work, prescription 

opioid and heroin use were evaluated with the following questions: “For each of the following 

drugs, please mark the box that best indicates how often in the past year you used each drug: 

….heroin; prescription painkillers (such as Oxycontin, Vicodin, Percocet)”(19). Response 

options for all substances included: have never tried, no use in the last year, less than once a 

month, 1-3 times a month, 1-3 times a week, 4-6 times a week, or every day. The baseline 

survey in 2002 contained slightly different question wording as it referred to “opioids (heroin, 

morphine, codeine, opium)” rather than heroin and prescription painkillers separately, and 

during wave 3, when these items were also collapsed into one measure. Frequency of self-

reported opioid use was defined by whichever opioid (heroin or prescription painkillers) was 

most frequently used during that survey wave.  

 

Outcome measures 

Our outcome of interest was change in VACS Index 2.0 score (“VACS Index”). The 

VACS Index was recently updated to incorporate measures of albumin, white blood count, and 

body mass index (BMI) and use of continuous, rather than categorical or ordinal, biomarker 

information (20). The VACS Index consists of the following components: age, CD4+ cell count, 

HIV-1 RNA, hemoglobin, alanine (ALT) and aspartate (AST) transaminases, platelets, 

creatinine, hepatitis C status, albumin, white blood count, and body mass index (BMI) (20). A 

five-point increase in the VACS Index is associated with a 30% increased risk of five year 

mortality (20). Within this analysis, the VACS Index score was updated for each available 

survey wave, using laboratory values from dates closest to the participant’s reported opioid use, 
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and recalculated each time a lab was updated, with components of the VACS Index carried 

forward up to a year. This time-varying VACS Index score was then used within a joint-trajectory 

analysis with patterns of self-reported opioid use. 

Mortality was assessed as a secondary outcome by identifying VACS participants who 

died during the study period (2002-2018). Death data was made available through Veterans 

Health Administration’s patient files, the Beneficiary Identification Records Locating System, the 

Medicare Vital Status file, and the Social Security National Death Index (21).  

 

Covariates 

We considered sociodemographic, clinical, and substance-use related covariates within 

the multivariable analyses. Sociodemographic variables included: sex at birth, race/ethnicity, 

educational attainment, marital status, history of housing instability, location of residence, and 

annual income. Clinical covariates included any history of cancer, anxiety symptoms (evaluated 

using items from the HIV Symptoms Index), depressive symptom severity (based on scores on 

the Patient Health Questionnaire-9 [PHQ-9]), and reported level of pain interference over the 

past four weeks (considered present if self-reported moderate, quite a bit, or extreme pain 

interference with normal work [including both work outside the home and housework]). We also 

evaluated prescribed medications by length of prescription (none vs. short-term or <90 days 

supplied vs. long-term or ≥90 days supplied) for the following: benzodiazepines, 

antidepressants, gabapentinoids, and high (≥50 mg morphine equivalent daily dose) or low-

dosage (<50 mg) prescription opioids using VA pharmacy fill/re-fill data. These prescription 

medications were found to be associated with opioid trajectory groups in previous analyses and 

have been associated with mortality risk (22). Substance use covariates included self-reported 

smoking status, unhealthy alcohol use based on the Alcohol Use Disorders Identification Test-

Consumption (AUDIT-C) questionnaire scores (≥3 for women, ≥4 for men), and self-reported 
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cannabis and stimulant (including cocaine) use. Age, hepatitis C virus (HCV) status, HIV RNA 

viral load, and other biomarkers comprising the VACS Index score were not included as 

covariates within multivariable joint-trajectory models as they are already accounted for within 

the score. These covariates were included within the multivariable Cox regression model. A 

detailed description of covariates and sources is included in Supplemental Table 1.  

 

Statistical analysis 

To characterize concurrent patterns of self-reported opioid use and VACS Index scores 

over time, we utilized a joint-trajectory modeling approach in which two longitudinal measures 

were evaluated contemporaneously (23). This semiparametric, group-based mixture modeling 

approach identified joint self-reported opioid use and VACS Index score trajectories (23). This 

modeling approach has previously been used to characterize long-term opioid use patterns 

within the VACS cohort (19). First, the model estimated the trajectories for self-reported opioid 

use and VACS Index score over time and the conditional probabilities for membership in each 

combination of trajectories for every individual. Then, the model assigned each individual to the 

combination of trajectories with the highest probability of membership. The number of trajectory 

groups and trajectory shapes were determined using model fit statistics, including the Bayesian 

information criterion (BIC) and the significance of polynomial terms, with the goal of having each 

trajectory group contain 5% or more of the total sample (19). Non-random attrition, including 

missing data due to death, was accounted for using an enhanced modeling approach that 

modeled attrition simultaneously within the opioid use trajectory as a function of time (24). We 

used a zero-inflated Poisson outcome distribution for the self-reported opioid use trajectory and 

a censored normal model for VACS Index scores (with higher scores indicating greater mortality 

risk). The time scale was follow-up time in years from the date of study enrollment for each 

participant to death or end of study period (2018).  
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Bivariate analysis using Pearson χ2 and Wilcoxon rank-sum tests was then used to 

compare the baseline characteristics of individuals in each VACS Index trajectory group. 

Because the outcome had more than two levels, we used multinomial logistic regression to 

estimate the odds of membership in each VACS Index trajectory, conditional on membership in 

each self-reported opioid use trajectory, controlling for selected covariates. The final 

multivariable model was chosen using a manual backwards selection procedure that began with 

covariates with a p-value <0.05 in bivariate analyses and evaluated model fit using the Akaike 

information criterion.  

To estimate the impact of opioid trajectories on all-cause mortality, we first used 

unadjusted Kaplan-Meier survival curves and the log-rank test while stratifying by self-reported 

use of opioids trajectory groups. We then used Cox proportional hazards regression to estimate 

adjusted hazard ratios related to all-cause mortality, including accidental, self-inflicted, and 

violence-related deaths. Included variables were selected from bivariable analyses and were 

found to meet the proportional hazards assumption for Cox regression models. Finally, 

sensitivity analyses were performed omitting prescribed opioid receipt as a covariate to assess 

if our findings were driven by opioid use for palliative care. All analyses were performed in SAS 

9.4 (SAS Institute Inc., Cary, North Carolina, USA).  

