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Abstract
Background In-hospital death risks vary in COVID-19 patients with comorbidities. Kidney function decline is
prevalent in this course.
Methods To explore the exact role of deteriorated kidney function, we applied a retrospective cohort study
including 1266 participants in Wuhan Tongren Hospital between January 27 and March 3, 2020.
Demographic characteristics, preexisting comorbidities history, organ function data and outcomes were
extracted. Deteriorated kidney function was identi ed as the decline percentage, assessed by an increase in
peak serum creatinine from the baseline. Mediating effect was calculated by mediation analysis.
Key Results 1266 hospitalized COVID-19 patients (60±15 years, 47.8% are male) were included, with an
overall in-hospital death rate of 4.42% (56/1266). For critical cases, 77.02% had at least one preexisting
comorbidity. Patients with comorbidities suffered higher in-hospital death and more severe decline of kidney
function. Compared to patients with minor function decline (<10%), signi cant risk increase was found in
those with more severe one (OR 3.57; 95%CI 1.70 to 7.52; P=.001 for moderate with 10-50% decline, and
37.45; 95%CI 18.71 to 74.55; P .001 for severe with>50%). More interestingly, the mediation analysis found
deteriorated kidney function played as an important mediator between different comorbidities and COVID19 patients’ in-hospital death, with the mediation effect of 11%, 12%, 16% and 32% respectively for
hypertension, COPD, CVD and CKD.
Conclusions Deteriorated kidney function is strongly associated with increase of in-hospital death in COVID19 and partially mediates the facilitating effect of preexisting comorbidities on in-hospital death. Thus,
dynamic monitoring kidney function, preventing the deterioration of kidney function might be helpful to
improve survival in COVID-19 patients, especially those with preexisting comorbidities.

Introduction
Preexisting comorbidities are prevalent among COVID-19 patients, especially in critical cases. According to a
most last case series in Canada, at least one comorbidity was present in 73.5% COVID-19 patients who was
admitted to intensive care unit (ICU) (1). The in-hospital death rates of COVID-19 patients are reported to
range from 0.4–49.0%, which is correlated with preexisting comorbidities (2–4). As reported in a recent
meta-analysis, hypertension, diabetes, cardiovascular disease (CVD) were independent risk factors for poor
prognosis in COVID-19 patients, while no correlation was found in renal or liver disease (5). However, in
another study reported in Iran, the death rate was higher in chronic kidney disease (CKD) patients (16.66%)
than those with CVD (10.81%), hypertension (13.55%) or diabetes (9.73%) (6). Few studies have looked into
this inconformity and the underlying mechanisms on how these preexisting comorbidities accelerate this
process. Immune dysregulation and prolonged in ammation were regarded as possible mechanisms (2).
However, none of them gave a detailed inspection.
Emerging data have reported that patients with preexisting comorbidities were more likely to suffer acute
organ injury (7–9), which has been recently implicated as an independent risk for increased in-hospital
death in COVID-19 patients (10–12). As reported by T. Guo, 27.8% of the hospitalized COVID-19 patients
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exhibited myocardial injury (8) while up to 75% of the COVID-19 patients experienced different degree of
kidney function decline (13). However, the exact role of this universal alternation has not been gured out.
Based on these, we hypothesized that comorbidities facilitated excess deaths by causing renal damage. To
this end, we here studied retrospectively 1266 COVID-19 patients in Wuhan. Logistic analysis was applied to
prove the facilitating role of deteriorated kidney function for in-hospital death in COVID-19 patients with
various comorbidities. What’s more, it was determined as an important mediator in comorbidities related
death, which gave a clue of COVID-19 patients’ management.

Methods

Study design and participants
We retrospectively collected data from 1276 patients with laboratory-con rmed COVID-19 infection who
were treated at Tongren Hospital of Wuhan University between January 27 and March 3, 2020. A con rmed
case of COVID-19 was de ned by a positive result on a reverse-transcriptase-polymerase-chain-reaction (RTPCR) assay of nasal or pharyngeal swab specimens (14, 15). De-identi ed data on patients’ demographic
characteristics, preexisting comorbidities history, laboratory tests and outcome status were extracted from
the electronic medical records. Patients with missing value for baseline serum creatinine or lack of repeated
measurements of creatinine were excluded in this study (10, in total). All data were checked by two
physicians (LQM and WX) individually. The study protocol conformed to the ethical guidelines of the 1 975
Declaration of Helsinki and was approval by the Ethics Committee of Tongren Hospital of Wuhan University
(KY2020-020). Owing to the rapid emergence of this infectious disease, written informed consent was
waived.

