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Summary Statement: In a predominantly hospitalized New York City cohort, elderly 

patients are at highest mortality risk, whereby minorities and those socioeconomically 

disadvantaged fare better or similar to their counterparts when given access to inpatient 

medical care. 

 

Key Points 

1. In a predominantly inpatient cohort, elderly patients (age ≥65 years) had higher 

imaging utilization and >4-fold increase in mortality compared to younger 

patients. 
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2. Racial/ethnic minorities and those socioeconomically disadvantaged had similar 

imaging utilization rates and fared better or similarly to their counterparts with 

respect to outcomes when given access to inpatient medical care. 

3. Imaging utilization was driven by portable/bedside imaging studies, such as chest 

radiographs.  

 

Abbreviations: 
Coronavirus disease 2019 (COVID-19) 
Computed tomography (CT) 
Intensive care unit (ICU) 
Magnetic resonance imaging (MR)  
New York City (NYC) 
Reverse-transcriptase polymerase chain reaction (RT-PCR) 
Socioeconomic status (SES) 
Ultrasound (US) 
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
Vulnerable populations (VP) 
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ABSTRACT 

Background: Coronavirus disease 2019 (COVID-19) affects vulnerable populations 

(VP) adversely.   

Purpose: To evaluate overall imaging utilization in vulnerable subgroups (elderly, 

racial/ethnic minorities, socioeconomic status [SES] disadvantage) and determine if a 

particular subgroup has worse outcomes from COVID-19.  

Materials/Methods: Of 4110 patients who underwent COVID-19 testing from March 3-

April 4, 2020 at NewYork-Presbyterian Hospital (NYP) health system, we included 1121 

COVID-19 positive adults (mean age 59±18 years, 59% male) from two academic 

hospitals and evaluated imaging utilization rates and outcomes, including mortality.   

Results: Of 897 (80%) VP, there were 465 (41%) elderly, 380 (34%) racial/ethnic 

minorities, and 479 (43%) SES disadvantage patients. Imaging was performed in 88% of 

patients and mostly portable/bedside studies, with 87% of patients receiving chest 

radiographs. There were 83% hospital admissions, 25% ICU admissions, 23% 

intubations, and 13% deaths. Elderly patients had greater imaging utilization, 

hospitalizations, ICU/intubation requirement, longer hospital stays, and >4-fold increase 

in mortality compared to non-elderlies (adjusted hazard ratio[aHR] 4.79, p<0.001). Self-

reported minorities had fewer ICU admissions (p=0.03) and reduced hazard for mortality 

(aHR 0.53, p=0.004; complete case analysis: aHR 0.39, p<0.001 excluding “not 

reported”; sensitivity analysis: aHR 0.61, p=0.005 “not reported” classified as minorities) 

with similar imaging utilization, compared to non-minorities. SES disadvantage patients 

had similar imaging utilization and outcomes as compared to their counterparts.  
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Conclusions: In a predominantly hospitalized New York City cohort, elderly patients are 

at highest mortality risk. Racial/ethnic minorities and SES disadvantage patients fare 

better or similarly to their counterparts, highlighting the critical role of access to inpatient 

medical care during the COVID-19 pandemic.  

 

 

Keywords:  

SARS Virus; Healthcare Disparities; COVID-19; severe acute respiratory syndrome 

coronavirus 2; Diagnostic Imaging; Radiology; Mortality 
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INTRODUCTION 

 New York City (NYC) emerged as the initial epicenter within the United States 

(US) of the highly contagious novel severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2).(1) Despite the considerable progress NYC has made over the past 

several months in reducing coronavirus disease 2019 (COVID-19)-related 

hospitalizations and mortality, many other cities and states across the country are seeing a 

sharp rise in COVID-19 with record highs for daily new cases.(2) With the spread of 

COVID-19 disease across the US, a troubling picture emerged with reports of inequitable 

distribution and utilization of resources,(3) along with population-level evidence of 

vulnerable patients being infected and dying at higher rates.(4, 5) The virus has 

disproportionately affected our most vulnerable populations (VP), including the elderly, 

racial and ethnic minorities, and the socioeconomic status (SES) disadvantaged (such as 

the under-insured, prisoners, and homeless).(4, 6-9)  

While potential causes for these population-level disparities during the pandemic 

have been suggested to be due to social inequities, such as high population density, 

income disparity,(10) or distribution of hospital beds per capita,(5) the cause is likely 

multifactorial. Furthermore, the patient-level utilization of healthcare resources amongst 

those seeking treatment for COVID-19 is not yet established. It is unknown if a particular 

vulnerable subgroup is at increased risk for greater disease burden, which subgroup is at 

most risk for fatality, or whether all VP are equally susceptible to the devastating effects 

of this virus. Thus, we aim to compare VP and its subgroups to non-VP equivalents with 

respect to imaging utilization and outcomes, including mortality, at a large healthcare 

system in NYC. 
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METHODS 

Study Population and Patient Selection 

A total of 4110 patients underwent nasopharyngeal or oropharyngeal reverse-

transcriptase polymerase chain reaction (RT-PCR) testing for SARS-CoV-2 at NewYork-

Presbyterian (NYP) per clinical routine between March 3, 2020 and April 4, 2020 and 

were identified using the COVID-19 Institutional Data Repository (IDR)  for inclusion in 

this cross-sectional observational study (Figure 1A). The COVID-19 IDR is a registry of 

suspected COVID-19 patients that were tested by RT-PCR (up to five RT-PCR tests) at 

NYP and contains clinical data extracted from the electronic medical record. NYP is a 

large healthcare system in NYC that is comprised of both academic and community 

hospitals across multiple boroughs including Brooklyn, Manhattan, and Queens. NYP is 

affiliated with several institutions including Weill Cornell Medicine (WCM). The authors 

are affiliated with WCM and have access to complete medical records and radiology 

images for NYP-Weill Cornell (NYP-WC) and NYP-Lower Manhattan Hospital (NYP-

LMH). 

Exclusion criteria (Figure 1A) included patients with RT-PCR test results that 

were deemed negative, indeterminate or invalid (n=1563), those whose medical records 

were unavailable for review (from other NYP Hospitals, n=1392) or restricted (healthcare 

workers, n=25), and pediatric cases (n=9). A total of 1121 adult patients who tested 

positive for RT-PCR for COVID-19 were included in the final cohort from NYP-WC and 

NYP-LMH, and manual chart review from the electronic medical records was performed 

for each patient from the time period of April 24, 2020 to May 7, 2020. The study was 



In
pre

ss
approved by our institutional review board and a waiver of informed consent was 

granted.  

 

Definitions of Vulnerable Populations  

VP was defined as any of the vulnerable subgroups of elderly, racial/ethnic 

minorities, and SES disadvantage patients (Figure 1B). Elderly was defined as age ≥65 

years. Racial/ethnic minorities included self-reported Black, Hispanic, and Native 

Americans patients. SES disadvantage patients included those on Medicaid, those with no 

insurance reported, those in prison, and those who are homeless.   

 

End Points 

The imaging end point is the utilization of any imaging study. Imaging studies 

include radiography (X-ray), computed tomography (CT), magnetic resonance imaging 

(MR), ultrasound (US), echocardiography, nuclear imaging, and invasive angiography.  

The outcomes end points include highest level of care, hospitalization length of 

stay, intubation rate and time to intubation from admission, successful extubation rate and 

duration of intubation, and all-cause mortality.  Highest level of care was internally 

stratified as outpatient, inpatient, and intensive care unit (ICU). Since outpatient in-

person office visits have dramatically decreased during this pandemic(11), patients 

evaluated in the emergency room and not admitted were classified as outpatient.  