RESULTS 

Participant characteristics  

Among 3,684 VACS participants with HIV, we excluded individuals missing all self-

reported items on opioid use across survey waves (n=26) for a final analytic sample of 3,658. In 

total, we had 22,684 person-years of observation with a median of 4 (IQR: 2, 6) surveys 

available per person. Overall, most of our analytic sample was comprised of older African 

American men living in urban areas and making less than $50,000 per year. The majority had 

received ART and nearly half were virally suppressed (<400 copies/mL) at baseline (Table 1).  
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VACS Index 2.0 trajectories  

Joint-trajectory modeling identified four distinct VACS Index trajectories: 1) low; 2) 

moderate (reference group); 3) high; and 4) extremely high. Approximately 20% of participants 

were classified within the low (i.e., lower risk of mortality), 40% in moderate, 28% in high, and 

12% in extremely high VACS Index trajectories (see trajectories over study period, 

Supplemental Figure 1). Sociodemographic characteristics at baseline were significantly 

different for patients within the high or extremely high VACS Index score trajectories, compared 

to low or moderate: they were older, were more likely to be non-white, were more likely to have 

a history of housing instability, and have a lower annual income compared to patients within the 

other VACS Index trajectory groups. In addition, these individuals had a lower CD4+ cell count, 

were less likely to be virally suppressed, more likely to have HCV, and higher levels of pain 

interference and depressive symptom severity at baseline. They were more likely to have 

received prescribed opioids and more likely to be classified within the high, then de-escalating 

opioid use trajectory (Table 1). Note that the trajectory modeling procedure utilizes the best 

fitting mean value for the VACS Index score and that individual variation over time was possible 

as demonstrated by the standard deviation in VACS Index scores within Table 1 and the error 

bars in Supplemental Figure 1. A majority of participants within these higher VACS Index 

trajectories died during follow-up: 88% of those within the extremely high and 53% within the 

high trajectory compared to 10% within the low VACS trajectory.  

 

Self-reported opioid use trajectories 

Joint-trajectory modeling identified four distinct opioid use trajectories: 1) no use; 2) 

stable and infrequent; 3) escalating; and 4) high, then de-escalating opioid use. A quarter of 

participants were grouped within the no use trajectory, 62% with stable and infrequent use, 8% 
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with escalating use, and 5% with high, then de-escalating use. Figure 1 examines the 

relationship between membership in each opioid use trajectory and VACS trajectory group. 

Nearly a third (30%) of participants within the no lifetime use of opioid trajectory were within the 

low VACS trajectory compared to only 5-6% of those within the de-escalating and escalating 

opioid use trajectories. Most individuals classified as belonging to the escalating and de-

escalating opioid use trajectories were within the high or extremely high VACS score 

trajectories. The high, then de-escalating opioid use trajectory group had the highest percentage 

of individuals with extremely high VACS scores (31%).  

 

Factors associated with VACS trajectories 

Multinomial logistic regression was used to compare one category of the outcome (i.e., 

VACS trajectory group) to the other VACS trajectory groups within levels of the exposure (i.e., 

opioid use trajectory) and selected covariates. The moderate VACS trajectory group was 

selected as the reference group as this grouping contained the most participants. When 

examining factors associated with membership within the VACS trajectory groups, we found that 

sociodemographic as well as HIV clinical factors and substance use had significant impact on 

the likelihood of group membership (Table 2). For example, African American individuals had 

twice (adjusted odds ratio, AOR [95% CI] = 1·91 [1·32-2·77]) the odds of membership within the 

extremely high VACS group vs. the moderate VACS trajectory compared to white individuals. 

Participants making less than $12,000 in annual income and with less education were more 

likely to be within the high or extremely high VACS trajectory groups. Opioid use trajectories 

were significantly associated with VACS trajectory membership. For example, individuals with 

high, then de-escalating opioid use were more likely to be within the extremely high VACS 

trajectory group (AOR [95% CI] = 5·17 [3·19-8·37]) compared to the moderate VACS trajectory. 
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A sensitivity analysis excluding prescribed opioid receipt based on pharmacy fill/refill data 

(Supplemental Table 2) as a covariate did not change the primary findings. 

 

Opioid use trajectory and mortality 

Kaplan-Meier curves (Figure 2) showed that participants within the high, then de-

escalating opioid trajectory had significantly higher mortality throughout follow-up: only half of 

individuals in this group survived beyond the eight years following the baseline survey. 

Individuals within the escalating opioid use trajectory were also less likely to survive at all time 

points compared to individuals with no lifetime or stable, infrequent use of opioids. In Cox 

regression, predictors of mortality included older age, white race/ethnicity, lower education level, 

any housing instability, any history of cancer, reported pain interference, lack of viral 

suppression, being a current smoker, and having HCV (Table 3). Long-term and high-dose 

prescribed opioid receipt predicted mortality (adjusted hazard ratio [AHR], 95% CI: 1·25 [1·05-

1·50]). Compared to those with stable, infrequent use, escalating use and de-escalating use had 

higher risk of death (unadjusted hazard ratios [UHR], 95% CI: 1·27 [1·13-1·43]) and 1·76 [1·54-

2·02]), respectively, in unadjusted analyses. In the multivariable model, these differences did 

not remain significant (p-value=0·25). In a sensitivity analysis excluding prescribed opioid 

receipt as a covariate (tables presented in Supplemental Tables 2 and 3), findings were similar 

for opioid trajectories.  

 

DISCUSSION 

In a well-characterized sample of patients engaged in care, these analyses provide a 

more comprehensive understanding of how trajectories of self-reported opioid use impact 

overall disease severity for PWH. Individuals with HIV who report high frequency opioid use 
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have increased mortality risk over time, even when frequency of opioid use de-escalates. In 

adjusted Cox regression analyses, differences in mortality by opioid trajectory group did not 

remain significant, although the direction of effects were similar.  

Individuals within the high, then de-escalating opioid use trajectory had higher overall 

disease severity and significant mortality over follow-up compared to the other patterns of self-

reported opioid use. One in three patients with high, then de-escalating opioid use and one in 

ten patients with escalating opioid use were classified within the extremely high VACS score 

trajectory (i.e., higher mortality risk), compared to only one in fifteen patients with no lifetime 

opioid use. The decrease in opioid use seen within the de-escalating trajectory may be due to 

several factors including death (and therefore, attrition) of the highest frequency users as well 

as the “sick quitter” phenomenon, in which individuals with more serious medical issues are less 

likely to continue a high frequency of substance use (25), which could include use of opioids. 