Data Collection
Clinical information included age, sex, history of smoking and preexisting comorbidities as noted in either
the inpatient or the outpatient electronic health record. Comorbidities, including hypertension, underlying
CVD, CKD, diabetes mellitus, chronic liver disease or chronic obstructive pulmonary disease (COPD) were
recorded. The presence of comorbidities was based on patients’ self-report on admission or identi ed from
the documented electronic health record. Routine blood examinations, serum biochemical tests (including
indicators for different organ function), and infection-related indicators such as C- reactive protein were
collected. Repeated serum creatinine during hospitalization were collected for further evaluation.

Study De nitions
The severity of COVID-19 was classi ed into critical and non-critical cases, according to the management
guideline for COVID-19(16, 17). Patients were considered as critical cases if they met one of the following
criteria: 1) respiratory failure requiring mechanical ventilation; 2) presence of shock; 3) other organ failure
requiring ICU admission (16, 17). The requirement for ICU admission during hospitalization was judged by
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the treating physicians. The main endpoint in our study was in-hospital death, de ned as patients’
documented death for any cause during hospitalization.
Deterioration of kidney function was identi ed as a relative increase in serum creatinine (18), assessed by
an increase in peak serum creatinine from baseline during hospitalization in our study. Baseline serum
creatinine was de ned as the serum creatinine value on admission while the peak was the highest
creatinine level during hospitalization. The severity of decline of kidney function was classi ed into minor,
moderate and severe (respectively < 10%, 10–50% and > 50% decline in kidney function).

Statistical analysis
Continuous variables were presented as means and standard deviations (SD) or medians and interquartile
ranges (IQR) as appropriate, and the categorical variables were presented as counts and percentages. Twosample t test or Wilcoxon rank-sum test were used for continuous variables and chi-square test for
categorical variables. Univariate logistic regression analysis was performed to ascertain the effects of
comorbidities and deterioration of kidney function on the likelihood of negative outcomes. Odds ratios
(ORs) and corresponding 95% con dence interval (CI) were calculated. These models were then adjusted for
age and gender (model 2) and further adjusted for white blood cell counts, smoking status and baseline
serum creatinine in model 3, as these were generally accepted risk factors associated with increased
mortality (2, 19).
Further, simple mediation models were sought to explain the mechanism underlying the observed
relationship between those independent variables (individual comorbidities, i.e. hypertension, CVD, CKD,
diabetes, liver disease or COPD) and dependent variable (in-hospital death) via the hypothetical mediator
(deteriorated kidney function). It also allowed us to quantify the proportion of mediating effect with respect
to the total effect of individual comorbidities on mortality risk. Different paths were created in this model:
pathway a, the effect of individual comorbidities on deterioration of kidney function; pathway b, the effect
of deterioration of kidney function on in-hospital death in COVID-19 patients by the mediator included;
pathway c, total effect of individual comorbidities on in-hospital death in COVID-19 patients; and pathway c’,
the remaining effect of comorbidities on in-hospital death not mediated by deteriorated kidney function.
Bootstrapping methods were used for testing the mediation hypotheses using a resample procedure of 1
000 bootstrap samples, as recommended by Preacher and Hayes (20). Point estimates and 95% CI were
calculated. The point estimate was considered to be signi cant when the con dence interval did not contain
zero.
All statistical analyses were performed using Stata/SE 15.1 software (Stata Corp, College Station, TX, USA),
unless otherwise indicated. All P values < 0.05 were considered statistically signi cant.

Results

Demographic and clinical characteristics of COVID-19
patients
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1276 hospitalized patients were enrolled initially. Ten of them were excluded for missing value. The mean
(SD) age was 60.31 (14.99) years, and 47.87% (606/1266) were male. Totally, 148 out of 1 266 patients
(11.69%) were diagnosed as critical cases while the ICU admission rate was 6.79% (86/1266). The overall
in-hospital death rate was 4.42% (56/1266). Detailed information of other characteristics is presented in
Table 1.
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Table 1
Baseline characteristics of the included COVID-19 patients.
Variables

All patients(n = 1266)

Age, years

60.31(14.95)

Gender, male

606/1 266(47.87%)

Systolic blood pressure, mmHg

130.52(17.39)

Diastolic blood pressure, mmHg

79.33(10.66)

Smoker

67/1 266(5.29%)

Comorbidities
Hypertension

432/1 266(34.12%)

Cardiovascular disease

208/1 266(16.43%)

