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Abstract

Background: People with HIV (PWH) have a higher hospitalization rate than the general 

population. The Veterans Aging Cohort Study (VACS) Index at study entry well predicts 

hospitalization in PWH, but it is unknown if the time-updated parameter improves hospitalization 

prediction. We assessed the association of parameterizations of the VACS Index 2.0 with the 

5-year risk of hospitalization.

Setting: PWH ≥ 30 years old with at least 12 months of antiretroviral therapy (ART) use, 

and contributing hospitalization data from 2000 to 2016 in North American AIDS Cohort 

Collaboration on Research and Design (NA-ACCORD) were included. Three parameterizations 

of the VACS Index 2.0 were assessed and categorized by quartile: 1) “baseline” measurement 

at study entry, 2) time-updated measurements, and 3) cumulative scores calculated using the 

trapezoidal rule.

Methods: Discrete-time proportional hazard models estimated the crude and adjusted 

associations (and 95% confidence intervals [CI]) of the VACS Index parameterizations and all-

cause hospitalizations. The Akaike information criterion (AIC) assessed the model fit with each of 

the VACS Index parameters.

Results: Among 7,289 patients, 1,537 were hospitalized. Time-updated VACS Index fitted 

hospitalization best with a more distinct dose-response relationship (score <43: reference; score 

43–55: aHR=1.93 [95% CI 1.66, 2.23], score 55–68: aHR=3.63 [95% CI 3.12, 4.23], score ≥68: 

aHR=9.98 [95% CI: 8.52, 11.69]) than study entry and cumulative VACS Index after adjusting for 

known risk factors.

Conclusions: Time-updated VACS Index 2.0 had the strongest association with hospitalization 

and best fit to the data. Healthcare providers should consider using it when assessing 

hospitalization risk among PWH.
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INTRODUCTION

The use of modern combination antiretroviral therapy (ART) has lengthened life 

expectancies among people with HIV (PWH) over the past two decades, although disparities 

in outcome by race and ethnicity, sex, and HIV acquisition risk group still persist1. 

Consequently, the cumulative incidence and mortality due to non-AIDS defining conditions 

such as cardiovascular disease, chronic kidney or liver disease, and non-AIDS defining 

cancer have increased2,3. While ART reduces the HIV-related hospitalization risk in 
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the short-term4, patients still face hospitalizations due to aging, treatment side effects 

or failures, and non-AIDS defining conditions5–8. Non-AIDS-defining hospitalizations 

are more common now than AIDS-defining hospitalizations9. Hospitalizations for AIDS-

defining illnesses still occur, however, and the length of stay could be over 10 days5. 

Hospitalization is a marker of moderate to severe morbidity, and PWH want to avoid 

hospitalization due to the fear of treatment, high cost, and concurrent lowered quality of 

life and frailty6,10. Identifying patients with high risk of hospitalization could be clinically 

important. Having an accurate understanding of the future risk of hospitalization may 

improve resource allocation in clinical practice (e.g. employing case managers for high-risk 

patients)6,11.

The Veterans Aging Cohort Study Risk Index (VACS Index) 2.0 predicts 5-year mortality 

based on age, sex, race, routinely collected clinical biomarkers including CD4 count, HIV-1 

RNA, and laboratory measurements of hemoglobin, aspartate and alanine transaminase 

(AST, ALT), platelets, creatinine and hepatitis C virus (HCV) status12. The VACS Index 1.0 

has been shown to predict all-cause mortality13, cardiovascular disease14,15, neurocognitive 

dysfunction16,17, inflammation18, and frailty fracture19,20. Further, the VACS Index has been 

shown to have good predictive accuracy among sub-groups including women, men, Black, 

white, people with HIV-1 RNA <500 copies/ml, HIV-1 RNA >500 copies/ml, and young 

people13,21. VACS Index 2.0 was shown to provide a more comprehensive means of tracking 

disease burden than an earlier restricted version of the VACS Index (1.0) that included only 

HIV-related risk factors and age13. VACS Index 2.0, which included continuous variables 

for albumin, white blood cell count (WBC), and body mass index (BMI), has improved 

discrimination for predicting 5-year mortality22.