 

Statistical Analysis: Descriptive statistics, including mean ± standard deviation or 

median with interquartile range [IQR], were used to summarize continuous variables and 
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comparisons were made using t-tests or the Wilcoxon rank-sum test. Frequencies and 

percentages were used to summarize categorical variables and comparisons were made 

using Fisher’s exact test or Chi-square test.  

 For the survival analyses, we used the date of the RT-PCR specimen collection of 

the first positive COVID-19 test to death date or to the last documented note in the 

electronic medical record when the patient was noted to be alive. Comparison of 

mortality between groups were estimated using the product limit (Kaplan-Meier) methods 

and log-rank test. We performed separate Cox-proportional hazard regression models for 

VP and its subgroups and adjusted for potential confounders with p<0.1 from Table 1 and 

Table 2 and stratified by time-dependent covariates of each model. Sex and/or BMI were 

included in all models based on a priori knowledge.  We tested the proportional hazard 

assumption using time-varying covariates in all Cox regression models; no violations 

were observed. To account for patients with “not reported” race or ethnicity, in addition 

to the pre-specified analysis of self-reported minorities, we performed a complete case 

analysis where all patients with race or ethnicity as “not reported” were excluded, and a 

sensitivity analysis whereby all “not reported” race or ethnicity patients were classified 

into the racial/ethnic minority group. Similar stratified Cox-proportional hazard 

regression model was performed for the subgroup analysis of elderly patients with 

adjustment for potential confounders with p<0.1 from Supplemental Table 1. 

 A 2-tailed p-value <0.05 was considered statistically significant. SAS version 9.4 

(SAS Institute Inc., Cary, NC) was used to perform all statistical analyses.  

 

RESULTS 



In
pre

ss
 From the 4110 patients who had RT-PCR testing for SARS-CoV-2, there were 

2547 (62%) patients who tested positive for COVID-19 during the first month of testing 

availability (Figure 1A).  Of the 1121 patients included in the study, a total of 897 (80%) 

were considered VP with 465 (41%) elderly, 380 (34%) racial/ethnic minorities, and 479 

(43%) SES disadvantage patients. The 3 vulnerable subgroups were not mutually 

exclusive, with overlap depicted in Figure 1B.   

 Table 1 and Table 2 show the baseline characteristics of the RT-PCR (+) cohort of 

1121 patients and compare the differences between VP and the vulnerable subgroups to 

their non-vulnerable counterparts.  VP and elderly patients had higher rates of baseline 

comorbidities including hypertension, diabetes mellitus (DM), coronary artery disease 

(CAD), heart failure (HF), smoking history, chronic obstructive pulmonary disease 

(COPD), cancer history, chronic renal disease and were more frequently on home 

angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers (ACEI/ARB), 

aspirin, and nonsteroidal anti-inflammatory drugs (NSAIDs) when compared to non-VP 

and younger patients, respectively. In addition, elderly patients were more frequently 

white race with lower body mass index (BMI) and lower prevalence of asthma, home 

steroids usage, human immunodeficiency virus (HIV), and SES disadvantage status when 

compared to younger patients. While there were fewer overall differences in baseline 

comorbidities, and no differences in home medications, minorities were younger, more 

frequently female, had higher BMIs, and higher prevalence of SES disadvantage status, 

DM, asthma, renal disease compared to non-minorities; and SES disadvantage patients 

were younger, less likely of white race and more likely Hispanic, had higher BMIs and 

more frequent HF, COPD, cancer history, HIV, and renal disease compared to their non-
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SES disadvantage counterparts. 

 

Image Utilization 

 Table 3 depicts the image utilization of the cohort and as stratified by VP and the 

3 subgroups.  The majority of patients (88%, n=989) received at least one imaging study, 

ranging from 0 to 47 tests.  VP and elderly patients underwent more testing as compared 

to their non-VP and non-elderly counterparts (all p<0.001), respectively. In general, 

imaging utilization rates were similar for racial/ethnic minorities and SES disadvantage 

patients compared to their non-vulnerable counterparts.  

 Table 4 and Supplemental Table 2 show the imaging utilization by imaging 

categories. The vast majority of patients (87%) underwent at least one chest radiograph 

(Figure 2A), followed by ultrasound (15%) and neuro CT scans (15%), and then 

transthoracic echocardiography (10%). Only 8% of patients received chest CTs (Figure 

2B) and very few patients received coronary-related imaging studies. There were no 

“triple rule out” (coronary artery, pulmonary embolism, aortic dissection) studies or 

cardiac/chest MR studies during this period. Overall, VP and elderly patients received 

more imaging than their counterparts, while racial/ethnic minorities and SES 

disadvantage patients underwent a similar number of imaging studies (Supplemental 

Table 2). 

 

Hospitalization 

 The majority (83%, n=929) of our cohort was admitted to the hospital, with 649 

(58%) to the medical floor and 280 (25%) to the ICU (Table 3).  Only 192 (17%) RT-
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PCR (+) patients were managed as outpatients during our first month of the crisis and 

were either evaluated in the ambulatory setting or not admitted from the emergency 

department.  VP and elderly patients were more likely to be admitted, required ICU care, 

and had longer hospital length of stay compared to non-VP and younger patients (all 

p≤0.04), respectively. While more minorities were treated as outpatients (20%) compared 

to non-minorities (16%), the difference was not statistically significant (p=0.054). 

However, minorities required fewer ICU admissions compared to non-minorities (21% vs 

27%, p=0.03).  There were no differences in the hospital admission rate or need for ICU 

for SES disadvantage patients when compared to their non-disadvantaged counterparts 

(all p≥0.68).  VP and elderly patients were more frequently intubated than their 

counterparts, and elderly patients were less likely to be successfully extubated (all 

p≤0.004). There was no difference in intubation or extubation rate for minorities or SES 

disadvantage patients compared to their counterparts (all p≥0.07).  

 

All-Cause Mortality 

Of the 1121 RT-PCR (+) patients, there were 148 deaths with an overall mortality 

rate of 13%.  The mortality rate was 16% (n=146) for the 929 hospitalized patients, 30% 

(n=75) for the 257 intubated patients, and 30% (n=84) for the 280 patients requiring ICU 

care.  The mean follow-up period was 14.1±12.8 days, with a range up to 53 days. 

 Figure 3 shows the survival curves of VP and the vulnerable subgroups.  From the 

time of RT-PCR (+) test sampling, there were over 4-fold increase in hazard for death in 

VP (adjusted HR 4.21) and the elderly (adjusted HR 4.79, both p≤0.002) as compared to 

their counterparts (Figure 4, Supplemental Table 3). For VP, we stratified by HF and 
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COPD, and adjusted for sex, BMI ≥30 kg/m2, hypertension, DM, CAD, smoking history, 

cancer history, chronic renal disease, ACEI/ARB, aspirin, and NSAIDs). For elderly, we 

stratified by COPD, and adjusted for sex, BMI≥30 kg/m2, racial/ethnic minority, SES 

disadvantage, hypertension, DM, CAD, HF, smoking history, asthma, cancer history, 

HIV, chronic renal disease, ACEI/ARB, aspirin, NSAIDs, and steroids.  

