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Cohort Study Index 2.0 for Predicting Mortality Among
People With Human Immunodeficiency Virus in North
America
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Background. The updated Veterans Aging Cohort Study (VACS) Index 2.0 combines general and human immunodeficiency
virus (HIV)-specific biomarkers to generate a continuous score that accurately discriminates risk of mortality in diverse cohorts of
persons with HIV (PWH), but a score alone is difficult to interpret. Using data from the North American AIDS Cohort Collaboration
(NA-ACCORD), we translate VACS Index 2.0 scores into validated probability estimates of mortality.

Methods. Because complete mortality ascertainment is essential for accurate calibration, we restricted analyses to cohorts with
mortality from the National Death Index or equivalent sources. VACS Index 2.0 components were ascertained from October 1999 to
April 2018. Mortality was observed up to March 2019. Calibration curves compared predicted (estimated by fitting a gamma model
to the score) to observed mortality overall and within subgroups: cohort (VACS/NA-ACCORD subset), sex, age <50 or >50 years,
race/ethnicity, HIV-1 RNA <500 or >500 copies/mL, CD4 count <350 or 2350 cells/pL, and years 1999-2009 or 2010-2018. Because
mortality rates have decreased over time, the final model was limited to 2010-2018.

Results.  Among 37 230 PWH in VACS and 8061 PWH in the NA-ACCORD subset, median age was 53 and 44 years; 3% and
19% were women; and 48% and 39% were black. Discrimination in NA-ACCORD (C-statistic = 0.842 [95% confidence interval {CI},
.830-.854]) was better than in VACS (C-statistic = 0.813 [95% CI, .809-.817]). Predicted and observed mortality largely overlapped

in VACS and the NA-ACCORD subset, overall and within subgroups.

Conclusions.
low-up times, among PWH in North America.
Keywords. VACS Index 2.0; calibration; mortality; HIV.

Based on this validation, VACS Index 2.0 can reliably estimate probability of all-cause mortality, at various fol-

Current antiretroviral therapy (ART) is highly active against
human immunodeficiency virus (HIV), minimally toxic, and
easy for people with HIV (PWH) to take [1, 2]. Adherence to
ART allows most PWH to achieve viral suppression and CD4
T-cell immune recovery [3, 4]. Yet, PWH continue to experience
poorer health outcomes (specifically non-AIDS events) than
uninfected counterparts [5-8], and disparities in life expectancy
persist [9]. The observed shift from AIDS morbidity and mor-
tality to non-AIDS conditions prompted the development of
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the Veterans Aging Cohort Study (VACS) Index as a tool that
incorporates general health (age, hemoglobin, Fibrosis-4 Index
for Liver Fibrosis [FIB-4], estimated glomerular filtration rate
[eGFR], hepatitis C virus [HCV]), and HIV-specific (HIV-1 RNA
and CD4 cell count) clinical data to characterize overall disease
burden and reflect risk of mortality [10]. The VACS Index 1.0
was developed in VACS using Veterans Health Administration
(VHA) national electronic health record data routinely collected
on PWH, and it has been shown to discriminate risk of mortality
in various samples of PWH. Since its inception and validation,
the VACS Index 1.0 has consistently demonstrated its utility in
discriminating outcomes including hospitalization [11], medical
intensive care admission [11], cardiovascular disease [12], fra-
gility fractures [13], and cognitive function [14, 15].

The VACS Index 1.0 provides well-calibrated risk estimates
to assist with medical and personal decision making and is
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available online at MDCalc (https://www.mdcalc.com/veterans-
aging-cohort-study-vacs-index) [10]. To improve the ability of
the VACS Index to discriminate changing mortality risk for an
individual, the VACS Index 2.0 added clinical predictors (body
mass index [BMI], total white blood cell count, and albumin)
and the use of continuous instead of categorical variables. VACS
Index 2.0 was developed in VACS and externally validated
and shown to provide excellent discrimination among other
European and North American cohorts participating in the
Antiretroviral Therapy Cohort Collaboration (ART-CC) [16].

