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        Abstract


        Background: Several comorbidities and demographic factors are associated with mortality in Covid-19 patients. However, limited analysis exists of interactions between comorbidities and demographics for Covid-19 outcomes.


        Methods: Retrospective analysis of adult patients with laboratory-confirmed Covid-19 from March 3rd - May 31st 2020 at NYU Langone Health. Patients selected had visited emergency departments, outpatient testing clinics, or were discharged from an inpatient location as of May 31st 2020. We assessed the moderating effects of patient demographics on the relationship between comorbidities and mortality.


        Results: The research cohort included 8,324 patients, 918 (11.0%) of whom died. After adjustment, females with depression (OR 1.2, 95% CI 0.8-1.6, p = 0.44) had increased mortality risk compared to males with depression. Younger patients with cardiac arrhythmia (OR 15.3, 95% CI 9.0-25.9, p < 0.001), neurological disorders (OR 4.6, 95% CI 2.9-7.3, p < 0.001), paralysis (OR 2.5, 95% CI 1.0-6.1, p = 0.04), and pulmonary disorders (OR 4.5, 95% CI 2.7-7.4, p < 0.001) had increased mortality risk compared to older patients with these comorbidities, respectively. White patients with anemia (OR 1.2, 95% CI 0.8-1.7, p = 0.32) and Black patients with solid tumor without metastasis (OR 2.0, 95% CI 1.0-3.9, p = 0.03) had an increased risk of mortality compared to patients of other racial groups with the same comorbidity.


        Conclusions: While generally at lower risk, patients with Covid-19 who were female, younger, white or black were at higher risk of mortality with certain comorbidities, compared to their appropriate control counterpart. This information can be used to inform the public, influence triage, care decisions, and vaccination plans.


        Keywords


        Covid-19 mortality, Modification effect, Social determinants, Covid-19 risk factors


        Introduction


        The emergence of coronavirus disease 2019 (Covid-19), caused by the SARS-CoV-2 virus, has triggered an ongoing global pandemic [1]. As of March 25th 2021 there have been over 124 million reported cases worldwide and over 2.7 million reported deaths. In the United States, there over 30 million confirmed cases with over 540,000 deaths [2]. In the spring of 2020 New York City was hit particularly hard, as infection occurred on a population-wide scale prior to when testing became readily available.


        Covid-19 manifests with a variety of symptoms and degrees of severity; while the majority of people experience no or mild symptoms, many require hospitalization for acute or intensive care and experience high mortality [3,4]. Previous studies have established risk factors among hospitalized patients, those who require critical care, and patients with Covid-19-associated mortality. Studies show patients who are older, male, and have comorbidities such as diabetes and hypertension (HTN) are at increased risk for adverse outcomes [5-7]. These demographic and comorbidity trends associated with Covid-19 hospitalization and mortality are similar to disparities found in overall adverse health outcomes [8]. Establishing these initial trends is important for clinicians to target limited therapeutics and prioritize vaccine strategies for vulnerable populations who are at risk of hospitalization or even death. Prior observations have been reported for large groups but these may not be applied to certain patient subsets. It is essential, in light of the sustained high number of Covid-19 cases and deaths throughout the United States [9], that we identify subsets of the population at high risk for Covid-19 mortality.


        To date, many studies have focused on descriptive analyses of comorbidities and demographic differences among patients with Covid-19, and relied on comprehensive data collection at different institutions to establish a research cohort [7,8], or focused on a small cohort in one hospital system [1,10,11]. Studies have also focused on patient outcomes and their association with comorbidities and demographic factors [12-14]. Several papers have described the comorbidities, demographics, and clinical outcomes of US patients [15,16], as well as created models to predict Covid-19 mortality risk [17,18]; however analyses that identify disparities in mortality risk within demographic groups, especially potential interaction effects, are limited in the US literature [19,20].


        The aim of the study was to assess the impact of demographic factors of sex, age, and race on the association between comorbidities and mortality in Covid-19 patients. Statistically significant modification effects indicate the relationship between comorbidities and mortality varies as a function of the patient demographic. We identify patient groups with Covid-19 previously thought to be at low risk for severe disease in whom specific comorbidities make them more vulnerable to death.


        Methods


        Study population


        This retrospective study includes a cohort of 8,324 adult patients who presented to NYU Langone Health System and were diagnosed with Covid-19 between March 3rd and May 31st 2020. The academic medical system comprises 2,000 inpatient beds among four major hospitals in urban and suburban settings in Manhattan, Brooklyn, and Long Island NY, with diverse patient populations. Patients were diagnosed with Covid-19 when symptomatic for Covid-like symptoms and had a positive SARS-CoV-2 nasopharyngeal PCR.