 Moreover, there was a 47% reduction in hazard for mortality when comparing the 

minority subgroup (adjusted HR 0.53, p=0.004) to non-minorities, and no difference in 

hazard for SES disadvantage patients (p=0.56) compared to their counterparts. For 

racial/ethnic minorities, we adjusted for age≥65 years, sex, BMI≥30 kg/m2, SES 

disadvantage, hypertension, DM, HF, asthma, and chronic renal disease. For SES 

disadvantage, we adjusted for age≥65 years, sex, BMI≥30 kg/m2, racial/ethnic minorities, 

HF, COPD, cancer history, HIV, chronic renal disease, and NSAIDs.  

 When examining the individual components driving mortality, advanced age, 

white and Asian race, non-Hispanic ethnicity, and those receiving Medicare had highest 

mortality rates (Figure 5). Supplemental Table 4 depicts the proportion of patients still in 

the hospital and those who died, as subcategorized by age, race, ethnicity, and SES 

disadvantage status. 

 

Complete Case and Sensitivity Analyses of Racial/Ethnicity Minorities 

 In our pre-specified analysis for racial/ethnic minorities, we compared self-

reported minorities to the rest of the cohort, including those “not reported.” As shown in 

Figure 4, there were 31 (8%) deaths in the racial/ethnic minority subgroup, with an 

adjusted HR for mortality of 0.53 (95% confidence interval [CI] 0.34-0.82), p=0.004, 
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after adjustment for age, sex, SES disadvantage status, BMI, HTN, DM, HF, asthma, and 

renal disease. 

 Of the 1121 patients, there were 395 (35%) patients who did not disclose their 

race or ethnicity and were classified as “not reported.”  Of the 395 “not reported” 

patients, there were 45 (11%) deaths. 

 In a complete case analysis of 726 patients who self-reported their race/ethnicity, 

we excluded all patients whose race or ethnicity were “not reported.” There were 309 

(43%) patients who were minorities and 21 (7%) minority deaths. The adjusted HR for 

mortality was 0.39 (95% CI 0.23-0.66), p<0.001, after adjustment for age, sex, SES 

disadvantage status, BMI, HTN, DM, HF, asthma, and renal disease. 

 In a sensitivity analysis of the 1121 patients, all 395 patients whose race or 

ethnicity were “not reported” were classified into the minority subgroup, resulting in 704 

(63%) patients classified as minorities. In this analysis, there were 66 (9%) minority 

deaths, with an adjusted HR for mortality of 0.61 (95% CI 0.43-0.86), p=0.005, after 

adjustment for age, sex, SES disadvantage status, BMI, HTN, DM, HF, asthma, and renal 

disease. 

 

Mutually Exclusive Four-Group Comparisons  

 Figure 6 depicts the Kaplan-Meier survival curves of the mutually exclusive four-

group comparisons. Group 1 was defined as young (age < 65) and “vulnerable negative” 

(without either racial/ethnicity minorities nor SES disadvantage). Group 2 was defined as 

young (age < 65) and “vulnerable positive” (with either self-reported racial/ethnic 

minorities or classified as having SES disadvantage status, or both). Group 3 was defined 
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as elderly (age ≥ 65) and “vulnerable negative” (without either racial/ethnicity minorities 

nor SES disadvantage). Group 4 was defined as elderly (age ≥  65) and “vulnerable 

positive” (with either self-reported racial/ethnic minorities or classified as having SES 

disadvantage status, or both). While there were differences in the survival curves amongst 

all four groups (log-rank p<0.001), there was no difference between young patients who 

were “vulnerable positive” or “vulnerable negative” (log-rank p=0.52), nor any difference 

between elderly patients who were “vulnerable positive” or “vulnerable negative” (log-

rank p=0.13). 

 As older patients were prone to having pre-existing co-morbidities and most 

susceptible to mortality from COVID-19, we performed a subgroup analysis of 465 

elderly patients (age ≥65 years). There were 215 (46%) patients in Group 4 who were 

“vulnerable positive,” and 250 (54%) patients in Group 3 who were “vulnerable 

negative.”  Supplemental Table 1 shows the baseline characteristics between the two 

groups.  There were 114 (25%) deaths amongst these elderly patients.  There was no 

difference in survival amongst elderly patients who were self-reported as a minority or as 

SES disadvantage (Group 4 “vulnerable positive”) when compared to those who were 

neither (Group 3 “vulnerable negative”; adjusted HR 0.84, 95% CI 0.55-1.27, p=0.41), 

after stratification for HF and adjustment for age, sex, BMI≥30, hypertension, DM, 

chronic renal disease, and ACEI/ARB usage. 

 

DISCUSSION 

There are several key findings in our study of 1121 RT-PCR (+) patients during 

the first month of the COVID-19 crisis in NYC. We found that the elderly patients had 
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higher admission rates with longer hospital length of stay, increased need for ICU care, 

fewer successful extubations, and most importantly, had higher risk for death when 

compared to younger patients. As such, imaging utilization was higher in these elderly 

patients. Racial/ethnic minorities had less ICU admissions and had lower mortality risk, 

despite similar imaging utilization compared to their non-minority counterparts.  SES 

disadvantage patients had similar outcomes to their non-SES disadvantage counterparts, 

with similar imaging utilization rates.  

In the early stages of the COVID-19 pandemic in NYC, the Centers for Disease 

Control (CDC) had strict guidelines for who qualified for testing, as there were limited 

testing capabilities.(12) During the first month of the crisis, the New York City 

Department of Health and Mental Hygiene issued a health advisory discouraging 

COVID-19 testing in patients with illness not severe enough to require 

hospitalization.(13) As a result, our cohort had a high positive test rate of 62% and 

admission rate of 83%.  

It is not surprising that VP, driven by elderly patients, had worse outcomes 

compared to their counterpart. With advancing age, the immune system is less robust and 

more susceptible to infectious diseases.(14) In addition, older patients additionally had 

higher baseline co-morbidities(15) and were dying with COVID-19 and their co-

morbidities. However, our analysis showed that even after adjusting for co-morbidities, 

there remained a >4-fold increase in mortality for elderly patients compared to younger 

patients. As expected, the imaging utilization rates were higher in the elderly group, 

which is likely attributable to worsening disease severity and need for mechanical 

ventilation. When examining our cohort in mutually exclusive four-group comparisons, 
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elderly patients had the highest mortality, irrespective of self-reported racial/ethnic 

minorities or SES disadvantage status. 

Most surprising and unexpected is our finding of better outcomes for racial/ethnic 

minorities. While it is established that COVID-19 mortality is seen disproportionately 

among Black Americans(16), in our predominantly hospitalized (83%) cohort, we found 

that racial/ethnic minorities had a lower hazard of dying compared to their non-minority 

counterparts, even after adjusting for age, SES disadvantage status, and co-morbidities. 

Our results were unchanged in both complete case and sensitive analyses to account for 

patients who did not disclose their race or ethnicity.   Our mostly inpatient cohort 

consisted of a heterogeneous group of people of various races and ethnicities, as expected 

in the diverse NYC metropolitan area, with self-reported 13% Black race and 21% 

Hispanic ethnicity. Our findings are in-line with the National Health Interview Survey of 

8,405 young adults that found higher vulnerability to severe COVID-19 illness for the 

white subgroup compared with the Black, Hispanic, and Asian subgroups.(17) Moreover, 

our findings are not contradictory to the Louisiana cohort of 3481 COVID-19 patients 

that reported high rates (70.6%) of death in Black patients, but found that Black race was 

not associated with higher in-hospital mortality compared to white race.(18) Thus, the 

discrepancy between the CDC report of higher mortality in racial/ethnic minorities and 

our findings may be theorized as being driven by a combination of higher out-of-hospital 

mortality and social determinants of health, such as poorer access to healthcare (16, 18, 

19).  

