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A B S T R A C T

Background: Patients infected with SARS-CoV-2 can develop acute kidney injury (AKI), associated

with adverse clinical outcomes. In Mexico, an AKI incidence of 60.7% was reported in patients

with COVID-19. Serum cystatin C is a well-known marker for AKI. It has been postulated as a

marker for mortality in Chinese patients with COVID-19. Information regarding levels of cystatin

C in COVID-19-infected patients is nonexistent among Mexican or Latin American populations.

Aim: This work aimed to assess the level of cystatin C as an indicator of AKI and mortality

among COVID-19 patients fromMexico.

Methods: Across-sectional studyamong38adultswasperformed in theRegionalHighSpecialtyHos-

pital of the Yucatan Peninsula in Merida, Yucatan, Mexico. Baseline characteristics and clinical and

biomechanicalparameterswerecollected, andserumlevelsof cystatinCweremeasuredbyELISA.

Results: A total of 71% (27 patients) with COVID-19 developed AKI; 78% were men, and 22%

were women. In addition, 60% of individuals (16 men; 7 women) died due to COVID-19 com-

plications. Serum levels of cystatin C were higher in those individuals who developed AKI

(p = 0.001). A logistic regressionmodel indicated that individuals with serum levels of cysta-

tin C above 0.84 ng/mL had a 23-fold increased risk of developing AKI (OR, 23.7, 95% CI, 2.59-

217.00, p = 0.005). However, increased cystatin C was not independently associated with

mortality in the Mexican population (HR, 1.01, 95% CI, 0.66-1.56, p = 0.959).

Conclusion: The results suggest that serum levels of cystatin C indicate AKI in COVID-19

patients. Although we recommend caution when using serum cystatin C levels as an indi-

cator of mortality among the Mexican population, it is essential to note that cystatin C ele-

vates earlier than creatinine, which is an advantage for timely clinical interventions.
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Introduction

The year 2020 was plagued by the coronavirus disease 2019

(COVID-19) that caused severe acute respiratory syndrome

(SARS-CoV-2).1 Since then, multiorgan dysfunction has been

observed in patients with COVID-19, and renal damage has

been reported to be a common complication.2 From the first

descriptive studies, it was documented that hospitalized

patients infected by SARS-CoV-2 could develop acute kidney

injury (AKI), which is associated with higher mortality rates;3, 4

however, changes in the prevalence among the population

have been reported.4-6 Mexico is one of the countries most

affected by COVID-19 worldwide, with the number of deaths

(253,155 per 100,000 population) peaking in August 2021.7

Moreover, an AKI incidence of 60.7% in Mexican patients has

been reported.8 This rate can be exacerbated by overactive

activation of inflammation caused by a high prevalence of

obesity, diabetes, and hypertension in the Mexican

population.9,10

Serum cystatin C is a highly sensitive and specific inflam-

matory marker of kidney function.11 Some reports from China

support the usefulness of cystatin C as a predictive marker for

AKI and mortality in COVID-19 patients.12 Nevertheless, of

cystatin C is not broadly performed in patients with COVID-19

in clinical practice, and the vast majority of studies were con-

ducted in China. Information regarding the levels of cystatin

C in COVID-19-infected patients is nonexistent in Mexican or

Latin American populations. Hence, this study hypothesized

that the levels of cystatin C could be used as an indicator of

kidney dysfunction, and similar to other studies, as a useful

marker for mortality in COVID-19 cases. In this sense, this

work aimed to determine the levels of cystatin C and assess

its usefulness as an indicator of AKI and mortality among

COVID-19 patients fromMexico.

Materials and methods

Study population and design

A cross-sectional study was performed on individuals who

attended the COVID specialty unit at the Regional High Spe-

cialty Hospital (HRAEPY in the Spanish acronym) in Merida,

Yucatan, between June and December 2020. The sample size

calculation used a simple random sampling formula using a

95% confidence interval and an estimation error of 15%. A

total of 616 patients were hospitalized in the COVID unit dur-

ing the study period. Based on the calculation, the minimum

required sample size would be 38 patients.

Thirty-eight hospitalized patients (28 men and 10 women)

admitted to the COVID unit with SARS-CoV-2 infection con-

firmed by polymerase chain reaction, aged between 25 and

79 years and without a report of AKI were selected for this

study. In our hospital, patients with COVID-19 are classified

into severe or critical stages (patients who require mechanical

ventilation, sedation, and prolonged bed rest).13 Creatinine

levels of hospitalized patients were monitored every day, and

those subjects who showed an increase of ≥ 0.3 mg/dL or ≥

1.5 times baseline were considered as patients who developed

AKI and were included in the study. Patients under 18 years of

age and those with end-stage kidney disease or with a kidney

transplant were excluded from this study. This research proj-

ect was approved by the hospital Ethics Committee (No. CON-

BIOETICA-31-CEI-002-20170731) with the identification code

2020-021. The Strengthening the Reporting of Observational

Studies in Epidemiology (STROBE) was used to assess the

methodological quality of this work.

