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Abstract

Purpose To evaluate mortality risk of CKD patients infected with COVID-19, and assess shared characteristics associated
with health disparities in CKD outcome.

Methods We extracted the data from a case series of 7624 patients presented at Mount Sinai Health System, in New York for
testing between 3/28/2020 and 4/16/2020. De-identified patient data set is being produced by the Scientific Computing depart-
ment and made available to the Mount Sinai research community at the following website: https://msdw.mountsinai.org/.
Results Of 7624 COVID-19 patients, 7.8% (n=597) had CKD on hospital admission, and 11.2% (n=_856) died of COVID-19
infection. CKD patients were older, more likely to have diabetes, hypertension, and chronic obstructive pulmonary disease
(COPD), were current or former smokers, had a longer time to discharge, and had worse survival compared to non-CKD
patients (p <0.05). COVID-19 mortality rate was significantly higher in CKD patients (23.1% vs 10.2%) with a 1.51 greater
odds of dying (95% CI: 1.19-1.90). Controlling for demographic, behavioral, and clinical covariates, the logistic regression
analysis showed significant and consistent effects of CKD, older age, male gender, and hypertension with mortality (p <0.05).
Conclusion CKD was a significant independent predictor of COVID-19 mortality, along with older age, male gender, and
hypertension. Future research will investigate the effects of COVID-19 on long-term renal function.
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Introduction

The World Health Organization (WHO) deemed COVID-
19 disease (nCov-2019) a global pandemic on March 11th,
2020 [1]. Of the 856,209 reported cases in the United States
(US), 47,272 resulted in mortality, leading to a case fatality
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fatality rate (CFR). Data from the China Center of Disease
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obesity, chronic lung disease, heart, liver, and chronic kidney
disease (CKD) also have a higher CFR [6]. As of April 22,
2020, the CFR of the world is 7% overall, but has fluctuated
throughout the outbreak [7].

Previous studies have shown that patients with CKD with
comorbidities have poorer outcomes such as all-cause mor-
tality, increased hospitalization, and longer hospital stays
than comparative individuals [8]. Additionally, there is
evidence that suggests racial disparities in CKD mortality
[9]. Emerging data indicate that patients with poor kidney
function also experience severe COVID-19-related outcomes
[10].

In this study, we examine the role of CKD in COVID-
19-related mortality, as well as, evidence of shared demo-
graphic and clinical characteristics associated with docu-
mented health disparities.

Materials and methods

Our study consists of the largest US case series of patients
diagnosed with COVID-19 across the Mount Sinai Health
System (MSHS), in New York, from March 28th, 2020 to
April 16th, 2020. As MSDW provides de-identified data, the
Ethics Committee of MSHS approved a waiver of documen-
tation of informed consent. Data were collected on COVID-
19 patients that were admitted to the hospital according to
Mount Sinai Health System guidelines [11]. Only patients
that were discharged were included in the analysis. Respira-
tory specimens were collected by the medical staff in all
affiliated hospitals and then shipped to designated MSHS
authorized laboratories to detect COVID-19. The presence
of SARS-CoV-2 in respiratory specimens was detected by
real-time RT-PCR methods. The RT-PCR assay was con-
ducted in accordance with the protocol established by the
WHO [12]. De-identified COVID-19 patient data sets are
made available daily by the Scientific Computing depart-
ment to the Mount Sinai research community at the Mount
Sinai Data Warehouse (MSDW) [https://msdw.mountsinai
.org/]. These data included information on patient demo-
graphics, comorbidities, body-mass index, smoking status,
date of diagnosis, date of hospitalization, date of discharge,
or date of death for patients with a COVID-19-related
encounter.