Our findings reinforce that racial health and social inequities, such a 

disproportionately high rates of poverty, medical comorbidities, and incarceration rates, 
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are intimately connected and responsible for the disproportionate death rates among 

minorities, and highlight the importance of equitable access to inpatient medical care(16). 

While there is known reported racial disparity in imaging utilization rates,(20) minorities 

received similar imaging utilization compared to non-minorities in our study. Moreover, 

in addition to lower risk for death, minority subgroups fared better than their 

counterparts, with fewer ICU admissions, further highlighting the critical role of access to 

medical care.  

 Another unexpected finding from our study is no difference in imaging utilization 

or outcomes including mortality for the SES disadvantage subgroup compared to their 

counterpart. As there are reports of less resource utilization and worse outcomes for those 

who are SES disadvantage,(10, 20, 21) it is reassuring that imaging utilization was not 

affected by SES status in our cohort. Our findings of similar outcomes are of interest 

given the high prevalence of COVID-19 in SES disadvantage subgroup due to suboptimal 

living situations such as low-income, high-density neighborhoods/housing, 

imprisonment, and homelessness(6-8). Furthermore, the increased use of public 

transportation among SES disadvantage patients(22) may make it difficult for adequate 

“social distancing,” a key recommendation to mitigate the spread of the disease. It 

appears that access to inpatient medical care yields similar outcomes to their non-SES 

disadvantage counterparts. Thus, other social determinants of health and health inequities 

may be key to alleviating the reported outcomes disparities.  

 As initially described in the Wuhan cohort, the initial and most visually apparent 

sequelae of COVID-19 were the pulmonary complications and manifestations.(23, 24) 

However, despite the potential for overutilization of imaging in COVID-19 patients, our 
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data and experience show that radiology imaging utilization had a more limited role 

during the first month of the outbreak in NYC. While the vast majority of our patient 

received some kind of diagnostic imaging, most were portable/bedside studies, such as 

chest radiographs, ultrasounds, and transthoracic echocardiography. There were 

surprisingly few chest CTs, and very few to no advanced imaging such as coronary CTA, 

“triple rule out,” or cardiac/chest MR studies. These findings are a reflection of selective 

ordering of advanced imaging tests that would not alter management in highly 

contagious, critically-ill patients during a time when personal protective equipment was 

limited, and potential exposure to healthcare workers was unknown. 

 

Study Limitations: Our cohort was derived from two large tertiary academic hospitals 

and ambulatory outpatient practices in Manhattan. Thus, our findings may not be 

generalizable to other hospitals or practices, particularly underfunded hospitals (25) or 

different regions of the US. Our findings may be bias to the fact that we are based at large 

academic centers, which lead to better resource allocation and possibly a different patient 

population than in non-university community hospitals. Our cohort represented 

symptomatic patients who had RT-PCR (+) during the first month of the pandemic in 

NYC when the testing availability was limited and thus may not reflect a later time 

period of the crisis or those suspected COVID-19 patients who were not tested or tested 

negative. While the RT-PCR sensitivity is known to be modest,(26) we included patients 

with up to 5 RT-PCR tests. As many would consider patients with chronic illnesses 

“vulnerable”, we did not include them in our definition of VP since that would result in 

lack of a sizable comparator non-vulnerable group. Instead, we captured baseline co-
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morbidities and adjusted for them in our survival analyses, thus our results are less likely 

explained by the influence of confounding covariates. While our race/ethnicity analyses 

should be interpreted with caution, as approximately 1/3 of patients did not report race or 

ethnicity, we performed both complete case and sensitivity analyses to account for the 

“not reported” cases and found similar results amongst all the analyses. Patients may be 

inclined to not disclose their race or ethnicity for a multitude of reasons, and this is 

beyond the scope of our study. We acknowledge that the definition of SES is more 

expansive, such as education level, salary/wages, and even immigration status. However, 

this information is not typically available in the electronic medical records. Incorporation 

bias is likely present in our study, as imaging studies were likely used to decide if a 

patient needed to be admitted to the hospital or ICU versus discharged. Future studies 

designed to compare different types of health systems and clinical practices may provide 

further insight on the relationship between imaging utilization and outcomes.  Additional 

studies to examine the social determinants of health on racial/ethnic minorities and SES 

disadvantage patients are warranted. 

 

CONCLUSION 

 In a predominantly hospitalized RT-PCR (+) cohort in NYC, elderly patients have 

the highest mortality risk, in contrast to racial/ethnic minorities with lower mortality risk. 

SES disadvantage subgroup fares similarly to their counterparts. Imaging utilization rates 

mirror the mortality risk, and are driven by portable/bedside imaging studies. Our 

findings provide further support that elderly patients are the most vulnerable for adverse 

outcomes from COVID-19, which should be taken into consideration as COVID-19 
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continues to remain a highly contagious and threatening health risk worldwide. 

Additionally, our study highlights the importance of access to inpatient medical care for 

all, particularly racial/ethnic minorities and SES disadvantage patients. 
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Table 1.  Baseline Characteristics of Total Cohort and as Stratified by Vulnerable 
Populations 

SES denotes socioeconomic status; BMI, Body Mass Index; CAD, Coronary Artery Disease; COPD, 
Chronic Obstructive Pulmonary Disease; HIV, Human Immunodeficiency Virus; RA, Rheumatoid 
Arthritis; SLE, Systemic Lupus Erythematosus; ACE-I, Angiotensin-converting Enzyme Inhibitor; ARB, 
Angiotensin II receptor blocker; NSAIDS, Nonsteroidal anti-inflammatory drugs 

 
 

Vulnerable Populations 

 Total 
(n=1121) 

Vulnerable 
Populations 

(n=897) 

Non-
Vulnerable 

(n=224) 
P-value 

Age, Years 59.3±17.7 62.6±17.4 46.4±11.9 -- 
Male, n (%) 657 (59) 530 (59) 127 (57) 0.54 
BMI, kg/m2 28.4±6.9 28.3±6.9 28.7±6.7 0.44 
Race     
     Black n (%) 150 (13) 150 (17) 0 (0) -- 
     White n (%) 375 (33) 275 (31) 100 (45) -- 
     Asian n (%) 147 (13) 112 (12) 35 (16) -- 
     Native American n (%) 1 (0.1) 1 (0.1) 0 (0) -- 
     Other n (%) 202 (18) 178 (20) 24 (11) -- 
     Not reported n (%)  246 (22) 181 (20) 65 (29) -- 
Ethnicity     
    Hispanic n (%) 235 (21) 235 (26) 0 (0) -- 
    Not reported n (%) 315 (28) 216 (24) 99 (44) -- 
SES Disadvantage     
     Medicaid n (%) 411 (37) 411 (46) 0 (0) -- 
     No insurance n (%) 65 (6) 65 (7) 0 (0) -- 
     Prisoners n (%) 7 (0.6) 7 (0.8) 0 (0) -- 
     Homeless n (%) 27 (2) 27 (3) 0 (0) -- 
Prior Medical history     
     Hypertension 573 (52) 506 (58) 67 (30) <0.001 
     Diabetes mellitus 290 (26) 260 (29) 30 (14) <0.001 
     Heart disease     
            CAD 151 (14) 141 (16) 10 (5) <0.001 
            Heart failure 75 (7) 68 (8) 7 (3) 0.009 
     Pulmonary disease     
           Smoking history 265 (24) 226 (25) 39 (17) 0.01 
           Asthma 112 (10) 84 (9) 28 (13) 0.17 
           COPD 47 (4) 44 (5) 3 (1) 0.01 
     Cancer history 164 (15) 143 (16) 21 (9) 0.01 
     HIV 20 (2) 17 (2) 3 (1) 0.78 
     Rheumatologic disease 
             RA 17 (2) 15 (2) 2 (1) 0.55 
             SLE 8 (0.7) 6 (0.7) 2 (0.9) 0.66 
    Chronic renal disease 99 (9) 91 (10) 8 (4) 0.001 
Home Medications     
    ACE-I/ARB 249 (23) 217 (26) 32 (15) <0.001 
    Aspirin 236 (22) 216 (25) 20 (9) <0.001 
    NSAIDs 172 (16) 154 (18) 18 (8) <0.001 
    Hydroxychloroquine 23 (2) 20 (2) 3 (1) 0.60 
    Steroids (inhaled or oral) 81 (8) 66 (8) 15 (7) 0.77 
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Table 2.  Baseline Characteristics as Stratified by Vulnerable Subgroups 
 