Previous studies found strong association between VACS Index 1.0 at study entry and 

hospitalization within 2 years among veterans with HIV6,10 and women23; the VACS Index 

2.0 has not yet been shown to predict hospitalizations. Additionally, the parameterization 

of the VACS Index 2.0 may be important to predictive accuracy. Salinas and colleagues14 

found that time-updated VACS Index models fitted hospitalization data better than the study 

entry and cumulative VACS Index 1.0 models with the composite outcome of myocardial 

infarction and mortality. The study entry VACS Index only reflects health status at the 

study-defined baseline. A cumulative measurement depends on the duration of time in a 

particular health status. A time-updated measurement reflects the latest state, and it might 

be more clinically valuable. Finally, the study by Salinas and colleagues14 was nested in 

the VACS study population, and results may be different in a more diverse non-veteran 

population.

Without a doubt, medical providers need a more reliable tool that captures the risk of 

hospitalization more precisely. Rather than predictions based on baseline parameters6,10, 

a tool such as VACS Index 2.0 could capture the dynamic nature of beneficial effects of 

ART and PWH compliance with it and the longitudinal evolution of other comorbidities and 

aging that occur in PWH. Therefore, we aimed to estimate the associations of study entry, 

time-updated, and cumulative VACS Index 2.0 with 5-year hospitalization in a non-veteran 

population. Our results and parameterization estimates could guide medical providers and 
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inform health care policy decision-makers on how best to prioritize resources for PWH at 

high risk of hospitalization.

METHODS

Study population

The North American AIDS Cohort Collaboration on Research and Design (NA-ACCORD) 

is a region of the International Epidemiologic Databases to Evaluate AIDS (IeDEA) 

initiative that includes PWH enrolled in interval and clinical cohorts in the United States 

and Canada24. Our source population were people with HIV in 5 clinical cohorts that 

provided hospitalization data and clinical measurements that are required for the VACS 

Index calculation25. According to the pre-defined clinically significant range of age in the 

VACS Index 2.022, we included PWH who were 30 to 75 years old in the NA-ACCORD. 

Subjects initiated ART for at least 1 year who had not been previously hospitalized, had at 

least one visit between 1/1/2000 and 12/31/2016, and had all variables required to calculate 

VACS Index 2.0 were under observation24,25 for up to five years or first hospitalization. 

We excluded the first 12 months of ART use due to the variability found in the VACS 

Index measurement in the first year after ART initiation22. We also excluded patients with 

indicators that were outside their clinically meaningful ranges22. Patients were censored 

if death occurs, and they were lost to follow-up if the date of the last VACS Index 

measurement preceded a gap of > 2 years. Patients without a VACS Index measurement 

at study entry (defined as within the window of 6 months before 6 months after study 

entry) and patients with hospitalization before study entry were excluded. We excluded 

patients that first hospitalized before the observation period because of health behavioral 

change26 (e.g. smoking cessation) among patients after first-time hospitalization and 

different covariates set when the outcome was re-admission27,28. Patients provided informed 

consent to their local cohorts that were reviewed and approved by their institutional review 

boards. The NA-ACCORD collaborative study was approved by the institutional review 

board of the Johns Hopkins School of Medicine.

Outcome

Our primary outcome was first-time all-cause hospitalization occurring within 5 years 

after study entry. The hospitalization data was from the electronic health records in each 

cohort’s medical system. We excluded hospitalizations with length of stay of less than one 

day, because we could not distinguish one-day hospitalizations from outpatient procedures 

(e.g. endoscopy)29. Patients with a hospitalization record missing complete admission and 

discharge dates were excluded from analyses.

VACS Index

The VACS Index 1.0 predicts 5-year all-cause mortality by summing the pre-assigned points 

for age, traditional HIV indicators (HIV-1 RNA and CD4 count), organ system injury 

indicators (e.g. hemoglobin, FIB-4, eGFR), and HCV infection8,18. Higher VACS Index 

scores indicate an increased risk of mortality. The VACS Index 2.0, which added albumin, 

WBC, and BMI, has better discrimination and external validation than the VACS Index 

1.022.
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VACS Index 2.0 was our exposure of interest. We investigated three parameterizations of 

the VACS Index: 1) measured at our defined study entry; 2) time-updated measurements 

based on receipt of healthcare; and 3) cumulative VACS Index using the time-updated 

measurements. VACS Index at study entry was assessed as closest to the study entry date as 

possible within the window of 6 months before to 6 months after the study entry date. Time-

updated VACS Index was measured every time new laboratory data were available; this 

parameterization treated VACS Index as a time-varying variable with no lag14. Cumulative 

VACS Index was calculated as the area under the VACS Index curve to estimate the VACS 

Index score-years, similar to viremia copy-years (in copy-years/mL)30,31.

