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Abstract

BACKGROUND

The outbreak of coronavirus disease 2019 (COVID-19) has rapidly evolved into a
global pandemic. COVID-19 is clinically categorized into mild, moderate, severe,
and critical illness. Acute kidney injury is an independent risk factor for poor
prognosis in patients with. Serum cystatin C (sCys C) is considered a more
sensitive biomarker for early renal insufficiency than conventional indicators of
renal function. Early detection of risk factors that affect the prognosis of severe
and critically ill patients while using active and effective treatment measures is
very important and can effectively reduce the potential mortality rate.

AIM

To determine the predictive value of sCys C for the prognosis of patients with
COVID-19.

METHODS

The clinical data of 101 severe and critically ill patients with COVID-19 at a
designated hospital in Wuhan, Hubei Province, China were analyzed
retrospectively. According to the clinical outcome, the patients were divided into
a discharge group (64 cases) and a death group (37 cases). The general
information, underlying diseases, and laboratory examination indexes of the two
groups were compared. Multivariate Cox regression was used to explore the
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relationship between sCys C and prognosis. The receiver operating characteristic
(ROC) curve was used to demonstrate the sensitivity and specificity of sCys C and
its optimal cut-off value for predicting death.

RESULTS

There were significant differences in age, sCys C, creatinine, C-reactive protein,
serum albumin, creatine kinase-MB, alkaline phosphatase, lactate dehydrogenase,
neutrophil count, and lymphocyte count between the two groups (P < 0.001).
Multivariate logistic regression analysis showed that sCys C was an independent
risk factor for death in patients with COVID-19 (Odds ratio = 1.812, 95%
confidence interval [CI]: 1.300-2.527, P < 0.001). The area under the ROC curve
was 0.755 (95%CI: 1.300-2.527), the cut-off value was 0.80, the specificity was
0.562, and the sensitivity was 0.865.

CONCLUSION
sCys C is an independent risk factor for death in patients with COVID-19. Patients
with a sCys C level of 0.80 mg/L or greater are at a high risk of death.

Key Words: COVID-19; Cystatin C; Acute kidney injury; Renal function; Coronavirus
infections; Multiple organ dysfunction syndrome

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The novel coronavirus epidemic has become a major public health event in
the world. The mortality rate of severe and critical patients is high. It is very important
to find an available, cheap, and sensitive biomarker to predict mortality. Cystatin C is a
predictor of renal injury. We compared 101 severe and critical patients with
coronavirus disease 2019 (COVID-19) in Wuhan, China, and found that patients with a
cystatin C level of 0.80 mg/L or greater were at a high risk of death. Therefore, cystatin
C may have an important role in the prognosis of severe and critical patients with
COVID-19.

Citation: Li Y, Yang S, Peng D, Zhu HM, Li BY, Yang X, Sun XL, Zhang M. Predictive value
of serum cystatin C for risk of mortality in severe and critically ill patients with COVID-19.
World J Clin Cases 2020; 8(20): 4726-4734

URL: https://www.wjgnet.com/2307-8960/full/v8/i20/4726.htm

DOI: https://dx.doi.org/10.12998/wjcc.v8.i20.4726

INTRODUCTION

The outbreak of coronavirus disease 2019 (COVID-19) has rapidly evolved into a
global pandemic. As of June 17, 2020, more than 8 million people have been infected
worldwide. The World Health Organization has reported more than 440000 deaths
and 130000 new confirmed cases daily. Most patients with COVID-19 have mild
symptoms, but approximately 5%-20%"1 have severe symptoms, including acute
respiratory distress syndrome, septic shock, and multiple organ failure. The mortality
rate of patients with severe COVID-19 was higher than that of patients with mild
COVID-19. The later the diagnosis is made, the higher the risk of death.

In addition to the impacts of COVID-19 on the respiratory system and immune
system, the kidney is also one of the main organs being affected. Whether COVID-19
patients will develop acute kidney injury (AKI), which may affect their prognosis, is
an important issue and worthy of clinical attention. Some studies have shown that AKI
is an independent risk factor for poor prognosis in patients with COVID-19F. In
addition to the direct toxicity of coronaviruses, factors attributed to AKI include
systemic hypoxia, coagulation abnormalities, and rhabdomyolysis which may be
related to drugs or hyperventilation®. Early detection of AKI in patients with COVID-
19 is conducive to establishing standardized AKI cluster prevention and treatment (5R
principle): Risk screening, early recognition, timely response, renal replacement
therapy, and renal recovery, which are key to improve the cure rate and reduce the
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mortality rate of patients with COVID-19.

