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Abstract

Background: The Veterans Health Administration COVID-19 (VACO) Index incorporates age,
sex, and pre-existing comorbidity diagnoses readily available in the electronic health record
(EHR) to predict 30-day all-cause mortality in both inpatients and outpatients infected with

SARS-CoV-2. We examined the performance of the Index using data from Y ale New Haven

NOTE: This preprint reports new research that has not been certifig?i by peer review and should not be used to guide clinical practice.


https://doi.org/10.1101/2021.01.01.20249069

medRXxiv preprint doi: https://doi.org/10.1101/2021.01.01.20249069; this version posted January 4, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
This article is a US Government work. It is not subject to copyright under 17 USC 105 and is also made available
for use under a CCO license.

King, Yoon, Bredl et al. VACO Index prediction of short-term COVID-19 mortality

Hospital (YNHH) and national Medicare data overall, over time, and within important patient
subgroups.

Methods and findings: With measures and weights previously derived and validated in a
national Veterans Healthcare Administration (VA) sample, we evaluated the accuracy of the
VACO Index for estimating inpatient (Y NHH) and both inpatient and outpatient mortality
(Medicare) using area under the receiver operating characteristic curve (AUC) and comparisons
of predicted versus observed mortality by decile (calibration plots). The VACO Index
demonstrated similar discrimination and calibration in both settings, over time, and among
important patient subgroups including women, Blacks, Higpanics, Asians, and Native
Americans. In sensitivity analyses, we allowed component variables to be re-weighted in the
validation datasets and found that weights were largely consistent with those determined in VA
data. Supplementing the VACO Index with body mass index and race/ethnicity had no effect on
discrimination.

Conclusion: Among COVID-19 positive individuals, the VACO Index accurately estimates risk
of short-term mortality among a wide variety of patients. While it modestly over-estimates risk
in recent intervals, the Index consistently identifies those at greatest relative risk. The VACO
Index could identify individuals who should continue practicing social distancing, help
determine who should be prioritized for vaccination, and among outpatients who test positive for

SARS-CoV-2, indicate who should receive greater clinical attention or monoclonal antibodies.
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I ntroduction

The Centers for Disease Control and Prevention (CDC) Advisory Committee on
Immunization Practices (ACIP) has prioritized those 75 years and older and those 65-74 years of
age with “high risk” medical conditions for novel coronavirus (COVID-19) vaccination [1].
However, these criteriaidentify alarge proportion of the US adult population. A more tailored
risk estimation incorporating specific age and pre-existing conditions could facilitate multiple
objectivesincluding: 1) motivating high risk individuals and their contacts to practice social
distancing until vaccinated, 2) identification of individuals testing positive at drive up sites who
require clinical examination and possibly laboratory evaluation, 3) prioritization for early
outpatient monoclonal antibodies, and 4) prioritization for vaccination.

Hundreds of publications have identified risk factors associated with adverse COVID-19
outcomes, but just a small subset have developed and prospectively validated predictive models
in large samples. Most of these require data available only at acute presentation (Symptoms,
exam findings, diagnostic imaging, or laboratory data). We find four published, internally
validated, predictive models for COVID-19 mortality based exclusively on pre-existing
conditions that might address the applications discussed above. The United Kingdom QCOVID
model is based on a national sample of 8.25 million individuals, but concatenates testing
positive, arapidly changing risk largely dependent on ever changing local prevalence, and
mortality given infection, amore biological and stable construct [2]. The study from Mexico
represents 90,000 COVID-19 patients nationwide but achieves limited mortality discrimination
when restricted to pre-existing conditions [3]. The Canadian mode! is limited to the providence

of Ontario and excluded 84% of COVID-19 cases dueto missing data [4].
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The Veterans Health Administration COVID-19 (VACO) Index for short term mortality
is based on age, sex, and comorbid diagnoses [5]. It was developed based on 3,681 SARS-CoV-2
positive patient records from the Veterans Healthcare Administration (VA) national electronic
health record (EHR) and prospectively validated in 9,642 veterans split into two temporally
distinct samples. Within VA, the VACO Index demonstrated good discrimination across time
intervals and among men and women, White, Black, and Hispanic patients, and those living in
different geographic regions. The Index is available as a web application at MDCalc.com and as
amobile application. In the first 5 weeks after the VACO Index was posted on MDCalc.com it
was accessed 8,350 times. An EHR decision support tool within Epic? (Epic Systems Corp.,
Madison, WI), which auto-populates Index data elements, is currently in development.

Some have questioned the generalizability of VA data for understanding risk of mortality
from COVID-19. Veterans in care are predominantly male, older, and have a higher prevalence
of chronic health conditions and risk behaviors than the general US population [6-8]. To address
these concerns, we compare the accuracy (discrimination and calibration) of VACO Index short
term mortality estimates for COVID-19 patientsin 1) our original VA sample of 13,323
inpatients and outpatients, 2) 1,307 patients admitted to Yae New Haven Hospital (YNHH, a
tertiary care academic medical center), and 3) 441,854 Medicare recipients (age 65 and older).
We consider the accuracy of the Index overall and within important subgroups defined by
calendar time, age, sex, race/ethnicity, and geographic region. We aso consider whether
different weighting of the index components or adding race/ethnicity or body mass index (BMI)

improves the accuracy of the VACO Index in these cohorts.

M ethods
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VACO Index components

The VACO Index, a 30-day all-cause mortality prediction model developed in VA
nationwide data, utilizes demographic and pre-existing condition data available in EHR or
medical administrative data[5]. The Index includes age, sex, multimorbidity quantified with the
Charlson Comorbidity Index derived from International Classification of Diseases, 10th edition
(ICD-10) diagnosis codes [9, 10] (S1. Table), and myocardial infarction or peripheral vascular
disease — neither race nor any other individual comorbid diagnosis provided additional
discriminatory function (S1. File). The VACO Index had an area under the receiver operating
characteristic curve (AUC) of 0.79 in development, 0.81 in early validation, 0.84 in later

validation, and validated well in sex, race/ethnicity, and regional subgroups.
Data sour ce and participants

VA data

The VACO Index was developed and validated on a nationwide sample of Veterans who
were dlive as of January 1, 2020 and active in care between January 1, 2018 and December 31,
2019. The Index included 13,323 individuals testing positive for SARS-CoV-2 in the inpatient or
outpatient setting between March 2 and July 19, 2020 and followed them for 30 days. Data were
split into a devel opment cohort (positive test between March 2 and April 15, 2020), an early
validation cohort (positive test between April 16 and May 18, 2020), and alater validation cohort
(positive test between May 19 and July 19, 2020). Deaths were determined using inpatient
records and the VA death registry to capture deaths occurring outside hospitalization.
Yale New Haven Hospital data

We extracted data from the YNNH Epic? EHR on 1,307 patients testing positive for

SARS-CoV-2 between March 2 and July 19, 2020 who were admitted to the hospital. Patients
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were dligiblefor inclusion if they tested positive within 14 days before an admission, on the day
of admission, or while hospitalized. Smilar to the VACO Index methodology, we used the first
SARS-CoV-2 positive test date for individuals with more than one positive test and applied the
same rules for determining study baseline (see above).