Covariates

Sex (male and female), race/ethnicity (Hispanic, Non-Hispanic white, Non-Hispanic 

Black, Asian, Indigenous and Other/Unknown), HIV acquisition risk factor (history of 

injected drug use [IDU], men having sex with men (MSM), heterosexual, and other/

unknown) were measured at the time of parent cohort enrollment, and time-fixed 

smoking (ever, never, and unknown) was measured based on recorded clinical diagnoses 

and/or questionnaire responses32,33. Time-updated variables, including depression diagnosis 

(defined as depression diagnosis and no diagnosis of bipolar disorder) and calendar year 

(2000–2012 and 2012–2017)34, were included in multivariable models of hospitalization 

and VACS Index. Selection of covariates was based on existing literature and scientific 

knowledge5,6,10,23,35–38.

Statistical analyses

We compared demographic characteristics, HIV-1 RNA, CD4, and depression diagnosis 

at study entry by outcome status during follow-up. Continuous data were characterized 

by medians and interquartile ranges (IQR) and differences were tested with the Wilcoxon 

rank-sum test. Categorical variables were described by frequencies and percentages and 

differences were tested using χ2 tests.

We used a discrete time-to-event approach for hospitalizations with month as the width 

of the discrete time interval. If more than one measurement per month was made for any 

variable needed to estimate the VACS Index 2.0, we used the monthly mean value with the 

exception of HIV-1 RNA (the maximum value in the month was used). The time-updated 

and cumulative VACS Index scores were carried forward for up to 12 months. BMI, a 

covariate of interest in our models, was carried forward for up to 24 months and the 

maximum value was used if more than one measurement was made in a month.

For each parameterization of the VACS Index, quartiles of the distribution of risk scores 

among those who were hospitalized were used as the cut-offs for categories of risk scores 

to ensure similar number of outcomes within each category. We plotted the hazard by 

the categories of the VACS Index to visualize the changes in hazard over time and test 

the proportional hazard assumption for each parameterization. Univariate and multivariable 

discrete time-to-event proportional hazard models were used to assess the association 

between different parameterizations of VACS Index and first-time all-cause hospitalization. 

We used complementary log-log regression models to estimate the hazard ratio and 95% 
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confidence intervals. Univariate models included each parameterization of the VACS Index 

as the only predictor. Covariates in the multivariable models included sex, race/ethnicity, 

smoking, HIV acquisition risk factor, depression, and calendar year. We used Akaike 

information criterion (AIC) to evaluate model fitness; models with lower AIC values had 

better fitness14. We used the magnitude and precision of the point estimates for the VACS 

Index quartiles to determine which parameterization best predicted hospitalizations within 5 

years.

To examine whether time-updated VACS Index best predict hospitalization in all sex 

and race/ethnicity groups, we conducted sub-group analyses via stratified analyses. In 

sensitivity analyses, we expanded our study population to included patients with indicators 

that were outside their clinically meaningful ranges (i.e. 18–29-year-olds and those >75 

years), substituted with the upper or lower boundaries of the ranges for the value (as 

previously demonstrated by Tate and colleagues22). We lagged the VACS Index by one 

month in additional sensitivity analyses to determine the robustness of our findings to 

the timing of the measurement prior to hospitalization in our month-level discrete time-to-

event approach. Analyses were performed using SAS 9.4 (SAS Institute Inc., Cary, North 

Carolina). Interpretation of statistical significance was guided by a p-value<0.05.

