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related to COVID-19 consequences
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Abstract

Background Besides impaired respiratory function and immune system, COVID-19 can affect renal function from
elevated blood urea nitrogen (BUN) or serum creatinine (sCr) levels to acute kidney injury (AKI) and renal failure. This
study aims to investigate the relationship between Cystatin C and other inflammatory factors with the consequences
of COVID-19.

Methods A total of 125 patients with confirmed Covid-19 pneumonia were recruited in this cross-sectional study
from March 2021 to May 2022 at Firoozgar educational hospital in Tehran, Iran. Lymphopenia was an absolute
lymphocyte count of less than 1.5x 109/L. AKI was identified as elevated serum Cr concentration or reduced urine
output. Pulmonary consequences were evaluated. Mortality was recorded in the hospital one and three months after
discharge. The effect of baseline biochemical and inflammatory factors on odds of death was examined. SPSS, version
26, was used for all analyses. P-vale less than 0.05 was considered significant.

Results The highest amount of co-morbidities was attributed to COPD (31%; n=39), dyslipidemia and hypertension
(27%; n=34 for each) and diabetes (25%; n=31). The mean baseline cystatin C level was 1.42+0.93 mg/L, baseline
creatinine was 1.38+0.86 mg/L, and baseline NLR was 6.17 +4.50. Baseline cystatin C level had a direct and highly
significant linear relationship with baseline creatinine level of patients (P <0.007; r: 0.926). ). The average score of the
severity of lung involvement was 31.42+10.80. There is a direct and highly significant linear relationship between
baseline cystatin C level and lung involvement severity score (r=0.890, P < 0.007). Cystatin C has a higher diagnostic
power in predicting the severity of lung involvement (B=3.88+ 1.74, p=0.026). The mean baseline cystatin C level in
patients with AKl was 2.41+1.43 mg/L and significantly higher than patients without AKI (P>0.001). 34.4% (n=43) of
patients expired in the hospital, and the mean baseline cystatin C level of this group of patients was 1.58+0.90 mg/L
which was significantly higher than other patients (1.35+0.94 mg/L, P=0.002).

Conclusion cystatin C and other inflammatory factors such as ferritin, LDH and CRP can help the physician predict
the consequences of COVID-19. Timely diagnosis of these factors can help reduce the complications of COVID-19 and
better treat this disease. More studies on the consequences of COVID-19 and knowing the related factors will help
treat the disease as well as possible.
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Introduction

In March 2020, the World Health Organization (WHO)
confirmed and announced the pandemic and globaliza-
tion of COVID-19, involving more than 195 countries
worldwide. This disease is very contagious, and human-
to-human transmission is unfortunately very high. To
control this problem, different countries formulated and
implemented different quarantine, military, and city pro-
tocols to control the movement of citizens.

COVID-19 has manifested in a wide spectrum, from
asymptomatic infection to critical pneumonia with acute
respiratory distress syndrome (ARDS) [1]. For this rea-
son, multiple organ dysfunctions and mortality are very
high, especially in adults with comorbidities [2, 3]. Terri-
ble cytokine storm can make the situation of COVID-19
dangerous due to overactive inflammation and immune
response [4]. Besides impaired respiratory function
and immune system, COVID-19 can affect renal func-
tion from elevated blood urea nitrogen (BUN) or serum
creatinine (sCr) levels to acute kidney injury (AKI) and
renal failure [5]. Most nucleated cells secret Cystatin C,
a cysteine protease inhibitor to blood circulation, and
evidence shows that Cystatin C directly interacts with
human coronaviruses [6]. Considering that it is not
affected by ingestion of meat and no tubular secretion of
cystatin, it is a more sensitive biomarker for early kidney
impairment than conventional indicators such as BUN
and sCr [7].

Ferritin, C-reactive protein (CRP), lactate dehydro-
genase (LDH), sCr, and neutrophil to lymphocyte ratio
(NLR) were other inflammatory factors investigated. Ret-
rospective analyses found that CRP, ferritin, and LDH
were higher in patients who died than in survivors [8, 9].