Chronic kidney disease

83/1 266(6.56%)

Diabetes

187/1 266(14.77%)

Liver disease

107/1 266(8.45%)

COPD

192/1 266(15.17%)

Lab test
Infection-related markers
White blood cell count, *10 ~ 9/L

5.56(2.42)

Lymphocyte count, *10 ~ 9/L

1.24(0.58)

Leukocyte count, *10 ~ 9/L

3.81(2.32)

Platelet count, *10 ~ 9/L

215.28(87.03)

C reactive protein, mg/L

9.93(1.48–44.44)

Liver function
Alanine aminotransferase, IU/L

24(15–38)

Aspartate aminotransferase, IU/L

26(20–37)

Lactic dehydrogenase, IU/L

201(161–272)

Myocardial markers
Creatine kinase, IU/L

68(45–119)

Data are presented as mean (SD), median (IQR) or number/total (percentage).
Abbreviation: COPD, chronic obstructive pulmonary disease; hs-TNT I, hypersensitivity troponin I; NTproBNP, N-terminal pro-B-type natriuretic peptide.
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Variables

All patients(n = 1266)

Creatine kinase-MB, IU/L

10(7–14)

Myoglobin, ng/ml

44.46(28.27–76.14)

hs-TNT I, ng/ml

0.06(0.85)

NT-proBNP,

29.76(12.51–69.7)

Renal function
Urea nitrogen, mmol/l

4.25(3.4–5.6)

Baseline creatinine, umol/l

63.6(51.6–79.5)

Peak creatinine, umol/l

66.35(54.4–83.4)

Decline of renal function
Decline <10%

1058/1 266(83.57%)

Decline 10–50%

156/1 266(12.32%)

Decline >50%

52/1 266(4.11%)

Data are presented as mean (SD), median (IQR) or number/total (percentage).
Abbreviation: COPD, chronic obstructive pulmonary disease; hs-TNT I, hypersensitivity troponin I; NTproBNP, N-terminal pro-B-type natriuretic peptide.
Comorbidities were prevalent in COVID-19 patients and associated with higher in-hospital death.
56.16% (711/1266) had at least one type of preexisting comorbidities, to be more detailed, hypertension
(34.12%), CVD (16.43%), CKD (6.56%), diabetes (14.77%), liver disease (8.45%) or COPD (15.17%). For
critical cases (67 ± 14 years), 77.02% have at least one preexisting comorbidity. As presented in Fig. 1,
patients with these comorbidities suffered excess death (6.71% for hypertension, 15.87% for CVD, 19.28%
for CKD, 8.02% for diabetes, 9.35% for liver disease and 23.96% for COPD). The same conclusion can be
drawn, when other indicators of illness severity was tested, including critical cases and ICU admission
(Table 2). It’s revealed that preexisting CVD, CKD, COPD or liver diseases were at higher risk of in-hospital
death. The odds ratios were highest for COPD (OR 44.70, 95%, CI 20.71–96.48), followed by CKD (OR 7.08,
95%CI 3.55–14.13) and CVD (OR 6.12, 95%CI 3.35–11.19). Of note, we did observe excess death in patients
with hypertension and diabetes, but this did not achieve statistical signi cance (Table 2).
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Table 2
Logistic regression analysis between different comorbidities and the adverse outcomes.
Comorbidities

Critical cases

ICU admission

In-hospital death

OR (95%CI)

P
value

OR (95%CI)

P
value

OR (95%CI)

P
value

Hypertension

1.31(0.90,1.90)

.15

1.14(0.71,1.83)

.59

1.43(0.81,2.54)

.22

CVD

3.33(2.21,5.00)

< .001

2.93(1.77,4.86)

< .001

6.12(3.35,11.19)

< .001

CKD

2.95(1.70,5.13)

< .001

3.04(1.61,5.75)

.001

7.08(3.55,14.13)

< .001

Diabetes

1.32(0.85,2.07)

.22

1.26(0.72,2.22)

.42

1.54(0.80,2.96)

.19

Liver disease

1.47(0.83,2.63)

.19

2.51(1.36,4.64)

.003

2.44(1.12,5.31)

.02

COPD

6.92(4.57,10.46)

< .001

7.72(4.79,12.43)

< .001

44.70(20.71,96.48)