While the VACS Index 2.0 discriminates risk of mortality
effectively, the raw index score is difficult to interpret for an
individual; therefore, calibration is needed for translating an
index score to an accurate probability of mortality. Calibration
requires nearly complete mortality assessment which is not as-
sured in the United States (US) without the use of the National
Death Index (NDI) or an equivalent source.

The North American AIDS Cohort Collaboration
(NA-ACCORD) comprises multiple North American cohorts,
including VACS [17]. We included those cohorts that use mor-
tality endpoints from the NDI or equivalent sources. In this
study, we used data from NA-ACCORD to (1) confirm the su-
perior mortality discrimination of VACS Index 2.0 over VACS
Index 1.0 overall and within important patient subgroups; (2)
translate raw VACS Index 2.0 scores into individualized esti-
mates of the probability of mortality over time; and (3) validate
the accuracy of the individualized estimates overall and within
important subgroups.

METHODS

Study Population

NA-ACCORD is a multisite collaboration of interval and clinical
cohort studies in the US and Canada and represents the North
American region of the International Epidemiologic Databases
to Evaluate AIDS (IeDEA) [17]. VACS is a participating co-
hort within NA-ACCORD and was used to develop the VACS
Index 2.0. Therefore, we separated VACS from the other
NA-ACCORD cohorts for this analysis to demonstrate the gen-
eralizability of findings to patients outside the VHA. VACS and
NA-ACCORD have been described in detail [16-18].

In addition to VACS, we included the other NA-ACCORD
cohorts that routinely collected the laboratory data required
for creating the VACS Index 2.0 and use the NDI to track mor-
tality. We required NDI data because (1) there is documented
underascertainment of mortality when only the Social Security
Administration dataset is used [19-21]; and (2) mortality pre-
diction depends upon the overall mortality rate in the cohort
[22-24]. This further limited inclusion to a subset of 3 US clin-
ical cohorts in NA-ACCORD in addition to VACS. VACS uses
mortality data from a combination of sources available in the
VHA (Social Security Administration, Center for Medicare and

Medicaid Services, VHA inpatient deaths, and the Veterans
Affairs Death Beneficiary database) with accuracy comparable
to NDI [25, 26]. Mortality was available up to 31 March 2019
for VACS and 30 June 2017 for the NA-ACCORD subset. VACS
and NA-ACCORD are approved by affiliated institutional re-
view boards.

VACS Index 2.0 Score

The development and internal validity of the VACS Index 2.0
have been described in detail elsewhere [16]. The VACS Index
2.0 includes age, BMI, and the following routinely moni-
tored laboratory tests: CD4 cell count, HIV-1 RNA, hemo-
globin, platelets, alanine aminotransferase (ALT), aspartate
aminotransferase (AST), creatinine, white blood cell count, al-
bumin, and HCV status. Composite markers of liver and renal
injury (FIB-4 and eGFR) were computed. FIB-4, composed of
AST, ALT, platelets, and age, has been validated as an indicator
of liver fibrosis [27]. eGFR (using the Chronic Kidney Disease
Epidemiology Collaboration equation, composed of serum cre-
atinine, age, sex, and race) is a validated indicator of impaired
renal function [28]. HCV status was defined as positive if the
patient ever had a positive antibody test or detectable virus be-
fore the baseline date.

We obtained inpatient and outpatient laboratory values and
BMI for each visit date at least 1 year after ART initiation from 1
October 1999 to 26 April 2018 for VACS and 1 January 2000 to
31 December 2015 for the NA-ACCORD subset. We randomly
selected a laboratory date (baseline date) for each patient to rep-
resent participants with different levels of HIV disease severity.
Values obtained prior to the visit date were allowed to carry
forward for up to 180 days, resulting in complete information
for 75% of visits. In sensitivity analysis, allowing values to carry
forward for 1 year, 87% of visits had complete data.