Through direct immune-suppressive and pro-inflam-
matory effects, Ferritin has a key role in the dysregulation
of the immune system, especially under extreme hyper-
ferritinemia [10]. Results of some studies showed that
serum ferritin levels were closely related to the severity of
COVID-19 [11-14].

NLR is one routinely available marker of the systemic
inflammatory response, which is obtained by divid-
ing the absolute count of neutrophils into the absolute
count of lymphocytes in whole blood. Increasing NLR is
a mortality risk factor not only in infectious diseases like
COVID-19 but also in cancer, acute coronary syndrome,
intracerebral hemorrhage, polymyositis, and dermatomy-
ositis [15—18]. There is evidence that patients with severe
COVID-19 have higher NLR [19], and more studies are
needed to reveal the role of these inflammatory factors in
predicting the events caused by COVID-19.

This study aims to investigate the relationship between
Cystatin C and other inflammatory factors with the con-
sequences of COVID-19.
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Materials and methods

The present study was done as cross-sectional in a single
center from March 2021 to May 2022 at Firoozgar edu-
cational hospital in Tehran, Iran. A total of 125 patients
16 to 80 years old with moderate to severe confirmed
COVID-19, according to WHO interim guidance [20],
were recruited in this study.

This study was approved by the Ethics Commit-
tee of the Iran University of Medical IR.IUMS.FMD.
REC.1401.068, all patients or first-degree family mem-
bers signed written informed consent. Smoking status,
body mass index (BMI), marital status, and past medical
histories like diabetes, hypertension, and dyslipidemia
were recorded. Ferritin, C-reactive protein (CRP), Lac-
tate dehydrogenase (LDH), creatinine, and neutrophil to
lymphocyte ratio (NLR) were defined.

Lymphopenia was an absolute lymphocyte count of less
than 1.5x109/L. AKI was identified as elevated serum Cr
concentration or reduced urine output. AKI currently
defines by a rise from baseline of at least 0.3 mg/dl within
48 h or at least 50% higher than baseline within 1 week,
or a reduction in urine output to <0.5 ml/kg per hour for
longer than 6 h [21].

Pulmonary consequences were assessed by rapid shal-
low breathing index (RSBI), Pressure of Arterial Oxygen
to Fractional Inspired Oxygen Concentration (Pao,/Fio,
ratio), Fractional Inspired Oxygen Concentration (FIO,),
Oxygen saturation, and respiratory rate. AKI was identi-
fied as a renal consequence of COVID-19.

Mortality was recorded in the hospital one and three
months after discharge. The effect of baseline biochemi-
cal and inflammatory factors on odds of death was
examined.

Statistical analysis

Continuous measurements were reported as
meant Standard deviation (SD) for normally distributed
data, and categorical variables were described as several
patients (percent). Continuous variables were compared
using an independent sample t-test or Mann-Whitney
test based on normality, and proportions for categorical
variables were compared using the x> test. In contrast,
the Fisher exact test was conducted when the data were
limited. Spearman test was used for analyzing bivariate
correlation. Logistic regression was used to evaluate the
incidence of AKI and in-hospital death. A generalized
linear model was used to show the simultaneous effect
of baseline cystatin C and creatinine values on the sever-
ity of lung involvement. Our analysis used a 95% confi-
dence interval to express the association’s severity. SPSS,
version 26, was used for all analyses. P-vale less than 0.05
was considered significant.
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Table 1 Basic characteristics of Covid-19 patients who are ICU
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Table 2 Biochemical and respiratory indexes of Covid-19