Decreased use may also be related to the Opioid Safety Initiative (OSI), launched in 2013 by 

VA, to decrease opioid prescribing practices associated with adverse outcomes (26). The OSI 

has been shown to decrease the use of high-dosage opioids and benzodiazepines in veterans 

(26). De-escalating use may also be due to forced tapering of prescribed doses. Previous work 

has highlighted risks associated with forced tapering of prescribed opioids, including termination 

of care and heroin initiation; however, evaluating the impact of forced tapering was beyond the 

scope of this particular analysis (27, 28). Individuals in this group began with a higher frequency 

of opioid use compared to any of the other trajectories, with apparent long-lasting impact. This 

finding highlights the importance of eliciting a comprehensive history of previous opioid use 

(including frequency of use) within clinical encounters and reinforces recommendations for 

judicious use of prescribed opioids for the treatment of pain, screening and identification of 

opioid use, and provision of medications for opioid use disorder for PWH (29-32). In addition, 

this finding suggests that an overall measure of disease severity, rather than a single clinical 
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marker such as CD4 count or viral load (12), may be needed to evaluate the association of 

opioids on and long-term physiologic effects and overall health among PWH.  

Even after accounting for clinical factors, prescribed medications, and selected co-

morbidities, socioeconomic determinants of health including race/ethnicity, annual income, and 

education level remained significant determinants of both VACS score trajectory membership 

and mortality. Despite significant progress in improving survival for persons with HIV, these 

factors continue to impact HIV disease progression. Our findings emphasize the need to 

characterize and address the upstream drivers that result in these disparities which, 

unfortunately, continue to heavily influence disease severity and mortality. Our analyses yielded 

surprising results regarding the impact of race/ethnicity. While non-white participants were more 

likely to be grouped within the high or extremely high VACS trajectories (i.e., higher risk of 

mortality), they had a lower hazard of mortality within the survival analyses. This seemingly 

contradictory result could result from the averaging of a changing hazard over time into a single 

value (33), the selected covariates adjusted for within the final model, as well as a greater 

likelihood of suicide, violence-related, or accidental death among white patients. Cause of death 

data reports that nearly 8% of total deaths were due to unnatural causes (see Supplemental 

Table 4) and unnatural death was listed more often for white patients (10% compared to 7% for 

non-white); however, additional analyses in larger samples to explore this in depth is warranted. 

Future analyses focused on examining causes of death associated with long-term patterns of 

opioid use may yield important insights into the long-term physiologic effects of opioids.  

Another important correlate of VACS trajectory membership and mortality was reported 

pain interference. Unlike many previous observational studies, we were able to include a 

measure of pain interference rather than pain intensity. Pain intensity is reported within 

electronic health records which results in its frequent use within studies; however, it may be a 

less sensitive measure of the impact of chronic pain on physical and emotional functioning. 
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Evidence suggests that heightened pain intensity and pain interference with daily activities and 

receipt of opioid therapy is associated with increased risk of adverse clinical outcomes, 

including opioid-related overdose and suicide, potentially because of pain’s effects on neural 

systems of reward thus contributing to riskier behavior (34, 35). The association of pain with 

opioid overdose is likely mediated by the quantity of opioids prescribed. Previous work with the 

VACS cohort demonstrated an association between greater pain interference and increased 

extra-medical use of opioids (7). Despite a high frequency of opioid use, individuals within the 

escalating and de-escalating opioid trajectories reported greater pain interference within their 

daily life. This suggests the need for pain management strategies beyond opioids to prevent the 

increased mortality risk associated with high levels of opioid use. Taken together, these findings 

suggest that heightened pain interference is an important contributor to initiation of opioid 

therapy and escalating dose and the pathway to misuse, use of illicit opioids and risk of 

overdose.  

Previously published studies using the VACS cohort have reported a shift from 

prescription opioid use to heroin use over time. Specifically, Banerjee et al. found that new-

onset non-medical use of prescription opioids strongly predicted heroin initiation (36). This shift 

was not apparent within our data (see Supplemental Figure 2). While there was significant 

overlap in our study populations, we did not exclude individuals with a prior history of non-

medical prescription opioid or heroin use. In addition, heroin use remained relatively rare 

throughout the study period and trajectories largely captured the use of opioids. Of note, our 

analysis did not include the provision of opioid agonist therapies (OAT, i.e., methadone or 

buprenorphine) for treatment of opioid use disorder. Prior work with VACS data demonstrated 

that OAT’s impact on VACS Index scores varied by self-reported opioid use and viral 

suppression (17). The authors concluded that at a maximum, receipt of OAT could change 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



14 
 

 
 

VACS score by approximately 4 points and that this change is likely limited to PWH with 

detectable HIV-RNA who currently use opioids (17).  

This study is subject to several limitations. First, the joint-trajectory modeling did not 

allow for us to evaluate if changes in the self-reported opioid use trajectory would lead to 

changes in VACS Index trajectory. Second, our pharmacy data captures medications filled in 

the outpatient setting within the Veterans Health Administrative system and thus does not 

capture over-the-counter medications and medications, including opioids, provided in the 

hospital or outside the VA. Covariates related to substance use and the question used to create 

the opioid trajectories relied on self-report; therefore, these may be subject to recall and social 

desirability bias, which may mask stronger true associations and attenuate our results towards 

the null. Third, our sample consisted of mostly older African American men with HIV engaged in 

regular care and may not be generalizable to all people with HIV. Despite these limitations, our 

approach had the advantage of using all available data from each participant, even participants 

with missing data for some of the survey waves and accounting for non-random missing data 

due to death. An additional strength was inclusion of pharmacy data in combination with self-

reported data which allowed us to evaluate the impact of prescribed opioids and other 

psychoactive medications including benzodiazepines and gabapentinoids, which may reinforce 

or diminish opioid effects and mortality risk. 

In summary, PWH who reported high frequency opioid use had increased mortality risk 

over time, even when frequency of opioid use de-escalates. Efforts to continue to identify and 

reduce opioid exposure among PWH are urgently needed. 
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Figure 1. Relationship between membership in group trajectories by frequency of self-reported opioid 
use and VACS index 2.0 score. Association between membership in VACS index 2.0 score trajectory and 
self-reported opioid use trajectory was statistically significant (<0.0001). 

 

Figure 2. Kaplan-Meier survival curves overall and by opioid use trajectory group membership over 
study period (2002-2018) for people with HIV. Panels show Kaplan-Meier curves with total number at risk at 
each time point for each opioid trajectory.a 
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VACS Index 2.0 Score Trajectory 
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No lifetime use     Stable, infrequent use 

 

Escalated use     High, then de-escalating use 

 

a Log-rank test resulted in p-value<0.001. 
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Table 1. Participant characteristics, HIV and clinical factors, prescribed medications, substance use, and self-reported opioid use frequency at baseline by Veterans 

Aging Cohort Study Index 2.0 score trajectory group (n, % except as noted). 