< .001

Abbreviation: ICU, intensive care unit; OR, odds ratio; CI, con dence interval; CVD, cardiovascular disease;
CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease. All models were adjusted for
age, gender, smoking status and white blood cell count.
Deteriorated kidney function was remarkable in patients with comorbidities and progressively correlated
with increased risk of in-hospital death
Generally, COVID-19 patients suffered kidney impairment during hospitalization. The average decline in
kidney function was much notable in non-survivors (1.13 ± 1.84 vs 0.06 ± 0.32). More speci cally, the
majority of the survivors had less than 10% decline of kidney function compared to the non-survivors
(85.62% vs 39.29%) while nearly half of the non-survivors suffered more than 50% decline of kidney
function (41.07% vs 2.4%). As presented in Fig. 2A, COVID-19 patients with hypertension, CVD, CKD,
diabetes, liver diseases or COPD had correspondingly higher prevalence of more severe kidney function
decline. In addition, with similar degree of kidney function decline, the in-hospital death rates were manyfold higher in those with comorbidities (Fig. 2B). It suggested that the impact of deteriorated kidney function
was more detrimental to those with comorbidities.
Next, we applied a univariate model to examine the association between deteriorated kidney function and
excess death. As expected, a graded, progressive association was observed. Generally, there was a 4.3-fold
increase in the odds of in-hospital death per unit decline in kidney function. For moderate kidney decline
patients, the odds was 3.57-fold higher when compared to the minor ones. And the increase risk was more
striking for severe ones (OR 37.45, 95%CI 18.71–74.55). These results remained signi cant even after
adjustment for age, gender (model 2), and further for smoking status, white blood cell count and baseline
serum creatinine (model 3, seen in Fig. 3). Interestingly, compared to preexisting CKD, in other types of
comorbidities deteriorated kidney function applied much more risk of death (seen in Appendix eFigure 1).
The association of comorbidities and excess death in COVID-19 patients was partially mediated by
deteriorated kidney function.
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The components analyzed in the mediation model are shown in Fig. 4 and eTable 1(Appendix). Pathway c is
the total effect of individual comorbidity on excess death. Pathway a represents the association between
individual comorbidity and deteriorated kidney function, which revealed that CVD, CKD, diabetes, liver
disease or COPD were associated with more severe decline in kidney function (Appendix eTable 1). Pathway
b represents the association between deteriorated kidney function and excess death. After testing the
mediation hypothesis using the bootstrapping method, the total proportion of overall effect mediated by
deterioration of kidney function was estimated to 11%, 16%, 19%, 21% and 12%, respectively for
hypertension, CVD, diabetes, liver diseases and COPD. While, the mediation effect of deteriorated kidney
function for diabetes and liver diseases did not reach a statistical signi cance. It should be noted that the
mediation effect of deterioration of kidney function (32%) was highest, which indicated it was most crucial
to those with CKD.