admitted at Firoozgar Hospital patients
Age; year 51.93+19.50 Indexes Basic value Follow up value
Sex; N (%) N Values N
Male 71(57) mean+SD
Female 54(43) Temperature, °C 49  2562+727 49 2562+7.27
Marital status; N (%) Respiratory Indexes
Single 28(22) Breath rate 125 2562+727 49 1377+232
Married 71(57) RSBI 125 95.16+23.81 49 61.87+16.87
Widow 26021) Pao2/Fio2 ratio 125 21638+10503 49 377.55+40.59
Positive report for smoking; n (%) 43(34) FI02, % 125 80.53+2160 49 3146+8.18
BMI; kg/m2, mean +SD 263+543 Oxygen saturation 125 8297+7.39 49 94974320
(25.38,27.30) Biochemical indexes
Positive report for comorbidities; n (%) Cystatin C 125 142+092 49 e
Diabetic 31(25) Creatinine 125 138+0.85 49 e
Hypertension 34(27) NLR 125 6.17+£4.50 49 280+1.257
Dyslipidemia 34(27) Ferritin 125 625.77+41051 49 201.32+163.73
Cardiovascular disease 29(23) CRP 125 89.96+57.27 49 1738%+11.29
Asthma 23(18) LDH 125 673.20£31747 49 349.67+96.31
Chronic obstructive pulmonary disease (COPD) 3931) WBC (Per 1000) 125 11.98+8384 49 94541335
Chronic kidney disease (CKD) 18(14) RBC (Per million) 125 556+0.82 49 528+0.59
Liver diseases 13(10) HGB 125 13.25£3.16 49 13.18+2.10
Kg: kilogram/meter/2 HCT 125 4058+10.14 49 39.85+7.23
BMI: body mass index PLT 125 355.80%233.87 49 524.16+87.62
Neutrophil (Per 1000) 125 840+3.77 49 501+137
Table 3 Correlation of Cystatin C and baseline values of Lymphocyte (Per 1000) 125 177+1.73 49 195+051

Biochemical and inflammatory factors”
Biochemical and Inflammatory factors

Correlation P-value

coefficient

N=125
Creatinine 0.926 <0.001™
NLR -0.085 0.347
Ferritin 0.142 0.113
CRP 0.175 0.051
LDH 0.167 0.063
Neutrophil -0.039 0.667
Lymphocyte 0.084 0.351

*Spearman was used for analyzing bivariate correlation;** Correlation is
significant at the 0.01 level

NLR: neutrophil/lymphocyte ratio
CRP: C-reactive protein

LDH: Lactate dehydrogenase

Results

The present study shows clinical information of 125 hos-
pitalized COVID-19 patients. The mean age of patients
was 51.93+19.5 years old. The most of patients were
male (57%; n=71) and married (57%; n=71). The mean
BMI was 26.34+5.4. The highest amount of co-morbid-
ities was attributed to COPD (31%; n=39), dyslipidemia
and hypertension (27%; n=34 for each) and diabetes
(25%; n=31). Table 1.

The mean baseline cystatin C level was 1.42+0.93 mg/L,
baseline creatinine was 1.38+£0.86 mg/L, and baseline
NLR was 6.17%4.50. The level of other biochemical and
respiratory indicators is illustrated in Table 2.

RSBI: rapid shallow breathing index

Pao2/Fio2 ratio: Pressure of Arterial Oxygen to Fractional Inspired Oxygen
Concentration

FIO2: Fractional Inspired Oxygen Concentration
NLR: neutrophil/lymphocyte ratio

CRP: C-reactive protein

LDH: Lactate dehydrogenase

WBC: White blood cell

RBC: Red blood cell

HGB: Hemoglobin

HCT: Hematocrit

PLT: Platelet

The results of Spearman’s correlation coefficient test
show that baseline cystatin C level has a direct and highly
significant linear relationship with baseline creatinine
level of patients (P<0.001; r: 0.926). ). The relationship
between baseline cystatin C level and baseline level of
other inflammatory factors was not significant, Table 3.