 
VACS Index 2.0 trajectory group 

Participant characteristics  

Overall 

(N=3, 658) 

Low 

(N=738, 20.2%) 

Moderate 

(N=1,446, 39.5%) 

High 

(N=1012, 27.7%) 

Extreme 

(N=462, 12.6%) 

 

P value 

Age at first interview, median (IQR) 49.7 (44.1, 55.1) 44.0 (37.5, 50.4) 49.5 (44.3, 54.8) 51.7 (47.0, 56.9) 52.8 (48.3, 58.2) <0.0001 

Sex at birth      0.15 

Female 97 (2.7) 23 (3.1) 44 (3.0) 17 (1.7) 13 (2.8)  

Male 3561 (97.4) 715 (96.7) 1402 (97.0) 995 (98.3) 449 (97.2)  

Race/ethnicity      <0.0001 

White 709 (19.4) 178 (24.1) 309 (21.4) 173 (17.1) 49 (10.6)  

Black 2444 (66.8) 440 (59.6) 934 (64.6) 710 (70.2) 360 (77.9)  

Hispanic 353 (9.7) 84 (11.4) 142 (9.8) 87 (8.6) 40 (8.7)  

Other 152 (4.2) 36 (4.9) 61 (4.2) 42 (4.2) 13 (2.8)  

Education level      <0.0001 

High school or less 1458 (40.3) 207 (28.3) 575 (40.0) 452 (44.9) 224 (50.0)  

Some college or more 2164 (59.8) 525 (71.7) 861 (60.0) 554 (55.1) 224 (50.0)  

Marital Status      <0.0001 

Never married 825 (22.9) 185 (25.4) 353 (24.7) 203 (20.4) 84 (18.6)  

Married/living with partner 1481 (41.1) 234 (32.1) 544 (38.1) 464 (46.6) 239 (53.0)  

Divorced/widowed 1299 (36.0) 310 (42.5) 532 (37.2) 329 (33.0) 128 (28.4)  

Housing instability evera 1539 (42.3) 253 (34.5) 612 (42.5) 453 (44.9) 221 (48.2) <0.0001 

Location of residence      0.0410 

Urban 3447 (95.1) 689 (93.7) 1353 (94.6) 963 (95.6) 442 (97.6)  

Suburban 102 (2.8) 22 (3.0) 48 (3.4) 25 (2.5) 7 (1.6)  

Rural 77 (2.1) 24 (3.3) 30 (2.1) 19 (1.9) 4 (0.9)  

Annual income      <0.0001 

<$11,999 1793 (50.6) 237 (33.2) 685 (49.0) 571 (57.7) 300 (68.0)  

$12,000-$49,999 1485 (41.9) 366 (51.2) 615 (44.0) 379 (38.3) 125 (28.3)  

≥$50,000 264 (7.5) 112 (15.7) 97 (6.9) 39 (3.9) 16 (3.6)  

Average number of completed 

surveys, mean (SD) 4.6 (2.2) 4.9 (2.2) 5.0 (2.2) 4.6 (2.2) 3.3 (2.1) <0.0001 

Died during follow-up 1397 (38.2) 70 (9.5) 389 (26.9) 533 (52.7) 405 (87.7) <0.0001 

Loss to follow-up 864 (23.6) 259 (30.0) 415 (48.0) 170 (19.7) 20 (2.3) <0.0001 

HIV and clinical factors       

Antiretroviral therapy receipt 2836 (77.5) 588 (79.7) 1106 (76.5) 784 (77.5) 358 (77.5) 0.4146 

Table1 Click here to access/download;Table;VACS Trajectory Table 1 2-28-2020.docx
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CD4+ cell count, median (IQR) 379 (229, 564) 554.5 (410, 748) 406 (263, 570.5) 299 (174, 465) 213 (98, 330) <0.0001 

Virally suppressed (<400 copies/mL) 1769 (48.6) 472 (64.5) 707 (49.2) 423 (42.0) 167 (36.2) <0.0001 

Any cancer 698 (19.1) 75 (10.2) 276 (19.1) 249 (24.6) 98 (21.2) <0.0001 

HCV positive 1395 (38.1) 56 (7.6) 462 (32.0) 538 (53.2) 339 (73.4) <0.0001 

Anxiety symptomsb 1331 (37.4) 268 (36.9) 538 (38.3) 365 (37.2) 160 (36.0) 0.8213 

Depressive symptomsc 820 (22.6) 145 (19.8) 314 (21.8) 235 (23.4) 126 (27.9) 0.0090 

Pain interferenced 1227 (33.8) 181 (24.7) 467 (32.6) 385 (38.2) 194 (42.7) <0.0001 

VACS Index Score, mean (SD) 58.7 (16.9) 39.3 (7.9) 53.8 (7.7) 67.0 (8.9) 86.9 (13.1) <0.0001 

Prescribed medications       

Benzodiazepine, current prescription      0.0105 

None 3154 (86.2) 648 (87.8) 1260 (87.1) 849 (83.9) 397 (85.9)  

Short-term, <90 days 215 (5.9) 35 (4.7) 76 (5.3) 65 (6.4) 39 (8.4)  

Long-term, >=90 days 289 (7.9) 55 (7.5) 110 (7.6) 98 (9.7) 26 (5.6)  

Antidepressant, current prescription      <0.0001 

None 2300 (62.9) 517 (70.1) 892 (61.7) 611 (60.4) 280 (60.6)  

Short-term, <90 days 480 (13.1) 64 (8.7) 186 (12.9) 151 (14.9) 79 (17.1)  

Long-term, >=90 days 878 (24.0) 157 (21.3) 368 (25.5) 250 (24.7) 103 (22.3)  

Gabapentinoid, current prescription      0.0136 

None 3270 (89.4) 681 (92.3) 1303 (90.1) 885 (87.5) 401 (86.8)  

Short-term, <90 days 160 (4.4) 22 (3.0) 58 (4.0) 51 (5.0) 29 (6.3)  

Long-term, >=90 days 228 (6.2) 35 (4.7) 85 (5.9) 76 (7.5) 32 (6.9)  

Opioid, current prescription      <0.0001 

None 2644 (72.3) 571 (77.4) 1077 (74.5) 686 (67.8) 310 (67.1)  

Short-term, <90 days 731 (20.0) 132 (17.9) 270 (18.7) 226 (22.3) 103 (22.3)  

Long-term, >=90 days 283 (7.7) 35 (4.7) 99 (6.9) 100 (9.9) 49 (10.6)  

