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Twenty-four-hour serum creatinine variation is associated
with poor outcome in the novel coronavirus disease 2019
(COVID-19) patients
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Background: The prognostic value of within-day sCr variation serum creatinine variation is unknown in the setting of the novel corona-
virus disease 2019 (COVID-19). We evaluated the prognostic significance of 24-hour serum creatinine variation in COVID-19 patients.
Methods: A monocentric retrospective analysis was conducted in COVID-19 patients not admitted to the intensive care unit. Three
groups were subdivided based on 24 hours serum creatinine variation from admission. In the stable kidney function group, 24-hour
serum creatinine variation ranged from +0.05 to -0.05 mg/dL; in the decreased kidney function group, 24-hour serum creatinine
variation was >0.05 mg/dL; in the improved kidney function group, 24-hour serum creatinine variation was <-0.05 mg/dL.

Results: The study population included 224 patients with a median age of 66.5 years and a predominance of males (72.3%). Within
24 hours of admission, renal function remained stable in 37.1% of the subjects, whereas it displayed improved and deteriorated pat-
terns in 45.5% and 17.4%, respectively. Patients with decreased kidney function were older and had more severe COVID-19 symp-
toms than patients with stable or improved kidney function. About half of patients with decreased kidney function developed an epi-
sode of acute kidney injury (AKI) during hospitalization. Decreased kidney function was significantly associated with AKI during hospi-
talization (hazard ratio [HR], 4.6; 95% confidence interval [Cl], 1.9-10.8; p < 0.001) and was an independent risk factor for 30-day
in-hospital mortality (HR, 5.5; 95% Cl, 1.1-28; p = 0.037).
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Conclusion: COVID-19 patients with decreased kidney function within 24 hours of admission were at high risk of AKI and 30-day

in-hospital mortality.
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Introduction

The novel coronavirus disease 2019 (COVID-19) is a com-
plex disease presenting principally with pneumonia and
multiorgan disease in aged and highly comorbid patients
[1]. Acute decline of kidney function is a relatively frequent
complication of COVID-19, especially in patients with severe
lung involvement [2]. The etiological mechanisms causing
acute kidney injury (AKI) are still unknown. The interplay
between hyperactive immune response, cytopathic effects of
the virus, and homeostatic reactions to balance pulmonary
and hemodynamic responses have been postulated to be the
main causes of kidney damage [3]. The rate of this complica-
tion ranges from 0.5% to 36.6% [2,4-9]. In intensive care unit
(ICU), the prevalence of this disease was higher, accounting
for about 80% of patients [10].

The diagnosis of AKI relies on the 2012 Kidney Disease:
Improving Global Outcomes (KDIGO) guidelines and is de-
fined as the combination of a peak increase in serum creati-
nine (sCr) level and abrupt reduction of urinary output [11].
In the real world, small sCr variations are frequent and often
overlooked. The prognostic value of sCr within-day variation
has been poorly investigated because fluctuations of sCr can
be linked to nonpathological issues including analytical, bi-
ological, and dietary factors [12,13]. A study of 14,912 adults
who underwent two sCr measurements within 24 hours
showed that monitoring 24-hour sCr variation was useful to
identify AKI earlier than with the conventional criteria. A 24-
hour sCr variation greater than 0.1 mg/dL (or an increase of
5%) was associated with increased all-cause mortality, espe-
cially in inpatient settings [14].

As a predictor of poor outcomes, change in sCr can be
a useful risk-stratification tool to quickly identify high-risk
COVID-19 patients requiring intensive management. Com-
prehensive risk assessment assumes paramount importance
in the management of these vulnerable subjects. Identifica-
tion of high-risk patients soon after admission allows timely
supportive treatment and limits further insult to the kidneys.
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Based on this background, we evaluated 24-hour sCr differ-
ences (AsCr) after admission in a cohort of hospitalized pa-
tients with COVID-19 to assess the prognostic effect of early
sCr variation.

Methods

We retrospectively reviewed the electronic charts of all non-
ICU hospitalized patients with COVID-19 at the University
Hospital of Modena, Italy from March 4 to June 20, 2020.
The study was approved by the regional ethical committee
of Emilia Romagna (No. 0013376/20). Written informed con-
sent was waived due to containment restrictions between
COVID-19 patients and healthcare workers.

Population

Demographic, clinical, and laboratory data of 432 consec-
utive adult patients (=18 years) admitted with COVID-19
were collected. According to the international guidelines,
diagnosis of COVID-19 was defined as a positive real-time
reverse transcriptase-polymerase chain reaction assay of
nasopharyngeal swabs or lower respiratory tract specimens
[15]. Study inclusion criteria comprised patients older than
18 years with a second measurement of sCr within 24 hours
from admission. Patients on renal replacement therapy were
excluded from the analysis.