Lymphopenia was reported in 41.6% (n=52). The mean
baseline cystatin C level in patients with lymphopenia
was 1.20£0.45 mg/L and had no significant difference
from other patients (P=0.182). The baseline level of other
inflammatory factors, including creatinine, ferritin, NLR,
LDH, and CRP, according to lymphopenia, is shown in
Table 4. As indicated, the average level of ferritin, NLR,
and CRP in patients with lymphopenia was significantly
higher than in other patients.To identify possible con-
founding variables, the demographic and clinical char-
acteristics of patients with and without lymphopenia
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Table 4 Baseline level of Biochemical and inflammatory factors and Demographic and clinical characteristics of patients according to

lymphopenia
Biochemical and Inflammatory factors Lymphopenia-Positive Lymphopenia-Negative P-value
N=52 N=73
Cystatin C 1.20+0.45 158+1.13 0.182
Creatinine 1.19+045 1.51+1.04 0216
Ferritin (Per 100) 7.78+4.42 516+3.49 0.001
NLR 9.72+5.03 3.64+1.20 <0.001
LDH (Per 100) 7.27+398 6.34+239 0468
CRP 108.75+66.55 76.69 +45.64 0.002
Demographic
Age 63.50+16.92 436941694 <0001
Sex; n (%)
Male 28(54) 43(60) 0.574°
Female 24(46) 30(40)
Positive report for smoking 14(27) 29(40) 0.1372
BMI 27.95+551 25194511 0.007"
Positive report for comorbidities
Diabetic 17(33) 14(19) 0.085°
Hypertension 18(35) 16(22) 0.116°
Dyslipidemia 18(35) 16(22) 0.116%
Cardiovascular disease 20(38.50) 9(12) 0.0012
Asthma 4(8) 19(26) 0.009’
CoPD" 16(31) 23(31.50) 0.9307
CKD™ 5(10) 13(18) 0.198?
Liver diseases 6(11.50) 7(10) 0.7252

*Chronic obstructive pulmonary disease; ** Chronic kidney disease; (1) Mann-Whitney test was used for comparison; (2) Chi-square test was used for comparison

NLR: neutrophil/lymphocyte ratio
CRP: C-reactive protein

LDH: Lactate dehydrogenase

are compared in Table 4. The mean age of patients with
lymphopenia was 63.50£16.92 years which was about 20
years higher than the average age (43.69+16.94) in peo-
ple who did not have lymphopenia (p<0.001).

Moreover, patients with lympho-
penia were overweight (mean of
BMI=27.95+5.51 kg/m?), while other patients were
almost not overweight (25.19+5.11 kg/m?) (p=0.007).
Most patients in both groups were men (P=0.574). Com-
paring the distribution of comorbidities in two groups,
a significant difference was observed in cardiovascular
disease and asthma. Several patients with cardiovascular
disease were reported more in the group with lymphope-
nia, while this number was lower in the case of asthma.
On the other hand, considering that no significant rela-
tionship was observed between the demographic and
clinical factors of the patients with ferritin, NLR, and
CRP, it was not necessary to repeat the analysis to control
the confounding variables.

The average score of the severity of lung involvement
was 31.42410.80. Also, there is a direct and highly signif-
icant linear relationship between baseline cystatin C level
and lung involvement severity score (r=0.890, P<0.001).
The correlation between the severity of lung involvement

Table 5 Correlation of basic values of inflammatory factors and
lung involvement severity score”

Biochemical and Inflammatory factors Correlation  P-value
coefficient
N=125
Cystatin C 0.890 <0.001™"
Creatinine 0851 <0.001"
Ferritin 0.114 0.205
NLR -0.041 0.654
LDH 0.149 0.097
CRP 0.105 0.244

*Spearman was used for analyzing bivariate correlation;** Correlation is
significant at the 0.01 level

NLR: neutrophil/lymphocyte ratio
CRP: C-reactive protein
LDH: Lactate dehydrogenase

and the baseline values of other inflammatory factors,
including creatinine, ferritin, NLR, LDH, and CRP, are
shown in Table 5. It was significant only in the case of
creatinine (r=0.851, p<0.001).

The simultaneous effect of baseline cystatin C and
creatinine values on the severity of lung involvement
were evaluated using a generalized linear model. Results
showed that baseline cystatin C has a higher diagnostic
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power in predicting the severity of lung involvement
(B=3.88%+1.74, p=0.026). So, for each one unit increase
in the baseline values of cystatin C and creatinine, the
average score of the severity of lung involvement will
increase by 14 and 11 units, respectively (»p<0.001 for
both).