RESULTS

Of the 38,600 PWH in the 5 NA-ACCORD clinical cohorts with hospitalization data, 34,360 

(89%) initiated ART and were on ART for at least 12 months and 7,289 (19%) met the 

additional inclusion criteria for our study (see Figure 1, Supplemental Digital Content 1, 

which demonstrates the selection of study population). A total of 246 participants were 

excluded due to missing year of hospitalization. The VACS Index input parameter that was 

missing among the greatest proportion of individuals was albumin 22%. The distributions 

of sex, race/ethnicity, and year of birth were similar between the source (n=38,600) and 

the study population (n=7,289) except for a slightly higher proportion of males (84% vs. 

82%, p<0.01) and white (49% vs. 42%, p<0.01) in the study population (see Figure 1, 

Supplemental Digital Content 1, which demonstrates the selection of study population). 

The 7,289 study participants contributed 21,548 person-years and 1,537 hospitalizations. 

Only 5 died prior to hospitalization, loss to follow-up or administrative censoring. 61.6% of 

hospitalizations happened within two years after study entry; the median (IQR) of time from 

study entry to hospitalization was 1.5 (0.5 – 2.8) years and 3.7 (1.4 – 5.0) years for those 

who were censored. Hospitalized PWH were more likely to be female, Black, smokers, had 

injection drug use as their HIV acquisition risk factor, had a lower CD4 count, a higher viral 

load, and were more likely to be HCV co-infected. Patients with hospitalization had higher 

study entry VACS Index (Table 1).

The discrete-time hazard showed no visual evidence of non-proportionality by quartile 

of VACS Index measured at study entry, time-updated, or cumulative risk score (see 

Figure 2, Supplemental Digital Content 2, which demonstrates the observed hazard 
of hospitalization). Kaplan-Meier plots showed distinct differences in time to first 

hospitalization by quartiles of study entry VACS Index (log rank p-value <0.001, see Figure 
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3, Supplemental Digital Content 3, which shows the hospitalization-free survival within 
five years).

Increasing VACS Index scores at study entry, time-updated, and cumulative were 

significantly associated with increasing risk of hospitalization in unadjusted analyses (Table 

2). After adjusting for sex, race and ethnicity, smoking, HIV acquisition risk factor, 

depression, and calendar year, all three parameterizations of the VACS Index scores 

were attenuated but remained statistically significantly associated with hospitalization. In 

multivariable models, the time-updated VACS Index had the strongest association with 

hospitalization in the highest quartile. Based on AIC measures (Table 2) of unadjusted and 

adjusted models, the time-updated VACS Index models fitted hospitalization data better than 

the study entry and cumulative VACS Index models.

In sub-group analyses, all parameterizations of increasing VACS Index were associated with 

increasing hospitalization risk among males, females, Black, white, and Hispanic (Figures 1 

& 2). Similar to the primary analyses, the model with the time-updated VACS Index fitted 

the data best among these subgroups.

In sensitivity analyses, we used boundary values of pre-defined ranges of the indicators22 

to substitute out-of-range values. The magnitude of the hazard ratio estimates for time-

updated VACS Index were strengthened after including patients without plausible VACS 

Index indicators (n=1,108). The AIC measures of unadjusted and adjusted models indicated 

that the time-updated VACS Index provided more information regarding the risk of 

hospitalization than the study entry and cumulative VACS Index.

We did not lag VACS Index scores, which mimics the timing of the clinician’s access to 

the score, but also may measure the VACS Index in the same month as hospitalization 

(removing the temporality of the VACS Index and hospitalization). The proportion of 

participants that had a different time-updated VACS Index score category in the month prior 

to hospitalization was 18% (276/1537). This proportion for cumulative VACS Index score 

was 6% (87/1537). The results were robust to sensitivity analyses lagging the time-updated 

and cumulative VACS Index by one month.

DISCUSSION

Consistent with prior studies of the VACS Index and numerous chronic disease 

outcomes6,10,14,23, we found the risk of hospitalization increased with increasing VACS 

Index 2.0. The time-updated VACS Index 2.0 best predicted hospitalizations with a 10-fold 

increase in the risk of hospitalization for a score of ≥68 after adjusting for demographic 

characteristics and other risk factors including depression and calendar year.