The study population comprised 224 patients. The AsCr
was calculated by subtracting the first sCr value from the
second value collected within 24 hours of admission (AsCr =
SCr,y, - SCrp,.ime)- The entire cohort was subdivided accord-
ing to 24-hour AsCr. In the stable kidney function group, the
24-hour AsCr ranged from +0.05 to -0.05 mg/dL: in the de-
creased kidney function group, the 24-hour AsCr was >0.05
mg/dL; in the improved kidney function group, the 24-hour
AsCrwas <-0.05 mg/dL.



Alfano, et al. Serum creatinine variation in COVID-19

Baseline clinical characteristics

All measurable comorbidities were quantified in our study
population at admission. Chronic kidney disease (CKD) was
defined as a chronic (>3 months) reduction of glomerular
filtration rate (GFR) < 60 mL/min; cardiovascular disease
(CVD) included a wide array of diseases affecting the cardiac
muscle and the vascular system supplying the heart, brain,
and other vital organs; chronic obstructive pulmonary dis-
ease was defined as a previous diagnosis of airflow obstruc-
tion with reduction of forced expiratory volume in 1 second;
hypertension referred to high blood pressure (=140/90
mmHg) requiring at least one antihypertensive medication;
diabetes included altered glucose metabolism requiring
treatment; AKI has been defined according to 2012 KDIGO
guidelines without urine output criteria [11].

All patients were treated in agreement with the Regional
Guidelines of Emilia Romagna [12] regarding the treatment
of COVID-19; these were continuously updated during the
period of the study. The treatments consisted of (1) hydroxy-
chloroquine (400 mg twice a day [BID] on day 1 followed by
200 mg BID on days 2 to 5, eventually adjusted for creatinine
clearance estimated by a CKD algorithm); (2) azithromycin
(500 mg once a day [QD)] for 5 days) at physician discretion
when suspecting a bacterial respiratory superinfection; (3)
low molecular weight heparin for prophylaxis of deep vein
thrombosis according to body weight and kidney function; (4)
darunavir/cobicistat (800/150 mg QD) or lopinavir/ ritona-
vir (400/100 mg BID) for 14 days were used until March 18,
when a clinical trial on the former did not show any benefit
of protease inhibitors against the standard of care. Other an-
tiviral agents showing promising results, such as remdesivir,
were not used in our patients due to lack of availability in the
market.

Serum creatinine measurement

The sCr level was measured in a single laboratory at the Uni-
versity Hospital of Modena using the Jaffe (CREJ2, Roche/
Hitachi Cobas Systems; Roche Diagnostics GmbH, Mann-
heim, Germany) or the enzymatic method (Ortho Clinical
Diagnostics, Rochester, NY, USA). The latter has been used
to measure sCr in urgent blood tests. Precision in sCr mea-
surement ranged from 1.2% to 5.0% for the Jaffe method and
from 1.3% to 2.6% for the enzymatic method. The estimated

GFR was calculated using the Chronic Kidney Disease-Epi-
demiology Collaboration equation [16]. Peak sCr value was
selected among patients with multiple sCr measurements
(>2 times) performed on the same day. A cut-off of +0.05
mg/dL was chosen to overcome interlaboratory variability
[17].

Outcome

The primary outcome measure was 30-day in-hospital mor-
tality among patients stratified according to 24-hour AsCr.

Statistical analysis

Comparisons of population characteristics were performed
using the paired Student t-test or Wilcoxon signed-rank test,
as appropriate, and the chi-square test was used for categor-
ical variables. One-way analysis of variance evaluated differ-
ences in continuous variables between groups, and Tukey
test was used for post hoc analysis.

Kaplan-Meier analysis assessed the survival of patients.
Cox regression was used to estimate time-to-event data; the
hazard ratio (HR) for death was adjusted for age, sex, PaO,/
FiO, ratio, CKD, AKI, CVD, hypertension, diabetes, C-re-
active protein, and GFR. The stable kidney function group
was considered as a reference. All independent variables
satisfied the proportional hazard assumption. A two-sided
p-value less than 0.05 was considered statistically significant.
Statistical analysis was performed using IBM SPSS version
27 (IBM Corp., Armonk, NY, USA).

Results

The median patient age was 66.5 years (interquartile range,
55.5-77.7 years), with a predominance of males (72.3%).
Clinical and laboratory examinations of all enrolled patients
are reported in Table 1.