Out of 125 patients, 53% (n=66) were intubated and
47% (n=>59) were not intubated. The mean baseline cys-
tatin C level in intubated patients was 1.48+1.09 mg/L
and in non-intubated patients was 1.35+£0.69 mg/L. And
in this regard, there was no significant difference between
the two groups of patients (P=0.899).

The analysis of the basic values of other inflammatory
factors, including creatinine, ferritin, NLR, LDH, and
CRP, according to the intubation status of the patients,
is shown in Table 6. As can be seen, the average level of
ferritin, LDH, and CRP in intubated patients was sig-
nificantly higher than in other patients.To identify pos-
sible confounding variables, the demographic and clinical
characteristics of patients with and without intubation
are compared in Table 6. The mean age of intubated
patients was about 8 years, and the mean BMI was about
3 units higher than non-intubated patients (P-value
equal to 0.017 and <0.001, respectively). Comparing the
comorbidities distribution in these two groups of patients
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was significant in terms of dyslipidemia and cardiovascu-
lar disease. So, the number of patients with dyslipidemia
and cardiovascular disease in intubated patients was 38%
and 33%, respectively, and in non-intubated patients, 15%
and 12%, respectively (P-value in both comparisons equal
to 0.005).

On the other hand, the relationship between demo-
graphic and clinical factors of patients with ferritin, NLR,
and CRP was significant only for CRP and dyslipidemia
(P=0.020). So the mean CRP in patients with dyslipid-
emia was 102.851+50.50 mg/dl; in other patients, it was
85.14+59.14.

Based on this, using logistic regression, the relationship
between CRP and intubation status was still significant
by adjusting the patients’ dyslipidemia status as a con-
founding variable. By keeping other conditions constant,
for each unit increase in CRP, the chance of intubation
increased by 1.02 times (P<0.00I). Moreover, keeping
other conditions constant, the chance of intubation in
patients with dyslipidemia was significantly 2.82 times
that of patients without dyslipidemia (P=0.033).

The average ventilation time of intubated patients was
2.72 days, and the relationship between baseline cystatin
C level and the average ventilation time of intubated
patients was insignificant (r=-0.162, P=0.195). However,

Table 6 Baseline level of biochemical and inflammatory factors and Demographic and clinical characteristics according to intubation*

Biochemical and Inflammatory factors With intubation Without intubation P-value
N=66 N=59
Cystatin C 1.48+1.09 1.35+0.69 0.899
Creatinine 1.40+0.94 135+0.75 0.813
Ferritin (Per 100) 7.81+3.65 451+3.89 <0.001
NLR 6.81+4.88 546+3.96 0.755
LDH (Per 100) 7.83+3.19 549+2.68 <0.001
CRP 114.95+59.62 62+39 <0.001
Demographic
Age 55.86+17.42 47.54+20.88 0.017"
Sex; n (%)
Male 35(53) 36(61) 0.368°
Female 31(47) 23(39)
Positive report for smoking 23(35) 20(34) 09117
BMI 27.86+5.85 24.64+4.38 <0.001’
Positive report for comorbidities
Diabetic 18(27) 13(22) 0.498°
Hypertension 20(30) 14(24) 04107
Dyslipidemia 25(38) 9(15) 0.0052
Cardiovascular disease 22(33) 7(12) 0.0052
Asthma 1(17) 12(20) 0.597°
CoPD" 20(30) 19(32) 08197
CKD™ 12(18) 6(10) 0.203°
Liver diseases 8(12) 5(8.50) 0.5052

*Chronic obstructive pulmonary disease; ** Chronic kidney disease; (1) Mann-Whitney test was used for comparison; (2) Chi-square test was used for comparison

NLR: neutrophil/lymphocyte ratio
CRP: C-reactive protein

LDH: Lactate dehydrogenase
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Table 7 Correlation of basic values of inflammatory factors and
ventilation time
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Table 9 Effect of baseline biochemical and inflammatory factors
on in-hospital death”