Statistical Analyses

Using combined VACS and the NA-ACCORD subset, VACS
Index 1.0 and 2.0 were calculated for each person at their
baseline date. Follow-up time ended at the first date of the fol-
lowing: 5 years after cohort entry, last date mortality data were
available for each cohort, or date of death if death occurred
within 5 years of baseline. To confirm that the VACS Index 2.0
improves mortality risk discrimination over VACS Index 1.0,
we compared Harrell’s C-statistics from VACS Index 1.0 and
2.0 Cox proportional hazards models overall and among the
following subgroups: cohort (VACS, NA-ACCORD subset),
sex (men, women), race/ethnicity (black, Hispanic, white), age
(<50 years, =50 years), HIV-1 RNA (<500 copies/mL, >500
copies/mL), CD4 count (<350 cells/uL, 2350 cells/uL), and cal-
endar year (1999-2009, 2010-2018).The <500 vs >500 HIV-1
RNA threshold was used because of variation in detectable
cutoffs between sites and over time within the VHA. Lower
thresholds were not used until later periods (<50 copies/mL
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was not available in VHA until around 2005-2006 and HIV-1
RNA <500 copies/mL remained the cutoff for several sites into
the year 2010). We intended to use a relevant threshold to com-
plete a comprehensive analysis during the entire window given
that we did not identify a single dominant threshold. We ac-
knowledge this granularity is lacking in real-world clinical data
from a national cohort. Calendar year was included as a sub-
group to determine whether the mortality rate changed over
time.

To evaluate the calibration of the VACS Index 2.0 among the
subgroups listed above, we first predicted 5-year all-cause mor-
tality using a parametric (gamma) survival regression model
using continuous VACS Index score 2.0 as the only predictor.
Observed mortality was estimated using the Kaplan-Meier
method. For each 5-point interval of score (collapsed if necessary,
to maintain at least 5 deaths and 10 survivors in each interval), we
calculated Kaplan-Meier mortality estimates and 95% confidence
intervals (CIs). Next, 5-year mortality predictions were compared
graphically with observed mortality for all of the subgroups.

For the final mortality risk estimates, we used the more recent
2010-2018 years to predict 1- through 5-year mortality, again
using the gamma survival model predicting all-cause mortality
using VACS Index score 2.0 as the only predictor. This model

provided the equation used for calculating 1- through 5-year
predicted mortality for each value of the VACS Index 2.0 scores.

Five-year mortality hazard ratios and 95% Cls per 5-point
VACS Index 2.0 increment were calculated overall and for
1999-2009 and 2010-2018 subgroups. For additional context,
we graphed the distribution of the sample by the VACS Index
2.0 for the 2010-2018 timeframe as this shows the proportion of
the sample that falls into the higher-risk VACS Index 2.0 groups.

RESULTS

Characteristics of the Population

There were 37 230 VACS and 8061 NA-ACCORD subset PWH
included in the analytic dataset (Supplementary Materials).
The NA-ACCORD subset does not overlap with the ART-CC
cohorts included in the initial VACS Index 2.0 validation [16].
Approximately half (52%) of the randomly selected baseline dates
were in 2010-2018. Among VACS PWH, there were 9393 deaths
and median time on ART was 4.3 years (interquartile range
[IQR], 2.2-8.1 years). The median age of those in VACS was 53
years (IQR, 46-60 years); 97% were male; and 48% were black,
40% white, 8% Hispanic, and 3% other race/ethnicity (Table 1).
Among the NA-ACCORD subset PWH, there were 1082 deaths
and median time on ART was 3.9 years (IQR, 2.1-7.0 years). The

Table 1. Characteristics of the Veterans Aging Cohort Study and North American AIDS Cohort Collaboration Subset
VACS NA-ACCORD

Characteristic (n =37 230) (n =8061) PValue
Year at baseline, median (IQR) 20M (2006-2015) 2009 (2005-2012) <.0001
Year of ART initiation, median (IQR) 2004 (1999-2010) 2004 (1999-2008) <.0001
Years on ART, median (IQR) 4.3 (2.2-8.1) 3.9 (2.1-7.0) <.0001
Age at visit, y, median (IQR) 53 (46-60) 44 (37-50) <.0001
Male sex, No. (%) 36 286 (97) 6495 (81) <.0001
Race/ethnicity, No. (%)

White 15 047 (40) 3275 41) <.0001

Black 17 955 (48) 3105 (39)

Hispanic 3000 (8) 1291 (16)