Substance use       

Current smoker 2805 (76.7) 450 (61.0) 1112 (76.9) 843 (83.3) 400 (86.6) <0.0001 

Unhealthy alcohol usee 1331 (36.4) 250 (33.9) 520 (36.0) 375 (37.1) 186 (40.3) 0.1502 

Cannabisf 1008 (27.6) 195 (26.4) 402 (27.8) 292 (28.9) 119 (25.8) 0.5478 

Stimulant usef 161 (4.4) 30 (4.1) 62 (4.3) 54 (5.3) 15 (3.3) 0.2830 

Self-reported opioid use trajectory 

group      <0.0001 

No lifetime use 916 (25.0) 282 (38.2) 384 (26.6) 199 (19.7) 51 (11.0)  

Stable, infrequent use 2250 (61.5) 424 (57.5) 897 (62.0) 620 (61.3) 309 (66.9)  

Escalating use 290 (7.9) 22 (3.0) 133 (9.2) 107 (10.6) 28 (6.1)  

De-escalating use 202 (5.5) 10 (1.4) 32 (2.2) 86 (8.5) 74 (16.0)  

 



Notes:  

Bolding indicates a p-value <0.05. 
a reported “yes” to “Have you ever been without a permanent address that you call home?”  
b anxiety symptoms considered present if response included any of the following: “bothers me a little”, “it bothers me”, “it bothers me a lot”  
c depressive symptoms, defined as present on PHQ-9 score >9 
d self-reported pain interference in daily live, defined as present if response included any of the following: “moderately”, “quite a bit”, or “extremely” 
e Alcohol Use Disorders Identification Test Consumptions (AUDIT-C)- defined as ≥3 for women, ≥4 for men  
f any use endorsed in past 12 months 



Table 2. Factors associated with membership in Veterans Aging Cohort Study Index 2.0 score trajectories in the final multinomial logistic regression model. 

 
VACS Index 2.0 trajectory group, adjusted odds ratio (95% confidence interval) 

Sociodemographic characteristics  
Low 

(N=738, 20.2%) 

Moderate 

(N=1,446, 39.5%) 

High 

(N=1012, 27.7%) 

Extreme 

(N=462, 12.6%) 

 

P value 

Race/ethnicity (ref: White)     0.0005 

Black 0.88 (0.69, 1.12) REF 1.30 (1.03, 1.65) 1.91 (1.32, 2.77)  

Hispanic 1.14 (0.80, 1.63) REF 1.06 (0.75, 1.51) 1.15 (0.67, 1.97)  

Other 0.96 (0.59, 1.57) REF 1.21 (0.76, 1.93) 0.87 (0.39, 1.94)  

Education level (ref: high school or less) 1.42 (1.15, 1.75) REF 0.90 (0.75, 1.07) 0.84 (0.66, 1.08) 0.0003 

Marital Status (ref: married)     <0.0001 

Never married 0.96 (0.74, 1.24) REF 0.74 (0.59, 0.93) 0.66 (0.48, 0.90)  

Divorced/widowed 1.21 (0.97, 1.51) REF 0.76 (0.62, 0.92) 0.60 (0.46, 0.79)  

Housing instability ever 1.04 (0.84, 1.29) REF 0.88 (0.73, 1.07) 0.92 (0.71, 1.18) 0.4712 

Location of residence     0.3388 

Suburban  1.01 (0.59, 1.73) REF 0.74 (0.44, 1.25) 0.55 (0.23, 1.29)  

Rural 1.61 (0.88, 2.96) REF 1.05 (0.56, 1.97) 0.58 (0.19, 1.80)  

Annual income (ref: <$11,999)      <0.0001 

$12,000-$49,999 1.52 (1.22, 1.88) REF 0.81 (0.67, 0.98) 0.60 (0.46, 0.78)  

≥$50,000 2.49 (1.75, 3.52) REF 0.56 (0.37, 0.85) 0.54 (0.30, 0.99)  

Any cancer 0.47 (0.35, 0.62) REF 1.35 (1.10, 1.67) 1.20 (0.90, 1.61) <0.0001 

Depressive symptoms 1.14 (0.88, 1.48) REF 0.92 (0.73, 1.15) 1.04 (0.77, 1.41) 0.5078 

Pain interference 0.86 (0.68, 1.09) REF 1.19 (0.98, 1.46) 1.37 (1.05, 1.78) 0.0109 

Prescribed medications      

Benzodiazepine, current 

prescription(ref:none)     0.1677 

Short-term 1.10 (0.71, 1.72) REF 1.14 (0.79, 1.66) 1.29 (0.80, 2.09)  

Long-term 1.05 (0.71, 1.55) REF 1.44 (1.04, 2.00) 0.77 (0.44, 1.33)  

Antidepressant duration (ref: none)     0.0719 

Short-term 0.72 (0.52, 1.00) REF 1.06 (0.81, 1.38) 1.11 (0.79, 1.57)  

Long-term 0.81 (0.62, 1.04) REF 0.86 (0.68, 1.07) 0.74 (0.54, 1.01)  

Opioid duration and dose (ref: none)     0.3317 

Short-term + low dose 1.09 (0.84, 1.41) REF 1.24 (0.99, 1.55) 1.20 (0.89, 1.63)  

Short-term + high dose 1.27 (0.52, 3.12) REF 1.39 (0.68, 2.83) 2.16 (0.94, 4.94)  

Long-term + low dose 1.09 (0.65, 1.82) REF 0.90 (0.60, 1.33) 0.90 (0.53, 1.53)  

Long-term + high dose 1.58 (0.68, 3.64) REF 1.98 (1.07, 3.64) 2.25 (1.04, 4.88)  

Substance use       
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Current smoker 0.59 (0.48, 0.73) REF 1.26 (1.02, 1.57) 1.35 (0.98, 1.86) <0.0001 

Self-reported opioid use trajectory group 

(ref: Stable, infrequent use )     <0.0001 

No lifetime use 1.36 (1.01, 1.68) REF 0.77 (0.62, 0.95) 0.38 (0.26, 0.54)  

Escalating use 0.43 (0.26, 0.71) REF 1.06 (0.78, 1.44) 0.51 (0.32, 0.83)  

High and de-escalating use 0.89 (0.42, 1.87) REF 3.39 (2.16, 5.33) 5.17 (3.19, 8.37)  

 

 

Notes: Bolding indicates a p-value <0.05. Final model chosen using manual backwards selection procedure based on the Akaike Information Critera, starting with 

all variables significant at P <0.05 in Table 1. Variables within the final model were: race/ethnicity, education level, marital status, housing instability, location of 

residence, annual income, cancer history, depressive symptoms, pain interference, benzodiazepine prescription, antidepressant duration, opioid duration and dose, 

smoking history, and self-reported opioid use trajectory.  

