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Abstract

Background: Causes of death and their trends among Veterans with HIV (VWH) are different 

than those in the general population with HIV, but this has not been fully described. The objective 

was to understand the trends in, and risk factors for, all-cause and cause-specific mortality across 

eras of combination antiretroviral therapy (cART) among VWH.

Setting: The HIV Atlanta VA Cohort Study (HAVACS) includes all VWH who ever sought care 

at the Atlanta VA Medical Center.

Methods: Age-adjusted all-cause and cause-specific mortality rates were calculated annually 

and compared between pre- (1982–1996), early- (1997–2006), and late-cART (2007–2016) eras. 

Trends were assessed using Kaplan-Meier curves, cumulative incidence functions, and join-point 

regression models. Risk factors were identified by Cox proportional hazards models.

Results: Of the 4,674 VWH in HAVACS, 1,752 died; of whom, 1,399 (79.9%), 301 (17.2%), 

and 52 (3.0%) were diagnosed with HIV in the pre-, early-, and late-cART eras, respectively. 

Significant increases were observed in rates of all-cause, AIDS-related, and non-AIDS-related 

mortality in the pre-cART era, followed by declines in the early- and late-cART eras. All-

cause, AIDS-related, and non-AIDS-related mortality rates plummeted by 65%, 81%, and 45%, 

respectively, from the pre- to late-cART eras. However, VWH continue to die at higher rates due 

to AIDS-related infections, non-AIDS-related malignancies, respiratory disease, cardiovascular 

disease, and renal failure than those in the general population with HIV.

Conclusions: In older populations with HIV, it is important that providers not only monitor for 

and treat diseases associated with aging, but also intervene and address lifestyle risk factors.
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Introduction

Of the more than 9 million U.S. Veterans enrolled in the Department of Veterans Affairs 

(VA), it is estimated that 3.7% have HIV infection, compared to only 0.5% of U.S. adults.1–3 

Moreover, cohort studies in Europe and the U.S. estimate that the all-cause mortality rate 

among people with HIV (PWH) ranges from 6 to 13 per 1,000 person-years (PY), compared 

to 40 per 1,000 PY in U.S. Veterans with HIV (VWH).4 The burden of HIV and its 

associated mortality is clearly higher among Veterans, but this has not been fully described 

in the scientific literature.

Compared to the general population, Veterans are more likely to be male, older, and African-

American, and have higher rates of substance abuse, mental illness, unemployment, and 

homelessness.4–6 These individual-level barriers are associated with decreased retention 

in care and adherence to combination antiretroviral treatment (cART). Despite this, the 

proportions of VWH diagnosed with HIV, retained in care, prescribed cART, and virally 

suppressed are significantly greater than those in the general population.6–7 For example, 

it is estimated that only 4.9% of Veterans have undiagnosed HIV compared to 18.1% of 

the general population.6 This is a testament to the VA as an integrated health care system 

that reduces institutional-level barriers by providing care with little to no out-of-pocket costs 

and curtailing interruptions in care due to life changes.5–6,8 Other institutional-level policies 

unique to Veterans during and after their military service include required HIV screening 

every two years in the Department of Defense, enacted in 1986, and routine HIV testing 

requiring only verbal consent in the VA, enacted in 2009, respectively.5–6,9 However, a 

critical component of the armamentarium against HIV was the development and evolution of 

ART, particularly the advent of cART in 1996, and the decades of treatment advocacy that 

have helped PWH adhere to ART.10

In the general population, it is estimated that the all-cause mortality rate for PWH decreased 

from 233 per 1,000 PY in the pre-cART era to 6 per 1,000 PY in the post-cART era.11–12 

In the post-cART era, PWH on ART who have maintained a CD4 count ≥500 cells/mL have 

been shown to have an all-cause mortality rate approaching that of the general population 

without HIV.12 With respect to cause-specific mortality, it is estimated that the rates due to 

AIDS and causes unrelated to AIDS (non-AIDS) in the post-cART era are 5.1 per 1,000 

PY and 0.9 per 1,000 PY, respectively.13–14 In VWH specifically, it is estimated that the 

all-cause mortality rate decreased from 25 deaths per 100 patients in the pre-cART era to 3 

deaths per 100 patients in the post-cART era, or about 40 per 1,000 PY.4,15 No data have 

been published on cause-specific mortality among VWH.