 Elderly Racial/Ethnic Minorities SES Disadvantage 

 Elderly 
(n=465) 

Non-
elderly 
(n=656) 

P-value Minorities 
(n=380) 

Non-
minorities 

(n=741) 
P-value 

SES 
Disadvantage 

(n=479) 

Non-SES 
Disadvantage 

(n=642) 
P-value 

Age, Years 76.3±8.3 47.3±11.8 -- 55.5±16.4 61.3±18.0 <0.001 56.4±17.3 61.5±17.7 <0.001 
Male, n (%) 284 (61) 373 (57) 0.18 200 (53) 457 (62) 0.004 278 (58) 379 (59) 0.76 
BMI, kg/m2 26.7±5.6 29.7±7.5 <0.001 29.7±7.4 27.7±6.5 <0.001 29.0±7.6 28.0±6.3 0.02 
Race   <0.001   --   <0.001 
     Black n (%) 39 (8) 111 (17) <0.001 150 (39) 0 (0) -- 69 (14) 81 (13) 0.42 
     White n (%) 185 (40) 190 (29) <0.001 47 (12) 328 (44) -- 113 (24) 262 (41) <0.001 
     Asian n (%) 75 (16) 72 (11) 0.02 2 (0.5) 145 (20) -- 78 (16) 69 (11) 0.007 
     Native American n (%) 0 (0) 1 (0.2) 1.00 1 (0.3) 0 (0) -- 1 (0.2) 0 (0) 0.43 
     Other n (%) 63 (14) 139 (21) 0.001 137 (36) 65 (9) -- 121 (25) 81 (13) <0.001 
     Not reported n (%)  103 (22) 143 (22) 0.88 43 (11) 203 (27) -- 97 (20) 149 (23) 0.24 
Ethnicity          
    Hispanic n (%) 75 (16) 160 (24) <0.001 235 (62) 0 (0) -- 146 (30) 89 (14) <0.001 
    Not reported n (%) 125 (27) 190 (29) 0.46 28 (7) 287 (39) -- 113 (24) 202 (31) 0.004 
SES Disadvantage          
     Medicaid n (%) 142 (31) 269 (41) <0.001 183 (48) 228 (31) <0.001 411 (86) 0 (0) -- 
     No insurance n (%) 5 (1) 60 (9) <0.001 29 (8) 36 (5) 0.08 65 (14) 0 (0) -- 
     Prisoners n (%) 0 (0) 7 (1) 0.046 4 (1) 3 (0.4) 0.24 7 (1) 0 (0) -- 
     Homeless n (%) 7 (2) 20 (3) 0.11 17 (4) 10 (1) 0.003 27 (6) 0 (0) -- 
Prior Medical history          
     Hypertension 335 (73) 238 (37) <0.001 209 (56) 364 (50) 0.04 234 (50) 339 (53) 0.33 
     Diabetes mellitus 158 (34) 132 (21) <0.001 125 (34) 165 (23) <0.001 131 (28) 159 (25) 0.27 
     Heart disease          
            CAD 104 (23) 47 (7) <0.001 51 (14) 100 (14) 0.93 67 (14) 84 (13) 0.60 
            Heart failure 44 (10) 31 (5) 0.002 33 (9) 42 (6) 0.06 43 (9) 32 (5) 0.008 
     Pulmonary disease          
           Smoking history 144 (31) 121 (18) <0.001 90 (24) 175 (24) 1.00 103 (22) 162 (25) 0.16 
           Asthma 34 (7) 78 (12) 0.01 49 (13) 63 (9) 0.03 45 (9) 67 (10) 0.62 
           COPD 30 (6) 17 (3) 0.002 19 (5) 28 (4) 0.35 28 (6) 19 (3) 0.02 
     Cancer history 109 (23) 55 (8) <0.001 51 (13) 113 (15) 0.42 57 (12) 107 (17) 0.03 
     HIV 3 (0.7) 17 (3) 0.02 10 (3) 10 (1) 0.15 14 (3) 6 (1) 0.02 
     Rheumatologic disease 
             RA 7 (2) 10 (2) 1.00 6 (2) 11 (2) 1.00 9 (2) 8 (1) 0.46 
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             SLE 2 (0.4) 6 (1) 0.48 4 (1) 4 (0.5) 0.46 4 (1) 4 (1) 0.73 
    Chronic renal disease 54 (12) 45 (7) 0.007 52 (14) 47 (6) <0.001 56 (12) 43 (7) 0.004 
Home Medications          
    ACE-I/ARB 152 (34) 97 (16) <0.001 94 (26) 155 (22) 0.19 100 (22) 149 (24) 0.46 
    Aspirin 159 (36) 77 (12) <0.001 76 (21) 160 (23) 0.53 95 (21) 141 (23) 0.50 
    NSAIDs 92 (20) 80 (13) <0.001 61 (17) 111 (15) 0.60 83 (18) 89 (14) 0.09 
    Hydroxychloroquine 10 (2) 13 (2) 0.83 11 (3) 12 (2) 0.18 9 (2) 14 (2) 0.83 
    Steroids (inhaled or oral) 36 (8) 45 (7) 0.64 32 (9) 49 (7) 0.27 36 (8) 45 (7) 0.64 

 
SES denotes socioeconomic status; BMI, Body Mass Index; CAD, Coronary Artery Disease; COPD, Chronic Obstructive Pulmonary Disease; 
HIV, Human Immunodeficiency Virus; RA, Rheumatoid Arthritis; SLE, Systemic Lupus Erythematosus; ACE-I, Angiotensin-converting Enzyme 
Inhibitor; ARB, Angiotensin II receptor blocker; NSAIDS, Nonsteroidal anti-inflammatory drugs 
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Table 3.  Imaging Utilization and Hospitalization for Vulnerable Populations and Vulnerable Subgroups 
 

  Vulnerable Populations Elderly Racial/Ethnic Minorities SES Disadvantage 
 Total 

(n=1121) 
Vulnerable 
Populations 

(n=897) 

Non-
Vulnerable 

(n=224) 
P-value Elderly 

(n=465) 
Non-

elderly 
(n=656) 

P-value Minorities 
(n=380) 

Non-
minorities 

(n=741) 
P-

value 

SES 
Disadvantage 

(n=479) 