        Data collection


        We identified patients with Covid-19 by extracting positive SARS-CoV-2 PCR results from the electronic medical record (EMR) system Epic (Epic Systems, Verona, WI). Comorbidity and demographic information, as well as information on in-hospital critical care and death, was extracted from the EMR for all patients with Covid-19. Comorbidity data was collected by extracting ICD-9/ICD-10 problem list and billing diagnosis codes.


        Comorbidity/demographic selection


        Comorbidities used to determine the Elixhauser comorbidity score were selected for analysis [21]. Some modifications were made to these established ICD-9 and ICD-10 codes due to potential data quality issues (Appendix 1). These modifications included: 1) Drug abuse and weight loss 2) Deficiency anemia and blood loss anemia were combined to create Anemia, and only diabetes with complications was included. Additional comorbidities from the Charlson comorbidity index [22] that were not identified in the Elixhauser comorbidity index were also assessed, including cerebrovascular disease, dementia, and myocardial infarction. Finally, hyperlipidemia, a risk factor not identified by Charlson or Elixhauser, was included due to its common prevalence in the US population [23].


        The literature has suggested certain Charlson and Elixhauser comorbidities are not risk factors but rather caused by Covid-19 infection specifically Coagulopathy [24] and fluid and electrolyte disorders [25], therefore excluded them from the analysis. Previous studies for other medical conditions have shown that demographic factors can modify associations between risk factors and outcomes such as peritoneal dialysis and mortality [26,27]. Here we assess whether sex, age, and race affected the relationship between the aforementioned comorbidities and mortality. The researchers chose to focus on the demographic factors of sex, age, and race, due to the observed differences in Covid-19 disease outcomes within these groups [28-31].


        Statistical analysis


        To identify which comorbidity-mortality relationships are moderated by demographic factors, we developed three fully specified models for sex, age, and race. First, we performed a univariate analysis of the demographic characteristics and comorbidities with mortality in Covid-19 patients to identify significant relationships. Next, we assessed for potential demographic modification effects on the association between comorbidities and mortality to determine if the relationship differs among sub-demographic groups. We did this by assessing the significance of each interaction effect between the demographic, comorbidity and outcome.


        The final model included all the identified significant modifiers/interactions (alpha at 0.10), significant comorbidity variables (alpha at 0.05), and all demographic variables to allow for adjustment. Backward stepwise regression was used to identify the final fully specified models. To illustrate the magnitude of the demographic modification effects, the association between comorbidities and mortality were stratified by demographic subgroup, adjusting for all other demographic factors, comorbidities, and interactions. Additionally, significant modification effects/interactions were visualized to further illustrate the difference in trend across demographic groups. Univariate and multivariate analyses were performed using SAS, version 9.4 (SAS Institute, Cary NC).


        Results


        Table 1 shows the univariate associations of demographics/comorbidities and mortality in Covid-19 patients. Of the 8,324 adult patients reviewed for this study, 918 (11%) died. Of patients who died, 64% were male (OR 2.0, 95% CI 1.7-2.3, p < 0.001), 85% were older than 60 years of age (OR 10.3, 95% CI 8.6-12.4, p < 0.001), 49% were white (OR 1.4, 95% CI 1.2-1.7, p < 0.001), 11% were Black (OR 0.6, 95% CI 0.5-0.7, p < 0.001), and 9% were Asian (OR 1.2, 95% CI 1.0-1.6, p = 0.11) (Table 1).


        
          Table 1: Univariate analysis of demographic/comorbidities and mortality of adult patients with Covid-19 at NYU Langone Health from March 3 - May 31 2020 (N = 8324). View Table 1

        


        Thirty of the 34 comorbidities (88%) assessed were significantly associated with mortality (p < 0.05). Comorbidities with the highest mortality risk were: cardiac arrhythmia (OR 15.9, 95% CI 13-19.3, p < 0.001), coagulopathy (OR 7.5, 95% CI 6.4-8.8, p < 0.001), fluid and electrolyte disorders (OR 22, 95% CI 17.7-27.2, p < 0.001), hypertension (OR 7.4, 95% CI 6.2-8.8, p < 0.001), myocardial infarction (OR 7.2, 95% CI 5.9-8.6, p < 0.001), and neurological disorders (OR 7.9, 95% CI 6.7-9.2, p < 0.001) compared to not having the condition.