The objective of the current work is to fill in this knowledge gap for VWH – to 

understand the trends in, and risk factors for, all-cause and cause-specific mortality. 

Improved knowledge may better enable VA providers to focus diagnostic and therapeutic 

efforts, and improve overall care in this distinct, understudied population. Moreover, as 
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the general population with HIV continues to age, the results from this work may provide 

further insight into the psychosocial challenges and social inequities that older populations 

with HIV continue to experience.

Methods

Study population

The HIV Atlanta VA Cohort Study (HAVACS) was initiated in 1982 and is an ongoing, 

open cohort of all VWH who ever sought care at the Atlanta VA Medical Center (AVAMC). 

A complete profile of the study has been previously described.15 All HAVACS patients 

with a documented HIV diagnosis between January 1, 1982 and December 31, 2016 were 

included in the current analysis; the 15th of the month was imputed for missing dates 

and those without at least a month and year were excluded. Dates and causes of death 

were collected and cross-referenced from a compendium of available sources, including 

vital statistic agencies and hospitals or through physician report and active follow-up. The 

Coding Causes of Death in HIV Project protocol was adapted to classify causes of death.16 

If diagnostic codes were available, causes of death were classified by a clinician and a 

computer algorithm; if they were not available, two clinicians independently classified each 

death.17 Deaths were classified as AIDS-related if there was a AIDS defining condition 

prior to death and/or a CD4 count <100 cells/mL within a year (18 months if off ART) of 

death, and a diagnosis compatible with AIDS as a cause of death.18 AIDS-related causes 

were categorized as infection or malignancy; non-AIDS-related causes were categorized 

as cardiovascular disease, infection, liver-related (including hepatocellular carcinoma), 

malignancy, renal failure, respiratory disease (including pulmonary infection), sudden death, 

or violence (including suicide and drug-related). Deaths for which the cause was unknown 

were included in analyses of all-cause mortality. The HAVACS cohort was approved by 

Emory University’s Institutional Review Board and the AVAMC Research and Development 

Committee.

Descriptive analyses

Descriptive analyses were performed to characterize patients who had died during the study 

period by socio-demographics (ages at HIV and AIDS diagnosis, sex, race/ethnicity, and 

transmission category) and clinical factors (first [≤6 months after HIV diagnosis], nadir, 

and last [≤6 months before death] CD4 counts; last HIV viral load [≤6 months before 

death], ART status, times from HIV diagnosis to ART initiation and AIDS diagnosis, AIDS 

status, CDC stage, and hepatitis B [HBV, HBsAg test] and C [HCV, HCV antibody test] 

serostatus). Fisher’s exact tests or chi-square tests for categorical data, and one-way ANOVA 

for continuous data with Bonferroni correction were performed, as appropriate, to identify 

factors associated with death among those who had been diagnosed with HIV in the pre-

cART (1982–1996) and post-cART (early [1997–2006], late [2007–2016]) eras; post-hoc 

tests included Tukey’s tests and partitioning the likelihood ratio tests, as appropriate.

Temporal trends

All-cause and cause-specific mortality rates and 95% confidence intervals (CI) were 

calculated annually and for each cART era, and age-adjusted to the 2000 U.S. standard 
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population. Incidence density ratios (IDR) and 95% CIs were calculated to compare all-

cause and cause-specific mortality rates between cART eras. Person-time was computed 

from date of HIV diagnosis to date of death. Regardless of whether a patient survived from 

one era to another, all person-time was contributed to the cART era in which they were 

diagnosed with HIV. Patients were censored at the end of the study period or the date of their 

last visit if they had not been seen after December 31, 2014. Join-point regression models 

were fitted to estimate annual percent changes (APC) and 95% CIs during periods of time 

when statistically significant changes in mortality rates were observed. Because all-cause 

and cause-specific mortality rates were age-adjusted, results were compared with those 

found in the general population with HIV, which naturally has a different age distribution.

