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Summary C-reactive protein (CRP) and albumin are
inflammation sensitive parameters that are regulated
by interleukin-6 inflammatory pathways. The CRP to
albumin ratio (CAR) integrates these two into a po-
tent clinical parameter whose clinical and prognostic
association in the context of coronavirus disease 2019
(COVID-19) have not been well defined. We aimed to
investigate the clinical and prognostic significance of
CAR in the context of COVID-19 infection.

We retrospectively analyzed 2309 consecutive COVID-
19 patients hospitalized at a tertiary level hospital in
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the period from March 2020 to March 2021 who had
baseline data for a CAR assessment. Findings were
validated in an independent cohort of 1155 patients
hospitalized from March 2021 to June 2021.

The majority of patients (85.8%) had severe or criti-
cal COVID-19 on admission. Median CRP, albumin
and CAR levels were 91 mg/L, 32g/L and 2.92, respec-
tively. Higher CAR was associated with a tendency for
respiratory deterioration during hospitalization, in-
creased requirement of high-flow oxygen treatment
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and mechanical ventilation, higher occurrence of bac-
teriemia, higher occurrence of deep venous thrombo-
sis, lower occurrence of myocardial infarction, higher
30-day mortality and higher postdischarge mortality
rates. We defined and validated four CAR prognos-
tic categories (<1.0, 1.0-2.9, 3.0-5.9 and =>6.0) with
distinct 30-day survival. In the series of multivariate
Cox regression models we could demonstrate robust
prognostic properties of CAR that was associated with
inferior 30-day survival independently of COVID-19
severity, age and comorbidities and additionally inde-
pendently of COVID-19 severity, CURB-65 and VACO
index in both development and validation cohorts.

The CAR seems to have a good potential to improve
prognostication of hospitalized COVID-19 patients.

Keywords Thromboinflammation - SARS-CoV-2 -
Prognosis - IL-6 - Pneumonia

Introduction

Pneumonia and subsequent respiratory insufficiency
caused by severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) infection are leading reasons for
hospitalization and high morbidity and mortality ob-
served in coronavirus disease 2019 (COVID-19) pa-
tients [1, 2]. Due to strong inflammatory response me-
diated through interleukin (IL)-6, a subset of patients
develop severe or critical symptoms and experience
unfavorable clinical outcomes [3]. Severe or critical
disease and hospitalization rates may vary depending
on the dominant circulating virus strain, number of
tested individuals and vaccination status of the popu-
lation [4] and were reported to be 15-20% in the large
cohort of patients at the start of the pandemic [2].
Clinical deterioration in these individuals developing
due to hyperinflammatory response can potentially
be modified using immunosuppressive drugs [5-7].
Among other parameters that are affected by strong
inflammatory response to the SARS-CoV-2 infection,
C-reactive protein (CRP) and albumin are easy to
obtain and widely available. Both parameters are
produced in the liver and regulated by IL-6 pro-
moted inflammation [8], although CRP is positively
affected and albumin negatively affected by this pro-
cess. These parameters are thus commonly deranged
among other liver blood tests during the COVID-19
infection [9]. The CRP to albumin ratio (CAR) incor-
porates deviations of these parameters into a single
direction and has been shown to be prognostic of
more severe disease and higher mortality if elevated
in COVID-19 patients [10-13]. These findings resem-
ble those observed in the context of other chronic
inflammatory diseases [14-17]. Nevertheless, clinical
associations of CAR in COVID-19 patients outside
respiratory status and death and its prognostic signif-
icance in relationship to established prognostic scores
have not been investigated so far. This is the reason
why we aimed to investigate the clinical and prog-

nostic roles of CAR in a large cohort of hospitalized
COVID-19 patients treated in our institution that we
present in this paper.

Patients and methods

We retrospectively analyzed a total of 2309 consecu-
tive COVID-19 patients hospitalized in our institution
in the period from March 2020 to March 2021 with
available data for CAR assessment on admission. We
further validated our findings in an independent co-
hort of 1155 patients treated in our institution in pe-
riod from March 2021 to June 2021.