 

 

 



Table 3. Adjusted hazard ratios (AHR) for predictors of mortality among participants living with HIV and engaged in 

care over a 10-year study period using multivariable Cox regression model. 

Sociodemographic characteristics  UHR (95%) p-value AHR (95 % CI) 

 

P value 

Age (per 10 year) 1.39 (1.33, 1.44) <0.0001 1.29 (1.23, 1.35) <0.0001 

Race/ethnicity (ref: White)  <0.0001  <0.0001 

Black 0.89 (0.81, 0.97)  0.80 (0.72, 0.88)  

Hispanic 0.71 (0.61, 0.82)  0.64 (0.54, 0.75)  

Other 0.72 (0.59, 0.89)  0.67 (0.54, 0.84)  

Education level (ref: high school or less) 0.75 (0.69, 0.80) <0.0001 0.82 (0.76, 0.89) <0.0001 

Marital Status (ref: married)  0.091  0.741 

Never married 0.78 (0.71, 0.86)  0.91 (0.82, 1.01)  

Divorced/widowed 0.75 (0.69, 0.82)  0.90 (0.83, 0.99)  

Housing instability ever 0.99 (0.92, 1.06) 0.71 0.86 (0.79, 0.93) <0.0001 

Annual income (ref: <$11,999)  <0.0001  <0.0001 

$12,000-$49,999 0.72 (0.67, 0.78)  0.82 (0.75, 0.89)  

≥$50,000 0.45 (0.38, 0.55)  0.63 (0.51, 0.77)  

Any cancera 2.08 (1.92, 2.24) <0.0001 1.82 (1.68, 1.97) <0.0001 

Pain interferencea 1.32 (1.22, 1.42) <0.0001 1.14 (1.05, 1.24) 0.004 

HIV and clinical factors     

CD4+ cell count (per 100) a 0.89 (0.87, 0.90) <0.0001 0.92 (0.91, 0.94) <0.0001 

Virally suppressed (ref: >=400copies/mL) a 0.52 (0.48, 0.56) <0.0001 0.52 (0.48, 0.57) <0.0001 

HCV positivea 1.53 (1.42, 1.65) <0.0001 1.34 (1.23, 1.46) <0.0001 

Prescribed medications     

Antidepressant duration (ref: none) a  <0.0001 1.04 (0.91, 1.18) 0.127 

Short-term 1.22 (1.09, 1.37)  1.08 (0.99, 1.18)  

Long-term 1.25 (1.15, 1.35)    

Gabapentinoid duration (ref: none) a  <0.0001  0.114 

Short-term 1.18 (1.00, 1.39)  1.04 (0.88, 1.24)  

Long-term 1.21 (1.08, 1.36)  1.10 (0.97, 1.25)  

Benzodiazepine, current 

prescription(ref:none)  <0.0001  0.054 

Short-term 1.20 (1.04, 1.40)  1.08 (0.92, 1.26)  

Long-term 1.28 (1.15, 1.43)  1.12 (0.99, 1.27)  

Opioid duration and dose (ref: none) a  <0.0001  0.043 

Short-term + low dose 1.11 (1.01, 1.22)  1.02 (0.92, 1.12)  

Short-term + high dose 1.17 (0.85, 1.62)  1.01 (0.72, 1.41)  

Long-term + low dose 1.34 (1.19, 1.51)  1.04 (0.91, 1.18)  

Long-term + high dose 1.80 (1.54, 2.11)  1.25 (1.05, 1.50)  

Substance use      

Current smokera 1.81 (1.63, 2.00) <0.0001 1.50 (1.34, 1.67) <0.0001 

Unhealthy alcohol usea 0.98 (0.90, 1.07) 0.640 0.97 (0.88, 1.06) 0.435 

Self-reported opioid use trajectory group 

(ref: stable, infrequent use)  <0.0001  0.258 

No lifetime use 0.94 (0.86, 1.03)  1.17 (1.06, 1.29)  

Escalating use 1.27 (1.13, 1.43)  1.05 (0.92, 1.20)  

De-escalating use 1.76 (1.54, 2.02)  1.34 (1.16, 1.56)  

 

Notes: Bolding indicates a p-value <0.05. Final multivariable model was selected based on variables significant at P 

<0.05 in bivariable models or evaluated as meaningful as informed by the literature. Variables within the final model 

were: age, race/ethnicity, education level, marital status, housing instability, annual income, cancer history, pain 

interference, CD$+ cell count, viral suppression, HCV status, gabapentinoid duration, benzodiazepine prescription, 

antidepressant duration, opioid duration and dose, smoking history, unhealthy alcohol use, and self-reported opioid use 

trajectory. 
a Time-updated variables 
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Supplemental Table 1. Description of covariate measures and sources. 

Covariate name Type (levels) Description Source 

Sociodemographic    

Sex at birth  Binary (male/female) Time-invariant VACS Baseline Survey 

Race/ethnicity Categorical (white, black, Hispanic, 

other) 

Time-invariant VACS Baseline Survey  

Education level Binary (high school or less/some 

college or more) 

Time-invariant VACS Baseline Survey 

Marital Status Categorical (never married, 

married/living with a partner, 

divorced/widowed) 

Time-invariant VACS Baseline Survey 

House instability ever Binary (yes/no) Time-varying VACS Surveys, defined as present if affirmative 

response to question ““Have you ever been without a 

permanent address that you call home?”  

Location of residence Categorical (urban, suburban, rural) Time-invariant VACS Baseline Survey, based on rural urban 

commuting codes 

Annual Income Categorical (<$11,999, $12,000-

49,999, ≥$50,000) 

Time-invariant VACS Baseline Survey 

HIV Clinical Factors    

Antiretroviral therapy receipt at 

baseline 

Binary (yes/no) Time-invariant VA Pharmacy Fill/Refill data; defined as present if 

receipt of >3 antiretroviral agents excluding boosters 

CD4+ cell count at baseline Numerical Time-invariant VACS Clinical Data 

Virally suppressed at baseline Binary (<400 copies/mL, ≥400 

copies/mL) 

Time-invariant VACS Clinical Data 

Any cancer Binary (yes/no) Time-varying National VA Cancer Registry; defined as present if 

history of any cancer, excluding non-melanoma skin 

cancers 

HCV positive Binary (yes/no) Time-varying VACS Clinical Data 

Anxiety symptoms  Binary (yes/no) Time-varying VACS Surveys, assessed by the HIV Symptoms Index 