        Table 2 shows the results from univariate analysis of comorbidities and demographic factors as well significant modification (interaction) effects. Significance was denoted using (*) to indicate unadjusted modification significant at p < 0.10, and (**) to indicate significance at p < 0.05. Forty-eight unadjusted modifications/interaction effects were found to be significant at p < 0.10; 43 of these interactions were significant at p < 0.05. Sex, age, and race significantly modified 18, 23, and 7 unadjusted associations, respectively.


        
          Table 2: Univariate analysis of demographic and comorbidities in adult Covid-19 patients at NYU Langone Health from March 3 - May 31 2020 (N = 5473). View Table 2

        


        Significant demographic modification (interaction) effects were introduced into final models to determine modifications (interactions) that continued to stay significant. The demographic modification (interaction) effects that remained significant included the following: sex and depression, age and cardiac arrhythmia, age and neurological disorders, age and paralysis, age and paralysis, age and pulmonary disorders, race and anemia, and race and solid tumor without metastasis.


        Demographic characteristics found to significantly modify the association of comorbidity and mortality were stratified to provide more context of the effect. Figure 1, Figure 2 and Figure 3 show the differing mortality risk when comorbidities were stratified by sex, age, and race. The different pitches in regression line slopes depicted in Figure 1a illustrate the increased risk of mortality for females with depression compared to males with depression. Specifically, the regression line for females with depression is steeper, which shows a greater association with mortality, compared to males with depression. Figure 1b shows the adjusted odds of mortality in females with depression was 1.2 (95% CI 0.8-1.6, p = 0.44), compared to 0.5 for males with depression (95% CI 0.4-0.7, p < 0.001) Figure 2 illustrates the increased mortality risk for patients younger than 60 years of age with (a) Cardiac arrhythmia, (b) Neurological disorders, (c) Paralysis, (d) Pulmonary disorders, compared to patients 60 years and older with these comorbidities. The adjusted odds of mortality in patients younger than 60 years of age with cardiac arrhythmia (OR 15.3, 95% CI 9.0-25.9, p < 0.001), neurological disorders (OR 4.6, 95% CI 2.9-7.3, p < 0.001), paralysis (OR 2.5, 95% CI 1.0-6.1, p = 0.04), or pulmonary disorders (OR 4.5, 95% CI 2.7-7.4, p < 0.001), were higher compared to people older than 60 years with cardiac arrhythmia (OR 5.5, 95% CI 4.4-7.0, p < 0.001), neurological disorders (OR 2.6, 95% CI 2.1-31, p < 0.001), paralysis (OR 1.2, 95% CI 0.8-2.0, p = 0.39), or pulmonary disorders (OR 1.8, 95% CI 1.4-2.3, p < 0.001), respectively (Figure 2e). Figure 3 illustrates the increased mortality risk for White patients with anemia (a) and Black patients with solid tumors (without metastasis) (b), compared to other racial groups with these comorbidities. The adjusted odds of mortality for White patients with anemia was 1.2 (95% CI 0.8-1.7, p = 0.32), compared to 0.2 for Black patients (95% CI 0.1-0.7, p = 0.009), 0.4 for Asian patients (95% CI p = 0.11), and 1.0 for patients with other/unknown racial backgrounds (95% CI 0.5-1.7, p = 0.9) (Figure 3c). The adjusted odds of mortality for Black patients with solid tumors without metastasis was 2.0 (95% CI 1.0-3.9, p = 0.03) compared to 1.2 for White patients (95% CI 0.8-1.8, p = 0.29), 0.3 for Asian patients (95% CI 0.1-1.6, p = 0.15), and 1.1 for patients with other/unknown racial backgrounds (95% CI 0.6-2.1, p = 0.64) (Figure 3c).


        
          [image: ] Figure 1: Illustration of the moderation/interaction effect of sex on the association of depression and mortality in adult NYU Langone Health Covid-19 patients from March 3 - May 31 2020 (N = 8324), by a) Visualization of the moderation/interaction effect, and b) Multivariate analysis of significant comorbidity and mortality interaction stratified by sex. View Figure 1

        

        

        
          [image: ] Figure 2: Illustration of the moderation/interaction effect of age on the association of significant comorbidities and mortality in adult NYU Langone Health Covid-19 patients from March 3 - May 31 2020 (N = 8324), by visualization of the moderation/interaction effect on the association between a) Cardiac arrhythmia, b) Neurological disorders, c) Paralysis, d) Pulmonary disorders and mortality, and e) Multivariate analysis of significant comorbidity and mortality interaction stratified by age. View Figure 2

        

        

        
          [image: ] Figure 3: Illustration of the moderation/interaction effect of race on the association of significant comorbidities and mortality in adult NYU Langone Health Covid-19 patients from March 3 - May 31 2020 (N = 8324), by visualization of the moderation/interaction effect on the association between a) Anemia and b) Solid tumor (without metastasis) and mortality, and c) Multivariate analysis of significant comorbidity and mortality interaction stratified by race. View Figure 3