Datawere split into “early” and “later” cohorts temporally synchronized with the VACO
Index devel opment cohort (positive test between March 2 and April 15, 2020), and combined
Index validation early and later cohorts (positive test between April 16 and July 19, 2020)
cohorts, respectively. Deaths were determined by index hospitalization discharge status and post-
discharge deaths captured by the health care system EHR. We used the same 30-day follow-up
window for determining death as used in the VACO Index, but the Y NHH data was restricted to
inpatient deaths during the Y NHH index and subsequent admissions, and any outpatient deaths
recorded in the YNHH EHR, so we did not have complete 30-day mortality capture asin the VA
data.

We grouped the YNHH datainto identical age, race, and sex strata as in the VA dataset,
and used the same ICD-10 diagnosis codes and algorithmsto define, calculate, and group
Charlson Comorbidity Index comorbidities. We also considered the most recent BM | recorded
between 730 and 15 days before baseline.

Medicare data

We used Medicare Fee for Service datato identify 427,224 patients nationwide age 65 or
older with an inpatient or outpatient COVID-19 diagnosis between March 2 and July 19, 2020,
using ICD-10 diagnosis code of B97.29 on pre-April data, and U07.1 stating April 1, 2020. If an
individual had a COVID-19 diagnosis code on more than one date, we only included the first

date. Aswith the YNHH data, Medicare data were split into “early” and “late” cohorts
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temporally synchronized with the VACO Index development cohort (COVID-19 record date
between March 2 and April 15, 2020), and combined Index validation early and later cohorts
(COVID-19 record date between April 16 and July 19, 2020) cohorts, respectively. We used an
identical 30-day follow-up window for determining death as used in the VACO Index. Deaths
were ascertained by discharge status after any hospitalization, supplemented with deaths
recorded in the Master Beneficiary Summary File within the Medicare database. The Centers for
Medicare & Medicaid Services receives death information from several sources: Medicare
claims data from the Medicare Common Working File, deaths submitted online by family
members, and benefit information collected from the Railroad Retirement Board and the Social
Security Administration.

We employed a similar data harmoni zation process to that used in the YNHH datafor
categorizing the Medicare datainto identical age, race, sex, and strata as used in the VA data,
and determining Charlson Comorbidity Index scores from ICD-10 diagnosis codes. We explored
the more granular race stratification available in Medicare data (Non-Hispanic White, Non-

Hispanic Black, Hispanic, Asian, North American Native, and Other).
Statistical analyses

We used unadjusted and multivariable logistic regressions to model 30-day all-cause
mortality. Multivariable models are depicted and compared using Forest plots. To account for
missing BMI datain the VA and YNHH datasets (BM| was not available in the Medicare
dataset), we used multiple imputation by chained equations, including all predictor and outcome
variables and auxiliary variables, generating 10 imputed data sets for the development and
validation cohorts. Using the m estimate command suite in Stata, proportions, odds ratios (OR),

and 95% confidence intervals (Cl) were combined according to Rubin’s rules [11].
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We report the AUC and calibration plots as assessments of the VACO Index performance
and of aternative modelsin all three datasets. We used the VACO Index coefficientsto calculate
a predicted mortality for each patient in the YNHH and Medicare datasets, and then determined
AUCsfor the early and later testing dates, and in important subgroups: age (<65 vs 65+, except
in Medicare data), sex (male vs female), race/ethnicity (Black vs non-Black), and US census
region (except in YNHH data), and compared the values to those obtained in the origina VACO
Index development cohort. We refit models using the VACO Index variablesin the VA, YNHH
and Medicare datasets to understand how the model might have differed had it been developed in
alternative datasets. To assess the impact of race and BMI, we also refit models supplementing
VACO Index variables with race (VA, YNHH, and Medicare) and BMI (VA, YNHH —BMI is
unavailable in Medicare data).

We assessed calibration plots of observed versus predicted 30-day mortality in ten (VA
and Medicare data) or five (small sample size: YNNH data, VA female) strata containing equal
numbers of deaths, in early and later testing cohorts and in subgroups by age, sex, race/ethnicity,
and US census region. Data analyses were performed using Stata, version 15.1 (StataCorp,
College Station, TX) and SAS 9.4 (SAS Ingtitute Inc, Cary, NC). This study was conducted in
compliance with the Health Insurance Portability and Accountability Act and was approved by
the Ingtitutional Review Boards of VA Connecticut Healthcare System and Y ale University, both
of whom granted waivers of consent. This cohort study is reported according to the Transparent
Reporting of a multivariable prediction model for Individual Prognosis Or Diagnosis (TRIPOD)

guiddlines (SL. Checklist) [12].

Results
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Participants

The dataset included 13,323 (VA), 1,307 (YNHH) and 427,224 (Medicare) patientsfor a
total of 441,854 COVID-19 patients (Table 1). Compared to VA (median age 63 years) and
YNHH (median age 65 years), Medicare patients (median age 78 years) were older. A higher
proportion of Medicare patients were White (75%) compared to YNHH (44%) and VA (39%).
YNHH had the largest proportion of Hispanic patients (21%). Women were better represented in
YNHH (52%) and Medicare (58%) than in VA (9%). BMI was missing in 7% of VA patients
and 22% of YNHH patients, and median BM| values were similar in VA (30.1 kg/m?) and
YNHH (29.5 kg/m?) cohorts and unavailable in Medicare. Consistent with the older age of the
Medicare cohort, most comorbid conditions were substantially more common, with a few
exceptions. AIDS (2%) and mild liver disease (10%) were most common in VA data, and
myocardial infarction was most common in Y NHH (14%). Medicare patients were much less
likely to have a Charlson Comorbidity Index score of zero indicating no comorbid disease (17%)

versus VA (32%) or YNHH (47%).
Early vslater testing patients

In comparing early versus later testing period patients (Table 1), a greater proportion in
the later period were in the youngest age strata of 20-49 yearsin both VA (early 19.5% vs later
27.1%) and YNHH (early 18.9% vslater 23.3%). A larger proportion were Hispanic in the later
period in VA (early 11.0% vs later 13.8%), YNHH (early 20.2% vs later 21.2%), and Medicare
(early 3.5% vslater 3.8%). Fewer in the later period were Black in VA (early 51.5% vslater
38.3%), YNHH (early 31.5% vs later 30.7%) and Medicare (early 20.2% vslater 13.1%). In
Medicare, the proportion of Asians decreased (early 2.7% vs later 2.4%) and Native North

Americans nearly doubled (early 0.4% vs later 0.7%). Across datasets, the proportion with
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specific comorbid diseases decreased and the proportion with a Charlson Comorbidity Index of O
increased in VA (early 26.4% vs later 34.8%), in YNHH (early 46.9% vs later 47.7%), and in

Medicare (early 15.7% vs later 16.8%).
Risk factor s associated with mortality

We compared unadjusted ORs estimated in each cohort among all adult COVID-19
patientsin VA and YNHH (Table 2a). Additionally, since our Medicare data was limited to those
65 years of age and over, we applied this age restriction to all three cohortsin VA, YNHH and
Medicare. Among all adult COVID-19 patientsin VA and YNHH, VA unadjusted ORs for
mortality fell within the confidence intervals of the Y NHH sample for age, BMI, and most
specific comorbid conditions. Increasing BMI was associated with a decreased risk of mortality
in unadjusted analysesin both VA (OR: 0.97, 95% CI: 0.96 - 0.99) and YNHH (OR: 0.94, 95%
Cl: 0.91 - 0.97) data. Unadjusted odds of mortality associated with diabetes, diabetes with
complications, and peptic ulcer disease were higher in VA datathan YNHH (Table 2a). The OR
for mortality associated with male sex was higher in VA (OR: 4.78, 95% ClI: 3.20 — 7.14) than
YNHH (OR: 1.02, 95% CI: 0.77 - 1.36) data.