Data were summarized as median (interquartile range)
for continuous variables and as frequency (%) for categori-
cal variables. We described the distribution of demograph-
ics, smoking status, comorbidities, and outcomes among
COVID-19-positive patients overall and stratified by CKD
status. CKD stage was defined using the Modification of
Diet in Renal Disease (MDRD) as estimated GFR (eGFR)
less than 60 mL/min/1.73 m?, according to National Kidney
Foundation Practice Guidelines. [13, 14]. Bivariate tests
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examined associations between the demographic (age, race/
ethnicity, sex), behavioral (smoking history, obesity), and
clinical variables (i.e., comorbidities) as well as mortality,
discharge, time to death or discharge and CKD (stage 3-5)
status (yes/no) using Chi-square (y*) or Fisher’s exact tests
for categorical variables and Wilcoxon rank sum tests or
Kruskal-Wallis tests for continuous variables. Subsequently,
we evaluated the associations between these variables and
mortality (yes/no). In a series of logistic regression analyses,
we examined the relationship between CKD and mortality
controlling for potential demographics, behavioral, and clini-
cal covariates. Only variables significantly associated with
mortality in bivariate assessments at the  =0.10 level were
included in our logistic regression models. Statistical analy-
ses were performed using SAS 9.4 and R 3.6.

Results

Of the 7624 COVID-19 patients in our sample, 7.8%
(n=597) had a diagnosis of CKD (Table 1). Approximately
32.8% of patients were at least 65 years of age. The major-
ity (54.6%) of the patients were male and almost half of
the patients were of African diasporic ancestry (24.9%) or
Hispanic/Latinx ancestry (24.4%). About one-fifth (20.4%)
of patients were current or former smokers, and 6.7% were
obese. With respect to comorbidities, 4.4% of patients pre-
sented with asthma, 2.6% with chronic obstructive pulmo-
nary (COPD), 24.7% with hypertension, 17.6% with diabe-
tes, 1.6% with human immunodeficiency viruses (HIV), and
6.3% with cancer. More than one-tenth (11.2%) of patients
died during the observation period of this study. Among
those who did not die, 51.6% were discharged, 10.0% were
outpatients, and 27.1% remained hospitalized at the time of
this analysis.

We observed statistically significant differences between
patients with and without CKD with respect to age, race/
ethnicity, smoking status, obesity, all comorbidities, and
mortality (p <0.001; Table 1). More specifically, patients
with CKD were older (62.8%) compared to the non-CKD
group (36.1%). About two-thirds of patients with CKD were
of African diasporic ancestry (34.3%) or Hispanic/Latinx
(34.5%) compared to 24.1%, and 23.6%, respectively, in the
non-CKD group. The prevalence of being a current or for-
mer smoker was more than twofold higher in the CKD group
(41.0%) compared to the non-CKD group (18.7%), while the
prevalence of obesity was about threefold higher (17.9% vs
5.7%). Asthma and COPD were prevalent among 8.9%, and
7.7% of the CKD group, respectively. We observed four-
fold higher prevalence of hypertension (80.4% vs 20.0%)
and diabetes (56.4% vs 14.3%) in patients with CKD. The
prevalence of HIV and cancer in CKD patients was 4.0%
and 5.9%, respectively. Almost one-quarter (23.1%) of those
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Table 1 Distribution.of Variable Sub-categories Overall (n=7624) Non-CKD CKD patients  p value
demogr..ap.h.lcs, smoking status, patients (1=7027, (n=597,
comorbidities, and outgo.mes 92.2%) 7.8%)
among COVID-19-positive
patients overall and stratified by~ Age <45 years 2093 (27.4%) 2048 (29.1%) 45 (7.5%) <0.001
chronic kidney disease 45 to <65 years 2621 (34.4%) 2444 (34.8%) 177 (29.6%)
65 + years 2910 (38.2%) 2535 (36.1%) 375 (62.8%)
Sex? Female 3450 (45.2%) 3190 (45.4%) 260 (43.6%)  0.38
Male 4161 (54.6%) 3824 (54.4%) 337 (56.4%)
Race/ethnicity ~ African ancestry 1898 (24.9%) 1693 (24.1%) 205 (34.3%) <0.001
White 1894 (24.8%) 1805 (25.7%) 89 (14.9%)
Hispanic/Latinx 1862 (24.4%) 1656 (23.6%) 206 (34.5%)
Asian 357 (4.7%) 332 (4.7%) 25 (4.2%)
Other/unknown 1613 (21.2%) 1541 (21.9%) 72 (12.1%)
Smoking status Non-smoker 3906 (51.2%) 3581 (51.0%) 325 (54.4%) <0.001
Current/former smoker 1558 (20.4%) 1313 (18.7%) 245 (41.0%)
Unknown 2160 (28.3%) 2133 (30.3%) 27 (4.5%)
Asthma No 7289 (95.6%) 6745 (96.0%) 544 (91.1%) <0.001
Yes 335 (4.4%) 282 (4.0%) 53 (8.9%)
COPD No 7426 (97.4%) 6875 (97.8%) 551 (92.3%) <0.001
Yes 198 (2.6%) 152 (2.2%) 46 (1.7%)
HTN No 5737 (75.2%) 5620 (80.0%) 117 (19.6%) <0.001
Yes 1887 (24.7%) 1407 (20.0%) 480 (80.4%)
Obesity No 7114 (93.3%) 6624 (94.3%) 490 (82.1%) <0.001
Yes 510 (6.7%) 403 (5.7%) 107 (17.9%)
Diabetes No 6280 (82.4%) 6020 (85.7%) 260 (43.6%) <0.001
Yes 1344 (17.6%) 1007 (14.3%) 337 (56.4%)
HIV No 7503 (98.4%) 6930 (98.6%) 573 (96.0%) <0.001
Yes 121 (1.6%) 97 (1.4%) 24 (4.0%)
Cancer No 7140 (93.6%) 6613 (94.1%) 527 (88.3%) <0.001
Yes 484 (6.3%) 414 (5.9%) 70 (11.7%)
Death No 6768 (88.7%) 6309 (89.8%) 459 (76.9%) <0.001
Yes 856 (11.2%) 718 (10.2%) 138 (23.1%)