Within 24 hours from admission, kidney function decreased
in 39 subjects (17.4%), improved in 102 (45.5%), and remained
stable in 83 (37.1%). Patients with decreased kidney function
were older and presented with more severe impairment
of respiratory function than patients with stable kidney
function or improved kidney function. No differences were
observed in the administration of fluid or potentially neph-
rotoxic agents across groups. The fluctuations in sCr detect-
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Figure 1. Graphic representation of 24-hour AsCr in subjects with decreased kidney function.

AsCr, variation in serum creatinine.

ed in the decreased kidney function group are detailed in
Fig. 1. Notably, 69.2% of AsCr results were <0.3 mg/dL, a cut-
off currently used to diagnose AKI [11].

AKI was detected in 43.6%, 9.6%, and 15.7% of patients
with decreased kidney function, stable kidney function, and
improved kidney function, respectively. As expected, patients
with decreased kidney function experienced more episodes
of AKI than did the other patients (p < 0.001) (Table 1).
Positive correlation was found between the continuous
variable AsCr and AKI (r = 0.31; p = 0.001) and in-hospital
mortality (r = 0.21; p = 0.002); univariate Cox regression anal-
ysis showed that AsCr was a predictor of AKI (HR, 7.9; 95%
confidence interval [CI], 4.2-14.7; p < 0.001) and in-hospital
mortality (HR, 4.0; 95% CI, 2.2-7.2; p < 0.001).

Cox regression analysis was performed to assess the as-
sociation between groups and outcomes. Subjects with
decreased kidney function had a 4.6-fold greater risk of de-
veloping episodes of AKI (95% CI, 1.9-10.8; p < 0.001); con-
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versely, improvement of kidney function, was not associated
with AKI (HR, 1.7; 95% CI, 0.6-3.7; p = 0.273).

Kaplan-Meier estimates revealed statistically significant
differences in survival between the groups (log-rank test,
p < 0.001). The chi-square test estimated that patients with
decreased kidney function (p < 0.001) and improved kidney
function (p = 0.02) had higher mortality compared to subjects
with stable kidney function (Fig. 2). Cox hazards regression
analysis showed that decreased kidney function was an inde-
pendent risk factor for 30-day in-hospital mortality, with an
adjusted HR of 5.5 (95% CI, 1.1-28.0; p = 0.04) (Table 2).

Discussion

In clinical practice, sCr is the most common endogenous
marker for assessing kidney function. Small increases in sCr
have been recognized as a sign of impaired kidney func-
tion. According to the current guidelines, an increase in sCr
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Figure 2. Kaplan-Meier curves describing the survival of patients with COVID-19 stratified according to the value of 24-hour AsCr.
Thirty-day survival of patients with stable kidney function (-0.05 < AsCr < +0.05 mg/dL), decreased kidney function (AsCr > 0.05 mg/

dL) and improved kidney function (AsCr < -0.05 mg/dL).

COVID-19, the novel coronavirus disease 2019; AsCr, variation in serum creatinine.

Table 2. Unadjusted and adjusted Cox regression analyses to predict 30-day in-hospital mortality

Unadjusted analysis

Adjusted analysis

Kidney function Model 1 Model 2

HR 95% ClI p-value HR p-value HR 95% CI p-value
Stable (Reference) (Reference)
Decreased 5.8 2.3-14.9 <0.001* 6.2 <0.001* 5.5 1.1-28 0.04~*
Improved 2.8 1.1-6.9 0.03* 2.8 0.23 2.1 0.6-7.2 0.24

HR has been adjusted for sex and age (model 1) and for PaO,/FiO,, acute kidney injury, diabetes, chronic kidney disease, cardiovascular disease, blood
pressure, C-reactive protein, and glomerular filtration rate at admission (model 2).

Cl, confidence interval; HR, hazard ratio.
*p < 0.05.

> 0.3 mg/day within 48 hours is widely recognized as the

minimum criterion for the diagnosis of AKI [11]. In hospi-

talized patients, sCr variation is a frequent event, principally

related to hemodynamic instability, systemic inflammatory

response, dehydration, and use of nephrotoxic agents. Fluc-

tuations in sCr generally occur in aged patients, especially if

they are affected by systemic disease [18].

This study confirms that sCr elevation portends adverse

prognostic significance in hospitalized patients with severe
symptoms of COVID-19. We found that the decrease of kid-
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ney function whitin 24 hours from admission is an indepen-
dent factor for poor outcomes in a group of non-ICU-admit-
ted patients with symptoms of COVID-19.