Serum cystatin C (sCys C) is a newly developed index with a high sensitivity and
specificity for evaluating renal function, which is not affected by age, sex, weight,
inflammation, and other factors. It is considered an endogenous marker superior to
serum creatinine (sCr)®. sCys C is a cysteine protease inhibitor, also known as y-trace
basic protein or post-gamma globulin, which is encoded by the Cys C gene that can be
continuously transcribed and expressed in all nucleated cells at a constant speed. It has
no tissue specificity with a small molecular weight (13 kDa), being positively charged
under physiological conditions. It is freely filtered in the glomeruli, completely
reabsorbed by the renal tubular epithelial cells, and degraded within cells without
returning to the blood. Renal tubular epithelial cells do not secrete sCys C into the
lumen, therefore its serum concentration is mainly determined by glomerular filtration
rate which is an important indicator of glomerular filtration®. In addition, it has been
reported that sCys C can be used to evaluate the survival rate of patients with sepsis!’l.

The purpose of this study was to investigate the effect of COVID-19 on renal
function and assess the predictive value of sCys C for risk of mortality in critically ill
patients with COVID-19.

MATERIALS AND METHODS

Study design and patient population

This single-center retrospective study included adults diagnosed with COVID-19
admitted to the ward of a designated hospital in Wuhan, Hubei Province, from
January to March 2020 without any history of chronic kidney disease. The diagnostic
criteria were based on the COVID-19 Diagnosis and Treatment Protocol (trial version
7) formulated by the National Health Commission of China, with the epidemiological
history and clinical expression of COVID-19, and the etiological or serological
evidence (positive novel coronavirus nucleic acid test or serum specific antibody test)
considered. Patients recruited in this study were all severe or critically ill patients.
Severe condition was determined when subjects had any of the following conditions:
(1) Shortness of breath with a respiration rate > 30 times/min; (2) Oxygen saturation <
93% in the resting state; and (3) PaO,/FiO, < 300 mmHg. Subjects were considered
critical if any of the following conditions arose: (1) Respiratory failure and need for
mechanical ventilation; (2) Shock; and (3) Patients with other organ failure that should
be monitored in the intensive care unit (ICU).

This survey was a retrospective study collecting only the clinical data of patients.
Since it did not bring risks to patients” physiology and did not interfere with patients’
treatment plan, and researchers protected patients” information from disclosure,
Xuanwu Hospital of Capital Medical University agreed to exempt this study from
ethical review.

Data collection

All subjects enrolled in our study had a case report form, and data were collected
within 12 h after hospital admission, including sex, age, medical history,
complications, sCys C, creatine kinase-MB (CK-MB), serum creatinine (sCr), aspartate
aminotransferase (AST), alanine aminotransferase (ALT), gamma-glutamyl
transpeptidase (GGTP), alkaline phosphatase (ALP), lactate dehydrogenase (LDH),
total bilirubin, C-reactive protein (CRP), neutrophil count, albumin, uric acid,
lymphocyte count, hemoglobin, platelet count, and blood calcium. All data were
obtained from the first laboratory examination after admission. Discharge or death
was considered the study outcome.

Statistical analysis

All data were analyzed using SPSS version 22.0. Continuous data (sCr, AST, ALT, etc.)
with a normal distribution are presented as the mean + SD. Non-normally distributed
variables are presented as medians with interquartile ranges and analyzed using a
non-parametric test. Categorical data (sex, medical history, etc.) were analyzed by the
x* test. The independent effect of sCys C was calculated using Cox forward stepwise
multivariate proportional hazards regression analysis, incorporating classic risk
factors. All tests were two-sided, and a P value of < 0.05 was considered statistically
significant. The receiver operating characteristic (ROC) curve was used to demonstrate
the sensitivity and specificity of sCys C and its optimal cut-off value for predicting
death.
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RESULTS

There were a total of 101 cases including 18 critically ill patients and 83 severe patients
at baseline, and they were divided into two groups: Discharge group (64 cases) and
death group (37 cases). All data were obtained from the first laboratory examination
after admission within 12 h after the diagnosis of severe and critical COVID-19. The
median length of hospital stay was 15 d. Comparison of the baseline data between the
two groups showed that the group of patients who died had the following
characteristics: Advanced age (P < 0.001), higher levels of sCys C (P < 0.001), CK-MB (
P <0.001), sCr (P = 0.001), AST (P < 0.001), ALT (P < 0.05), GGTP(P < 0.05), ALP (P <
0.05), LDH (P < 0.001), total bilirubin (P < 0.05), CRP (P < 0.001), and neutrophil count
(P < 0.05), and lower levels of albumin (P < 0.001), calcium ion concentration (P <
0.001), lymphocyte count (P < 0.001), and platelet count (P < 0.05) (Table 1).