Among those 65 years of age and over, we observed a steeper increasing gradient of ORs
associated with increasing age, and a shallower increasing gradient of ORs associated with
increasing Charlson Comorbidity Index scores among VA and YNHH patients than among
Medicare patients (Table 2b). Black race and Hispanic ethnicity were not associated with
increased mortality in VA or YNHH data, but both were associated with increased mortality in
Medicare data (Black OR: 1.37, 95% ClI: 1.34 - 1.41); Hispanic (OR: 1.29, 95% CI: 1.24 - 1.35).
Of note, only Medicare dataincluded a sufficient sample of Native North Americans and Asians

to estimate ORs. Asians had asimilar increased ORs (1.31, 95% CI: 1.25 - 1.38) and Native

10
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North Americans had a higher ORs for mortality (1.68, 95% CI: 1.54 - 1.84). In contrast to the
overall adult sample of VA and YNHH, among those 65 years and older, ORs for male sex and
mortality were consistent across cohorts. Similarly, ORs for mortality estimated for specific
comorbid conditions were largely consistent across cohorts with the exception of dementiawhich
was weighted more heavily in VA (OR: 2.16, 95% CI: 2.08 - 2.26) than in Medicare (OR: 2.08,
95% CI: 2.04 - 2.11) and rheumatol ogic disease which was protective in Medicare (OR: 0.81,
95% ClI: 0.78 - 0.84) and associated with increased risk of mortality in VA (OR: 1.54, 95% CI:

1.03 - 2.30).
Performancein the YNHH cohort

The VACO Index demonstrated good discrimination in Y NHH data overall (AUC: 0.80,
95% CI: 0.77 - 0.83), consistent with that seen in VA overall (AUC: 0.82, 95% CI: 0.81 - 0.83)
(Table 3a). Discrimination in YNHH early and later periods were similar to the VA development
period (Table 3a). When AUCs were estimated for subgroups, the VACO Index demonstrated
similar discrimination in YNHH dataasin VA data among those <65 years of age, those 65 and
over, men, Non-Hispanic Black patients, Hispanic patients and Other race/ethnicity patients. The
discrimination among Non-Hispanic White patients at Y NHH was not as strong (AUC: 0.72,
95% CI: 0.67 - 0.77) asin VA (AUC: 0.82, 95% CI: 0.81 - 0.84). While good, discrimination
among women in YNHH (AUC: 0.81, 95% CI: 0.77 - 0.85) was not as strong as among women

in VA (AUC: 0.88, 95% Cl: 0.81 - 0.95).
Performance in the M edicar e cohort

Restricting all cohortsto the age range included in Medicare (65 years or older), the

VACO Index demonstrated consistent AUCs in VA and Medicare data (Table 3b). In all cases,

11
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the AUCs estimated within Medicare data fell within the 95% CI for the VA AUCs overall and
by testing date, gender, b race/ethnicity and census region.

When comparing the age-restricted VA and Medicare calibration plots, there was
evidence of modest over prediction in both samples (Figures 2a and b). Of note, the Index
dlightly under-estimated risk in the early interval of Medicare data but was better calibrated

among Black, Hispanic, Asian, and North American Native than among White patients.
VACO Index supplemented with race and BM|

Compared to the original VACO Index (Table 4, model 1), the additional of race and
BMI did not improve AUCsin VA, YNHH, or Medicare data (modd 2). Refitting the VACO
Index variablesin YNHH and Medicare data improved the AUC by asingle point (YNHH 0.80
to 0.81; Medicare early 0.67 to 0.68, Medicare later 0.68 to 0.69, model 3), and adding race and
BMI to the refit did not improve the AUCs further (model 4). Fully adjusted model AUCs
(models 5-7) fell largely within the confidence intervals estimated in the earlier models. Forest
plots of ORs from the VACO Index and refitted modelsin VA, YNHH, and Medicare data using
VACO Index variables supplemented with race and BMI showed similar ORs for age, sex, race,

Charlson Comorbidity Index, MI or PVD, and BMI (Figure 3).

Discussion

Based on age, sex and pre-existing conditions, the VACO Index maintains good
discrimination and calibration for short-term mortality among patients with COVID-19 in two
demographically diverse samples outside the VA healthcare system. While unadjusted
associations between specific variables and mortality vary by database, adjusted associations

identified in VA dataare largely consistent in YNHH and Medicare data, demonstrating that

12
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relative weights assigned variables in the VACO index are reasonably consistent with the
weights that would be assigned with YNHH or Medicare data. These findings suggest that
COVID-19 mortality associations seen in VA data generalize reasonably well to other United
States populations. Additionally, even though mortality rates have decreased over time, the index
effectively discriminates those at greater and lesser risk of mortality in both time periods within
all three samples. Thisistrue regardless of patient sex, race/ethnicity, or region of the country.
The VACO index demonstrates that while age isamajor driver of COVID-19 mortality,
comorbid disease burden quantified by Charlson Comorbidity Index further stratifies risk. The
Charlson Comorbidity Index has several strengthsin its use as a summary measure of comorbid
disease. First, it has been widely demonstrated to be associated with health outcomes in general
[13, 14] and specifically in COVID-19 [15]. Second, it can be assessed using EHR data,
administrative data, or direct patient interview [13, 16]. Third, the Charlson Comorbidity Index
accounts for differencesin severity of disease processes by weighting metastatic cancer, AIDS,
severe liver disease and diabetes with complications more heavily than other conditions. Fourth,
the Charlson Comorbidity Index offers stable weights for conditions that likely contribute to the
comorbid disease burden for an individual, but are less common, e.g., rheumatological
conditions. When we evaluated whether separately modeling each of the 17 conditions included
in the Charlson Comorbidity Index or the Charlson Index score was a better predictor, the AUC
in models using the individual conditions were improved by 0.01. However, the weighting
assigned to theindividual conditions varied more across cohorts than did the weighting assigned
the Charlson Index score (data not otherwise shown). Thus amodd fit to individual conditions

would beless likely to generalize well to new data.
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Given the ready accessibility of the VACO Index on MDCalc, we anticipate several
immediate applications. The VACO Index may be important for those 60-74 years of age who
may both be at substantial risk and often remain employed. In fact, 39% of those age 60-74 in the
US are employed [17], thus accurate personalized risk estimation can better inform personal and
system level decisions regarding return to work or other group settings. Another important
guestion is how to manage the magjority of those undergoing testing in drive up settings. A
follow-up phone call to notify the individual that they are positive currently entails a few
guestions about fever and shortness of breath. If neither are present the patient is advised to
guarantine for 2 weeks. However, some of these individuals may be at high risk for serious
illness or mortality, justifying a more complete clinical evaluation incorporating vital signs,
diagnostic imaging, and laboratory tests. As vaccines and therapeutic options may bein limited
supply, the VACO Index could help health systems and government agencies develop a data-
driven approach to allocating resources to those at greatest risk of mortality who are most likely
to benefit.