Assessment closer to the time of event is more predictive. Although nadir HIV markers 

such as CD4 and HIV viral load are essential to consider, prognosis of the patients 

changes with ART and immune reconstitution. The presence of prevalent comorbidities 

after HIV diagnosis and aging play a clinically significant role in modifying the health 

status of an individual and the risk of hospitalization. Therefore, clinicians need to consider 

a tool that accounts for these factors. Previously, Salinas and colleagues14 found that 
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the time-updated VACS Index provided better information about the risk of myocardial 

infarction and mortality than the study entry and cumulative VACS Index. The cumulative 

score highly depended on the duration of a health status, and the generalizability was 

limited14. Our study adds to accumulating evidence that demonstrates the utility of the 

VACS Index in the clinical setting. In addition to the ability of the risk score to predict 

another outcome (namely, hospitalizations), it also shows a clear dose-response relationship 

of increasing risk of hospitalization with increasing VACS Index. Salinas and colleagues did 

not find an association between the VACS Index at study entry and myocardial infarction, 

whereas we found a significant, dose-response relationship with hospitalizations for all 

three parameterizations of the VACS Index. This suggests the VACS Index is apt to predict 

hospitalizations. Previous studies by Akgun6,10 and Hotton23 and colleagues found VACS 

Index (as a continuous variable) measured at study entry had a positive association with 

hospitalizations with increasing VACS Index. Our study builds on these findings to suggest 

time-updated VACS Index parameterization is a better predictor of hospitalizations than 

measurement only at study entry or a cumulative measurement of VACS Index.

The time-updated VACS Index fitted hospitalizations best of the three parameterizations 

examined, and this was consistent across sex and race/ethnicity subgroups. Women had 

a higher proportion of hospitalizations than men, but the estimates were more extreme 

among men (see Table 1 and Figure 1). Sex disparities in HIV disease and hospitalization 

risk continue5,9,39–41, and prior researches showed that women with HIV had higher rates 

of hospitalizations for opportunistic infection, lower access to treatment, and lower ART 

adherence than men39,42. Cohen and colleagues43 found that the VACS Index accurately 

predicted mortality among females but still had space for improvement in predictive 

accuracy (e.g. incorporating depression and transactional sex in the VACS Index). Our 

findings showed adjustment for additional characteristics including HIV acquisition risk 

factor and depression improved the fit of the model to predicting hospitalization by time-

updated VACS Index among women. A prior study showed Black/African American PWH 

had a 42% higher hospitalization rate, and Hispanic PWH had an 18% lower rate than white 

PWH39, and similar results were found in HIV elite controllers40. Other studies5,9,41 found 

higher hospitalization rate in both Black and Hispanic than white. In the current study, the 

hospitalization rate among Black was higher than white, and Hispanic had a lower rate than 

white.

The time-updated VACS Index has great public health significance and prospective clinical 

application. First, it helps clinicians identify individuals at high-risk for hospitalization. 

Previous research shows that women, older patients, Blacks, and people who inject 

drugs have higher hospitalization rates than their reference populations38,39. Future studies 

might investigate the applicability of building it into electronic health records (EHRs) 

and triggering more intensive diseases management including further follow-ups among 

patients with high risk of hospitalization. Healthcare providers might better distribute 

medical resources based on the time-updated VACS Index scores, including employing case 

managers for high-risk patients6. Second, the time-updated VACS Index is a comprehensive 

score that reflects earlier subtle organ injuries6. It can reflect the risk of conditions due to 

non-AIDS defining illness given that the patients have suppressed viral load and normal 

CD4 count. For instance, men are not considered anemic unless their hemoglobin is <1344. 
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However, the VACS Index would be 10 points higher and indicate higher risk of mortality 

when hemoglobin is <146. Finally, demonstrations of the predictive accuracy of the VACS 

Index for numerous outcomes (including hospitalization) strengthens the use of the tool to 

balance study groups and control for potential confounders in observational studies13.