Predictive value of renal function

By using sCys C, sCr, and the differences in factors as explanatory variables in forward
Cox regression analysis to explore the independent factors (Table 2), sCys C was found
to be an independent risk factor for death, but the sCr level was not. The ROC curve
was used to determine the optimal threshold for predicting the death of severe and
critical COVID-19 patients. The results are shown in Figure 1. The area under the
curve, optimal threshold, specificity, and sensitivity were 0.755, 0.80, 0.562, and 0.865,
respectively. Patients with a sCys C level of 0.80 mg/L or greater were at a high risk of
death. The patients were divided into two groups based on a cut-off of 0.80 mg/L, and
the survival curve was obtained, as shown in Figure 2. The results demonstrated that
this threshold was effective in differentiating high-risk groups (log-rank = 13.375, P <
0.001).

DISCUSSION

From January to March 2020, the clinical data of 101 severe and critically ill patients in
a designated hospital in Wuhan, Hubei Province, China were analyzed retrospectively,
including 37 dead patients (death group) and 64 surviving patients (discharge group).
The risk factors for prognosis were assessed by comparing the laboratory examination
results of the discharge and death groups. Multivariate analysis showed that sCys C,
CK-MB, AST, albumin, and serum calcium were independent risk factors for death in
severe and critically ill patients. The predictive value of CK-MB in patients with
COVID-19 has been confirmed by many studies. Wang et al! showed that serum
cardiac troponin (cTnl) and CK-MB levels in ICU patients were significantly higher
than those in non-ICU patients (P = 0.004), suggesting that increased CK-MB and cTnl
levels represent a poor prognosis in patients with COVID-19. Zhou et al! also
illustrated that an increase in CK-MB and cTnl levels in COVID-19 patients was
significantly correlated with hospital death (P = 0.043). AST and albumin are
indicators for liver function, and previous literature supported the predictive value of
abnormal liver function in the prognosis of COVID-19 patients. A meta-analysis
showed that abnormal liver function indicators such as AST, ALT, bilirubin, and
albumin can predict the severity and prognosis of COVID-19 patients”l. Lei et al!
included 5771 adult COVID-19 patients from Hubei Province, and retrospectively
analyzed the time distribution of liver function indicators in patients and correlated
them with death. The results indicated that abnormal liver function, especially
elevated AST, was closely related to the risk of death, which was consistent with the
results of this study!. In addition, many studies have shown that a decrease in serum
calcium is a risk factor for disease severity and death in patients with COVID-19!"!1,
Presently, the predictive value of sCys C in the prognosis of patients with COVID-
19 is rarely reported, but studies have confirmed that sCys C can predict the risk of
AKI and death in critically ill patients such as those with acute cerebral infarction,
acute myocardial infarction, heart failure, and sepsis!'>'’l. This indicates that sCys C has
a predictive value in the prognosis of critically ill patients. However, the predictive
value of sCys C for severe and critically ill COVID-19 patients has not been confirmed.
In this study, the sCys C level in the death group was significantly higher than that in
the discharge group, suggesting that the sCys C level was related to the risk of death
in COVID-19. Moreover, multivariate regression analysis showed that the sCys C level
was an independent risk factor for the death of patients with COVID-19. To further
clarify the correlation between sCys C value and prognosis of COVID-19, we used the
ROC curve to assess the cut-off value of sCys C in predicting the death of patients. The
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Table 1 Baseline clinical characteristics