Minority populations experienced a greater burden of infection in the beginning of the
pandemic [18], leading to suggestions that overall population risk may seem a more equitable
criteriafor vaccine prioritization. However, modeling population risk of mortality from COVID-
19 encompasses two distinct components:. probability of infection (infection detection dependent
on access to testing and probability of a positive test), and probability of dying once infected.
The associations between risk factors such as age, race, and ethnicity are very different for being
tested, testing positive, and mortality [18]. The geographic distribution of the pandemic has
shifted rapidly over time and testing positive is a volatile outcome that has fluctuated with local

disease prevalence. Early in the pandemic in the Spring of 2020 those living in US urban centers

14


https://doi.org/10.1101/2021.01.01.20249069

medRXxiv preprint doi: https://doi.org/10.1101/2021.01.01.20249069; this version posted January 4, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
This article is a US Government work. It is not subject to copyright under 17 USC 105 and is also made available
for use under a CCO license.

King, Yoon, Bredl et al. VACO Index prediction of short-term COVID-19 mortality

on the East and West coasts were at greatest risk of infection. Over time, the pandemic surged in
the Midwest and South and extended to rural settings. The second wave of the pandemic in
Autumn and Winter of 2020 has largely generalized, with increased infections among Whites
and younger individuals. We have demonstrated that risk of mortality after infection has been
more stable over time than who is tested and who tests positive. Over the next 6-12 months,
nearly everyone not immunized or previously infected is at risk of infection. Thus, we argue that
the best strategy isto prioritize those at greatest risk of mortality if infected.

Given the growing debate over the roles of BMI and race/ethnicity in COVID-19
outcomes, we carefully investigated their associations with mortality in our data. Including BMI
in the index did not improve the discrimination of the Index as awhole in any of the three data
setsin our study. A prospective cohort study of 1,150 COVID-19 inpatients [19], a retrospective
cohort of 1,687 inpatientsin New Y ork City [20], and a retrospective registry of 331 COVID-19
patientsin Italy [21] also did not find an independent association between obesity and mortality.
However, in an analysis of 6,916 SARS-CoV-2 positive inpatients and outpatients, Tartof et al.
did find higher relative risk of death among obese patients [22]. The study authors comment that
thisincreased risk is not uniform across different populations, as the association between high
BMI was strong in younger adults < 60 and males. Results from the American Health
Association COVID-19 Cardiovascular Disease Registry [23] also had smilar findings where
they found obese patients to be at higher risk of COVID-19 mortality, notably among adults <50
years and weakly in >70 years. The difference with our findings may be due to the older patient
population studied in our samples (VA and Medicare), as ageisamajor driver in mortality risk,

and the number of comorbidities that can account for risk increases with age.
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Adding race/ethnicity to the VACO Index did not improve the accuracy of the
predictions. Further, associations with race/ethnicity varied among the cohorts, with Black race
and Hispanic ethnicity associated with reduced risk of mortality in VA and YNHH data and
increased risk among Medicare patients. Since race and ethnicity are largely proxies for
socioeconomic disparities [24], it is not surprising that their association with mortality among
those testing positive for SARS-CoV-2 is variable. National VA data frequently demonstrates
fewer disparities by race in health outcomes than outside VA, likely due to reduced economic
barriers to care and national efforts to ensure quality of care[25, 26]. YNHH isatertiary care
academic hospital that draws from Southern Connecticut and Western Rhode Island. In contrast,
national Medicare data encompasses widely diverse medical facilities, and minority patients are
more likely to be cared for in lower quality facilities [27, 28]. While we considered offering an
adjustment for race/ethnicity to be applied outside VA, we are concerned that adding
race/ethnicity would introduce substantial noise in the risk estimation due to variation in
association across facilities and would confuse biology and socio economics[24, 29].
Importantly, the VACO Index demonstrated consistent or better accuracy in racial and ethnic
minority patients asin White patients.

The discrimination of the VACO Index quantified by AUC in Medicare patients was
lower than in VA or YNHH patients overall. This discrepancy is related to the reciprocal
relationship between the proportion of outcomes eventsin a population and AUC - all else equal,
the AUC will be higher in populations where the outcome is less common [30, 31]. Similarly,
when avariable such as ageisamajor driver of risk, restricting the population tested to a
particular age group (e.g., 65 years and over) will result in a constrained AUC [30, 31].

Importantly, the AUC was highly consistent in patients 65 years and over across the three
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samples and calibration curves in Medicare data demonstrated good agreement between
observed and expected mortality rates across diverse races and ethnicities.

Vaccine supply will be limited over the next 6-12 months. We will need a reasonable
approach to prioritizing vaccinations in the general population. To minimizeliveslost in a
generalized epidemic we should vaccinate those at greatest risk of mortality first. The VACO
Index shows that for individuals under the age of 85 years, burden of comorbid disease
substantially differentiates risk of mortality. For example, a 55-year-old male with a Charlson
Comorbidity Index of 10 and peripheral vascular disease has the same mortality risk as an
average 65-year-old.

There are limitations to our study. While we were able to evaluate the index in a national
sample of over 427,000 people over the age of 65, our ability to validate in substantially younger
patients remains somewhat limited. None of the Medicare sample, only 25% of the VA sample,
and 20% of the Y NHH samples were under 50 years of age. However, the most pressing
guestions concerning vaccine allocation are focused on individuals over 50 years of age. Also,
our calibration is based on mortality events occurring before August 2020 when mostly
symptomatic patients were being tested. The VACO Index may over-estimate risk of mortality
among asymptomatic patients and this will require further study. Nevertheless, the VACO Index
represents the most widely validated risk index for short term mortality from COVID-19. This
standardized and validated index can supplement clinical judgement to help inform patient

management and health policy.
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S1 Checklist. TRIPOD checklist.
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S1 File. VACO Index Estimation of COVID-19 30-Day Predicted Mortality.
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Table 1. Characteristics of Patientsin VA, YNHH, and Medicare Cohorts