Our institution is a clinical hospital that was repur-
posed as a regional tertiary COVID-19 center during
the pandemic. All patients had a positive polymerase
chain reaction or rapid antigen COVID-19 test prior
to hospital admission. All patients were adults and of
white race. Pregnant women were only occasionally
treated as other institutions served as gynecologic re-
ferral centers. Patients were treated according to the
contemporary guidelines. Only index hospitalizations
with acute COVID-19 were investigated. Clinical and
laboratory data used in this paper are a part of a hospi-
tal registry project and were obtained through analysis
of electronic and written medical records. The study
was approved by the Institutional Review Board.

The severity of COVID-19 on admission was graded
as mild, moderate, severe and critical based on the
World Health Organization (WHO) recommendations
[18]. Comorbidities were assessed as individual en-
tities and were summarized using the Charlson co-
morbidity index. The CRP (normal range <5mg/L)
and albumin (normal range 40-48g/L) concentrations
were determined in addition to other hematological
and clinical parameters. The CAR was calculated as
CRP (mg/L) to albumin (g/L). The CAR values were
stratified at median value (2.92) for the purpose of
comparison with clinical characteristics and clinical
outcomes presented in Tables 1 and 2. Mortality and
other clinical outcomes were assessed from the start
of hospitalization. The modified early warning score
(MEWS) was used to quantify COVID-19 symptom
severity. Confusion, urea, respiratory rate, blood pres-
sure and 65 years of age (CURB-65) and Veterans
Health Administration COVID-19 (VACO) index were
used as prognostic risk scores and the Chronic Kid-
ney Disease Epidemiology Collaboration (CKD-EPI)
formula was used for estimated glomerular filtration
rate (eGFR) estimation.

Statistical methods

Normality of distribution of numerical variables was
tested using the Shapiro-Wilk test. All analyzed vari-
ables had non-normal distribution and were pre-
sented as median and interquartile range (IQR) and
were compared between groups using the Mann-
Whitney U-test or Kruskal-Wallis one-way analysis of
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Table 1 Patient characteristics on admission and their relationship with CRP to albumin ratio (CAR) stratified at median