Inferential analyses

Survival probabilities with respect to all-cause mortality for each cART era were estimated 

and compared using the Kaplan-Meier approach and log-rank tests, respectively. Stacked 

cumulative incidence functions with respect to cause-specific mortality for each cART era 

were estimated to account for competing risks. Adjusted hazard ratios (aHR) were estimated 

using multivariable Cox proportional hazards models to identify risk factors associated with 

all-cause and cause-specific mortality; factors of interest included age at HIV diagnosis, 

race/ethnicity, ever using injection drugs (IDU), ART status, ever receiving an AIDS 

diagnosis, and last CD4 count and HIV viral load. Hazard ratios adjusted for all subsets of 

the covariates of interest were compared to the fully adjusted model using the 10% change-

in-estimate criterion. Stratified Cox models or Cox models with time-dependent covariates 

were performed when the proportional hazards assumption was violated. All analyses were 

performed in SAS 9.4 (SAS Institute, Cary, NC) or Joinpoint Trend Analysis 4.7 (NCI, 

Bethesda, MD), and probability values <0.05 were considered statistically significant.

Results

Sample characteristics

Of the 4,674 patients in the analytic sample (22–79 years of age at enrollment), 1,752 died; 

of whom, 1,399 (79.9%), 301 (17.2%), and 52 (3.0%) were diagnosed with HIV in the pre-, 

early-, and late-cART eras, respectively. Of the patients who died, 46 (2.6%) did not have 

adequate date of death data. Of the 2,922 patients who were censored, 1,013 (34.7%) were 

lost-to-follow-up (LTFU) and 1,909 (65.3%) survived past the study period. In the pre-, 

early-, and late-cART eras, patients contributed 35,687 PY (mean [standard deviation, SD] 

= 14.2 [9.8] PY), 15,569 PY (mean [SD] = 12.0 [5.1] PY), and 3,817 PY (mean [SD] = 

4.9 [2.8] PY), respectively. Socio-demographic and clinical characteristics of those who died 

were summarized in Table 1. After Bonferroni correction (α = 0.05/15 = 0.003), patients 

who were diagnosed with HIV in each era and subsequently died were significantly different 

by all socio-demographic and clinical characteristics assessed (except for last CD4 count, 

last HIV viral load, and ART status) than those who also died but were diagnosed with HIV 

in another era. Of note, ART initiation trended upwards in the late-cART era, nearing 90%.
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Temporal trends

Annual age-adjusted rates for all-cause, AIDS- and non-AIDS-related, and infection- and 

cancer-related mortality are depicted in Figures 1A, 1B, and 1C, respectively; statistically 

significant trends are denoted by joinpoints. In the pre-cART era, a notable shift occurred in 

1986 when the rates of all-cause, AIDS-related, and infection-related mortality, which had 

all been significantly decreasing since 1984 (APC: −49.3, −52.6, and −52.8, respectively), 

suddenly pivoted and continued to increase until 1995 (APC: 5.9, 2.8, and 2.8, respectively). 

In parallel, significantly increasing rates of non-AIDS-related and cancer-related mortality 

were observed (APC: 3.1 and 0.8, respectively). Beginning in 1995, however, just at 

the precipice of the post-cART era, the all-cause mortality rate decreased significantly 

(APC=−29.9), a trend that continued through to the end of the post-cART era (APC=−1.1). 

Similarly, in the post-cART era, a gradual yet significant decrease occurred in the 

rates of AIDS-, non-AIDS-, and infection-related mortality (APC: −0.4, −0.7, and −0.7, 

respectively); no significant change in the cancer-related mortality rate was observed since 

the advent of cART.

Age-adjusted mortality rates

Causes of death were determined for 1,487 patients; 265 (15.1%) deaths occurred during 

the study period for which the cause of death is unknown. The distribution of death 

classifications is summarized in Table 2, along with the cause-specific mortality rates by 

cART era in which patients were diagnosed with HIV. Overall, the proportions of AIDS- 

and non-AIDS-related deaths were approximately equal (51.3% and 48.7%, respectively). 