VACO Index prediction of short-term COVID-19 mortality

All Cohort
VA YNHH Medicare
All Development | Validation All Early Later All Early Later
Testing dates 3/2/2020 - 3/2/2020 - 4/16/2020 - 3/12/2020 - 3/12/2020 - 4/16/2020 - 3/2/2020 - 3/2/2020 - 4/16/2020 -
7/19/2020 4/15/2020 7/19/2020 7/19/2020 4/15/2020 7/19/2020 7/19/2020 4/15/2020 7/19/2020
N 13,323 3,681 9,642 1,307 625 682 427,224 80,619 346,605
1,136 480 656 229 104 125 68,493 25,283 43,210
30-day Deths, N (%) (8.5 (13.0) 6.8) (17.5) (16.6) (183) (16.0) (31.4) (12.5)
Age, median (IQR) 63.1 64.8 62.3 65 66 65 775 7.7 775
' (50.0-728) | (53.7-73.4) | (48.8-725) (53-79) (54-79) (52-79) | (70.9-85.7) | (71.1-85.5) | (70.9-85.8)
Categories, N (%)
20-49 3,326 717 2,609 277 118 159 i ) i
(25.0) (19.5) (27.2) (21.2) (18.9) (23.3)
50-54 1,072 279 793 81 41 40 ) ) )
(8.1 (7.6) (8.2 (6.2 (6.6) (5.9
55.59 1,292 375 917 132 66 66 i ) i
(9.7) (10.2) (9.5 (10.1) (10.6) (9.7)
60-62 1,598 481 1,117 131 65 66 ] ] ]
(12.0) (13.1) (11.6) (10.0) (10.4) (9.7)
65-69 1,472 433 1,039 128 70 58 89,793 16,517 73,276
(11.2) (11.8) (10.8) (9.8) (11.2) (8.5) (21.0) (20.5) (21.1)
70-74 2,119 654 1,465 137 62 75 86,791 16,364 70,427
(15.9) (17.8) (15.2) (10.5) (9.9 (11.0) (20.3) (20.3) (20.3)
75.79 1,004 293 711 112 56 56 72,092 13,969 58,123
(7.5) (8.0) (7.4) (8.6) (9.0) (8.2) (16.9) (17.3) (16.8)
80-84* 552 171 381 102 49 53 63,053 12,534 50,519
(4.1 (5.7) (4.0 (7.8) (7.8) (7.8) (14.8) (15.6) (14.6)
85.80 491 155 336 104 53 51 44,380 10.521 44,369
(3.7 (4.2) (3.5 (8.0) (8.5 (7.5) (10.4) (13.2) (12.8)
00-94* 274 84 190 79 34 45 40,760 7,422 33,338
(2.1 (2.3 (2.0 (6.0) (5.4 (6.6) (9.5 (9.2 (9.6)
95.99* 109 367 73 19 10 9 16,879 2,842 14,037
(0.8 (1.0) (0.8 (1.5) (1.6) (1.3 (4.0 (3.5 (4.1
>100* 14 3 11 5 1 4 2,966 450 2,516
(0.1) (0.2) (0.1) (0.4 (0.2 (0.6) (0.7) (0.6) (0.7)
Race/Ethnicityt
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Non-Hispanic 5,148 1,194 3,954 576 276 300 319,652 55,445 264,207
White (38.6) (32.4) (41.0) (44.1) (44.2) (44.0) (74.8) (68.8) (76.2)
Non-Hispanic 5,589 1,896 3,693 406 197 209 61,572 16,293 45,279
Black (42.0) (51.5) (38.3) (31.1) (3L.5) (30.7) (14.4) (20.2) (13.2)
Hispanic 1,734 405 1,329 271 126 145 16,132 2,844 13,288
(13.0) (11.0) (13.8) (20.7) (20.2) (21.3) (3.8) (3.5 (3.8)
Asian ) i i i i ) 10,563 2,210 8,353
sek e | zda
. , 4 A4
North Amer. Native 0.7) (0.4) 0.7)
Other 852 186 666 54 26 28 8,219 1,758 6,460
(6.4) (5.2) (6.9) (4.2) (4.2 (4.1 (1.9 (2.2 (1.9
Male sex 12,114 3,410 8,704 628 319 309 180,907 38,165 142,742
(90.9) (92.6) (90.3) (48.1) (51.0) (45.3) (42.3) (47.3) (41.2)
BMIt, kg/m?, 30.1 30.0 30.1 29.5 29.6 29.2
median (IQR) (26.3—344) | (26.3-34.7) | (26.3—34.4) | (25.7-35.9) | (26.0-36.2) | (25.3—-35.3) ) ) i
Charlson
Comorbidities
AIDS 223 76 147 15 12 3 1,704 446 1,258
(1.7) (2.1) (1.5 (1.2) (1.9 (0.4 (0.4) (0.6) (0.4)
Cancer 1,585 505 1,080 118 71 47 61,237 12,819 48,418
(11.9) (13.7) (11.2) (9.0) (11.49) (6.9) (14.3) (15.9) (14.0)
Cancer. metastatic 228 73 155 17 11 6 9,058 2,130 6,928
' (1.6) (2.0) (1.6) (1.3 (1.8 (0.9 (2.1) (2.6) (2.0
Cerebrovascular 1,578 484 1,094 102 46 56 108,306 21,006 87,300
accident (11.8) (13.1) (11.3) (7.8 (7.4 (8.2 (25.7) (26.1) (25.2)
Chronic pulmonary 3,022 956 2,066 183 89 94 125,520 25,248 100,272
disease (22.7) (26.0) (21.49) (14.0) (14.2) (13.8) (29.4) (3L.3) (34.8)
Congestive heart 1,857 587 1,270 165 73 92 109,818 22,891 86,927
failure (13.9) (15.9) (13.2) (12.6) (11.7) (13.5) (25.7) (33.7) (30.2)
Disbetes 4,900 1,485 3,415 253 121 132 173,064 35,810 137,254
(36.8) (40.3) (35.4) (19.4) (19.4) (19.4) (40.5) (44.4) (39.6)
Diabetes with 2,813 884 1,929 139 63 76 99,013 20,989 78,024
complications (21.2) (24.0) (20.0) (10.6) (10.1) (11.2) (23.2) (26.0) (22.5)
Dementia 1,337 434 903 133 58 75 133,911 23,918 109,993
(10.0) (11.8) (9.4 (10.2) (9.3 (11.0) (313 (29.7) (3L.7)
Liver disease. mild 1,387 429 958 48 24 24 31,244 6,390 24,854
' (10.4) (11.7) (9.9 3.7 (3.8 (3.5 (7.3) (7.9 (7.2)
Liver disease, 140 36 104 5 5 0 3,434 703 2,731
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moderate/severe (1.1 (1.0) (1.1 (0.4) (0.8) (0.0) (0.8) (0.9 (0.8)
Myocardial 742 219 523 181 81 100 36,938 7,990 28,948
infarction (5.6) (5.9 (5.4 (13.9) (13.0) (14.7) (8.6) (9.9 (8.4)
Pentic ulcer disease 218 64 154 22 12 10 10,881 2,055 8,826
P (1.6) 1.7 (1.6) 1.7 (1.9 (1.5) (2.5 (2.5) (2.5
Peripheral vascular 1,800 572 1,228 87 44 43 166,850 32,660 134,190
disease (13.5) (15.5) (12.7) (6.7) (7.0) (6.3) (39.1) (40.5) (38.7)
Plegia 276 69 207 16 7 9 18,671 3,574 15,097