Overall (N=2309) CAR <2.92 (N=1155) CAR >2.92 (N=1154) P-value
Age (years) 73 (64-81) 72 (62-81) 73 (64-82) P=0.0022
Male sex 1326 (57.4%) 616 (53.3%) 710 (61.5%) P<0.0012
Day of disease on admission 5(1-9) 3(1-8) 6 (2-10) P<0.0012
ECOG status on admission 3(1-4) 2 (1-3) 3(2-4) P<0.0012
Pneumonia 2075 (89.9%) 965 (83.5%) 1110 (96.2%) P<0.0012
Oxygen therapy 1940 (84%) 870 (75.3%) 1070 (92.7%) P<0.0012
Low molecular weight heparin 2012 (87.1%) 986 (85.4%) 1026 (88.9%) P=0.0112
Corticosteroids 1720 (74.5%) 795 (68.8%) 925 (80.2%) P<0.0012
Remdesivir 248 (10.7%) 93 (8.1%) 155 (13.4%) P<0.0012
MEWS score 2 (1-4) 2 (1-3) 3(2-4) P<0.0012
COVID-19 severity Overall P<0.001 @
Mild 218 (9.4%) 179 (15.5%) 39 (3.4%) P<0.0012
Moderate 110 (4.8%) 79 (6.8%) 31 (2.7%) P<0.0012
Severe 1611 (69.8%) 809 (70%) 802 (69.5%) P=0.775
Critical 370 (16%) 88 (7.6%) 282 (24.4%) P<0.0012
Co-infection on admission 337 (14.6%) 151 (13.1%) 186 (16.1%) P=0.0382
Charlson comorbidity index 4 (3-6) 4 (3-6) 4 (3-6) P=0.774
Nm. of drugs in chr. therapy 5(3-8) 6 (3-9) 5(2-8) P<0.0012
Arterial hypertension 1621 (70.2%) 828 (71.7%) 793 (68.7%) P=0.119
Diabetes mellitus 731 (31.7%) 365 (31.6%) 366 (31.7%) P=0.953
Hyperlipoproteinemia 555 (24%) 319 (27.6%) 236 (20.5%) P<0.0012
Obesity 651 (28.2%) 336 (29.1%) 315 (27.3%) P=0.338
Cong. heart failure 377 (16.3%) 206 (17.8%) 171 (14.8%) P=0.0492
Atrial fibrillation 415 (18%) 220 (19%) 195 (16.9%) P=0.178
Coronary artery disease 367 (15.9%) 217 (18.8%) 150 (13%) P<0.0012
Previous CVI 255 (11%) 129 (11.2%) 126 (10.9%) P=0.848
Previous myocardial inf 216 (9.4%) 126 (10.9%) 90 (7.8%) P=0.010?
Chr. kidney disease 295 (12.8%) 163 (14.1%) 132 (11.4%) P=0.054
COPD 175 (7.6%) 102 (8.8%) 73 (6.3%) P=0.023?
Chronic liver disease 83 (3.6%) 51 (4.4%) 32 (2.8%) P=0.034?
Liver cirrhosis 38 (1.6%) 26 (2.3%) 12 (1%) P=0.0222
Active malignancy 273 (11.8%) 130 (11.3%) 143 (12.4%) P=0.398
Metastatic malignancy 173 (7.5%) 76 (6.6%) 97 (8.4%) P=0.096
History of malignancy 434 (18.8%) 211 (18.3%) 223 (19.3%) P=0.516
Dementia 429 (18.6%) 195 (16.9%) 234 (20.3%) P=0.0367
Alcohol use 142 (6.1%) 66 (5.7%) 76 (6.6%) P=0.385
Smoking 141 (6.1%) 79 (6.8%) 62 (5.4%) P=0.141
IL-6 (pg/mL) 55.6 (22.3-124.7) 29.6 (14.2-72) 78.4 (34.8-159.6) P<0.0012
Procalcitonin (ng/mL) 0.22 (0.09-0.76) 0.12 (0.07-0.29) 0.45 (0.18-1.56) P<0.0012
WBC (x10°/L) 8.1 (5.7-11.3) 7 (5-10) 9.1 (6.6-12-8) P<0.0012
Abs. lymphocytes (x10%/L) 0.8 (0.55-1.2) 0.91 (0.6-1.35) 0.7 (0.5-1) P<0.0012
Hemoglobin (g/L) 127 (112-140) 128 (113-142) 127 (111-195) P<0.044?
Platelets (x10%/L) 219 (161-298) 208 (153-287) 231 (171-308) P<0.0012
CRP (mg/L) 91.1 (43.1-153.8) 43.1 (17.8-67.2) 153.8 (120-207.2) P<0.0012
Ferritin (ug/L) 711 (390.8-1292) 526 (283-932) 945 (562-1614) P<0.0012
D-dimers (mg/L FEU) 1.4 (0.74-3.6) 1.16 (0.63-2.73) 1.64 (0.88-4.24) P<0.0012
CKD-EPI eGFR (mi/min/1.73m?) 72.7 (46.3-91.9) 75.4 (48.8-93.1) 70.2 (43.4-90) P<0.0012
LDH (U/L) 344 (252-468.5) 296 (220-390) 404 (297-537) P<0.0012
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Table 1 (Continued)
Overall (V= 2309) CAR <2.92 (N=1155) CAR >2.92 (N=1154) P-value

AST (U/L) 41 (29-64) 37 (25-56) 46 (32-72) P<0.0012
ALT (U/L) 31 (19-51) 28 (17-46) 34 (21-57) P<0.0012
GGT (U/L) 43 (24-85) 39 (22-75) 48 (27-96) P<0.0012
ALP (U/L) 72 (55-98) 70 (55-93) 75 (56-104) P<0.0012
Total bilirubin (umol/L) 11.3 (8.6-15.7) 11.1 (8.5-15.6) 11.3 (8.6-15.8) P=0.405
Albumin (g/L) 32 (28-35) 34 (30-36) 30 (27-33) P<0.0012
PT (%) 100 (89-109) 101 (92-110) 98 (87-108) P<0.0012