Our study has limitations. First, we only included patients ≥30 who survived after one year 

of ART and had never been hospitalized, and the limitation of generalizability to young 

adults still exists. We only included patients who have not previously been hospitalized 

and potential selection bias could lead to overestimating the performance of the VACS 

Index. Second, the measurements of the VACS Index are generated by HIV care visits and 

therefore the time between measurements can be different among individuals, creating time 

periods of missing data45. We carried forward the input measurements and the VACS Index 

itself for varying lengths of time based on scientific knowledge about the speed at which 

the true input measurement may change. If the mechanisms driving missed appointments 

are also driving poorer health status than at the last clinical visit, carrying values forward 

will not capture the decline in health status. We categorized the VACS Index parameters 

based on quartiles to assess the dose-response relationships, and differences in association 

may be not only due to better predictive accuracy. Third, there was a limited sample size 

in Asians and an insufficient number of Indigenous individuals to conduct the analyses 

within this group. Fourth, the reasons for hospitalization were not considered and could 

influence the association between the VACS Index and cause-specific hospitalization. Fifth, 

we only adjusted behavioral factors (e.g. smoking, IDU) in our models, and future studies 

should assess whether incorporating these factors in the VACS Index improves its capability 

in assessing the risk of hospitalization. To our knowledge, the current study is the first 

study to compare the association between different parameterizations of VACS Index and 

hospitalization. The time-updated score incorporates changes in the health status of patients 

and has more value in predicting future hospitalization among PWH than VACS Index 

scores measured at study entry or cumulatively. All three parameterizations of the VACS 

Index demonstrated a dose-response relationship with hospitalization when the parameter 

was categorized into quartiles. We examined the three parameterizations of VACS Index in 

sex and race/ethnicity sub-groups to identify potential disparities.

In conclusion, the time-updated score best assessed the risk of hospitalization in the NA-

ACCORD. Healthcare providers should consider using the time-updated VACS Index when 

assessing the risk of hospitalization among PWH. Further research may address the use of 

the VACS Index to assess the risk of re-admission at hospitalization discharge.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Crude and adjusted hazard ratios (HRs) and 95% confidence interval (CIs) of VACS Index 

scores for the risk of hospitalization by sex. A. Unadjusted results by sex, black circles 

denote male and red diamonds denote female. B. Adjusted results by sex, black circles 

denote male and red diamonds denote female. Adjusting variables include race/ethnicity, 

smoking, HIV acquisition risk factor, depression, and calendar year. All the HRs and 95% 

CIs are presented on a log2 scale.
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Figure 2. 
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Crude and adjusted hazard ratios (HRs) and 95% confidence interval (CIs) of VACS 

Index scores for the risk of hospitalization by race/ethnicity. A. Unadjusted results by 

race/ethnicity, black circles denote white, red diamonds denote Black, and green triangles 

denote Hispanic. B. Adjusted results by race/ethnicity, black circles denote white, red 

diamonds denote Black, and green triangles denote Hispanic. Adjusting variables include 

sex, smoking, HIV acquisition risk factor, depression, and calendar year. All the HRs and 

95% CIs are presented on a log2 scale.

Qian et al. Page 16

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Qian et al. Page 17

Table 1.

Characteristics at study entry
a
, by hospitalization

b
 status during follow-up

Characteristics
c No Hospitalization

n=5752
Any Hospitalization

n=1537

Age in year, median (IQR) 43 (36–49) 44 (38−-51)

Male sex 4888 (85) 1221 (79)

Race/ethnicity

 Black 1650 (29) 669 (44)

 White 2890 (50) 645 (42)

 Hispanic 818 (14) 168 (11)

 Asian 172 (3) 26 (2)

 Indigenous 47 (1) 4 (0)

 Other/unknown 175 (3) 25 (2)

BMI
d
, kg/m3 25.3(23.0–28.2) 25.2(22.6–28.2)

Smoking

 Ever 3177 (55) 1074 (70)

 Never 1053 (18) 214 (14)

 Unknown 1522 (26) 249 (16)

HIV acquisition risk factor

 Injected drug use 527 (9) 317 (21)

 Men having sex with men 3715 (65) 785 (51)

 Heterosexual 1253 (22) 355 (23)

 Other/Unknown 257 (4) 80 (5)

Quartile of study entry VACS Index score
e

 <42 2805 (49) 374 (24)

 42–53 1613 (28) 394 (26)

 53–64 873 (15) 373 (24)

 ≥64 461 (8) 396 (26)

Log10 HIV-1 RNA in copies/mL, median (IQR) 1.7(1.6–2.6) 2.0(1.7–3.9)

CD4 count in cells/mm3, median (IQR) 456 (288–632) 349 (188–543)