(2.1) (1.9 (2.1) (1.2 (1.7) (1.3 (4.9 (4.4 (4.9

Renal discase 2,365 770 1,595 162 81 81 111,707 23,488 88,219

(17.8) (20.9) (16.5) (12.4) (13.0) (11.9) (26.1) (29.1) (25.5)

Rheumatologic 243 79 164 15 12 3 24,187 4,509 19,678

disease (1.8) (2.2) (1.7 (1.2 (1.9) (0.9 (5.7) (5.6) (5.7)

Charlson Comorbidity

Index

0 4,321 970 3,351 618 293 325 70,998 12,615 58,383

(32.4) (26.4) (34.8) (47.3) (46.9) (47.7) (16.6) (15.7) (16.8)

1 2,426 693 1,73 214 92 122 54,310 9,303 45,007

(18.2) (18.8) (18.0) (16.4) (14.7) (17.9) (12.7) (11.5) (13.0)

5 1,935 557 1,378 151 78 73 58,270 10,030 48,240

(14.5) (15.1) (14.3) (11.6) (12.5) (10.7) (13.6) (12.4) (13.9)

3 1,160 347 813 82 35 47 52,981 9,718 43,263

(8.7) (9.4) (8.4 (6.3) (5.6) (6.9) (12.4) (12.1) (12.5)

4 980 289 691 86 42 44 44,791 8,263 36,528

(7.4 (7.9 (7.2 (6.6) (6.7) (6.5) (10.5) (10.3) (10.5)

5 681 228 453 50 25 25 37,694 7,318 30,376

(5.1 (6.2) 4.7 (3.8 (4.0 (3.7 (8.8) (9.1 (8.8)

6 580 184 396 33 19 14 29,489 5,871 23,618

(4.9 (5.0) (4.2) (2.5) (3.0) (2.2) (6.9) (7.3) (6.8)

4 492 164 328 36 18 18 23,724 5,023 18,701

(3.7 (4.5) (34 (2.8 (2.9 (2.6) (5.6) (6.2 (5.9

8 304 94 210 16 10 6 18,413 3,966 14,447

(2.3 (2.6) (2.2 (1.2 (1.6) (0.9 (4.3 (4.9 (4.2

9 186 60 126 10 6 4 13,433 3,026 10,407

(1.9 (1.6) (1.3) (0.8) (1.0) (0.6) (3.2 (3.8 (3.0

~10 258 95 163 11 7 4 23,121 5,486 17,635

- (1.9 (2.6) 1.7 (0.8 (1.1 (0.6) (5.9 (6.8) (5.1)

1

* More granular age categories than in original VACO Index
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Table2a. VACO Index Components Unadjusted Associationswith 30-Day Mortality in VA

and YNHH Cohorts, Age 20 and Older

Cohort
VA YNHH
N 13,323 1,307
30-day Deaths, N (%) 1,136 (85) 229 (17.5)
OR (95% Cl) OR (95% Cl)
Age
0.03 0.10
20-49 (0.02—0.06) (0.03-0.29)
017 0.25
50-54 (0.10—0.29) (0.07—0.89)
031 0.54
55-59 (0.21-0.45) (0.24-1.22)
058 0.78
60-64 (0.43-0.77) (0.37 - 1.66)
65-69 ref ref
153 160
70-74 (L22-1.91) (0.83—-3.11)
218 197
7579 (1.70—2.87) (1.01-3.87)
275 356
_Q/*
80-84 (2.09—3.62) (186 6.84)
4.97 361
Welo s
85-89 (3.82—6.47) (188 6.90)
. 6.64 6.70
90-94 (4.90—9.00) (3.41—13.15)
9.05 8.98
_QO*
95-99 (5.96—13.76) (3.16— 25.50)
N 801 26.12
>100 (2.74 — 23.45) (2.75—247.79)
Race/Ethnicity T
Non-Hispanic White ref ref
- 0.72 0.49
Non-Hispanic Black (0.63-0.82) (0.35—-0.69)
T 057 0.21
e (0.46 - 0.70) (0.13-0.35)
Asian - -
North Amer. Native - -
0.55 0.44
Other (0.41—0.74) (0.19—0.99)
N 4.78 102
(3.20—7.14) (0.77—-1.36)
, 0.96 0.95
BMIT kg/m (0.95—0.97) (0.93—0.97)
Charlson Comorbidities
1.00
AIDS (0.62— 1.65) i
Corcer 198 187
(169—2.31) (L21—2.89)
. 278 337
Cancer, metastatic (2.00—3.87) (1.27 —8.94)
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Cerebrovascular 248 1.59
accident (2.13—2.88) (0.99 — 2.56)
Chronic pulmonary 1.68 1.55
disease (1.47-1.91) (1.06 —2.26)
Congestive heart 2.79 2.69
failure (2.42—-3.20) (1.87—3.86)
. 1.96 1.20
Diabetes (L73-221) (0.85—1.71)
Diabetes with 2.38 147
complications (2.09-2.71) (0.97 —2.25)
. 4.45 3.48
Dementia (3.85—5.14) (2.37-5.11)
Liver disease, mild 0.94 108
: (0.76 — 1.15) (0.52—2.28)
Liver disease, 2.02 7.14
moderate/severe (1.28-3.20) (1.19-42.99)
Myocardial 2.55 2.72
infarction (2.09—3.10) (1.91—3.86)
Peptic ulcer disease 2.16 0.47
(1.50 - 3.10) (0.11-2.01)
Peripheral vascular 2.87 2.14
disease (2.49-3.30) (1.32—-3.46)
Plegia 2.02 0.67
(1.45—2.81) (0.15—2.97)
Renal discase 2.98 2.59
(2.62—3.40) (1.79-3.73)
Rheumatologic 1.96 .
disease (1.37-2.79)
Charlson Comorbidity
Index
0 ref ref
1 2.68 1.66
(2.07 — 3.48) (1.07 — 2.59)
> 4.20 2.29
(3.26 —5.40) (1.43-3.65)
3 5.05 3.32
3.85—6.63) (1.92-5.73)
4 6.74 3.49
(5.15—8.82) (2.05—5.93)
5 7.61 5.21
(5.70—10.15) (2.79—9.75)
6 9.22 4.25
6.90 —12.33) (1.97-9.17)
7 9.71 3.27
(7.18-13.12) (1.51—7.09)
8 11.26 5.10
(8.01—15.81) (1.80— 14.50)
9 11.20 2.13
(7.47-17.7) (0.44—10.23)
11.17 0.85
10 (7.80—16.01) (0.11-6.75)

* More granular age categories than in original VACO Index
T Not included in original VACO Index
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¥ No odds ratio, perfect prediction

Abbreviations: Cl = confidence interval, IQR = interquartile range, AIDS = acquired
immunodeficiency syndrome, VA = Veterans Heath Administration, YNHH = Yale New Haven
Hospital
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Table2b. VACO Index Components Unadjusted Associationswith 30-Day Mortality in