        


        Discussion


        To our knowledge, this is one of the first studies to examine the modification (interaction) effects of demographics on the association of comorbidities and mortality in a large urban US cohort of adult Covid-19 patients. Publications thus far have described the demographic differences observed between patients who die from Covid-19 illness and those who survive, generally concluding that females and people younger than 60 years of age with Covid-19 have lower risk of severe disease and mortality [32]. Patients belonging to different racial groups have been shown to have disparate risk of mortality, with the mortality burden particularly affecting Black and Hispanic patients. Our analysis highlights the importance of certain comorbidities and their effect on the risk of mortality for certain demographic groups generally considered "low risk", such as females and young people.


        Our findings regarding the association between comorbidities and mortality in patients with Covid-19 are consistent with other studies showing that patients with conditions such as diabetes, hypertension, and renal disease have increased risk of mortality [5,7]. Our study also expounds on the risk of mortality by assessing a more comprehensive list of comorbidities (Charlson and Elixhauser indices). In terms of demographics, our cohort demonstrated males and patients older than 60 years of age generally have increased risk of mortality [13]. Our results of the risk of mortality in racial populations also approximate the infection and mortality statistics for New York City overall [33,34].


        In this study, we found generally considered low-risk demographic groups-females and people younger than 60 years of age-with certain comorbidities were actually at increased risk of mortality compared to their high-risk counterparts with the same comorbidity. Additionally, we found differences in risk among racial groups with certain comorbidities. Age significantly modified the greatest number of comorbidity associations with mortality, and in all age stratifications people younger than 60 years of age with the comorbidity had a greater mortality risk compared to people older than 60 years of age with the same comorbidity. Sex significantly modified the association between depression and mortality, and females with depression had greater mortality risk than males. Race significantly modified the association between anemia, and solid tumor without metastasis, and mortality; White patients with anemia had the greatest mortality risk of all anemia patients, and Black patients with solid tumors had the greatest mortality risk of all solid tumor patients. These modification (interaction) effects require further research into the root causes of these effects, but these results show the presence of previously unidentified at-risk subgroups.


        Further studies are needed to understand the relationship between demographics, comorbidities, and mortality in Covid-19 patients, including the impact of access and delivery of medical care. Studies have begun to investigate the effect of comorbidities such as obesity on certain subgroups' risk of severe Covid-19 disease [35,36], suggesting the need for more comprehensive analysis of demographic modification effects on the association of comorbidities and severe outcomes. Additionally, research has started to probe the underlying mechanisms responsible for the sex disparities in mortality in Covid-19 patients [37]. Research focusing on additional demographic factors-such as socioeconomic status-and their potential modification effects on the association of comorbidities and mortality is needed to fully understand disparities in the Covid-19 pandemic and their effect on communities.


        Identifying groups with Covid-19 at greater risk for mortality can lead to increased awareness and targeted health interventions at the individual and community level to improve Covid-19 outcomes. Vulnerable groups who are aware of their increased risk may prioritize social distancing, vaccination and other preventive measures, and seek medical care sooner. Additionally, as states and countries around the world lift restrictions on travel and congregate settings, public health authorities may advise vulnerable groups of their increased risk in order to help them protect themselves. The modification effect of demographics found in our study may also have clinical implications for triage and care in the healthcare setting.


        Limitations


        A major limitation of our study was missing or incomplete data in the EMR. Moreover, comorbidities were extracted from patients' problem lists associated with the ED/hospital encounter, without associated dates to identify their onset. Other limitations include the limited availability and sensitivity of SARS-CoV-2 PCR nasopharyngeal testing and the generalizability of our conclusions to other patient populations within the United States and in other countries. Additionally, differences in admission/discharge and triage decisions among groups could affect mortality. This study made the assumption patients did not die after discharge from the ED or inpatient service -there is potential for patients being discharged and subsequently readmitted/dying elsewhere. To investigate this potential impact we performed an ad hoc analysis of deaths post-discharge in our EMR in our patient cohort. Our EMR regularly reconciles deaths with local vital statistic registries which showed 2.7% of our original inpatient cohort had expired post-discharge, compared to 0.02% of the ED/outpatient cohort. These findings suggest that the majority of deaths were likely captured during the visit in the study and happened at similar rates from the ED and hospital encounter. Generally, it can be assumed outpatients did not have severe enough symptoms at time of encounter to require hospitalization, making them less likely to expire compared to patients who developed severe symptoms and presented to the hospital.
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