Other/unknown 1228 (3) 390 (5)
CD4 count, cells/uL, median (IQR) 466 (265-695) 428 (248-645) <.0001
HIV-1 RNA >500 copies/mL, No. (%) 7953 (21) 1992 (25) <.0001
Hemoglobin, g/dL, median (IQR) 14.0 (12.6-15.1) 14.0 (12.5-15.1) .0668
FIB-4, No. (%)

<1.45 20 225 (54) 5865 (73) <.0001

1.45-3.25 12 641 (34) 1643 (20)

>3.25 4364 (12) B5E (7)
eGFR, mL/min, median (IQR) 88 (70-103) 100 (83-113) <.0001
HCV infection, No. (%) 9243 (25) 1988 (25) .7561
Albumin, g/dL, median (IQR) 4.0 (3.6-4.3) 4.2 (3.9-4.5) <.0001
WBC count, K/mL, median (IQR) 5.6 (4.4-7.1) 5.5 (4.3-6.9) .0034
BMI, kg/m?, median (IQR) 25.5 (22.5-29.0) 25.3 (22.5-28.6) .0142
VACS Index Score?, median (IQR)

1.0 28.0 (13.0-49.0) 18.0 (6.0-36.0) <.0001

2.0 50.4 (37.4-66.9) 453 (34.6-60.1) <.0001

Abbreviations: ART, antiretroviral therapy; BMI, body mass index; eGFR, estimated glomerular filtration rate; FIB-4, Fibrosis-4 Index for Liver Fibrosis; HCV, hepatitis C virus; HIV-1, human
immunodeficiency virus type 1; IQR, interquartile range; NA-ACCORD, North American AIDS Cohort Collaboration; VACS, Veterans Aging Cohort Study; WBC, white blood cell.

°For calculating the VACS Index Scores 1.0 and 2.0, refer to the Supplementary Materials.
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median age of those in the NA-ACCORD subset was 44 years
(IQR, 37-50 years); 81% were male; and 41% were white, 39%
black, 16% Hispanic, and 5% other race/ethnicity. (Table 1)
Median observation time was similar between VACS (4.1 years
[IQR, 1.8-5.0 years]) and the NA-ACCORD subset (4.4 years
[IQR, 2.3-5.0 years]; P < .001).

Discrimination of VACS Index 2.0 in VACS and the NA-ACCORD Subset
The VACS Index 2.0 demonstrated greater discrimination of
all-cause mortality for PWH than VACS Index 1.0. C-statistics
were higher for the VACS Index 2.0 compared with VACS
Index 1.0 overall (0.819 [95% CI, .815-.823] vs 0.788 [95%
CI, .784-.793]); for those in VACS (C-statistic = 0.813 [95%
CI, .809-.817] vs 0.779 [95% CI, .775-.784]), NA-ACCORD
subset (C-statistic = 0.842 [95% CI, .830-.854] vs 0.818 [95%
CI, .804-.831]), and for all other subgroups (Figure 1). Among
the subgroups, for VACS Index 2.0 C-statistics were higher for
the NA-ACCORD subset vs VACS, for women vs men, for those
younger compared to older, for those of Hispanic ethnicity com-
pared to those of black or white race, with HIV-1 RNA <500 vs
>500 copies/mL, and for calendar years 2010-2018 compared
to 1999-2009 (Figure 1).

Calibration of VACS Index 2.0 in VACS and the NA-ACCORD Subset
A parametric survival model demonstrated similar 5-year pre-
dicted and observed mortality. The overall predicted mortality
based upon VACS Index 2.0 was similar to observed mortality
among VACS and the NA-ACCORD subset; men and women;
those of black, Hispanic, and white race/ethnicity; those aged
<50 years and those >50 years; those with HIV-1 RNA <500
copies/mL and those with >500 copies/mL; and calendar years
1999-2009 and 2010-2018 (Figure 2).