VA, YNHH, and Medicare Cohorts, Age 65 and Older

Cohort
VA YNHH Medicare
N 6,035 686 427,224
991 198 68,493
30-day Deaths, N (%) (16.4) (28.9) (16.0)
OR (95% ClI) OR (95% ClI) OR (95% ClI)
Age
65-69 ref ref ref
70-74 1.52 1.60 137
(1.22-1.91) (0.83-3.11) (1.33—1.41)
75.79 2.18 197 2.04
(1.70-2.79) (1.01-3.87) (1.98-2.11)
80-84* 2.74 3.56 2.73
(2.09—3.62) (1.86 — 6.84) (2.65—2.82)
85.89* 4.97 3.61 3.56
(3.28-6.47) (1.88—6.90) (3.45-3.67)
90-94* 6.64 6.70 4.22
(4.89—-9.00) (3.41-13.15) (4.09 — 4.36)
05-99* 9.01 8.98 4.82
(5.96 — 13.76) (3.16 — 25.51) (4.63—5.02)
>100* 8.01 26.12 5.67
(2.74 — 23.45) (2.75 - 247.79) (5.23-6.15)
Race/Ethnicityt
Non-Hispanic White ref ref ref
Non-Hispanic Black 0.84 0.69 137
(0.73-0.98) (0.47 —1.02) (1.34—1.41)
Hispanic 0.93 0.47 1.29
(0.73-1.19) (0.26 —0.88) (1.24—1.35)
. 131
Asian J J (1.25—1.38)
North Amer. Native - - (1.51'5)81_84)
Other 0.83 134 1.07
(0.59—1.16) (0.51-352) (1.01-1.13)
Male sex 1.86 1.06 1.38
(1.09-3.18) (0.76 — 1.48) (1.36 — 1.40)
) 0.99 0.96
BMIT kg/m (0.98— 1.00) (0.94—0.99) -
Charlson Comorbidities
1.06 1.10
AIDS (0.60— 1.90) ¥ (0.97—1.24)
Cancer 1.02 135 0.97
(0.97-1.08) (0.84-2.16) (0.95-1.00)
. 142 1.66 150
Cancer, metastatic (1.28—1.59) (0.58—4.74) (143—1.58)
Cerebrovascular 1.38 0.93 1.18
accident (117 -1.62) (0.59 — 1.66) (1.16 — 1.21)
Chronic pulmonary 1.09 1.37 1.06
disease (0.94-1.26) (0.90-2.09) (1.05-1.08)
Congestive heart 1.44 1.61 1.56
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failure (1.24 - 1.68) (1.07 - 2.41) (1.53-1.59)
. 111 0.93 111
Diabetes (0.97—1.27) (0.62—1.41) (1.09—1.13)
Diabetes with 1.28 1.04 1.33
complications (1.11-1.48) (0.64—-1.70) (1.30-1.35)
Dementia 2.16 1.68 2.07
(2.08— 2.26) (1.12-2.51) (2.04—2.11)
Liver disease, mild 0.74 0.82 084
' (0.59-0.94) (0.26 —2.57) (0.81-0.87)
Liver disease, 1.47 247 1.42
moderate/severe (0.88—2.47) (0.15-39.72) (1.31-1.55)
Myocardial 147 1.66 133
infarction (1.18-1.82) (1.12 - 2.45) (1.29—1.36)
Peptic ulcer disease 1.30 I 0.98
(0.88—-1.93) (0.93-1.03)
Peripheral vascular 142 1.68 145
disease (1.22 — 1.66) (0.98 —2.89) (1.42 - 1.47)
Plegia 1.19 0.61 1.16
(0.82-1.72) (0.13-2.91) (1.12—1.20)
Renal discase 161 1.62 1.60
(1.54—1.67) (1.07 — 2.45) (1.57 — 1.63)
Rheumatologic 1.54 + 0.81
disease (1.03 —2.30) (0.78 —0.84)
Charlson Comorbidity
Index
0 ref ref ref
1 1.30 1.05 131
(1.19—1.43) (0.63—1.76) (1.26 — 1.36)
2 134 1.45 1.89
(1.00-1.79) (0.84—2.49) (1.82-1.96)
3 1.30 1.59 2.16
(0.95-1.77) (0.86 —2.94) (2.09-2.24)
4 1.73 153 2.46
(1.28 - 2.35) (0.84—2.77) (2.37 — 2.55)
5 1.80 2.96 2.69
(1.64 —1.99) (1.48-5.89) (2.59-2.79)
6 2.44 2.25 2.89
(1.76 —3.39) (0.99-5.12) (2.78—3.01)
7 2.19 1.63 311
(1.56 — 3.09) (0.63—4.25) (2.98 — 3.24)
8 2.65 2.33 3.26
(1.82- 3.82) (0.71-7.64) (3.12-3.40)
9 2.31 1.09 3.45
(1.47 —3.63) (0.21—5.55) (3.29-3.62)
~10 255 0.82 3.80
- (2.26 —2.87) (0.09 —7.46) (3.65—3.96)

* More granular age categories than in origina VACO Index

T Not included in original VACO Index

1 No odds ratio, perfect prediction

Abbreviations: Cl = confidence interval, IQR = interquartile range, AIDS = acquired
immunodeficiency syndrome, VA = Veterans Heath Administration, YNHH = Yale New Haven
Hogpital
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Table 3a. Validation of VACO Index 30-day COVID-19 Mortality Estimatesin Subgroups
of VA and YNHH Cohorts

VA YNHH
AUC AUC
(95% Cl) (95% Cl)
N 13,323 427,224
1,136 68,493
= | 0 ) ,
30-day Deaths, N (%) (8.5) (16.0)
0.82 0.80
Overall (0.81-0.83) (0.77-0.83)
Subgroups
Testing Date
0.79 0.82
Barly, 32-415 | (077-7081) | (0.78-0.86)
0.84 0.78
Later, 4/16-7/19 | (585 _0g5) | (0.74-0.82)
Age
0.80 0.77
<65 (0.77 - 0.84) (0.69—0.85)
0.69 0.68
65+ (067-0.70) | (0.64-0.73)
Sex
0.81 0.79
Male (0.80-0.82) | (0.75-0.83)
I 0.88 0.81
(0.81-0.95) | (0.77-0.85)
Race/Ethnicity
- 0.82 0.72
Non-HispanicWhite | 561 _084) | (0.67-0.77)
— 0.80 0.81
Non-Hispanic Black | 578 _0.81) | (0.75-0.80)
Hispanic 08 e
p (0.82-0.88) | (0.82-0.95)
0.87 0.94
Other (0.83-091) | (0.87-1.00)

Abbreviations: AUC = Areaunder receiver operating characteristic curve, Cl = confidence interval,
YNHH = YaeNew Haven Hospita
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Table 3b. Validation of VACO Index 30-day COVID-19 Mortality Estimatesin Subgroups
of VA and Medicare Cohorts, Age 65 and Over