Hemoglobin in g/dL, median (IQR) 14.4(13.4–15.2) 13.7(12.4–14.8)

FIB-4 value, median (IQR) 1.0(0.7–1.4) 1.2(0.8–1.7)

eGFR
d
 in mL/min/1.73 m2, median (IQR)

101 (86–112) 101.3(86–114)

Albumin in g/dL median (IQR) 4.3(4.0–4.5) 4.1(3.8–4.4)

White blood cell count
d
 in 103/uL median (IQR)

5.3(4.3–6.5) 5.2(4.1–6.5)

Hepatitis C diagnosis 1092 (19) 550 (36)

Depression diagnosis
d

 Yes 1448 (25) 354 (23)

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2023 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Qian et al. Page 18

Characteristics
c No Hospitalization

n=5752
Any Hospitalization

n=1537

 No 4118 (72) 1130 (74)

 Unknown 186 (3) 53 (3)

Median follow-up time (IQR) in years
f 1.5 (0.5–2.8) 5.0 (3.2–5.0)

Abbreviations:

IQR=interquartile range

Statistics given in median (interquartile range) or n (%).

a
Study entry defined as defined as 12 months after ART initiation, the cohort open date, the cohort-specific hospitalization observation start date, 

30 years of age, or 1 January 2000, whichever came last.

b
Hospitalization defined as first-time all-cause hospitalization occurring within 5 years after study entry. One-day discharges were excluded.

c
Tested for significance with χ2 and Wilcoxon rank-sum tests.

d
P-value not statistically significant.

e
Study entry VACS Index score measured 6 months before to 6 months after study entry, selecting the measurement closest to study entry within 

the window.

f
For hospitalized patients, the median follow-up time in years after removing hospitalization as a reason for study exit was the same as those who 

did were not hospitalized (median follow-up=5.0 (3.2, 5.0) years).
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Table 2.

Crude and adjusted hazard ratios and 95% confidence intervals comparing time to first hospitalization by 

VACS Index score quartiles
a
, and Akaike Information Criterion

b
 values for crude and adjusted complementary 

log-log regression models, among 7289 persons with HIV in NA-ACCORD, 2000–2016

Quartiles of VACS Index score Person-years Hospitalizations Unadjusted HR
(95% CI)

Adjusted HR

(95% CI)
c

Study entry VACS Index score

 <42 9583 374 1 1

 42–53 6209 394 1.63 (1.42, 1.88) 1.53 (1.33, 1.77)

 53–64 3762 373 2.56 (2.21, 2.95) 2.25 (1.94, 2.62)

 ≥64 1995 396 5.00 (4.34, 5.76) 4.02 (3.44, 4.70)

AIC values for the study entry VACS Index models 18281 18229

Time-updated VACS Index score

 <43 11327 349 1 1

 43–55 5740 400 1.98 (1.72, 2.29) 1.93 (1.66, 2.23)

 55–68 2980 395 3.84 (3.32, 4.43) 3.63 (3.12, 4.23)

 ≥68 1502 393 10.80 (9.34, 12.48) 9.98 (8.52, 11.69)

AIC values for the time-updated VACS Index models 17771 17752

Cumulative VACS Index score
d

 <78 1018 377 1 1

 78–124 2137 390 2.99 (2.50, 3.57) 2.52 (2.10, 3.02)

 124–187 4660 384 6.94 (5.51, 8.75) 5.09 (4.01, 6.47)

 ≥187 13733 386 13.86 (10.55, 18.21) 8.68 (6.49, 11.60)

AIC values for the cumulative VACS Index models 18404 18312

a
VACS Index scores include age, CD4 count, viral load, hemoglobin, FIB-4, eGFR, HCV, albumin, WBC, and BMI. All parameterizations of the 

VACS Index scores are categorized into quartiles to ensure similar hospitalizations within each category.

b
AIC = −2(log-likelihood) + 2K, K is the number of model parameters (the number of variables in the model plus the intercept). Log-likelihood is a 

measure of model fit. The lower the AIC value, the better the fit.

c
Adjusted variables include sex, race/ethnicity, smoking, HIV acquisition risk factor, depression, and calendar year.

d
Cumulative VACS Index scores were calculated as VACS Index score-years.
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