Data are presented as median and interquartile range for numerical variables and as frequency and percentage for categorical variables

CAR C reactive protein to albumin ratio, ECOG Eastern Cooperative Oncology Group, MEWS modified early warning score, nm. number, chr. chronic; cong. con-
gestive, CV/ cerebrovascular insult, COPD chronic obstructive lung disease, WBC white blood cells, abs. absolute, CRP C-reactive protein, CKD-EPI Chronic Kidney
Disease Epidemiology Collaboration, eGFR estimated glomerular filtration rate, LDH lactate dehydrogenase, AST aspartate aminotransferase, ALT alanine amino-

transferase, GGT gamma-glutamyl transferase, ALP alkaline phosphatase, PT prothrombin time
aGtatistically significant at level P< 0.05. No P-value adjustments for multiple testing were performed

Table 2 Clinical outcomes of index COVID-19 hospitalization/postdischarge in relationship to C-reactive protein to albumin

ratio (CAR)

Overall (N=2309)
Length of hospitalization (days) 10 (6-16)
Intensive care unit 678 (29.4%)
High-flow oxygen th 536 (23.2%)
Mechanical ventilation 512 (22.2%)
Immobilization =7 days 1098 (47.6%)
Venous thromboembolism 146 (6.3%)
Pulmonary embolism 100 (4.3%)
Deep venous thrombosis 56 (2.4%)
Arterial thrombosis 121 (5.2%)
Acute myocardial infarction 38 (1.6%)
Acute cerebrovascular insult 49 (2.1%)
Bleeding 187 (8.1%)
Major bleeding 74 (3.2%)
Bacterial sepsis 276 (12%)
30-day survival rate 63.5%
Hospital readmission rate® 43 (3%)
6-months post-discharge survival rate® 91.6%

CAR <2.92 (N=1155) CAR >2.92 (N=1154) P-value
10 (6-17) 10 (6-17) P=0.407
246 (21.3%) 432 (37.4%) P<0.0012
164 (14.2%) 372 (32.2%) P<0.0012
161 (13.9%) 351 (30.4%) P<0.0012
443 (38.4%) 655 (56.8%) P<0.0012
64 (5.5%) 82 (7.1%) P=0.123
49 (4.2%) 51 (4.4%) P=0.835
18 (1.6%) 38 (3.3%) P=0.0072
76 (6.6%) 45 (3.9%) P=0.0042
27 (2.3%) 11 (1%) P=0.009
29 (2.5%) 20 (1.7%) P=0.195
97 (8.4%) 90 (7.8%) P=0.598
34 (2.9%) 40 (3.5%) P=0.481
99 (8.6%) 177 (15.3%) P<0.0012
75.1% 52% P<0.0012
27 (3.2%) 16 (2.7%) P=0.625
93.8% 88.6% P=0.0142

Data are presented as median and interquartile range for numerical variables and as frequency and percentage for categorical variables

CAR C-reactive protein to albumin ratio, th. therapy

aStatistically significant at level P< 0.05. No P-value adjustments for multiple testing were performed

bEvaluated only in index hospitalization survivors (V= 1443)

variance (ANOVA) test where appropriate. Categorical
variables were presented as frequencies and percent-
ages and were compared between groups using the
x2-test or the Fisher test where appropriate. Survival
analyses were based on the Kaplan-Meier method.
Univariate survival analyses were performed using
the Cox-Mantel version of the log-rank test [19, 20]
and the Cox regression analysis. Multivariate survival
analyses were performed using the Cox regression
analysis while simultaneously controlling for all in-
cluded parameters. P-values<0.05 were considered
statistically significant. All analyses were performed
using the MedCalc statistical software version 20.008
(MedCalc Software Ltd, Ostend, Belgium).