Item, anxiety symptoms considered present if response 

included any of the following: (anxiety) “bothers me a 

little”, “it bothers me”, “it bothers me a lot”  

Depressive symptoms Binary (yes/no) Time-varying VACS Surveys, defined as present with Patient Health 

Questionnaire-9 (PHQ-9) score >9 

Pain interference Binary (yes/no) Time-varying VACS Surveys, Question: “During the past 4 weeks, 

how much did pain 

interfere with your normal work (including both work 

outside the home and housework)?” Response options 
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were categorized as no (not at all or a little bit vs. 

moderately, quite a bit, or 

extremely)  

Prescribed Medications    

Benzodiazepine, current 

prescription 

Categorical (none, short-term, long-

term) 

Time-varying VA Pharmacy Fill/Refill data; defined as present if 

receipt of any of the following: alprazolam, 

chlordiazepoxide, clonazepam, 

clorazepate, diazepam, estazolam, eszopiclone, 

flurazepam, lorazepam, midazolam, oxazepam, 

temazepam, triazolam, zaleplon and zolpidem. 

Duration coded as short-term if <90 day prescription. 

Antidepressant, current prescription Categorical (none, short-term, long-

term) 

Time-varying VA Pharmacy Fill/Refill data; defined as present if 

receipt of any of the following: amitriptyline, 

amoxapine, bupropion, 

citalopram, clomipramine, desipramine, 

desvenlafaxine, doxepin, duloxetine, 

escitalopram, fluoxetine, fluvoxamine, 

imipramine, isocarboxazid, levomilnacipran, 

maprotiline, milnacipran, mirtazapine, 

nefazodone, nortriptyline, paroxetine, 

phenelzine sulfate, protriptyline, selegiline, 

sertraline, tranylcypromine, trazodone, 

trimipramine, venlafaxine, vilazodone, and 

vortioxetine. Duration coded as short-term if <90 day 

prescription. 

Gabapentinoid, current prescription Categorical (none, short-term, long-

term) 

Time-varying VA Pharmacy Fill/Refill data; defined as present if 

receipt of any of the following: gabapentin, pregabalin. 

Duration coded as short-term if <90 day prescription. 

Opioid, current prescription Categorical (none, short-term and 

low dose, short-term and high dose, 

long-term and low dose, long-term 

and high-dose) 

Time-varying VA Pharmacy Fill/Refill data; defined as present if 

receipt of any oral or transdermal opioid in an out-

patient setting. Duration coded as short-term if <90 

day prescription. Dosage coded as low-dose based on a 

morphine equivalent daily dose <50 mg.  

Substance Use    

Current smoker Binary (yes/no) Time-varying VACS Surveys, reporting being a current (vs. past) 

smoker 

Unhealthy alcohol use Binary (yes/no) Time-varying VACS Surveys, Alcohol Use Disorders Identification 

Test Consumptions (AUDIT-C)- defined as ≥3 for 

women, ≥4 for men 



Cannabis Binary (yes/no) Time-varying VACS Surveys, Question: “How often in the past 12 

months you used each drug… marijuana or hashish”. 

Answer options: have never tried, no use in the last 

year, less than once a month, 1-3 times a month, 1-3 

times a week, 4-6 times a week, every day. Coded as 

yes with any use within past 12 months 

Stimulant Binary (yes/no) Time-varying VACS Surveys, Question: “How often in the past 12 

months you used each drug… stimulants 

(amphetamines, uppers, speed, crank, crystal meth, 

bam)”. Answer options: have never tried, no use in the 

last year, less than once a month, 1-3 times a month, 1-

3 times a week, 4-6 times a week, every day. Coded as 

yes with any use within past 12 months 

Self-reported opioid use  Trajectory grouping Time-varying VACS Surveys, Question: “How often in the past 12 

months you used each drug… heroin; prescription 

painkillers (such as Oxycontin, Vicodin, Percocet)”. 

Answer options: have never tried, no use in the last 

year, less than once a month, 1-3 times a month, 1-3 

times a week, 4-6 times a week, every day. Frequency 

of use utilized within trajectory modeling. NOTE: 

Opioid 

use was listed as opioids (heroin, morphine, codeine, 

opium) in the baseline survey. 

 

 

 

 

 

 

 

 

 



Supplemental Table 2. Factors associated with membership in Veterans Aging Cohort Study index 2.0 score trajectories in the final multinomial 

logistic regression model excluding prescription opioid use as a covariate. 

 
VACS Index 2.0 trajectory group, adjusted odds ratio (95% confidence interval) 

Sociodemographic characteristics  
Low 

(N=738, 20.2%) 

Moderate 

(N=1,446, 

39.5%) 

High 

(N=1012, 27.7%) 

Extreme 

(N=462, 12.6%) 

 

P value 

Race/ethnicity (ref: White)     0.0005 

Black 0.88 (0.69, 1.13) REF 1.30 (1.03, 1.65) 1.91 (1.33, 2.77)  

Hispanic 1.14 (0.80, 1.63) REF 1.06 (0.75, 1.50) 1.15 (0.67, 1.97)  

Other 0.97 (0.59, 1.58) REF 1.22 (0.77, 1.95) 0.87 (0.39, 1.94)  

Education level (ref: high school or less) 1.42 (1.15, 1.75) REF 0.90 (0.75, 1.07) 0.84 (0.66, 1.08) 0.0003 

Marital Status (ref: married)     <0.0001 

Never married 0.96 (0.74, 1.24) REF 0.74 (0.59, 0.93) 0.66 (0.48, 0.91)  

Divorced/widowed 1.21 (0.97, 1.51) REF 0.76 (0.62, 0.92) 0.61 (0.46, 0.80)  

Housing instability ever 1.04 (0.84, 1.29) REF 0.89 (0.74, 1.07) 0.91 (0.71, 1.18) 0.4665 

Location of residence     0.3422 

Suburban  1.01 (0.59, 1.73) REF 0.74 (0.44, 1.24) 0.55 (0.24, 1.29)  

Rural 1.62 (0.88, 2.98) REF 1.05 (0.56, 1.95) 0.60 (0.20, 1.85)  

Annual income (ref: <$11,999)     <0.0001 

$12,000-$49,999 1.52 (1.22, 1.88) REF 0.81 (0.67, 0.98) 0.60 (0.46, 0.79)  

≥$50,000 2.49 (1.76, 3.52) REF 0.56 (0.37, 0.85) 0.55 (0.30, 1.01)  

Any cancer 0.47 (0.35, 0.63) REF 1.36 (1.10, 1.68) 1.22 (0.91, 1.63) <0.0001 

Depressive symptoms 1.13 (0.87, 1.47) REF 0.91 (0.73, 1.14) 1.02 (0.76, 1.38) 0.5032 