Discussion
Our analysis revealed that comorbidities were prevalent in COVID-19. Compared to those without, patients
with preexisting CVD, CKD, COPD or liver disease sustained excess death. More importantly, our report
highlights for the rst time that deteriorated kidney function during hospitalization is a detrimental factor to
excess death and partially mediates the facilitating effect of comorbidities, which provides novel insights
into comorbidity-related excess death.
Our study described the characteristics of COVID-19 in a larger population with a wider range of
comorbidities. In this study, 56.16% patients have at least one preexisting comorbidity. This is consistent
with another published research in Wuhan (48%) (21). Although, a lower comorbidity rate (25.1%) was
observed in a larger descriptive research in whole China (2). However, it’s surprised nearly 90% or even above
90% of the hospitalized COVID-19 patients were with at least one type of comorbidities in the US (22, 23).
This difference may occur from various admission standards, but generally, comorbidities were quite
common for hospitalized COVID-19 patients. For critical cases, comorbidities are even more prevalent;
77.02% in our research coincides with 73.5% in Canada (1).
Compared to COVID-19 patients without preexisting comorbidities, those with CVD, CKD, COPD or liver
disease had greater excess death. The strength of correlation between different comorbidities and the
prognosis, however, was inconsistent when compared with the previous researches (2, 5, 24). We do not nd
signi cant risk increase in hypertension and diabetes. The reasons for these inconsistences are still
confusing. Thus, how these comorbidities accelerate in-hospital death is an urge problem remained to be
solved.
In current study, it’s shown that patients with comorbidities were more prone to experience deteriorated
kidney function. Our mediation analysis demonstrates that the deteriorated kidney function exhibited
different proportion of mediation effect on the accelerating role of comorbidities. The association of
comorbidities and high in-hospital death could be partially explained by deteriorated kidney function, with a
mediation effect ranging from 11–32% and highest for CKD. In line with previous ndings (11, 13),
deteriorated kidney function is prevalent in COVID-19 patients and strongly related to higher in-hospital
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death rate, especially in those with comorbidities. However, previous studies were focusing on acute kidney
injury (11, 13). While, in our research, any declines in kidney function were found associated with excess
death independent of age, gender, smoking status, white blood cell counts and baseline serum creatinine.
Although the highest risk occurred in patients with more than 50% decline of kidney function, those with
more than 10% decline of kidney function ought not to be neglected. However, according to our ndings,
deteriorated kidney function is not the only mediator in comorbidities related excess death. Meanwhile, more
detailed mechanism as well as the cause-effect relationship could not be con rmed for the retrospective
nature of this study.
The pathogenesis of COVID-19 related kidney function deterioration and how it accelerates in-hospital death
is largely unknown. It’s supposed to be related to direct viral infection or dysregulated immune response (10,
25, 26). SARS-CoV-2 enters cells by binding angiotensin-converting enzyme-2 (ACE2) (27, 28). Theoretically,
the decrease of ACE2, caused by SARS-CoV-2 infection, would break the balance between ACE and ACE2. As
a result, Renin-Angiotensin-Aldosterone system (RAAS) was positively regulated and angiotensin II type 1
receptor was over stimulated, which may further cause in ammation activation, endothelial injury and
mitochondrial dysfunction (29, 30). The kidney and cardiovascular system are supposed as main victims
for they are main targets of angiotensin II. These was astonishingly consistent with our ndings, for we get
the most mediating effect in CKD and CVD patients. It may be reasonable to speculate that the deteriorated
kidney function could be a sign of renal involvement of SARS-COV-2 infection. And it may be somehow
relevant to RAAS, which requires further investigations.
For now, kidney function hasn’t been emphasized in COVID-19 patients’ management both in China and
Occident (16, 17, 31). These ndings provide novel insights into comorbidities-related in-hospital death,
which could be helpful in stratifying high-risk patients during this pandemic and advising prevention
practices for high-risk patients. In other words, the decline of kidney function is likely considered as an
important factor in risk strati cation models for COVID-19. Besides, compared to preexisting CKD, in other
types of comorbidities deteriorated kidney function applied much more risk of death. Thus, dynamic
monitoring the kidney function is of paramount importance in COVID-19 patients, especially in those with
preexisting comorbidities. Additionally, avoiding the occurrence of hypotension/hypoxemia or using
nephrotoxic drugs, attenuating the synthesis of pro-in ammatory cytokines might help to lower the risk of
jeopardizing the kidney function and improve chances of survival in patients with preexisting comorbidities.
But patients were not followed after discharge in this investigation. Hence, recovery of the kidney function
and the full clinical course of these patients could not be further evaluated.
In conclusion, the alternation of kidney function should be noticed in COVID-19 patients’ management for it
may work as an important mediator for comorbidities related in-hospital death.
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Figure 1
In-hospital death rate in patients with or without speci c comorbidities. Patients with comorbidities had
higher in-hospital death rates following COVID-19 infection (6.71% for hypertension, 15.87% for CVD, 19.28%
for CKD, 8.02% for diabetes, 9.35% for liver disease and 23.96% for COPD). * indicates a P value <0.05 while
** indicates a P value <0.001 between groups.
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Figure 2
Distribution of deteriorated kidney function and in-hospital death in patients with or without comorbidities
according to the decline of kidney function. A. Compared to patients without comorbidities, those with
hypertension, CVD, CKD, diabetes, liver disease or COPD had correspondingly higher prevalence of more
severe decline of kidney function. B. With similar degree of kidney function decline, the death rate was
signi cantly higher in those with comorbidities.
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Figure 3
Logistic regression analysis between deteriorated kidney function and in-hospital death in COVID-19
patients. Model 1 represented a non-adjusted model. Model 2 was adjusted for age and gender. Model 3
was adjusted for age, gender, smoking status, white blood cell count and baseline serum creatinine. OR,
odds ratio. CI, con dence interval.
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Figure 4
The mediation models between individual comorbidity and in-hospital death in COVID-19 patients. Pathway
a represents the association between individual comorbidity and deteriorated kidney function. Pathway b
represents the association between deteriorated kidney function and in-hospital death in COVID-19 patients.
The total proportion of overall effect mediated by deterioration of kidney function was 11%, 16%, 32%, 19%,
21% and 12%, respectively for hypertension, CVD, CKD, diabetes, liver disease and COPD. * indicates a
signi cant mediation effect.
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