AIDS-related deaths were predominantly due to infection (87.2%), while non-AIDS-related 

deaths had no one predominant cause but were more likely to be due to malignancy 

(18.6%), respiratory disease (18.0%), liver disease (14.1%), infection (14.0%), or sudden 

death (10.2%). The rates of all-cause and cause-specific mortality were statistically 

significantly lower during the early-cART era than during the pre-cART era; except for 

non-AIDS-related cardiovascular disease, malignancies, and sudden death. Most notably, 

cause-specific mortality rates that decreased ≥75% in the early-cART era include respiratory 

disease (IDR=0.19, 95% CI [0.09–0.58]), AIDS-related malignancies (IDR=0.22, 95% CI 

[0.11–0.46]), violence (IDR=0.23, 95% CI [0.09–0.58]), and non-AIDS-related infections 

(IDR=0.24, 95% CI [0.12, 0.48]). None of the cause-specific mortality rates were 

significantly lower during the late-cART era than during the early-cART era; only the all-

cause mortality rate experienced a statistically significant 30% reduction in the late-cART 

era (IDR=0.70, 95% CI [0.53, 0.95]).

Survival and incidence

Kaplan-Meier curves of all-cause mortality in the pre-, early-, and late-cART eras are 

depicted in Figure 2a; they are significantly different (χ2[2] = 262, p<0.001). The 10-

year cumulative survival probability increased dramatically from 63.6% in the pre-cART 

era to 81.8% and 89.8% in the early- and late-cART eras, respectively. Figures 2b, 2c, 

and 2d present the stacked cumulative incidences for AIDS-related, non-AIDS-related, 

and undetermined mortality in the pre-, early-, and late-cART eras, respectively. In the 

pre-cART era, despite a gradual waning, the mortality rate due to AIDS significantly 
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outpaced that of non-AIDS-related and undetermined mortality; such that, cumulatively, 

48.9% of patients died due to an AIDS-related condition, followed by non-AIDS-related 

(34.0%) and undetermined (17.0%) mortality. In contrast, the cumulative incidences in the 

early-cART era were all substantially diminished, even more so in the late-cART era, but 

also gradually waned. In the early-cART era, the mortality rate due to non-AIDS-related 

conditions markedly outpaced that of AIDS-related and undetermined mortality; such that, 

cumulatively 9.5% of patients died due to a non-AIDS-related condition, followed by 

AIDS-related (5.7%) and undetermined (4.3%) mortality. Similarly, in the late-cART era, 

the mortality rate due to non-AIDS-related conditions markedly outpaced that of AIDS-

related and undetermined mortality; such that, cumulatively 3.4% of patients died due to 

a non-AIDS-related condition, followed by AIDS-related (1.4%) and undetermined (0.9%) 

mortality.

Risk factors

Adjusted hazard ratios of risk factors for all-cause and cause-specific mortality are 

summarized in Table 3. Older age at HIV diagnosis (≥40 years) was associated with 

two-fold increased risks for all-cause mortality (aHR=1.90, 95% CI [1.60–2.26]) and deaths 

due to AIDS-related infections (aHR=2.04, 95% CI [1.55–2.68]), liver disease (aHR=2.88, 

95% CI [1.54–5.36]), and non-AIDS-related malignancies (aHR=2.64, 95% CI [1.37–5.10]), 

and a five-fold increased risk for death due to cardiovascular disease (aHR=4.57, 95% 

CI [1.77–11.79]). Non-White patients had a 30% increased risk of all-cause mortality 

(aHR=1.30, 95% CI [1.14–1.48]), driven predominantly by increased risks of death due 

to renal failure (aHR=5.36, 95% CI [1.06–27.15]), sudden death (aHR=2.58, 95% CI [1.12–

5.94]), and cardiovascular disease (aHR=2.45, 95% CI [1.01–5.94]). IDU patients had a 

two- to three-fold increased risk of death due to liver disease and violence (aHR [95% 

CI]: 2.62 [1.38–4.98] and 2.40 [1.09–5.29], respectively). Initiating ART reduced the risks 

of all-cause and AIDS-related mortality by 32–44% (aHR [95% CI]: 0.68 [0.57–0.81] and 

0.56 [0.43–0.72], respectively), driven predominantly by a 48% reduced risk of death due 

to AIDS-related infections (aHR=0.52, 95% CI [0.40, 0.67]). Similarly, patients with a 

low last CD4 count (<200 cells/mL) had twice the risk of all-cause mortality (aHR=1.72, 

95% CI [1.35–2.20]) and a four-fold increased risk of AIDS-related mortality (aHR=4.16, 

95% CI [2.26–7.67]), driven predominantly by a five-fold increased risk of death due to an 

AIDS-related infection (aHR=4.72, 95% CI [2.36–9.46]). As expected, patients with AIDS 

had a three-fold increased risk of death due to an AIDS-related condition (aHR=2.66, 95% 

CI [1.02–6.99]). After adjustment, last HIV viral load was not a statistically significant risk 

factor for all-cause or cause-specific mortality.