Data were summarized as median (IQR) for continuous variables and as frequency (column %) for cat-

egorical variables

“Missing information on sex for 13 (0.2%) overall, all of which pertained to the non-CKD group

with CKD died during the study observation period as com-
pared to about one-tenth (10.2%) of patients in the non-CKD
group.

All variables under consideration were associated with
mortality at the ¢ =0.10 level except asthma (p=0.41), obe-
sity (p=0.33), and HIV (p =0.30; Table 2). Almost one-
quarter (22.6%) of patients aged 65 years and older died
as compared to 6.9% and 0.9% among 45 to <65 year olds
and < 45 year olds, respectively (p <0.001). Approximately
12.1% of males died compared with 10.2% among females
(p=0.011). Slightly higher proportions of those of African
diasporic ancestry (11.9%) and Whites (12.7%) died com-
pared to Hispanic/Latinx (10.1%), Asian (10.9%), and Other/
Unknown (10.0%) racial/ethnic groups (p=0.054). Approxi-
mately 16.1% of current/former smokers died compared to
10.4% of non-smokers and 9.2% of those with unknown

smoking status (p <0.001). Approximately 23.7% of patients
with COPD died compared to 10.9% of those without COPD
(»<0.001). Compared to those without hypertension, more
patients with hypertension died (8.7% vs 19.0%, p <0.001).
Similarly, more deaths were observed among patients with
diabetes (18.0% vs 9.8%, p<0.001) and cancer (15.3% vs
10.9%, p=0.003).

Our unadjusted and adjusted logistic regression mod-
els are shown in Fig. 1a, b, respectively. Variables signifi-
cantly associated with mortality in our bivariate analyses at
a=0.10 level were included in our adjusted model: CKD,
age group, sex, and hypertension. Specifically, the adjusted
odds of dying were 1.51-fold (95% CI=1.19-1.90) higher
for patients with CKD as compared to the non-CKD group.
The adjusted odds of dying for the middle-aged and old-
est age groups were 7.91-fold (95% CI=4.85-12.90)
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Table 2 Distribution of