Non-SES 
Disadvantage 

(n=642) 
P-

value 

All Imaging              
Any imaging, n (%) 989 (88) 813 (91) 176 (79) <0.001 443 (95) 546 (83) <0.001 329 (87) 660 (89) 0.24 426 (90) 563 (88) 0.57 
# per patient              
     mean±SD 4.6±7.2 4.9±7.2 3.5±6.9 0.01 5.9±7.7 3.7±6.6 <0.001 4.2±6.9 4.8±7.3 0.18 4.3±6.5 4.8±7.6 0.25 
     median [IQR] 2 [1,4] 2 [1,5] 1 [1,2] <0.001 2 [1,8] 1 [1,3] <0.001 1 [1,4] 2 [1,4] 0.048 2 [1,4] 2 [1,4] 0.81 
Highest Level of Care              
    Outpatient n (%) 192 (17) 120 (13) 72 (33) <0.001 22 (5) 170 (26) <0.001 77 (20) 115 (16) 0.054 81 (17) 111 (17) 0.94 
    Inpatient n (%) 649 (58) 539 (60) 110 (49) 0.003 286 (62) 363 (55) 0.04 223 (59) 426 (57) 0.75 275 (57) 374 (58) 0.81 
    ICU n (%) 280 (25) 238 (27) 42 (19) 0.02 157 (34) 123 (19) <0.001 80 (21) 204 (27) 0.03 123 (26) 157 (24) 0.68 
Hospitalization              
Length of Stay              
    mean±SD, days 7.7±7.8 8.0±8.1 5.9±6.0 <0.001 9.0±8.4 6.5±7.1 <0.001 7.1±7.8 8.0±7.8 0.15 8.0±8.6 7.4±7.1 0.28 
    median [IQR], days 5 [2,10] 6 [3,11] 4 [2,8] 0.003 7 [3,12] 4 [2,8] <0.001 4 [2,9] 6 [3,11] 0.02 5 [2,11] 5 [3,10] 0.83 
Still in Hospital*, n (%) 131 (14) 

n=929 
112 (14) 
n=777 

19 (13) 
n=152 

0.61 73 (16) 
n=443 

58 (12) 
n=486 

0.048 38 (13) 
n=303 

93 (15) 
n=626 

0.37 53 (13) 
n=398 

78 (15) 
n=531 

0.57 

Intubation              
Intubation, n (%) 254 (23) 219 (24) 35 (16) 0.004 145 (31) 109 (17) <0.001 74 (19) 180 (24) 0.07 109 (23) 145 (23) 0.94 
Time to Intubation              
    mean±SD, days 2.9±4.3 3.0±4.5 2.4±2.8 0.30 3.1±4.6 2.6±3.9 0.35 3.1±4.5 2.8±4.2 0.68 2.6±3.0 3.1±5.0 0.26 
    median [IQR], days 1 [0,4] 1 [0,4] 2 [1,3] 0.96 2 [0,4] 1 [0,3] 0.74 2 [0,4] 1 [0,4] 0.52 1 [0,4] 2 [0,4] 0.86 
Extubation†, n (%) 78 (31) 

n=254 
66 (30) 
n=219 

12 (34) 
n=35 

0.69 32 (22) 
n=145 

46 (42) 
n=109 

<0.001 28 (38) 
n=74 

50 (28) 
n=180 

0.13 39 (36) 
n=109 

39 (27) 
n=145 

0.13 

Duration of Intubation‡             
    mean±SD, days 13.8±10.2 14.2±10.4 12.0±8.9 0.50 16.7±13.1 11.8±6.9 0.06 12.7±6.1 14.5±11.9 0.39 12.1±6.8 15.6±12.5 0.12 
    median [IQR], days 13 [7,17] 13 [8,17] 11 [6,14] 0.31 15 [9,19] 12 [7,15] 0.08 13 [8.5,17] 12 [7,17] 0.90 11 [7,16] 14 [8-,8] 0.29 

* Amongst hospitalized patients. †Amongst intubated patients.  ‡Amongst successfully extubated patients. 
SES denotes socioeconomic status; ICU, intensive care unit; SD, standard deviation; IQR, interquartile range. 
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Table 4.  Utilization of Radiology Imaging Services by Imaging Categories of Total 
Cohort and as Stratified by Vulnerable Populations 
 

 Total 
(n=1121) 

Vulnerable 
(n=897) 

Non-
Vulnerable 

(n=224) 

P-value 

X-Rays     
     Chest X-Rays, n (%) 979 (87) 803 (90) 176 (78) <0.001 
           Portable CXR, n (%) 971 (87) 799 (89) 172 (77) <0.001 
           PA/Lateral, n (%) 24 (2) 17 (2) 7 (3) 0.30 
     All other X-Rays, n (%) 151 (13) 133 (15) 18 (8) 0.006 
Computed Tomography (CT)     
   Cardiothoracic/Cardiovascular, n (%)   88 (8) 72 (8) 16 (7) 0.78 
     Non-contrast Chest CT, n (%) 32 (3) 26 (3) 6 (2) 1.00 
     Contrast Chest CT, n (%) 34 (3) 25 (3) 9 (4) 0.38 
     Chest CT PE, n (%) 33 (3) 28 (3) 5 (2) 0.66 
     Chest CTA, n (%) 2 (0.2) 0 (0) 2 (1) 0.04 
     Coronary CTA, n (%) 1 (0.1) 1 (0.1) 0 (0) 1.00 
     Triple rule out, n (%) 0 (0) 0 (0) 0 (0) - 
   Abdomen/Neuroimaging       
     Abdominal CT, n (%) 73 (7) 63 (7) 10 4) 0.22 
     Head/Neck/Neuro CT, n (%) 168 (15) 154 (17) 14 (6) <0.001 
Magnetic Resonance Imaging (MRI)     
     Chest MRA, n (%) 0 (0) 0 (0) 0 (0) - 
     Cardiac MRI, n (%) 0 (0) 0 (0) 0 (0) - 
     Abdominal MRI, n (%) 3 (0.3) 3 (0.3) 0 (0) 1.00 
     Neuro MRI, n (%) 27 (2) 25 (3) 2 (1) 0.14 
Ultrasound (US)*     
      US DVT, n (%) 171 (15) 146 (16) 25 (11) 0.06 
      Other US, n (%) 164 (15) 144 (16) 20 (9) 0.006 
Echocardiography     
      Transthoracic Echo, n (%) 108 (10) 91 (10) 17 (8) 0.31 
      Transesophageal Echo, n (%) 1 (0.1) 1 (0.1) 0 (0) 1.00 
Nuclear (including PET/CT)     
      Nuclear stress testing, n (%) 1 (0.1) 1 (0.1) 0 (0) 1.00 
      PET/CT, n (%) 1 (0.1) 1 (0.1) 0 (0) 1.00 
Invasive Angiography, n (%)     
      Cardiac Cath Diagnostic, n (%) 2 (0.2) 1 (0.1) 1 (0.5) 0.36 
      Cardiac Cath PCI, n (%) 1 (0.1) 0 (0) 1 (0.5) 0.20 

*Not including echocardiography. CXR denotes chest x-ray; PA, Posteroanterior; PE, 
Pulmonary Embolus; CTA, Computed Tomography Angiography; MRA, Magnetic 
Resonance Angiography; DVT, Deep Vein Thrombosis;  PET/CT, Positron Emission 
Tomography/Computed Tomography; Cath, Catheterization; PCI,  Percutaneous 
coronary intervention 
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Supplemental Table 1.  Baseline Characteristics of Elderly Patients (Age ≥65) as 
Stratified by “Vulnerable Positive” or “Vulnerable Negative.”  “Vulnerable positive” 
was defined as either self-reported racial/ethnic minorities or classified as having SES 
disadvantage status, or both.  “Vulnerable negative” was defined as without self-reported 
racial/ethnic minorities or SES disadvantage status. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
SES denotes socioeconomic status; BMI, Body Mass Index; CAD, Coronary Artery Disease; COPD, 
Chronic Obstructive Pulmonary Disease; HIV, Human Immunodeficiency Virus; RA, Rheumatoid 
Arthritis; SLE, Systemic Lupus Erythematosus; ACE-I, Angiotensin-converting Enzyme Inhibitor; ARB, 
Angiotensin II receptor blocker; NSAIDS, Nonsteroidal anti-inflammatory drugs 