Clinical characteristics, biochemical parameters, and cytokine

assay

Following a standard protocol, baseline and clinical charac-

teristics data including symptoms, comorbidities, and intra-

venous administration of nephrotoxic drugs such as

norepinephrine, midazolam, and propofol, were collected.

Blood samples for biochemical parameters were collected

during the 72 hours after individuals were admitted into the

COVID unit from the hospital. Biochemical parameters were

determined using validated methods (autoanalyzer COBAS�

Integra 400 Plus, Roche Diagnostics). Serum was obtained by

centrifugation of collection tubes at 3500 rpm for 10 min and

stored at -20°C until use. Serum levels of cystatin C were

determined in duplicate by an enzyme-linked immunosor-

bent assay (ELISA) according to the instructions of the manu-

facturers (Human Cystatin C Platinum ELISA kit #BMS2279,

Bender MedSystems, Vienna, Austria). Raw data were ana-

lyzed with GraphPad Prism software. Patients’ survival status

(dead or alive) was collected 90 days after hospital admission.

AKI classification

AKI was defined by the KDIGO criteria (Kidney Disease

Improving Global Outcomes) as an increase in serum creati-

nine (sCr) by ≥ 0.3 mg/dL (≥ 26.5 mmol/L) within 48 hours or ≥

1.5 times baseline, known or presumed to have occurred

within the prior seven days. Furthermore, AKI was classified

into three stages according to the sCr: a) Stage 1 increase in

sCr level by ≥ 0.3 mg/dL in 48 hours or an increase of 1.5- to

1.9-fold change; b) Stage 2 increase in sCr from 2 to 2.9 times

baseline; and c) Stage 3, increase sCr 3 times baseline or ≥

4.0 mg/dL (≥ 353.6 mmol/L).14 Because only one patient devel-

oped stage 2 AKI, individuals were classified into AKI and

without AKI groups for further statistical analyses.

Statistics analyses

Statistical analyses were performed using the statistical pack-

age Jamovi (Version 1.2). Patients were assigned to either no

AKI or AKI groups based on AKI development. Analysis was

carried out on the complete sample (men = 28, women = 10).

For categorical variables, absolute and relative frequencies by

AKI status are shown. Continuous variables were tested by

the Shapiro−Wilk test (p < 0.05) to assess if the variable was

normally distributed. Continuous variables between groups

were compared using Student’s t test or the Mann−Whitney

U test. The cutoff value of cystatin C was based on the Youden

Index (sensitivity + specificity �1).15 Furthermore, logistic

regression was performed to evaluate the risk of developing

AKI calculated by the odds ratio (OR). Mortality risk was
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assessed with a survival analysis calculated by the hazard

ratio (HR). For all analyses, a p < 0.05 was considered signifi-

cant. No missing data or missing values were found.

Results

A total of 27 (71%) patients with COVID-19 developed AKI (stage

1, n = 7; stage 2, n = 1, stage 3, n = 19); 21 (78%) were men, and

6 (22%) were women. In addition, 42% (n = 16) of men and 18%

(n = 7) of women died due to COVID-19 complications. From

the group that did not survive, four individuals were classified

at stage 1, one at stage 2, sixteen at stage 3. Two did not

develop AKI. The mean age of the AKI group was higher (60.2 §

10.2 years) than that of the group without AKI (52.5 § 14.9

years). Nonetheless, there were no significant differences

(p = 0.073). COVID-19 symptoms were more frequent among

the patients with AKI; shortness of breath was significantly

more recurrent (p = 0.03) in the AKI group. Diabetes, hyperten-

sion, and obesity were the most common comorbidities among

patients with AKI. Notably, all individuals needed oxygen sup-

port, and 28 (73%) patients needed ventilator support (Table 1).

The clinical parameters of COVID-19 patients were com-

pared among groups (without AKI vs. AKI). The respiratory

rate (p = 0.01) and oxygen saturation (p = 0.002) were found to

be significantly higher in the individuals who developed AKI.