Characteristic Discharged Dead P value
Age, yr 54.09 +14.95 71.76 £10.012 0.000
Male sex, 1 (%) 30 (46.9) 23 (62.2) 0.138
Critically ill patients, 1 (%) 6(94) 12 (32.4) 0.004
Hypertension, n (%) 26 (40.6) 20 (54.1) 0.192
Diabetes, n (%) 20 (31.3) 7 (18.9) 0.177
Combined with renal insufficiency, n (%) 9 (14.1) 3(8.1) 0.373
Coronary heart disease, 1 (%) 5(7.8) 7 (18.9) 0.097
sCys C, mg/L 0.8 (0.7,0.9) 1(0.9,1.3) 0.000
CK-MB activity, U/L 12(9, 14) 19(13, 35) 0.000
Creatinine, pmol/L 64.5 (57.5,79.1) 78.2 (70, 94.2) 0.001
Aspartate aminotransferase, U/L 29 (19, 40) 44 (31, 73) 0.000
Alanine aminotransferase, U/L 29 (17, 52) 44 (23, 58) 0.028
Glutamy] transpeptidase, U/L 25 (17, 49) 37 (26, 86) 0.005
Alkaline phosphatase, U/L 47 (41, 58) 68 (52, 95) 0.000
Lactic acid dehydrogenase, U/L 228 (188, 283) 548 (399, 623) 0.000
Total bilirubin, pmol /L 9.6 (7.4,13.5) 13.4 (8.5,18.6) 0.024
Albumin, g/L 32.7 (30.4, 35.9) 28 (24.8,29.4) 0.000
Uric acid, pmol/L 229.2 (176, 290.8) 233.8 (177.2, 366.7) 0.521
Calcium, mmol/L 1.97 (1.91, 2.04) 1.73 (1.03, 1.88) 0.000
C reactive protein, mg/L 11.1 (3.55,29.13) 92.29 (42.57, 116.45) 0.000
Neutrophils, G/L 3(2.21,4.27) 7.28 (5.63, 9.35) 0.000
Lymphocytes, G/L 1.02 (0.79, 1.39) 0.58 (0.42, 0.88) 0.000
Hemoglobin, g/L 128 (119, 139) 127 (105, 138) 0.540
Platelets, G/L 211 (159, 277) 147(109, 229) 0.011

sCys C: Serum cystatin C; CK-MB: Creatine kinase-MB.

Table 2 Independent predictors identified by univariate Cox regression analysis

B SE Wald Pvalue Exp(B) 95%Cl
sCys C 0.595 0.17 12.279 0.000 1.812 1.300, 2.527
CK-MB 0.037 0.014 7.149 0.008 1.037 1.010, 1.066
AST 0.026 0.008 10.875 0.001 1.027 1.011, 1.043
Albumin -0.221 0.041 28.531 0.000 0.802 0.739, 0.869
Calcium -3.157 0.555 32.347 0.000 0.043 0.014, 0.126

sCys C: Serum cystatin C; CK-MB: Creatine kinase-MB; AST: Aspartate aminotransferase.

results showed that sCys C had an AUC of 0.755, sensitivity of 0.865, and specificity of
0.562, which indicated that sCys C had appreciated value in predicting the death of
patients with severe and critical COVID-19. The cut-off value was 0.80 mg/L, that is,
patients with sCys C = 0.80 mg/L are at a high risk of death. The low specificity may
be related to the low sample size and retrospective study. Clinicians should be vigilant
when patients have sCys C 2 0.80 mg/L so that early intervention could be given to
improve the prognosis.
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Figure 1 Receiver operating characteristic curve of serum cystatin C for predicting the risk of mortality in severe and critically ill
patients with coronavirus disease 2019. Area under the curve, optimal threshold, specificity, and sensitivity were 0.755, 0.80, 0.562, and 0.865, respectively.
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In this study, the sCr level of the dead patients was significantly higher than that of
the survivors (P < 0.01). However, sCr was not an independent risk factor for death
when other different factors were included in the Cox regression equation.
Accordingly, sCys C was deemed superior to sCr in predicting the risk of death in
severe and critically ill patients with COVID-19. sCys C is a member of the cystatin
family. It is freely filtered by the glomerulus, reabsorbed by the proximal tubules, and
completely catabolized without returning to the blood stream. Therefore, its
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concentration in the blood is not affected by age, sex, or liver function!*""l. sCys C is
generally considered an earlier and more sensitive marker of renal insufficiency than
the conventional indicators of renal function such as sCr and blood urea nitrogen
(BUN). Numerous studies have shown that there is no significant increase in sCr or
BUN levels in the early stage of renal injury, and their elevations can only be observed
in the middle and late stages of renal injury. Abnormal levels of indicators usually
indicate that renal damage is serious and irreversible!"l. Xiang et all'! showed that
BUN, sCr, and sCys C (biochemical indicators of renal function) were significantly
increased in patients with severe COVID-19, indicating that severe acute respiratory
syndrome coronavirus 2 infection may damage the kidney. To date, a number of
studies have revealed that patients with COVID-19 may have renal function damage,
and the clinical manifestations include rise in sCr, hematuria, albuminuria, and
AKIU" Tt has been reported that the incidence of AKI in patients with COVID-19
ranged from 0.9% to 29%"*. For patients who required intensive care, the incidence
of AKI increased significantly to 50%!". Autopsy results indicated that patients with
COVID-19 had acute proximal renal tubular injury that was characterized by loss of
brush margin, vacuolar degeneration, dilation of the tubular lumen with cell
fragments, necrosis, and epithelial exfoliation!"”l. Pei et al® showed that the total
mortality rate of patients with renal involvement was 11.2%, while the mortality rate
of patients without renal involvement was 1.2%, suggesting that renal complications
were related to the mortality rate of COVID-19. In addition, another study™ found
that the levels of sCys C were positively correlated with inflammatory reaction indexes
such as interleukin-1p (IL-1P), IL-6, tumor necrosis factor-a, and hsCRP, and promoted
the occurrence and development of inflammatory reaction. Therefore, in the
pathological state of COVID-19 invading lung tissue, sCys C is synthesized and
released in large quantities, and the level of sCys C is increased, which regulates the
cathepsin activity released from necrotic or inflammatory cells. It is suggested that
clinicians should pay close attention to the sCys C level and its changes.