Discussion

The work presented represents the first analysis of cause-specific mortality among VWH 

and the first to examine mortality over a prolonged period of time. Compared to the general 

population with HIV, HAVACS patients were more likely to be older, male, MSM, IDU, 

and diagnosed with AIDS.14,19–21 It is not surprising then that the causes attributed to their 

deaths were also different.
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Age-adjusted all-cause mortality

Early in the epidemic within the pre-cART era, the all-cause mortality rate among HAVACS 

patients was substantially lower than in the general population with HIV (39 vs. 233 

per 1,000 PY).11 Continuing this trend, in the early-cART era, the all-cause mortality 

rate among HAVACS patients receiving care at AVAMC plummeted by 51%, even more 

than the rate nationally among all VWH enrolled in the VA (19 vs. 35 per 1,000 

PY)22; this rate continues to decline (14 per 1,000 PY in the late-cART era) and is 

now approaching the general population with HIV (6–13 per 1,000 PY).4 In regard to 

survival in the post-cART era, the probability of survival at 65 years of age is considerably 

higher among HAVACS patients than the general population with HIV (59% vs. 48%, 

respectively)23 but substantially lower than the general population without HIV (59% vs. 

84%, respectively).24–25 With respect to risk factors, HAVACS patients who were non-White 

and had a last CD4 count <200 cells/mL were at a 30% and 72% increased risk for 

all-cause mortality, respectively; whereas those who initiated ART had a 32% reduced risk 

for all-cause mortality, aligning with findings from other studies in the general population 

with HIV.4,19–20,26–27 Additional risk factors identified in other studies that were either not 

assessed or were not statistically significant among HAVACS patients include older age, 

male sex, IDU, AIDS, HCV, and a detectable HIV viral load.20,26–28

Age-adjusted AIDS-related mortality

The cause-specific mortality rate due to AIDS plummeted by 71% from the pre- to the 

early-cART era (17.6 vs. 5.1 per 1,000 PY, respectively) – driven largely by significant 

reductions in the rates of infections and malignancies – and this rate continues to decline 

(3.4 per 1,000 PY in the late-cART era). In the late-cART era, the mortality rate due to 

infections is considerably higher in HAVACS patients than in the general population with 

HIV (2.9 vs. 2.4 per 1,000 PY, respectively), but the mortality rate due to malignancies is 

substantially lower (0.5 vs. 1.5 per 1,000 PY, respectively); regardless, the overall mortality 

rate due to AIDS is considerably lower in HAVACS patients (3.4 vs. 5.1 per 1,000 PY, 

respectively) and its declining trend is corroborated by previous studies.14,32–33 With respect 

to risk factors, HAVACS patients who were diagnosed with AIDS and had a last CD4 

count <200 cells/mL had almost a three- and four-fold increased risk for AIDS-related 

mortality, respectively; whereas those who initiated ART had a 44% reduced risk for AIDS-

related mortality, substantiating findings from other studies in the general population with 

HIV.14,20–21,32 Additional risk factors identified in other studies that were either not assessed 

or were not statistically significant among HAVACS patients include younger age, late ART 

initiation, IDU, and a detectable HIV viral load.13–14,20–21,32

Age-adjusted non-AIDS-related mortality

The cause-specific mortality due to non-AIDS diminished by 36% from the pre- to the 

early-cART era (14.4 vs. 9.2 per 1,000 PY, respectively) – driven predominantly by 

significant reductions in the rates of respiratory disease, violence, and infections – and 

this rate continues to decline (7.9 per 1,000 PY in the late-cART era) but is notably higher 

than the mortality rate due to AIDS (3.4 per 1,000 PY in the late-cART era). In the late-

cART era, the mortality rates due to malignancies (3.4 vs. 1.2 per 1,000 PY, respectively), 

Vyas et al. Page 7

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2024 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



cardiovascular disease (1.3 vs. 0.8 per 1,000 PY, respectively), respiratory disease (1.1 vs. 