 
“Vulnerable 

Positive” 
(n=215) 

“Vulnerable 
Negative” 
(n=250) 

P-value 

Age, Years 75.6±8.0 76.9±8.5 0.08 
Male, n (%) 117 (54) 167 (67) 0.008 
BMI, kg/m2 27.2±5.8 26.3±5.4 0.09 
Prior Medical history    
     Hypertension 166 (79) 169 (68) 0.01 
     Diabetes mellitus 94 (45) 64 (26) <0.001 
     Heart disease    
            CAD 48 (23) 56 (23) 1.00 
            Heart failure 28 (14) 15 (6) 0.007 
     Pulmonary disease    
           Smoking history 61 (28) 83 (33) 0.27 
           Asthma 18 (8) 16 (6) 0.48 
           COPD 18 (8) 12 (5) 0.13 
     Cancer history 46 (21) 63 (25) 0.38 
     HIV 2 (1) 1 (0.4) 0.60 
     Rheumatologic disease  
             RA 3 (1.4) 4 (1.6) 1.00 
             SLE 2 (0.9) 0 (0) 0.21 
    Chronic renal disease 36 (17) 18 (7) 0.002 
Home Medications    
    ACE-I/ARB 82 (40) 70 (29) 0.02 
    Aspirin 73 (36) 86 (36) 1.00 
    NSAIDs 46 (22) 46 (19) 0.41 
    Hydroxychloroquine 5 (2) 5 (2) 1.00 
    Steroids (inhaled or oral) 15 (8) 21 (9) 0.73 
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Supplemental Table 2.  Utilization of Radiology Imaging Services by Imaging Categories as Stratified by Vulnerable 
Subgroups 

 Elderly Racial/Ethnic Minorities SES Disadvantage 
 Elderly 

(n=465) 
Non-elderly 

(n=656) P-value Minorities 
(n=380) 

Non-
minorities 

(n=741) 
P-value 

SES 
Disadvantage 

(n=479) 

Non-SES 
Disadvantage 

(n=642) 
P-value 

X-Rays          
     Chest X-Rays, n (%) 441 (95) 538 (82) <0.001 322 (85) 657 (89) 0.07 420 (88) 559 (87) 0.79 
           Portable CXR, n (%) 440 (95) 531 (81) <0.001 321 (84) 650 (88) 0.14 417 (87) 554 (86) 0.72 
           PA/Lateral, n (%) 7 (2) 17 (3) 0.30 8 (2) 16 (2) 1.00 10 (2) 14 (2) 1.00 
     All other X-Rays, n (%) 86 (18) 65 (10) <0.001 47 (12) 104 (14) 0.46 65 (14) 86 (13) 0.93 
Computed Tomography (CT)          
   Cardiothoracic/Cardiovascular, n (%)   39 (8) 49 (7) 0.58 23 (6) 65 (9) 0.13 33 (7) 55 (9) 0.31 
     Non-contrast Chest CT, n (%) 20 (4) 12 (2) 0.02 8 (2) 24 (3) 0.35 8 (2) 24 (4) 0.046 
     Contrast Chest CT, n (%) 14 (3) 20 (3) 1.00 10 (3) 24 (3) 0.71 12 (3) 22 (3) 0.48 
     Chest CT PE, n (%) 13 (3) 20 (3) 0.86 9 (2) 24 (3) 0.46 15 (3) 18 (3) 0.86 
     Chest CTA, n (%) 0 (0) 2 (0.3) 0.51 0 (0) 2 (0.3) 0.55 0 (0) 2 (0.3) 0.51 
     Coronary CTA, n (%) 0 (0) 1 (0.2) 1.00 0 (0) 1 (0.1) 1.00 1 (0.2) 0 (0) 0.43 
     Triple rule out, n (%) 0 (0) 0 (0) - 0 (0) 0 (0) - 0 (0) 0 (0) - 
   Abdomen/Neuroimaging            
     Abdominal CT, n (%) 45 (10) 28 (4) <0.001 21 (6) 52 (7) 0.37 25 (5) 48 (7) 0.14 
     Head/Neck/Neuro CT, n (%) 116 (25) 52 (8) <0.001 50 (13) 118 (16) 0.25 62 (13) 106 (17) 0.11 
Magnetic Resonance Imaging (MRI)          
     Chest MRA, n (%) 0 (0) 0 (0) - 0 (0) 0 (0) - 0 (0) 0 (0) - 
     Cardiac MRI, n (%) 0 (0) 0 (0) - 0 (0) 0 (0) - 0 (0) 0 (0) - 
     Abdominal MRI, n (%) 3 (0.7) 0 (0) 0.07 1 (0.3) 2 (0.3) 1.00 1 (0.2) 2 (0.3) 1.00 
     Neuro MRI, n (%) 17 (4) 10 (2) 0.03 5 (1) 22 (3) 0.10 11 (2) 16 (2) 1.00 
Ultrasound (US)*          
      US DVT, n (%) 89 (19) 82 (13) 0.003 62 (16) 109 (15) 0.48 76 (16) 95 (15) 0.67 
      Other US, n (%) 90 (19) 74 (11) <0.001 57 (15) 107 (14) 0.79 65 (14) 99 (15) 0.39 
Echocardiography          
      Transthoracic Echo, n (%) 62 (13) 46 (7) <0.001 26 (7) 82 (11) 0.02 39 (8) 69 (11) 0.15 
      Transesophageal Echo, n (%) 1 (0.2) 0 (0) 0.41 0 (0) 1 (0.1) 1.00 0 (0) 1 (0.2) 1.00 
Nuclear (including PET/CT)          
      Nuclear stress testing, n (%) 1 (0.2) 0 (0) 0.47 0 (0) 1 (0.1) 1.00 0 (0) 1 (0.2) 1.00 
      PET/CT, n (%) 0 (0) 1 (0.2) 1.00 1 (0.3) 0 (0) 0.34 1 (0.2) 0 (0) 0.43 
Invasive Angiography, n (%)          
      Cardiac Cath Diagnostic, n (%) 1 (0.2) 1 (0.2) 1.00 0 (0) 2 (0.3) 0.55 0 (0) 2 (0.3) 0.51 
      Cardiac Cath PCI, n (%) 0 (0) 1 (0.2) 1.00 0 (0) 1 (0.1) 1.00 0 (0) 1 (0.2) 1.00 

*Not including echocardiography. CXR denotes chest x-ray; PA, Posteroanterior; PE, Pulmonary Embolus; CTA, Computed 
Tomography Angiography; MRA, Magnetic Resonance Angiography; DVT, Deep Vein Thrombosis;  PET/CT, Positron Emission 
Tomography/Computed Tomography; Cath, Catheterization; PCI,  Percutaneous coronary intervention 
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Supplemental Table 3.  Unadjusted and Stratified Cox-Proportional Hazard Ratio with Hazard Ratios and 95% Confidence 
Intervals of Covariates for Mortality.  
 
Models were adjusted based on potential confounders with p<0.1 from Table 1 and Table 2. *Sex and/or BMI were forced into the 
models based on a priori knowledge.   
 