Some limitations pertaining to this study

Since the specificity of the prediction was relatively low, interpretation with caution in
clinical practice is suggested. This was a single-center retrospective study and the
sample size was relatively small and we lacked clinical data of surviving patients after
discharge, thus we were unable to evaluate the effect of sCys C on the long-term
prognosis of patients with COVID-19. Our research population was Chinese, further
research based on other populations is needed before we can infer the results and
draw general conclusions.

CONCLUSION

In conclusion, sCys C can be used as a means for early diagnosis of severe and critical
COVID-19 patients with acute renal function damage, providing predictive
information for clinical prognosis. Clinicians should improve their understanding
pertaining to kidney injury in severe and critically ill patients with COVID-19. Early
detection and effective intervention of renal involvement may help reduce potential
death in patients with COVID-19.

ARTICLE HIGHLIGHTS

Research background

Coronavirus disease 2019 (COVID-19) is an acute infectious disease caused by a new
coronavirus, which is clinically categorized into mild, moderate, severe, and critical
illness. Severe and critically ill patients progress rapidly with dyspnea, hypoxemia,
and even life-threatening complications such as multiple organ dysfunction syndrome,
sepsis, and shock. Early detection of risk factors that affect the prognosis of severe and
critically ill patients while using active and effective treatment measures is very
important and can effectively reduce the potential mortality rate.

Research motivation

A rapid, effective, and accurate biomarker is urgently needed to predict the prognosis
of patients with COVID-19. Serum cystatin C (sCys C) has a predictive value in the
prognosis of critically ill patients such as those with acute cerebral infarction, acute
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myocardial infarction, heart failure, and sepsis. However, the predictive value of sCys
C for severe and critically ill COVID-19 patients has not been confirmed. We designed
this study to confirm whether sCys C can be used as a prognostic indicator for COVID-
19 patients.

Research objectives
The main objective of this study was to determine the predictive value of sCys C for
the prognosis of severe and critically ill COVID-19 patients.

Research methods

A total of 101 severe or critically ill patients with COVID-19 were divided into a
discharge group (64 cases) and a death group (37 cases). We compared the general
information, underlying diseases, and laboratory examination indexes of the two
groups. Multivariate Cox regression was used to explore the relationship between
sCys C and prognosis. In addition, we used the receiver operating characteristic curve
to assess the cut-off value of sCys C in predicting the death of patients.

Research results

sCys C, creatine kinase-MB, aspartate aminotransferase, albumin, and serum calcium
were independent risk factors for death in severe and critically ill patients. sCys C had
an AUC of 0.755, sensitivity of 0.865, and specificity of 0.562. Patients with a sCys C
level of 0.80 or greater were at a high risk of death.

Research conclusions
sCys C is superior to sCr in predicting the risk of death in severe and critically ill
patients with COVID-19. Patients with sCys C > 0.80 mg/L are at a high risk of death.

Research perspectives
sCys C could be a marker of mortality in severe and critically ill COVID-19 patients.
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