Pain interference 0.87 (0.69, 1.10) REF 1.21 (1.00, 1.48) 1.40 (1.08, 1.82) 0.0062 

Prescribed medications      

Benzodiazepine, current 

prescription(ref:none)     0.1230 

Short-term 1.12 (0.72, 1.74) REF 1.17 (0.81, 1.69) 1.32 (0.82, 2.12)  

Long-term 1.08 (0.74, 1.58) REF 1.49 (1.08, 2.05) 0.80 (0.47, 1.38)  
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Antidepressant duration (ref: none)     0.0912 

Short-term 0.72 (0.52, 1.01) REF 1.07 (0.82, 1.40) 1.13 (0.80, 1.59)  

Long-term 0.82 (0.63, 1.06) REF 0.88 (0.70, 1.09) 0.76 (0.56, 1.04)  

Substance use       

Current smoker 0.59 (0.48, 0.73) REF 1.26 (1.02, 1.56) 1.35 (0.98, 1.86) <0.0001 

Self-reported opioid use trajectory group 

(ref: Stable, infrequent use )     <0.0001 

No lifetime use 1.35 (1.09, 1.67) REF 0.76 (0.61, 0.94) 0.37 (0.26, 0.53)  

Escalating use 0.44 (0.27, 0.73) REF 1.09 (0.81, 1.47) 0.53 (0.33, 0.86)  

De-escalating use 0.93 (0.44, 1.92) REF 3.52 (2.26, 5.50) 5.39 (3.36, 8.67)  

 

 

Notes: Bolding indicates a p-value <0.05. Final model chosen using manual backwards selection procedure based on the Akaike Information 

Critera, starting with all variables significant at P <0.05 in Table 1.  

 

 

 

 

 

 

 

 

 

 

 



Supplemental Table 3. Adjusted hazard ratios (AHR) for predictors of mortality among participants living with HIV and engaged in care over a 

10-year study period using multivariable Cox regression model excluding prescription opioid use. 

Sociodemographic characteristics  
AHR (95 % CI) 

 

P value 

Age (per 10 year) 1.29 (1.23, 1.35) <0.0001 

Race/ethnicity (ref: White)  <0.0001 

Black 0.80 (0.72, 0.88)  

Hispanic 0.64 (0.54, 0.75)  

Other 0.67 (0.54, 0.84)  

Education level (ref: high school or less) 0.82 (0.76, 0.89) <0.0001 

Marital Status (ref: married)  0.703 

Never married 0.91 (0.82, 1.01)  

Divorced/widowed 0.90 (0.82, 0.98)  

Housing instability ever 0.86 (0.79, 0.93) <0.0001 

Annual income (ref: <$11,999)  <0.0001 

$12,000-$49,999 0.81 (0.75, 0.88)  

≥$50,000 0.63 (0.51, 0.77)  

Any cancera 1.83 (1.69, 1.98) <0.0001 

Pain interferencea 1.15 (1.06, 1.25) 0.001 

HIV and clinical factors   

CD4+ cell count (per 100) a 0.92 (0.91, 0.94) <0.0001 

Virally suppressed (ref: >=400copies/mL) a 0.52 (0.48, 0.57) <0.0001 

HCV positivea 1.34 (1.23, 1.46) <0.0001 

Prescribed medications   

Antidepressant duration (ref: none) a 1.04 (0.92, 1.18) 0.105 
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Short-term 1.08 (0.99, 1.18)  

Long-term   

Gabapentinoid duration (ref: none) a  0.057 

Short-term 1.06 (0.89, 1.25)  

Long-term 1.12 (0.99, 1.28)  

Benzodiazepine, current 

prescription(ref:none)  0.025 

Short-term 1.09 (0.93, 1.27)  

Long-term 1.15 (1.00, 1.27)  

Substance use    

Current smokera 1.50 (1.35, 1.68) <0.0001 

Unhealthy alcohol usea 0.95 (0.87, 1.05) 0.357 

Self-reported opioid use trajectory group 

(ref: stable, infrequent use)  0.097 

No lifetime use 1.16 (1.05, 1.28)  

Escalating use 1.09 (0.96, 1.23)  

De-escalating use 1.39 (1.20, 1.61)  

 

Notes: Bolding indicates a p-value <0.05.  
a Time-updated variables 

 



Supplemental Table 4. Cause of death for the 1,400 participants living with HIV and engaged in care who died over the 10-year study period (n, %). 

Self-reported 

opioid trajectory 

group Cause of death 

 

HIV 

Other 

Infection Cancer CVD  Respiratory Liver Renal Diabetes Unnatural 

 

Other 

No lifetime use 108 (39.0%) 8 (2.9%) 55 (19.9%) 56 (20.2%) 8 (2.9%) 0 (0%) 5 (1.8%) 6 (2.2%) 18 (6.5%) 13 (4.7%) 

Stable, 

infrequent use 

366 (41.5%) 36 (4.1%) 137 (15.5%) 141 (15.9%) 32 (3.6%) 20 (2.3%) 12 (1.4%) 10 (1.1%) 71 (8.0%) 58 (6.6%) 

Escalating use 41 (35.0%) 5 (4.3%) 28 (23.9%) 20 (17.1%) 3 (2.6%) 2 (1.7%) 1 (0.9%) 1 (0.9%) 7 (5.9%) 9 (7.7%) 

De-escalating 

use 

55 (44.7%) 6 (4.9%) 14 (11.4%) 19 (15.5%) 4 (3.3%) 4 (3.3%) 1 (0.8%) 0 (0%) 11 (8.9%) 9 (7.3%) 

Total study 

population 

570 (40.7%) 55 (3.9%) 234 (16.7%) 47 (3.4%) 26 (1.9%) 19 (1.4%) 19 (1.4%) 17 (1.2%) 107 (7.6%) 89 (6.4%) 

 

Notes: CVD- cardiovascular death. 
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Supplemental Figure 1. VACS Index 2.0 score trajectories among 3,658 participants with HIV and 

engaged in care. Dashed lines represent estimated trajectories; solid lines represent empirical averages. 

Time points are based on the average time since baseline for each of the seven waves of surveys from 

2002 to 2018. 
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Supplemental Figure 2. Proportion of study population reporting a) exclusive prescribed opioid use, b) 

exclusive heroin use, or c) combined prescribed opioid and heroin use by frequency of use over each 

survey wave.a  
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a Survey wave 3 is not included as opioid use was not assessed in the same manner as the other surveys. 
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