 Unadjusted 

HR 
(95% CI) 

p-
value 

VP: 
Adjusted 

HR 
(95% CI) 

p-
value 

Elderly: 
Adjusted HR 

(95% CI) 
p-

value 

Minorities: 
Adjusted 

HR 
(95% CI) 

p-
value 

SES 
Disadvantage: 
Adjusted HR 

(95% CI) 

p-
value 

Vulnerable 
Population 

4.77 
(2.24-10.20) 

<0.001 4.21 
(1.71-10.38) 

0.002 -- -- -- -- -- -- 

Elderly 6.31 
(4.10-9.70) 

<0.001 -- -- 4.79 
(2.83-8.11) 

<0.001 -- -- -- -- 

Racial/Ethnic 
Minorities 

0.48 
(0.33-0.72) 

<0.001 -- -- -- -- 0.53 
(0.34-0.82) 

0.004 -- -- 

SES Disadvantage 0.83 
(0.60-1.16) 

0.28 -- -- -- -- -- -- 1.12 
(0.77-1.62) 

0.56 

VP: Stratified by HF and COPD, and adjusted for sex*, BMI≥30 kg/m2*, hypertension, DM, CAD, smoking history, cancer history, 
chronic renal disease, ACEI/ARB, aspirin, and NSAIDS. 
 
Elderly: Stratified by COPD, and adjusted for sex*, BMI≥30 kg/m2, racial/ethnic minority, SES disadvantage, hypertension, DM, 
CAD, HF, smoking history, asthma, cancer history, HIV, chronic renal disease, ACEI/ARB, aspirin, NSAIDs, and steroids. 
 
Racial/Ethnic Minorities: Adjusted for age≥65 years, sex, BMI≥30 kg/m2, SES disadvantage, hypertension, DM, HF, asthma, and 
chronic renal disease. 
 
SES Disadvantage: Adjusted for age≥65 years, sex*, BMI≥30 kg/m2, racial/ethnic minority, HF, COPD, cancer history, HIV, chronic 
renal disease, and NSAIDs. 
 
VP denotes vulnerable populations; SES, socioeconomic status; HR, hazard ratio; CI, confidence interval; body mass index, BMI; 
coronary artery disease, CAD; chronic obstructive pulmonary disease, COPD; human immunodeficiency virus, HIV; angiotensin-
converting enzyme inhibitors/angiotensin II receptor blockers, ACEI/ARB; nonsteroidal anti-inflammatory drugs, NSAIDs. 
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Supplemental Table 4.  Distribution of Patients Still in Hospital or Deceased 
Subcategorized by Age, Race, Ethnicity, and SES Disadvantage Status. 
 
 Still in 

Hospital 
(n=131) 

Deceased 
(n=148) 

Age   
     18-44 years, n (%) 10 (4) 4 (2) 
     45-64 years, n (%) 48 (12) 21 (5) 
     65-74 years, n (%) 48 (21) 36 (16) 
     75+ years, n (%) 25 (10) 87 (36) 
Race   
     Black n (%)  12 (8) 11 (7) 
     White n (%) 34 (9) 63 (17) 
     Asian n (%) 18 (12) 33 (22) 
     Native American n (%) 0 (0) 0 (0) 
     Other n (%) 26 (13) 12 (6) 
     Not reported n (%) 41 (17) 29 (12) 
Ethnicity   
     Hispanic n (%) 26 (11) 21 (9) 
     Non-Hispanic, n (%)  64 (11) 95 (16) 
     Not reported n (%) 41 (13) 32 (10) 
SES Disadvantage   
     Medicaid n (%) 49 (12) 51 (12) 
     No insurance n (%) 4 (6) 4 (6) 
     Prisoners n (%) 0 (0) 0 (0) 
     Homeless n (%) 2 (7) 1 (4) 



In
pre

ss
 

 
Figure 1.  A. Consort Diagram of the Screening and Patient Selection for the 1121 
RT-PCR (+) Patient Cohort.  B. Venn Diagram of the Distribution of the 897 
Vulnerable Populations and the 3 Vulnerable Subgroups.  The vulnerable subgroups 
are not mutual exclusive, with the italicized numbers within each group summing up to 
897 patients.   
RT-PCR denotes reverse-transcriptase polymerase chain reaction; SARS-CoV-2, severe 
acute respiratory syndrome coronavirus 2; SES, socioeconomic status; NYP, New York 
Presbyterian; WC, Weill Cornell; LMH, Lower Manhattan Hospital. 
 

 
Figure 2. A. Portable Chest Radiograph in a RT-PCR (+) Patient with COVID-19. 
There are bilateral ill-defined opacities (arrows) in a lower lung predominant distribution. 
B. Chest CTA Pulmonary Embolus Scan of a RT-PCR (+) Patient with COVID-19. 
Axial image demonstrating bilateral peripheral ground glass opacities and consolidation 
(arrows). No pulmonary embolus was detected. 
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Figure 3. Kaplan-Meier Curves of Mortality from Time of RT-PCR (+) sampling in 
(A) Vulnerable Populations and Non-vulnerable population and (B-D) as Stratified 
by Vulnerable Subgroups.  
 
 
 

 
 
Figure 4.  Unadjusted and Stratified Cox-Proportional Models of Vulnerable 
Populations and Vulnerable Subgroups for Mortality. 
 
Models were adjusted based on potential confounders with p<0.1 from Table 1 and Table 
2. *Sex and/or BMI were forced into the models based on a priori knowledge.   
 
VP: Stratified by HF and COPD, and adjusted for sex*, BMI≥30 kg/m2*, hypertension, 
DM, CAD, smoking history, cancer history, chronic renal disease, ACEI/ARB, aspirin, 
and NSAIDS. 
 
Elderly: Stratified by COPD, and adjusted for sex*, BMI≥30 kg/m2, racial/ethnic 
minority, SES disadvantage, hypertension, DM, CAD, HF, smoking history, asthma, 
cancer history, HIV, chronic renal disease, ACEI/ARB, aspirin, NSAIDs, and steroids. 
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Racial/Ethnic Minorities: Adjusted for age≥65 years, sex, BMI≥30 kg/m2, SES 
disadvantage, hypertension, DM, HF, asthma, and chronic renal disease. 
 
SES Disadvantage: Adjusted for age≥65 years, sex*, BMI≥30 kg/m2, racial/ethnic 
minority, HF, COPD, cancer history, HIV, chronic renal disease, and NSAIDs. 
 
VP denotes vulnerable populations; SES, socioeconomic status; HR, hazard ratio; CI, 
confidence interval; body mass index, BMI; coronary artery disease, CAD; chronic 
obstructive pulmonary disease, COPD; human immunodeficiency virus, HIV; 
angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers, ACEI/ARB; 
nonsteroidal anti-inflammatory drugs, NSAIDs. 
 
 

 
Figure 5. Mortality Rates as Subcategorized by Age, Race, Ethnicity, and SES 
Disadvantage Status.   
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Figure 6.  Kaplan-Meier survival curves of the mutually exclusive four-group 
comparisons. Group 1: young (age < 65) and “vulnerable negative” (without either 
racial/ethnicity minorities nor SES disadvantage). Group 2: young (age < 65) and 
“vulnerable positive” (with either self-reported racial/ethnic minorities or classified as 
having SES disadvantage status, or both). Group 3: elderly (age ≥ 65) and “vulnerable 
negative” (without either racial/ethnicity minorities nor SES disadvantage). Group 4: 
elderly (age ≥  65) and “vulnerable positive” (with either self-reported racial/ethnic 
minorities or classified as having SES disadvantage status, or both). 
 
 