0.2 per 1,000 PY, respectively), and renal failure (0.3 vs. 0.2 per 1,000 PY, respectively) are 

all considerably higher in HAVACS patients than in the general population with HIV, but the 

mortality rates due infections (0.3 vs. 0.9 per 1,000 PY, respectively), violence (0.3 vs. 0.8 

per 1,000 PY, respectively), and liver disease (0.3 vs. 0.7 per 1,000 PY, respectively) are all 

lower.14 Regardless, the overall mortality rate due to non-AIDS in HAVACS patients is 50% 

higher than the corresponding rate in the general population with HIV (7.9 vs. 5.3 per 1,000 

PY, respectively), but its slow declining trend is corroborated by previous studies. 14,32–33 

With respect to risk factors, HAVACS patients who were non-White had a 46% increased 

risk non-AIDS-related mortality while those who were diagnosed with AIDS had a 53% 

reduced risk for non-AIDS-related mortality, substantiating findings from other studies in 

the general population with HIV.14,21,32 Additional risk factors identified in other studies 

that were either not assessed or were not statistically significant among HAVACS patients 

include older age, early ART initiation, IDU, a CD4 count <200 cells/mL, and a detectable 

HIV viral load.13–14,20–21,32,34

Strengths and limitations

Strengths of this study include its complete enrollment of all patients with HIV ever seen 

at the AVAMC; long 35-year study duration; access to national patient-level VA data; 

generalizability to all VWH; and use of a standardized protocol to classify the cause of 

death. Limitations of this study include that the dates of HIV diagnosis were left-censored 

because data on the last negative HIV test were unavailable; considerable LTFU (34.7%) 

that may, if differential between groups, introduce selection bias; immortal time bias as 

Veterans must survive longer to be eligible for VA benefits; sparse data in the beginning 

of the epidemic, resulting in imprecise annual mortality rates; exclusion of patients with 

dates of death missing month or year (2.6%) from all analyses and of patients who died 

with an unknown cause of death (15.1%) from all analyses of cause-specific mortality; no 

available data on the causal chain of mortality (immediate, underlying, and comorbid); other 

risk factors of interest were unmeasured; and ART regimens were not assessed to evaluate 

the evolution of treatment guidelines over time.

Conclusions

Despite the advent of potent cART, HAVACS patients continue to die at considerably 

higher rates due to AIDS-related infections and non-AIDS-related malignancies, respiratory 

disease, cardiovascular disease, and renal failure than those in the general population with 

HIV; many of which can be attributed to social and lifestyle risk factors. For example, 

among PWH, the most common non-AIDS-related malignancy and respiratory disease are 

lung cancer and chronic obstructive pulmonary disease, both likely due to smoking; many 

cardiovascular-related deaths are attributed to endocarditis, likely due to IDU; and the 

leading risk factor of chronic kidney disease is diabetes – all of which are modifiable risk 

factors amenable to intervention.14,20,32,35–36 After all, PWH have been shown to be just as 

likely to achieve conventional risk factor treatment goals as people without HIV.37 As VWH 

live longer, VA providers must not only recognize the shift in HIV disease management 

towards chronic comorbidities, but also the opportunity to intervene and address lifestyle 
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risk factors, including risk reduction programs that address smoking, alcohol and drug 

misuse, and treatment advocacy programs to mitigate ART nonadherence.14,32
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Figure 1. Joinpoint regression analysis of age-adjusted mortality rates in Veterans with HIV 
during the pre-, early-, and late-cART eras (n=4,674).
A, all-cause mortality rates (n=1,752); APC: 1984–1986 (−49.3), 1986–1995 (5.9), 1995–

1997 (−29.9), 1997–2016 (−1.1). B, AIDS- (n=724) and non-AIDS-related (n=687) 

mortality rates; APC (AIDS): 1984–1986 (−52.6), 1986–1995 (2.8), 1997–2016 (−0.4); APC 

(non-AIDS): 1984–1993 (3.1), 1993–1997 (−3.2), 1997–2016 (−0.7). C, infection (including 