Biochemical and Inflammatory factors Correlation  P-value
coefficient
N=66
Cystatin C -0.162 0.195
Creatinine -0.140 0.263
Ferritin 0.139 0.265
NLR 0308 0.012"
LDH 0.165 0.186
CRP 0.278 0.024"

*Spearman was used for analyzing bivariate correlation;** Correlation is
significant at the 0.05 level

NLR: neutrophil/lymphocyte ratio
CRP: C-reactive protein
LDH: Lactate dehydrogenase

Table 8 Baseline level of biochemical and inflammatory factors
according to AKI status*

Biochemical and Inflamma- AKI-Positive AKI-Negative P-value
tory factors N=14 N=111

Cystatin C 241+143 1.30+0.76 <0.001
Creatinine 2.50+1.60 1.23+£0.58 <0.001
Ferritin (Per 100) 5.64+391 6.33+4.13 0.650
NLR 536+4.58 6.27 £4.50 0.093
LDH (Per 100) 635+£297 6.78+3.20 0.793
CRP 8207+31.59 90.95+59.75 0934

* Mann-Whitney test was used for comparison
NLR: neutrophil/lymphocyte ratio

CRP: C-reactive protein

LDH: Lactate dehydrogenase

the average ventilation time of intubated patients showed
a direct and incomplete linear relationship with the base-
line values of NLR and CRP (P-value equal to 0.012 and
0.024, respectively), Table 7.

The acute kidney injury (AKI) report was positive in
11% of patients (n=14). The mean baseline cystatin C
level in patients with AKI was 2.41+1.43 mg/L and sig-
nificantly higher than patients without AKI (P> 0.001).

Baseline values of other inflammatory factors, includ-
ing creatinine, ferritin, NLR, LDH, and CRP, according to
AKI status, are shown in Table 8. Among the above fac-
tors, the average baseline creatinine level in patients with
AKI was significantly higher by 1.27 units than in other
patients (P<0.001).

The average hospitalization duration of the patients was
10.70+5.74 days, and there was no significant relation-
ship between the baseline cystatin C level of the patients
and hospitalization duration (r=-0.049, P=0.586). A
direct and incomplete linear relationship was observed
between ferritin (r=0.219, P=0.014) and CRP (r=0.241,
P=0.007) with hospitalization duration.

34.4% (n=43) of patients expired in the hospital,
and the mean baseline cystatin C level of this group of
patients was 1.58+0.90 mg/L which was significantly

Biochemical and Inflammatory factors  OR (95%Cl) P-value
N=125

Cystatin C 1.22(0.80,1.88) 0.347

Creatinine 1.10(0.27,440)  0.892

Ferritin 1.002 (1.001, <0.001
1.003)

LDH 1.002 (1, 1.004) 0.010

CRP 1.003 (0.99,1.01) 0.555

* Backward logistic regression was used for comparison
CRP: C-reactive protein

LDH: Lactate dehydrogenase

higher than other patients (1.35+£0.94 mg/L, P=0.002).
Moreover the mean baseline values of creatinine
(1.324+0.89 mg/L vs. 1.49+0.78 mg/L, p=0.012), ferritin
(4.98+3.45 mg/L vs. 8.6914.19 mg/L, p<0.001), LDH
(5.91£2.49 mg/L vs. 8.29+3.73 mg/L, p<0.001) and CRP
(76.54+57.18 mg/L vs. 115.53+48.55 mg/L, p<0.001) in
patients who died in the hospital was significantly higher
than other patients.

Backward logistic regression analysis showed that the
simultaneous effect of baseline values of cystatin C, cre-
atinine, ferritin, LDH, and CRP on the occurrence of
death in the hospital only remained significant for ferri-
tin and LDH; So that for each unit of increase in base-
line values of ferritin and LDH, the chance of dying in the
hospital increased one-fold (P-value<0.001 and 0.010
respectively), Table 9.

To identify possible confounding variables, the demo-
graphic and clinical characteristics of patients who died
in the hospital are compared with other patients. Con-
sidering that there was no significant difference between
the two groups of patients in terms of demographic and
clinical characteristics, it was not necessary to repeat
the analysis in an adapted manner to check the relation-
ship between the baseline values of cystatin C and other
inflammatory factors.