Additionally, higher serum levels of ferritin (p = 0.03), creati-

nine (p = 0.03), and urea (p = 0.02) were reported in COVID-19

patients who developed AKI. In addition, serum levels of cys-

tatin C (p = 0.001) were identified to be higher in individuals

infected by SARS-CoV-2 who developed AKI (Table 2). More-

over, the same clinical and biomechanical parameters were

evaluated among patients according to their survival status

(dead vs. alive), and only the serum level of urea (p = 0.02) was

found to be significantly different between groups (Table 3).

Serum levels of cystatin C were higher in the group of indi-

viduals who developed AKI. Cystatin C levels were signifi-

cantly elevated in individuals with COVID-19 and AKI (1.39 §

0.88 ng/mL) compared with individuals who did not develop

AKI (0.73 § 0.14 ng/mL) (Table 4).

A logistic regressionmodel indicated that the OR estimates

of AKI were associated with serum levels of cystatin C (OR, 20,

95% CI, 2.203-181.55, p = 0.049). Additionally, a cutoff value of

0.84 ng/mL had sensitivity of 70.4% and specificity of 90.9%

with a Youden Index of 0.61 (OR, 23.75, 95% CI, 2.59-217.65,

p = 0.005). This suggests that individuals with serum levels of

cystatin C above 0.84 ng/mL have 23-fold higher risk of devel-

oping AKI. After adjusting for age, diabetes, and hypertension,

serum levels of cystatin C remained independently associated

with AKI development (Table 5).

Furthermore, the risk of death in relation to cystatin C

level was estimated using survival analysis. All individuals

with a diagnosis of AKI and a high level of cystatin C died

within 19 days, although the hazard ratio (HR) was not signifi-

cant (HR: 1.01, 95% CI, 0.66-1.56, p = 0.959) (Fig. 1). Mechanical

ventilation was the variable that significantly impacted mor-

tality (HR: 8.85 95% CI, 1.19-65.83, p = 0.03) (Table 6).

Discussion

Our study showed a high incidence of AKI (71%) and mortality

(60.52%). New scientific evidence regarding the usefulness of

serum cystatin C levels and the risk of developing AKI and mor-

tality in patients infected by SARS-CoV-2 in Mexico was pre-

sented in this study. Of note, cystatin C serum levels predicted

kidney dysfunction but not mortality among the Mexican popu-

lation. Only two studies in Mexico have described the occur-

rence of AKI in individuals infected by SARS-CoV-2, and the

results showed discrepancies in the frequencies 34% -

58.6%.16,17 Our results showed a higher frequency of patients

with COVID-19 who developed AKI (71%), and 70% were classi-

fied as stage 3. This result is in accordance with Casas-Aparicio

Table 1 – Baseline characteristics of COVID-19 patients
classified by AKI development.

Characteristics Without AKI
(n=11) n (%)

AKI (n=27)
n (%)

p-value

Age (Y), Mean § SD 60.2 § 10.2 52.5 § 14.9 0.073
Male 7 (67) 21 (77) 0.374
Symptoms
Fever 10 (91) 26 (96) 0.513
Diarrhea 1 (9) 7 (26) 0.271
Shortness of breath 4 (36) 24 (89) 0.033
Oxygen support 11 (100) 27 (100) 1.00
Respiratory rate >24
breaths per minute

6 (54) 21 (78) 0.160

Time from onset to
first hospital
admission
(> 10 days)

6 (54) 15 (55) 0.955

Comorbidities
Diabetes 3 (27) 8 (30) 0.885
Hypertension 4 (36) 10 (37) 0.969
Obesity 8 (73) 14 (52) 0.244

SD, standard deviation; AKI, acute kidney injury.

Table 2 – Clinical and biochemical parameters of COVID-
19 patients classified by AKI.

Parameter Without AKI
(n=11) Mean (SD)

AKI (n=27)
Mean (SD)