In this study, the majority of patients (>80.0%) had stable
(37.1%) or improved (45.5%) kidney function within 24 hours
from admission. A small subset of the population (17.4%)
experienced an increase in sCr over baseline. As the rates of
supportive therapies and nephrotoxic agents were similar
among the three groups, it is unclear why sCr changed in
only some patients. Theoretically, supportive therapy in-
cluding fluid administration, oxygen delivery, modulation of
antihypertensive therapy, and withdrawal of offensive agents
is expected to stabilize or even improve kidney function in ill
and potentially dehydrated patients. Conversely, an increase
in sCr, despite the best supportive care, is likely associated with
a serious medical condition. Indeed, kidney function decline
was documented in a subset of the population with different
demographic and clinical characteristics compared to pa-
tients with stable or improved kidney function. Twenty-four-
hour sCr elevation occurred in older subjects presenting
with the higher sequential organ failure assessment score
(SOFA score), including a lower mean PO,/FiO, and a higher
baseline sCr, compared to patients in the stable kidney func-
tion group. We suppose that baseline kidney function and
severity of COVID-19 as key drivers of change in sCr within
24 hours from admission. As expected, the continuous vari-
able AsCr was independently associated with AKI (HR, 7.9;
95% CI, 4.2-14.7; p < 0.001) and in-hospital mortality (HR,
4.0; 95% CI, 2.2-7.2; p < 0.001). Subsequent analysis showed
that an increase in sCr > 0.05 mg/dL within 24 hours from
admission occured in a high-risk cohort of patients who
experienced poorer outcomes (Fig. 2). This subset of the
population was associated with a 4.6-fold risk of developing
AKI during hospitalization and with a 5.5-fold risk of 30-day
in-hospital mortality. Similar results have been found in a
previous study aimed to clarify the clinical meaning of with-
in-day AsCr in adult hospitalized subjects. The results of that
study reported that each 5% or 0.1 mg/dL elevation in AsCr
was associated with increased 30-day all-cause mortality
(adjusted HR, 1.08; 95% CI, 1.06-1.10) [14].

As previously mentioned, modest sCr variations are of-
ten overlooked in the real world because these changes are
often linked to analytical (e.g., interindividual variability or
analytic error) or biological (e.g., muscle mass, renal tubular
secretion, or protein-rich intake) variations. The cut-off of
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0.05 mg/dL, indicating an increase of small magnitude, is
theoretically greater than the “desirable” biologic variations
of the laboratory methods used to measure sCr. The intral-
aboratory precision of sCr measurement is currently set at
<4% to 5% below 1.13 mg/dL and at <2% above 1.13 mg/dL
[17,19].

Based on these results, decrease in kidney function might
be clinically relevant because it can affect patient survival.
The change in sCr can be a useful prognostic marker to strat-
ify COVID-19 patients at high risk of AKI or poor outcomes.
In the context of the emerging and rapidly evolving situation
of the COVID-19 pandemic, timely identification of patients
at high risk of AKI allows hospitals to prioritize supportive
treatment in the most vulnerable subjects. In attempt to
prevent and limit kidney injury, adequate care bundles for
subjects with AKI should include adequate hydration, avoid-
ance of nephrotoxic drugs, and withdrawal of potentially
deleterious drugs such as renin-angiotensin system blockers
and metformin [20].

In the absence of more detailed data about the pathogenic-
ity of severe acute respiratory syndrome coronavirus (SARS-
CoV-2) in the renal parenchyma [21], we suppose that the
results of this study are not exclusively related to COVID-19
and might be translated to other general systemic diseases
including bloodstream infection or sepsis of other origins. In
particular, sepsis is a unique milieu to evaluate the clinical
significance of sCr fluctuations. In this setting, sCr eleva-
tion is associated with dramatic increases in morbidity and
mortality because reduced creatinine production due to the
proinflammatory state tends to magnify even small varia-
tions in sCr [22].

The retrospective nature of our study, the small sample
size and the lack of intra-group stratified analysis are the
main drawbacks and limit the generalizability of our re-
sults. Although all patients received the same treatment for
COVID-19 at admission, we cannot estimate the effects of
other medicaments administered before admission nor can
we control for other potential confounding variables able to
interact with the most relevant outcomes. Given the general
interest in identification of an early marker of morbidity and
mortality in the pathogenesis of COVID-19, confirmatory
studies are needed before drawing firm conclusions. Fur-
thermore, further investigations should confirm these find-
ings in the general population.

In conclusion, sCr elevation (greater than 0.05 mg/dL)
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within 24 hours from admission selected a group of aged pa-
tients with severe manifestations of COVID-19 at high risk of
30-day in-hospital mortality.
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