A substantial proportion of the 2010-2018 sample falls into
the higher-risk groups with 55% having a VACS Index 2.0 score

0.9 4
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Figure 1. Discrimination of 5-year all-cause mortality for Veterans Aging Cohort
Study (VACS) Index 1.0 (circles on the left) and VACS Index 2.0 (triangles on the
right), in combined VACS and North American AIDS Cohort Collaboration data, by
subgroup (n = 45 291), 1999-2018. Abbreviations: HIV, human immunodeficiency
virus; NA-ACCORD, North American AIDS Cohort Collaboration.

of >40, and 22% have a VACS Index 2.0 score of >60 (Figure
3). The overall 5-year mortality hazard ratios per 5-point incre-
ment of VACS Index 2.0 score are shown in the Supplementary
Materials.

Translating the VACS Index 2.0 Into Mortality Risk Estimates Among People
With HIV, 2010-2018

Because mortality rates changed dramatically from 1999 to
2010, we limited the final calibration models to 2010-2018.
Gamma models were run to predict 1- through 5-year mortality
with VACS Index 2.0 score as the only predictor (Figure 4 and
Table 2). For example, for VACS Index 2.0 score of 40, predicted
mortality was 1% at 1 year, 3% at 2 years, and 6% at 5 years. For
a score of 60, predicted mortality was 6% at 1 year, 10% at 2
years, and 20% at 5 years. For a score of 100, predicted mortality
was 42% at 1 year, 56% at 2 years, and 74% at 5 years. Except at
the lowest and highest VACS Index 2.0 levels, 5 points on the
VACS Index 2.0 translates to an approximately 6.5% increase in
predicted 5-year mortality.

DISCUSSION

In this large North American multicohort analysis using val-
idated mortality endpoints, we confirm the superior mortality
discrimination of VACS Index 2.0 over 1.0, and translate VACS
Index 2.0 scores into estimates of the probability of mortality
over time. The ability to accurately identify PWH who may best
benefit from intensive multimodal interventions is essential
given current resource limitations. The VACS Index is currently
used by several healthcare systems to identify and target the
sickest patients for team meetings and discussions directly with
patients to improve care management [29]. The VACS Index is
also useful for identifying when end-of-life planning may be in-
dicated [29].

Compared to VACS Index 1.0, 2.0 discrimination was better
for all subgroups, particularly those with undetectable HIV-1
RNA (C-statistic = 0.77 vs 0.81) and those =50 years of age
(C-statistic = 0.75 vs 0.77). C-statistics for the VACS Index 2.0
meet or surpass those reported for prognostic indices for all-
cause mortality commonly used in clinical practice, including
validated indices predicting all-cause mortality among aging
HIV-uninfected individuals [22, 23]. Of note, for VACS Index
2.0, discrimination was better in more recent years 2010-2018
(0.83) compared to 1999-2009 (0.78).

When we fit the gamma model to the overall data (1999-
2018) in VACS, we found that predicted and observed
mortality rates were closely aligned over the 5 years of ob-
servation—both overall and within important subgroups
(Figure 2). Notably, predicted and observed mortality were
completely aligned for men, those <50 and >50 years of age,
and those with and without detectable HIV-1 RNA. However,
the model overpredicted probability of mortality for women,
perhaps because overall mortality rates are lower for women
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Figure 2. Five-year all-cause mortality rates by Veterans Aging Cohort Study (VACS) Index 2.0 for important subgroups, 1999-2018. Observed 5-year mortality is shown
with 95% confidence intervals. Solid lines reflect predicted mortality calculated using combined VACS and North American AIDS Cohort Collaboration subset (n = 45 291).
Abbreviations: HIV, human immunodeficiency virus; NA-ACCORD, North American AIDS Cohort Collaboration.

than men in the US and/or because the VACS Index was de- the NA-ACCORD subset. Finally, the model also modestly
veloped in a dataset in which women are underrepresented. overpredicted mortality in the more recent time interval
The model modestly overpredicted mortality probability in (2010-2018). Because both discrimination and calibration
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Figure 3. Distribution of combined Veterans Aging Cohort Study (VACS) and
North American AIDS Cohort Collaboration subset for 2010-2018 by VACS Index
2.0(n=23614).

were better in the 2010-2018 data and because mortality rates
have substantially declined in this interval, we fit the final
gamma model to the more recent timeframe (Figure 4).