p-value

Heart rate (bpm) 93.3 (16.4) 98.6 (19.6) 0.399
Respiratory rate (bpm) 24.6 (4.88) 30.9 (10.5) 0.016
Systolic blood pressure (mmHg) 127 (19.4) 130 (18.5) 0.702
Diastolic blood pressure (mmHg) 76.3 (18.8) 79.1 (12.3) 0.647
SpO2 (%) 85.7 (4.84) 76.7 (12.3) 0.002
Leukocyte count (109 cells/L) 13.9 (6.05) 16.9 (8.70) 0.236
Neutrophil count (109 cells/L) 11.8 (5.65) 15.0 (7.97) 0.177
Lymphocyte count (109 cells/L) 1.23 (0.70) 1.08 (1.12) 0.627
Procalcitonin (ng/mL) 0.38 (0.67) 1.17 (2.04) 0.081
Fibrinogen (mg/dL) 694 (143) 716 (293) 0.762
D-dimer (ng/L) 1019 (1129) 3624 (11539) 0.256
Ferritin (ng/L) 1137 (774.51) 1870 (1136) 0.030
Potassium (mmol/L) 4.40 (0.39) 4.18 (0.56) 0.187
ALT (U/L) 62.3 (51.25) 48.6 (35.8) 0.432
AST (U/L) 61 (43.8) 63.3 (62.5) 0.897
Glucose (mg/dL) 197 (92.7) 185 (109) 0.733
Creatinine (mg/dL) 0.71 (0.13) 0.84 (0.22) 0.038*
Urea (mg/dL) 34.0 (12.8) 46.9 (21.1) 0.028*
Uric acid (mg/dL) 3.58 (1.89) 4.23 (1.59) 0.329
CRP (mg/L) 153 (109) 210 (118) 0.163
Cystatin C (mg/dL) 7.3 (0.14) 1.39 (0.88) < 0.001

SD, standard deviation; AKI, acute kidney injury; ALT, alanine ami-

notransferase; AST, aspartate transaminase; CRP, C-reactive

protein.
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et al., who reported that half of the individuals who developed

AKI were at stage 3.17 One reason that could explain the

increased occurrence of AKI in our study population is the high-

est frequency of obesity and diabetes in the population from

Yucatan,18 which are associated with poor prognosis in patients

with COVID-19. Our study showed that patients who developed

AKI had higher frequencies of comorbidities, such as diabetes,

hypertension, and/or obesity, which is in line with previous

studies.19 Some risk factors for AKI and its association with

mortality have been reported in the general population and

Mexican patients with COVID-19.17 The mortality rate was

found to be high in this study (60.5%), and most of them were

at stage 3 (56.5%). In fact, 21 out of 23 patients who died had

renal dysfunction.

It has been reported that cystatin C is an inflammatory

biomarker associated with renal function.20 Indeed, cystatin

C has been proposed as an endogenous serum marker for the

early assessment of variations in the glomerular filtration

rate (GFR), which is even more sensitive than creatinine.21

Only a few studies have reported the clinical impact of serum

Table 3 – Clinical and serum biochemical parameters of COVID-19 patients classified by survival status.

Parameter Dead (n=23)
Mean (SD)

Alive (n=15)
Mean (SD)

p-value

Heart rate (bpm) 95.2 (18.7) 99.9 (19.0) 0.458

Respiratory rate (bpm) 29.6 (10.7) 28.3 (8.13) 0.669

Systolic blood pressure (mmHg) 127 (17.9) 131 (19.8) 0.584

Diastolic blood pressure (mmHg) 76.8 (13.2) 80.6 (15.9) 0.454

SpO2 (%) 79.1 (11.3) 79.5 (12.1) 0.918

Leukocyte count (109 cells/L) 17.1 (8.95) 14.5 (6.44) 0.300

Neutrophil count (109 cells/L) 15.2 (8.26) 12.3 (5.80) 0.213

Lymphocyte count (109 cells/L) 1.05 (1.19) 1.25 (0.65) 0.511

Procalcitonin (ng/mL) 1.30 (2.19) 0.40 (0.61) 0.076

Fibrinogen (mg/dL) 697 (311) 728.80 (150) 0.677

D-dimer (ng/L) 4046 (12476) 1065 (1279) 0.256

Ferritin (ng/L) 1622 (871) 1713 (1387) 0.824

Potassium (mmol/L) 4.17 (0.53) 4.36 (0.51) 0.187

ALT (U/L) 47.6 (32.5) 60.1 (50.9) 0.407

AST (U/L) 60.2 (65.5) 66.5 (43.2) 0.723

Glucose (mg/dL) 187 (108) 190 (99.2) 0.917

Creatinine (mg/dL) 0.79 (0.24) 0.80 (0.16) 0.872

Urea (mg/dL) 48.4 (21.54) 35.3 (13.9) 0.029

Uric acid (mg/dL) 3.91 (1.57) 4.24 (1.87) 0.586

CRP (mg/L) 198 (115.34) 188 (124.2) 0.804

Cystatin C (mg/dL) 1.32 (0.79) 1.01 (0.80) 0.256

Dependent variable: Dead (yes = 1, no = 0), SD: standard deviation. ALT, alanine aminotransferase; AST, aspartate transaminase; CRP, C-reactive

protein.

Table 4 – Cystatin C levels in COVID-19 patients classified by AKI.