AIDS- and non-AIDS-related infections; n=727) and cancer (including AIDS- and non-

AIDS-related cancers; n=221) mortality rates; APC (infection): 1984–1986 (−52.8), 1986–

Vyas et al. Page 12

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2024 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



1995 (2.8), 1997–2016 (−0.7); APC (cancer): 1984–1995 (0.8). Age-adjusted mortality rates 

depicted have been smoothed. AIDS, acquired immune deficiency syndrome; APC, annual 

percent change; cART, combination antiretroviral therapy; early-cART era (1997–2006); 

HIV, human immunodeficiency virus; late-cART era (2007–2016); pre-cART era (1984–

1996); PY, person-year.
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Figure 2. Estimates of survival probability and cumulative incidence of mortality in Veterans by 
cART era in which they were diagnosed with HIV (n=4,674).
A, KM survival curves (equal-precision confidence bands) of all-cause mortality in the pre-, 

early-, and late-cART eras (log-rank test, p<0.001). B, stacked CIF plots of undetermined, 

non-AIDS- and AIDS-related mortality in the pre-cART era (n=2,552). C, stacked CIF plots 

of undetermined, non-AIDS- and AIDS-related mortality in the early-cART era (n=1,320). 

D, stacked CIF plots of undetermined, non-AIDS- and AIDS-related mortality in the 

late-cART era (n=802). AIDS, acquired immune deficiency syndrome; cART, combination 

antiretroviral therapy; CIF, cumulative incidence function; early-cART era (1997–2006); 

HIV, human immunodeficiency virus; KM, Kaplan-Meier; late-cART era (2007–2016); pre-

cART era (1984–1996).
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Table 1.

Characteristics of Veterans who died by cART era in which they were diagnosed with HIV.

Characteristics

HAVACS
N=1,752 Pre-cART era

1

N = 1,399
Early-cART era

1

N = 301
Late-cART era

1

N = 52

P-value
3

n (%)
2

n (%)
2

n (%)
2

n (%)
2

Sociodemographics

 Age at HIV diagnosis (years),
4
 mean (SD)

39.7 (10.9)
37.4 (9.7)

ac
47.3 (10.6)

ab
55.8 (10.2)

bc <0.001

 Sex 0.003

  Female 24 (1.4%)
13 (0.9)

ac
8 (2.7)

a
3 (5.8)

c

  Male 1,728 (98.6)
1,386 (99.1)

ac
293 (97.3)

a
49 (94.2)

c

 Race/ethnicity
5 <0.001

  African-American 1,121 (64.7)
839 (60.8)

ac
243 (81.0)

a
39 (75.0)

c

  Hispanic 21 (1.2)
19 (1.4)

ac
1 (0.3)

a
1 (1.9)

c

  White 590 (34.1)
522 (37.8)

ac
56 (18.7)

a
12 (23.1)

c

 Transmission category
5 <0.001

  Heterosexual 54 (4.3)
30 (2.8)

ac
18 (10.2)

ab
6 (27.3)

bc

  IDU 426 (33.6)
354 (33.1)

ac
69 (39.0)

ab
3 (13.6)

bc

  MSM 715 (56.3)
617 (57.7)

ac
86 (48.6)

ab
12 (54.6)

bc

  MSM/IDU 74 (5.8)
69 (6.5)

ac
4 (2.3)

ab
1 (4.6)

bc

Clinical

 First CD4
5,6

 (cells/mL)
<0.001

  < 200 303 (77.9)
151 (84.8)

ac
130 (75.1)

ab
22 (57.9)

bc

  ≥ 200 86 (22.1)
27 (15.2)

ac
43 (24.9)

ab
16 (42.1)

bc

 Nadir CD4
5
 (cells/mL)

<0.001

  < 50 1,267 (86.8)
1,038 (92.7)

ac
210 (72.2)

ab
19 (39.6)

bc

  ≥ 50 192 (13.2)
82 (7.3)

ac
81 (27.8)

ab
29 (60.4)

bc

 Last CD4
5,6

 (cells/mL)
0.067

  < 200 542 (67.8) 398 (70.0) 123 (63.7) 21 (55.3)

  ≥ 200 258 (32.3) 171 (30.1) 70 (36.3) 17 (44.7)