Among the 82 patients discharged from the hospital,
9.75% (n=8) expired within one month after discharge.
The average baseline cystatin C level of this group of
patients was 1.58+1.68 mg/L, which was not signifi-
cantly different from the level of patients who survived
during this period (1.41+0.86 mg/L, P=0.593). Com-
paring the mean values of other inflammatory factors in
patients who died within one month after discharge with
those who survived showed that it was significant only
in ferritin (P=0.004). The mean baseline ferritin level in
patients who died within one month after discharge was
about 4 units higher than in patients who survived dur-
ing this period (8.38%+2.45 mg/L vs. 4.61+3.35 mg/L,
respectively).

Among the 74 patients who survived one month after
discharge from the hospital, 4 patients (5%) died within
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3 months after discharge. The average baseline cystatin C
level of this group of patients was 1.00+0.021 mg/L was
not significantly different from the patients who survived
during this period (1.44+0.94 mg/L, P=0.510). Other
inflammatory factors were not significantly different
between the two groups.

In the investigation of the relationship between base-
line values of cystatin C and other inflammatory factors
with death within one month and 3 months after dis-
charge, there was not enough sample in the subgroup of
expired patients to compare with alive patients. There-
fore the observed relationship is subject to random error.

The relationship between cystatin C level and base-
line respiratory factors of patients showed that there is
only a direct and incomplete linear relationship between
baseline breathing rate and cystatin C level (r=0.202,
P=0.024).

Generalized linear models (GLM) showed that for each
unit increase in the baseline breathing rate, the breathing
rate of the patients increased by 0.23 units in the follow-
up measurement.

Results showed no correlation between baseline cys-
tatin C level and follow-up respiratory factors, Table 10.

Discussion

The present cross-sectional study revealed several fac-
tors related to COVID-19 consequences. Among factors,
cystatin C had a direct and highly significant linear rela-
tionship with lung involvement severity score. Besides
cystatin C, creatinine is also significantly associated with
lung involvement severity score. However, compared
with creatinine, cystatin C had a higher diagnostic power
to predict the severity of lung involvement. So for each
one unit increase in the baseline values of cystatin C
and creatinine, the average score of the severity of lung
involvement will increase by 14 and 11 units, respec-
tively. A recent study by Chen et al. [22] investigated
the value of cystatin C for predicting the prognosis of
COVID-19 patients. Their study showed that increases in
cystatin C were associated with long-term lung damage.

Table 10 Correlation of follow-up values of respiratory indexes
and Cystatin C"

Respiratory Factors Correlation P-
Coefficient val-
N=49 ue
RSBI -0.235 0.104
Pao2/Fio2 ratio 0.223 0.124
Fl02 -0.054 0.714
Oxygen saturation 0.109 0456

*Spearman was used for analyzing bivariate correlation
RSBI: rapid shallow breathing index

Pao2/Fio2 ratio: Pressure of Arterial Oxygen to Fractional Inspired Oxygen
Concentration

FIO2: Fractional Inspired Oxygen Concentration
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In confirming the results of a study done by Chen and
our study, another study also showed similar results in
COVID-19 patients. A total of 273 COVID-19 patients
enrolled with imaging progression in the Yang study. The
result showed that parameters including homocysteine,
urea, creatinine, and serum cystatin C were significantly
higher in imaging progression patients [23].

Among 125 patients who participated in this study,
53% were intubated, and the present study showed that
ferritin, CRP, and LDH as inflammatory factors were
significantly higher in intubated patients than in others.
Recently, a published study investigated the difference in
the basic factors and consequences of COVID-19 accord-
ing to the time of intubation. This study divided patients
into “early intubation” and “late intubation” Early intu-
bated patients (defined as intubation between 4 and 24 h
after admission to the hospital) had a lower ferritin level
than late intubation patients (intubation between 5 and
10 days after admission). At the same time, CRP was
higher in that group of patients [24].