Cytokine Without AKI (n=12) AKI (n=27)

Mean SD Min 25% Median 75% Max Mean SD Min 25% Median 75% Max

Cystatin C (mg/dL) 0.73 0.14 0.46 0.64 0.76 0.80 1.00 1.39 0.88 0.37 0.73 1.17 1.74 3.71

AKI, acute kidney injury; SD, standard deviation; Min, minimum; Max, maximum.

Table 5 – Risk of developing AKI among COVID-19 patients adjusted for age, diabetes and hypertension.

Variables OR 95% CI p-value AOR1 95% CI p-value

Cystatin C 20.00 [2.203-181.55] 0.049 18.23 [1.90-174.81] 0.012

Cystatin C >0.84 23.75 [2.59-217.65] 0.005 21.47 [2.23-207.16] 0.008

Mechanical ventilation 3.67 [0.79-16.99] 0.097 5.83 [0.85-39.95] 0.072

Age 1.05 [0.99-1.13] 0.086 − — −

Diabetes 1.12 [0.24-5.36] 0.885 − — −

Hypertension 1.03 [0.24-4.41] 0.969 − — −

Nephrotoxic drugs 2.51 [0.53-12.04] 0.248 2.65 [0.49-14.43] 0.261

OR, odds ratio; AOR, Adjusted odds ratio.
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cystatin C in patients infected by SARS-CoV-2. However, the

available data are based on patients from China.12 Yang et al.

reported that using a cystatin C cutoff of > 0.93 mg/dL was

associated with all-cause death (OR = 5.585, 95% CI: 2.328

−13.397).22 Furthermore, Li Yan et al. described cystatin C as

an independent risk factor associated with death in patients

with COVID-19.23 Nevertheless, Yannan et al. found that a

reduction in the GFR calculated by serum creatinine (eGFRcr)

showed a significant association with death. However, eGFR-

cystatin C is a poor predictive factor for mortality.24 A recently

published meta-analysis concluded that higher concentra-

tions of serum cystatin C were associated with mortality in

COVID-19 patients. However, the 13 included studies were

conducted in China, and extreme heterogeneity between

studies was observed (I2=97.5%, p < 0.001).12

Although in our study, patients who developed AKI had

elevated levels of CRP and ferritin, which suggests a severe

inflammatory condition, cystatin C serum levels did not show

clinical significance in the prognosis of mortality. This dis-

crepancy could be due to the small study sample, as well as

the delay in patients seeking admission to health services

and medical treatment25 in our hospital. Therefore, most of

the patients had poor health conditions at the time of hospi-

tal admission.

In addition, another risk factor was the requirement for

mechanical ventilation, which was significantly associated

with the development of AKI and survival status. Some of the

major causes of AKI are systemic hypoxia, ischemia, and

nephrotoxicity. It has been described that kidney damage can

activate the inflammatory processes.2 Hyper-inflammation

has been associated with COVID-19,19 mainly observed in the

high levels of expression of interleukin 6 (IL-6).26,27

Some limitations of this study included the limited num-

bers of enrolled patients from a single hospital center; hence,

our results need further confirmation by evaluating larger

groups from different centers in the country. Another limita-

tion is the study design; therefore, the results should be inter-

preted as merely an association and no causality.

Nevertheless, the data presented represent the first evidence

of the clinical impact of cystatin C in hospitalized patients

with COVID-19 in Mexico and Latin America.

Conclusion

Together, we reported a strong association between serum

levels of cystatin C and the development of AKI in patients

with COVID-19. A cutoff of 0.84 ng/mL was established for our

population. This work suggests that serum level of cystatin C

is an indicator of AKI in COVID-19 patients. Although we rec-

ommend caution when using serum cystatin C levels as a pre-

dictor for mortality in the Mexican population, it is important

to note that cystatin C elevates earlier than creatinine, which

is an advantage for timely clinical interventions.

Fig. 1 –The Kaplan−Meier curve according to cystatin C levels with a cutoff value of 0.84 ng/mL in COVID-19 patients. The

cumulative mortality at a time to event (dead or alive).

Table 6 – Themortality risk among COVID-19 patients.

Variables HR 95% Confidence
Interval

p-value

Cystatin C 1.01 [0.66-1.56] 0.96

Cystatin C >0.84 1.76 [0.74-4.19] 0.2

Mechanical ventilation 8.85 [1.19-65.83] 0.03

Age 1.01 [0.97-1.05] 0.63

Diabetes 1.03 [0.43-2.47] 0.94

Hypertension 1.20 [0.52-2.77] 0.68

Nephrotoxic drugs 2.86 [0.67-12.21] 0.16

HR, hazard ratio.
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