X h Variable Sub-categories Non-deceased Deceased p value
demographics, beha.V1.0.ra1 (n=6768, 88.7%) (=856, 11.2%)
factors, and comorbidities by
deceased status Age <45 years 2075 (99.1%) 18 (0.9%) <.001
45 to <65 years 2440 (93.1%) 181 (6.9%)
65 + years 2253 (77.4%) 657 (22.6%)
Sex? Female 3099 (89.8%) 351 (10.2%) 0.011
Male 3656 (87.9%) 505 (12.1%)
Race/ethnicity African ancestry 1672 (88.1%) 226 (11.9%) 0.054
White 1654 (87.3%) 240 (12.7%)
Hispanic/Latinx 1673 (89.8%) 189 (10.1%)
Asian 318 (89.1%) 39 (10.9%)
Other/unknown 1451 (90.0%) 162 (10.0%)
Smoking status Non-smoker 3499 (89.6%) 407 (10.4%) <0.001
Current/former smoker 1307 (83.9%) 251 (16.1%)
Unknown 1962 (90.8%) 198 (9.2%)
Asthma No 6466 (88.7%) 823 (11.3%) 0.41
Yes 302 (90.1%) 33 (9.9%)
COPD No 6617 (89.1%) 809 (10.9%) <0.001
Yes 151 (76.3%) 47 (23.7%)
HTN No 5239 (91.3%) 498 (8.7%) <0.001
Yes 1529 (81.0%) 358 (19.0%)
Obesity No 6322 (88.9%) 792 (11.1%) 0.33
Yes 446 (87.4%) 64 (12.6%)
Diabetes No 5666(90.2%) 614 (9.8%) <0.001
Yes 1102 (82.0%) 242 (18.0%)
HIV No 6657 (88.7%) 846 (11.3%) 0.30
Yes 111 91.7%) 10 (8.3%)
Cancer No 6358 (89.1%) 782 (10.9%) 0.003
Yes 410 (84.7%) 74 (15.3%)
Chronic Kidney Disease No 6309 (89.8%) 718 (10.2%) <0.001
Yes 459 (76.9%) 138 (23.1%)

Data were summarized as median (IQR) for continuous variables and as frequency (row %) for categorical

variables

“Missing information on sex for 13 (0.17%) patients

and 29.51-fold (95% CI=18.32-47.53) higher than that
observed among the youngest age group. Males had 1.33-
fold (95% CI=1.14-1.55) higher adjusted odds of dying.
Additionally, the adjusted odds of dying were 1.23-fold
(95% CI=1.01-1.48) higher for patients with hypertension
as compared to those without hypertension. Race/ethnicity,
smoking status, COPD, diabetes, and cancer were not associ-
ated with mortality in our model.

Discussion

During the COVID-19 pandemic, social distancing and
avoiding medical facilities is not a viable option for mil-
lions of individuals living with CKD. Due to their weakened
immune system, CKD patients are more likely to experience
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adverse outcomes compared to the general population.
Emerging evidence indicates associations between sever-
ity of COVID-19 and comorbidities like hypertension, dia-
betes, COPD, obesity, chronic lung disease, and CKD [10,
15]. In this investigation, we used a recent case series of
patients diagnosed with COVID-19 across the MSHS from
March 28th, 2020 to April 16th, 2020 to evaluate the impact
of CKD on COVID-19-related mortality. We found a sig-
nificantly increased risk of mortality among patients with
CKD, independent of other patient characteristics. Overall,
the attributable risk of COVID-19-related mortality due to
CKD was approximately 0.128, implying that 1/8 deaths
were due to CKD.