VA Medicare
AUC AUC
(95% Cl) (95% ClI)
N 6,035 427,224
991 68,493
= | 0 ,
30-day Deaths, N (%) (16.4) (16.0)
0.69 0.67
Overall (0.67-0.70) | (0.67-0.68)
Subgroups
Tegting Date
0.65 0.67
Early, 3/2-4/15 (0/62-0.68) | (0.67—0.68)
0.70 0.68
Later, 4/16 —7/19 (0.68—0.73) | (0.68—0.68)
Sex
0.68 0.67
Male (0.66-0.70) | (0.67—0.67)
Female 078 7o
(0.67-0.90) | (0.67-0.67)
Race/Ethnicity
. 0.71 0.69
Non-Hispanic White (0.68—0.73) (0.68— 0.69)
. 0.65 0.64
Non-Hispanic Black (0.62 — 0.69) (0.63—0.65)
Hispanic 07 P
e (0.60-0.73) | (0.64-0.66)
i ] 0.66
(0.64 —0.67)
_ 0.63
North Amer. Native - (0.61—0.66)
0.74 0.67
Other (0.67-0.80) | (0.65—0.68)
Census Region
0.67 0.68
Northeast (0.63-0.70) | (0.68—0.68)
0.69 0.67
South (0.66—-0.72) | (0.67—0.67)
_ 0.65 0.67
Midwest (0.61-0.70) | (0.66—0.67)
0.69 0.68
West (0.63-0.74) | (0.67—-0.69)

Abbreviations: AUC = Areaunder receiver operating characteristic curve, Cl = confidence interval,

YNHH = Yae New Haven Hospital

34



https://doi.org/10.1101/2021.01.01.20249069

medRXxiv preprint doi: https://doi.org/10.1101/2021.01.01.20249069; this version posted January 4, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.

This article is a US Government work. It is not subject to copyright under 17 USC 105 and is also made available
for use under a CCO license.

VACO Index prediction of short-term COVID-19 mortality

King, Yoon, Bredl et al.

Table 4. Impact of Adding Race and BMI to VACO Index 30-day COVID-19 Mortality

Estimatesin VA, YNHH, and Medicare Cohorts

Cohort
VA YNHH Medicare
Development Validation Early and L ate* Early Late
Vodd AUC AUC AUC AUC AUC
(95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl)

0.79 0.84 0.80 0.67 0.68
1| VACOIndex (0.77-081) | (0.82-085) | (0.77-083) | (0.67—0.68) | (0.68—0.68)

5 VACO Index Fixed + Race 0.79 0.84 0.80 0.67 0.67
+ BMI (078-0.79) | (0.83-084) | (0.77-0.83) | (0.67—0.68) | (0.67—0.68)

5 | Refit: VACO Index 0.79 0.84 0.81 0.68 0.69
Variables (077-081) | (0.83-085) | (0.78-084) | (0.67—0.68) | (0.68—0.69)

, | Refit: VACO Index 0.79 0.84 0.81 0.68 0.68
Variables + Race + BMIt (077-081) | (0.83-085) | (0.78-0.84) | (0.68—0.68) | (0.68—0.69)

o | Refit: Medicare Age, Sex, 0.79 0.84 0.81 0.68 0.68
CCl 0-10, Race, BMIt (077-081) | (0.83-0.85 | (0.79-0.84) | (0.68—0.68) | (0.68—0.69)

6 ?ff'cté'l\ﬂve:r'i‘fﬁg%iiex’ 0.80 0.85 0.82 0.68 0.69
BMIT » RS, (078-082) | (0.83-0.86) | (0.79-0.84) | (0.67—0.68) | (0.68—0.69)

. ?ff'cté'l\ﬂve:r'i‘fﬁ;Agce(’fgf(l’o 0.80 0.85 0.82 0.68 0.69
Roce EMIT | (0.78-082) | (083-086) | (0.80-085) | (0.67—0.68) | (0.68—0.69)

* YNHH early and later cohorts combined due to small sample size

+ BMI not in Medicare models

Abbreviations: AUC = Area under receiver operating characteristic curve, Cl = confidence interval,
VA = Veterans Health Administration, Y NHH = Yae New Haven Hospital, CCl = Charlson Comorbidity

Index, BMI = Body mass index
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Figure 1a. Calibration plots comparing VACO Index predicted and observed 30-day mortality in
Veterans Health Administration (VA) and Yale New Haven Health (YNHH) data, overall and in
age and sex subgroups. The dashed diagonal line represents perfect prediction. Values above the
dashed line indicate overprediction of mortality by the VACO Index, and values below the line
represent underprediction. Error bars depict 95% confidence intervals of mortality predictions.
Small VA female overall YNHH data sample size limited subgroup plots to five strata and
produced wide confidence intervals.
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Figure 1b. Calibration plots comparing VACO Index predicted and observed 30-day mortality in
Veterans Health Administration (VA) and Yale New Haven Health (YNHH) data in Non-
Hispanic White vs Non-Hispanic Black and Hispanic subgroups, and in early (March 2 to April
15, 2020) vs later (April 16 — July 19, 2020) testing date subgroups. The dashed diagonal line
represents perfect prediction. Values above the dashed line indicate overprediction of mortality
by the VACO Index, and values below the line represent underprediction. Error bars depict 95%
confidence intervals of mortality predictions. Small sample size of YNHH data limited subgroup
plots to five strata and produced wide confidence intervals.
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Figure 2a. Calibration plots comparing VACO Index predicted and observed 30-day mortality in
Veterans Health Administration (VA) patients age 65 and older and Medicare data, overall and
in sex and early (March 2 to April 15, 2020) vs later (April 16 — July 19, 2020) testing date
subgroups. The dashed diagonal line represents perfect prediction. Values above the dashed line
indicate overprediction of mortality by the VACO Index, and values below the line represent
underprediction. Error bars depict 95% confidence intervals of mortality predictions — large
sample size of Medicare data produced tight 95% confidence intervals that are not visible at this
plot scale. Small VA female sample size limited plots to five strata.
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Figure 2b. Calibration plots comparing VACO Index predicted and observed 30-day mortality in Veterans
Health Administration (VA) patients age 65 and older and Medicare data in race/ethnicity subgroups: Non-
Hispanic White, Non-Hispanic Black, Hispanic, Asian, and North American Natives (the latter two categories
only available in Medicare data). The dashed diagonal line represents perfect prediction. Values above the
dashed line indicate overprediction of mortality by the VACO Index, and values below the line represent
underprediction. Error bars depict 95% confidence intervals of mortality predictions — large sample size of
Medicare data produced tight 95% confidence intervals that are not visible at this plot scale.
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Figure 3. Forest plot of multivariable models of COVID-19 30-day mortality. VACO Index original model
includes age, sex, Charlson Comorbidity Index and age interaction term, and myocardial infarction (MI) or
peripheral vascular disease (PVD). Veterans Health Administration (VA) data model refits VACO Index
variables and adds body mass index (BMI) and race (Non-Hispanic White, Non-Hispanic Black, Hispanic,
Other). Yale New Haven Health (YNHH) data model refits VACO Index variables and adds BMI and
additional race categories (Non-Hispanic White, Non-Hispanic Black, Hispanic, and Other). Medicare data
model refits VACO Index variables, and adds BMI and race (Non-Hispanic White, Non-Hispanic Black,
Hispanic, Asian North American Native, and Other). Models and odds ratios of most variables are consistent
across the datasets, providing evidence of the generalizability of the VACO Index model.
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