 Last HIV viral load
5,6

 (copies/mL)
0.558

  < 400 155 (34.6) 92 (33.5) 49 (35.0) 14 (42.4)

  ≥ 400 293 (65.4) 183 (66.6) 91 (65.0) 19 (57.6)

 ART initiated (any) 1,168 (66.7) 923 (66.0) 215 (71.4) 30 (57.7) 0.072

 HIV diagnosis to ART initiation (months),
4,5

 mean 
(SD)

33.0 (42.5)
38.5 (44.9)

ac
12.6 (21.9)

a
9.1 (15.8)

c <0.001
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Characteristics

HAVACS
N=1,752 Pre-cART era

1

N = 1,399
Early-cART era

1

N = 301
Late-cART era

1

N = 52

P-value
3

n (%)
2

n (%)
2

n (%)
2

n (%)
2

 HIV diagnosis to AIDS diagnosis (years),
4,5

 mean 
(SD)

3.7 (4.4)
4.2 (4.5)

ac
1.6 (3.0)

a
0.7 (1.6)

c <0.001

 AIDS status
5 0.006

  No 196 (11.2)
143 (10.2)

c 42 (14.0)
11 (22.9)

c

  Yes 1,552 (88.8)
1,256 (89.8)

c 259 (86.1)
37 (77.1)

c

 CDC stage
5 <0.001

  A 435 (24.9)
316 (22.6)

ac
95 (31.6)

a
24 (48.0)

c

  B 285 (16.3)
218 (15.6)

ac
58 (19.3)

a
9 (18.0)

c

  C 1,028 (58.8)
863 (61.8)

ac
148 (49.2)

a
17 (34.0)

c

 Hepatitis B serostatus
5,7 <0.001

  Negative 278 (45.0)
135 (38.1)

ac
118 (53.2)

a
25 (59.5)

c

  Positive 340 (55.0)
219 (61.9)

ac
104 (46.9)

a
17 (40.5)

c

 Hepatitis C serostatus
5,7 <0.001

  Negative 1,375 (78.6)
1,138 (81.4)

a
196 (65.6)

a 41 (78.9)

  Positive 374 (21.4)
260 (18.6)

a
103 (34.5)

a 11 (21.2)

AIDS, acquired immune deficiency syndrome; ANOVA, analysis of variance; ART, antiretroviral therapy; cART, combination antiretroviral 
therapy; CDC, Centers for Disease Control and Prevention; HAVACS, HIV Atlanta Veterans Affairs Cohort Study; HBsAg, hepatitis B surface 
antigen; HCV, hepatitis C virus; HIV, human immunodeficiency virus; IDU, injection drug use; mL, milliliter; MSM, men who have sex with men; 
SD, standard deviation.

1
Pre-cART era (1984–1996), early-cART era (1997–2006), late-cART era (2007–2016).

2
Percentages may not add to 100% due to rounding up to the nearest tenth.

3
Fisher’s exact and chi-square tests for categorical data, as appropriate; one-way ANOVA for continuous data.

4
Kolmogorov-Smirnov tests were performed to confirm continuous variables were normally distributed.

5
Missing: age at AIDS diagnosis (n=327), race/ethnicity (n=20), transmission category (n=483), first CD4 (n=1,363), nadir CD4 (n=293), last CD4 

(n=952), last HIV viral load (n=1,304), HIV diagnosis to ART initiation (n=584), HIV diagnosis to AIDS diagnosis (n=346), AIDS status (n=4), 
CDC stage (n=4), hepatitis B (n=1,134), hepatitis C (n=3).

6
First CD4: ≤6 months after HIV diagnosis; last CD4 and HIV viral load: ≤6 months before death.

7
Hepatitis B and C serostatus assessed by HBsAg and HCV antibody tests, respectively.

a
Pre- vs. early-cART era, statistically significantly different by Tukey’s post-hoc test or partitioning the likelihood ratio test, as appropriate.

b
Early- vs. late-cART era, statistically significantly different by Tukey’s post-hoc test or partitioning the likelihood ratio test, as appropriate.

c
Pre- vs. late-cART era, statistically significantly different by Tukey’s post-hoc test or partitioning the likelihood ratio test, as appropriate.
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