Despite the paucity of available studies, findings in
another study culled these results by reporting that COVID-
19 patients with CKD were more likely to be on ventilators,
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OR 95% CI OR 95% CI
Chronic Kidney Disease Chronic Kidney Disease
Yes vs No 264 (2.15-3.24) - Yes vs No 1.51 (1.19-1.90) —
Age Age
65+ yrs. vs <45 yrs. 33.64 (20.99-53.94) _— 65+ yrs. vs <45 yrs. 2951  (18.32-47.53) —_—
45- <65yrs. vs <45yrs. 8.55 (5.25-13.93) —_— 45- <65yrs. vs <45yrs. 791 (4.85-12.90) _—
Sex Sex
Male vs Female 1.22 (1.06-1.41) [~ Male vs Female 1.33 (1.14-1.55) -
Race/Ethnicity Race/Ethnicity
African ancestry vs White 0.93 (0.77-1.13) —- African ancestry vs White 0.94 (0.76-1.15) -
Hispanic/Latinx vs White 0.78 (0.63-0.95) - Hispanic/Latinx vs White 0.78 (0.63-0.97) —
Asian vs White 0.84 (0.59-1.21) —_— Asian vs White 1.02 (0.70-1.50) —_
Other/Unknown vs White 0.77 (0.62-0.95) — Other/Unknown vs White 0.89 0.71-1.11) —r
Smoking Status Smoking Status
Current/former smoker vs Non-Smoker ~ 1.65 (1.39-1.96) - Current/former smoker vs Non-Smoker ~ 1.05 (0.87-1.27) -
Unknown vs Non-Smoker 0.87 (0.73-1.04) e | Unknown vs Non-Smoker 1.07 (0.87-1.30) -
COPD COPD
Yes vs No 254 (1.82-3.55) — Yes vs No 1.15 (0.80-1.64) —_—
HTN HTN
Yes vs No 2.46 (2.12-2.85) - Yes vs No 1.23 (1.01-1.48) -
Diabetes Diabetes
Yes vs No 2.02 (1.72-2.38) - Yes vs No 1.13 (0.92-1.37) ot
Cancer Cancer
Yes vs No 1.46 (1.13-1.90) — Yes vs No 0.84 (0.64-1.10) —T
rr Tt 1111111 LN N N N N N I B |

-050051152253354
log(Unadjusted OR)

(a)

Fig. 1 Results of unadjusted (a) and adjusted (b) logistic regression
analyses examining the contribution of CKD, as well as demograph-
ics, behavioral factors, and comorbidities to the odds of mortality

be admitted to the Intensive Care Unit (ICU), and have
greater mortality rates [10]. In comparison to our study, a
similar study conducted on a European population showed
that in-hospital deaths were higher in patients with increased
creatinine levels and history of previous CKD [16]. Simi-
larly, other individual studies considered in a meta-analysis
showed no association between CKD and severe COVID-19
disease; however, the pooled estimate of these studies indi-
cated that patients with CKD had a significantly higher risk
of severe diseases [17]. A possible explanation is that 3 out
of 4 of the studies discussed in the meta-analysis may have
been underpowered to detect any significant difference given
that their sample sizes were 12, 138, and 140. Addition-
ally, these studies include patients from different countries,
where COVID-19 hospital admissions criteria may have dif-
fered from the criteria of our cohort in the US, thus allowing
data on CKD status of COVID-19 patients to be lost due to
underreporting of comorbidities of patients treated at homes.
This might explain the variations in COVID-19-CKD asso-
ciations observed in different studies. Furthermore, recent
clinical evidence has shown that non-survivors of COVID-
19 had elevated levels of factors related to kidney diseases
such as creatinine, blood urea, neutrophil count, and b-dimer
[18, 19]. Additionally, in terms of transmission and pathol-
ogy, COVID-19 uses the ACE2 receptor for initial viral
attachment and human-to-human and cross-species trans-
mission. A preponderance of which are located in the lungs
and kidney—hence COVID-19's potential relationship with
CKD [20]. Consequently, ACE inhibitors, often prescribed

-050051152253354
log(Adjusted OR)

(b)

among COVID-19-positive patients. Variables were included in this
analysis if they were associated with mortality at the =0:10 level in
bivariate assessments

for CKD comorbidities, may leave users at increased risk for
adverse COVID-19 symptomology and outcome [21, 22].