In the present study, body mass index (BMI) was about
3 units higher in intubated patients than non-intubated
patients. The data from another research [25] showed
that patients with higher BMI have more respiratory dis-
tress on hospital admission (increased dyspnea, need for
supplemental oxygen, and higher respiratory rate) and
higher intubation rates. These data confirm the hypoth-
esis that a greater degree of respiratory compromise in
patients with COVID-19 is related to obesity.

Although obesity and metabolic syndrome have been
related to Immune system disorders and a higher risk of
pneumonia [26, 27], the impact of obesity on COVID-
19 severity has not yet been fully determined. Impaired
respiratory mechanics, restrictive lung physiology caused
by excess body weight, and poor pulmonary reserve may
play a role in the effect of obesity on severe respiratory
distress in patients with COVID-19 [26-29].

Results of our study showed that the average ventila-
tion time of intubated patients has a direct and incom-
plete linear relationship with the baseline level of NLR
and CRP. Several studies [30, 31] that investigated
prediction risk scores for ventilation in patients with
COVID-19 revealed that CRP could predict the need for
ventilation in these patients. These results were in line
with the results of the present study. Moreover, other
studies [9, 32, 33] illustrated that NLR is a good predic-
tor of mechanical ventilation in patients with COVID-19.
Another study in China indicated that high NLR>3.13
in a company with a high cytokine response could be a
good indicator of the exacerbating clinical condition of
patients with COVID-19 [34].

Many studies have been conducted on the predictive
power of cystatin C and creatinine for the occurrence of
AKI. One of these studies is a meta-analysis that analyzed
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the results of 19 studies [35]. The diagnostic odds ratio
(OR) for serum cystatin C level to predict AKI was 23.5.
Results of that study declare that serum cystatin C is a
good biomarker in predicting AKI. In the present study,
we found that cystatin C and creatinine were significantly
higher in patients with AKI compared to other patients.
Still, none of the two mentioned factors significantly pre-
dicted the chance of AKI occurrence. It should be noted
that the significant result observed between baseline val-
ues of cystatin C and creatinine with the occurrence of
AKI in patients can be caused by random error due to the
very small sample size in the subgroup of patients with
AKI. For this reason, the distribution of demographic and
clinical characteristics to identify potential confound-
ing variables according to AKI status was not sufficiently
powerful in the current study. Therefore, it is necessary
to investigate the relationship observed in this study in
future studies with a sufficient sample size and by con-
trolling possible confounders.

The predictive value of cystatin C in the prognosis of
patients with COVID-19 is rarely reported, but some
studies have confirmed that cystatin C can predict the
risk of death in patients with COVID-19 [5, 36-38]. In
our study, 34% of patients with COVID-19 expired in
the hospital, and the baseline cystatin C level of these
patients was significantly higher than alive patients. In
addition to cystatin C, a baseline level of creatinine, CRP,
ferritin, and LDH is higher in expired patients than in
others. The Xiang study showed that patients with severe
COVID-19 had a high level of biochemical indicators of
renal function like BUN, cystatin C, and creatinine, indi-
cating kidney damage [39]. Besides Xiang’s study, other
studies have also shown the occurrence of kidney disor-
ders in COVID-19 disease [36, 40, 41]. The incidence of
AKI in patients with COVID-19 has been reported from
0.9 to 29% [9, 13, 42]. An acute proximal renal tubular
injury characterized by loss of brush margin, vacuolar
degeneration, dilation of the tubular lumen with cell frag-
ments, necrosis, and epithelial exfoliation has been seen
in patients with COVID-19 [41]. The total mortality
rate of patients with renal involvement was significantly
higher than that of other patients without renal involve-
ment (11.2% vs. 1.2%, respectively) (42), proposing that
the mortality rate of COVID-19 may be related to renal
involvement.

Conclusion

In conclusion, cystatin C and other inflammatory factors
such as ferritin, LDH and CRP can help the physician
predict the consequences of COVID-19. Timely diagno-
sis of these factors can help reduce the complications of
COVID-19 and better treat this disease. More studies on
the consequences of COVID-19 and knowing the related
factors will help treat the disease as well as possible.
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