VACS Index 2.0 will be made accessible for clinical and re-
search purposes in the following ways. We will collaborate with
MDCalc to post a web-based calculator, as we have already done
for VACS Index 1.0 (https://www.mdcalc.com/veterans-aging-
cohort-study-vacs-index). The VACS Index 1.0 calculator has
been accessed >88 000 times. Furthermore, MDCalc is devel-
oping a direct implementation in electronic health record-based
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Figure 4. Predicted 1-, 2-, and 5-year all-cause mortality by Veterans Aging
Cohort Study (VACS) Index 2.0 for 2010-2018, calculated using combined VACS
and North American AIDS Cohort Collaboration (NA-ACCORD) subset (n = 23 614).

decision support systems, which would obviate the need to enter
data.

There were some limitations to this study. We included only
NA-ACCORD cohorts that used the NDI to ascertain mortality,
even though these criteria limited the number of cohorts and
sample size. This limitation was necessary because of docu-
mented underascertainment of mortality when only the Social
Security Administration dataset is used [19-21], which would
lead to underestimation of mortality. Most of the sample is
male, which may limit translation to female cohorts, and the
predicted mortality rates seemed to be less well calibrated in
women. Similarly, we were unable to evaluate the VACS Index
2.0 in other underrepresented subpopulations such as trans-
gender persons. Although women and those of Hispanic eth-
nicity made up a minority of the sample, we also consider the
inclusion of >2500 women and >4200 of Hispanic ethnicity to
be a strength of this study. The HCV component of the VACS
Index 2.0 does not incorporate treatment or sustained virologic
response information. However, we think that FIB-4 is a better
indicator of liver disease than a more granular HCV variable
because it reflects varying levels of liver injury associated with
HCYV in addition to other sources for liver injury such as hep-
atitis B and fatty liver disease. Additionally, the HCV weight
in the VACS Index equation is relatively weak compared with
the weight of FIB-4. We included only variables that would be
widely available in clinical practice and research databases and
could also be accurately and reliably measured. However, we do
also believe that societal factors could cause harm through the
pathways included in the VACS Index 2.0.

The VACS Index 2.0 estimates are increasingly important as
the population of PWH steadily ages and overall physiologic
frailty drives morbidity and mortality. The VACS Index 2.0 can
help identify PWH who may be able to safely stretch out inter-
vals between clinical encounters or possibly transfer to primary
care as well as help identify PWH in whom it may be time to
begin end-of-life discussions. The VACS Index 2.0 provides
highly discriminating and well-calibrated probability of mor-
tality estimates that are accurate in diverse subgroups and inval-
uable for medical and personal decision making.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
s0 questions or comments should be addressed to the corresponding author.

Notes

Disclaimer. The content is solely the responsibility of the authors and
does not necessarily represent the official views of the National Institutes of
Health (NTH) or the United States Department of Veterans Affairs.
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Table 2. Predicted Mortality for Years 1-5 by Veterans Aging Cohort Study (VACS) Index 2.0 Score Using Combined VACS and North American AIDS Cohort

Collaboration Subset Data (n = 23 614)

VACS Index 2.0° 1 Year (%) 2 Year (%) 3 Year (%) 4 Year (%) 5 Year (%)
10 0.1 0.3 0.4 0.6 0.7
20 0.3 0.6 0.9 1.3 1.6
30 0.6 1.3 2.0 2.7 &3
40 14 2.8 4.1 5.3 6.4
50 2.9 6.9 78 9.8 1.7
60 5.7 10.2 13.8 17.0 19.8
70 10.5 175 22.9 273 311
80 18.0 28.0 35.1 40.5 45.0
90 28.7 413 49.5 5515 60.1

100 42.2 56.3 64.6 70.2 74.3

Abbreviation: VACS, Veterans Aging Cohort Study.

“For calculating the VACS Index Score 2.0, refer to the Supplementary Materials.
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Multicenter Hemophilia Cohort Study-II: Charles Rabkin.

Ontario HIV Treatment Network Cohort Study: Abigail
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Retrovirus Research Center, Universidad Central del Caribe,
Bayamon Puerto Rico: Angel M. Mayor.
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