We observed patients who had COVID-19 and CKD had
other coexisting morbidities such as diabetes, hypertension,
and COPD, and increased health risk behavior. We found
a significant association with old age, male gender, and
hypertension as predictors of mortality within our cohort,
while accounting for the presence of additional comorbidi-
ties, and risk behavior, which might explain intrinsic sus-
ceptibility to becoming critically ill upon infection. Support
for our findings stems from previous studies, reporting that
older patients were more likely to die from COVID-19 [23,
24]. A study identified that patients with COVID-19 were
over 63 years of age on average, more likely to be male
and have an additional comorbidity, including hyperten-
sion [10]. However, in contrast to other published work, our
study found no relationship with other comorbid conditions,
despite the variability and diversity in the population with
respect to race and CKD status. Additionally, a meta-analy-
sis on over 1500 patients found that old age and comorbidi-
ties such as hypertension, diabetes, respiratory system dis-
ease, and cardiovascular disease are risk factors for seriously
ill COVID-19 patients [25]. A potential explanation for this
discrepancy is patients in our study could have had better
pre-admission control of other comorbid conditions. Addi-
tionally, our patient cohort is more heterogeneous regarding
chronological age, which may have resulted in low rates of
reported comorbidities typically associated with older age
in this study.
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Studies have shown that African Americans (AA)
diagnosed with CKD have a significantly higher risk of
mortality than white patients with CKD, and evidence
suggests a link between socioeconomic factors and worse
CKD outcomes [9]. While white individuals had a greater
mortality rate than other races in our study (12.7%), con-
trolling for other variables, the difference was not statisti-
cally significant. Considering that most deaths reported are
based on in-hospital reports, it is possible that more white
individuals are accounted for due to their better access
to healthcare, whereas minorities are more likely to con-
stitute the out-of-hospital COVID-19 mortality and their
deaths are unaccounted [26]. Evidence also suggests that
CKD outcomes do not improve in racial minorities when
care is standardized [9].

Our results confirmed shared COVD-19 and CKD
demographic and clinical characteristics documented
in the CKD health disparities in the US (e.g., older age,
comorbidities). To reduce the effect of COVID-19 on
existing CKD disparities and to improve the health of vul-
nerable patients, healthcare systems must optimize CKD
clinical care and reduce risk of infection and worse out-
comes of COVID-19. A recent COVID-19 paper argued
that parameters for the prediction of the need for admis-
sion to ICUs are urgently needed for patients with nephri-
tis to enable timely management and appropriate resource
allocation [27]. Routine data collection of differential
clinical (morbidity, mortality) and social determinants of
health (socioeconomic factors, healthcare access, physi-
cal environment, individual and collective health behav-
iors) within electronic medical records and health equity
surveillance systems are necessary to optimize under-
standing of CKD-COVID-19 double burden [28, 29]. The
surveillance system would benefit from local knowledge
and active involvement of clinical supportive care staff
(e.g., social workers) to facilitate understanding of broader
contextual factors that can drive mortality and morbidity
associated with outbreaks including COVID-19 [28-30].

Our study presents important findings. With a large sam-
ple size, of over 7000 patients from the epicenter of the pan-
demic in the US, our study is reflective of a broad patient
demographic and outcomes in New York City. Our study
does have limitations Data on clinical and behavior char-
acteristics of patients, such as race and smoker status were
missing. Additionally, information on patients that were on
dialysis or that have had kidney transplants was not avail-
able. Future studies should investigate the impacts of these
factors on outcomes of patients with COVID-19 and CKD.
The laboratory data are not fully linked to the dataset, and
will require analysis in a future study. Another limitation is
that our study does not account for cases and deaths outside
of the MSHS system, such as patients in nursing homes,
homebound, and other care facilities.
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In conclusion, the present study demonstrates that CKD
is a strong predictor of mortality in patients diagnosed with
COVID-19. Specifically, the odds of mortality are 1.51 times
higher in CKD patients with COVID-19 when controlling
for other risk factors. Our results indicate the importance of
prioritizing COVID-19 patients with CKD in hospital admis-
sions and guide closer monitoring and supportive care. Lon-
gitudinal studies are necessary to further explore the impact
of COVID-19 on long-term kidney function, survival, and
quality of life.
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