Results

Patient characteristics and their associations with
CRP to albumin ratio

A total of 2309 hospitalized COVID-19 patients treated
in the period from 3/2020 to 3/2021 were analyzed.
Median age was 73 years IQR (64-81 years). There
were 1326 (57.4%) males. Median Charlson comor-
bidity index was 4 points IQR (3-6). Majority (1981,
85.8%) of patients presented with severe or critical
severity of COVID-19 symptoms on admission. Dur-
ing hospitalization, a total of 678 (29.4%) patients re-
quired intensive care unit treatment, 512 (22.2%) re-
quired mechanical ventilation and 866 (37.4%) died.
The 30-day survival rate was 63.5%.
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Median CRP, albumin and CAR levels were 91 mg/L
IQR (43.1-153.8), 32g/L IQR (28-35) and 2.92 IQR
(1.33-5.23), respectively. Both CRP (HR=1.003;
P<0.001) and albumin (HR 0.91; P<0.001), age (HR
1.04; P<0.001) and male sex (HR 1.23; P=0.004)
showed significant mutually independent association
with 30-day survival in our cohort of patients, pro-
viding a rationale for their analysis as a ratio in the
context of COVID-19. Patient characteristics strati-
fied according to the CAR median value are shown in
Table 1.

Patients with higher CAR were statistically sig-
nificantly more likely to be older, of male sex, to
have more severe COVID-19 on admission and worse
functional status, to present later during the disease
course, have pneumonia, require oxygen supplemen-
tation and to have coinfection on admission. They
were also more likely to receive specific treatment
(corticosteroids, LMWH, remdesivir). As expected
from the CAR definition, patients with a higher CAR
were significantly more likely to have a higher CRP
and lower albumin concentrations. Also, patients
with higher CAR had higher IL-6 concentrations (IL-6
concentrations stratified over CAR prognostic cate-
gories defined below are shown in Fig. 1a). Higher
CAR was also associated with a higher procalcitonin,
higher white blood cells, lower absolute lympho-
cyte count, higher platelets, higher ferritin, higher
D-dimers, higher lactate dehydrogenase, higher as-
partate aminotransferase, higher alanine aminotrans-
ferase, higher gamma-glutamyl transferase, higher
alkaline phosphatase, lower prothrombin time, lower
hemoglobin and lower eGFR (P< 0.05 for all analyses).

Charlson comorbidity index was similar regarding
CAR level (P=0.774); however, patients with higher
CAR had a lower number of drugs in chronic treat-
ment, were less likely to have hyperlipoproteinemia,
congestive heart failure, coronary artery disease, pre-
vious myocardial infarction, chronic liver disease,
liver cirrhosis and chronic obstructive lung disease

IL-6 level by CAR categories

F-| CAR categories
| <1.0
.| 1.0-2.9
Bl 3.0-59
10005' W =60
E B
2 100
[(=]
=

a CAR categories

but were more likely to have dementia (P<0.05 for all
analyses).

Clinical outcomes during and after hospitalization
and their associations with CRP to albumin ratio

Associations of CAR with clinical outcomes are pre-
sented in Table 2. Median hospital stay did not
significantly differ between patients with lower and
higher CAR values; however, patients with higher CAR
were significantly more likely to require intensive care
unit treatment, high-flow oxygen therapy, and me-
chanical ventilation. Higher CAR was associated with
prolonged immobilization (defined as =7 days with-
out bathroom privileges) and development of deep
venous thrombosis. Conversely, higher CAR patients
were less likely to experience arterial thrombosis,
driven by lower frequency of myocardial infarction
and without significant difference in cerebrovascular
insult rates. Patients with higher CAR were also more
likely to experience bacterial sepsis during hospital
stay. There was no significant difference in bleed-
ing nor pulmonary embolism rates. Patients with
higher CAR on admission stratified at median were
significantly more likely to experience inferior 30-
day survival rates (52% vs. 75%; P<0.001) and lower
6-month posthospital discharge survival rates (88.6%
vs. 93.8%; P=0.014).

We further investigated prognostic properties of
CAR for 30-day survival. When stratified at deciles,
CAR showed a gradually worsening prognosis with
each increasing decile (Supplementary Figure S1). By
analyzing the course of survival curves and associated
hazard ratios, we were able to categorize patients into
4 categories with a distinct prognosis, presented in
Fig. 1b, and that corresponded to CAR values of <1.0,
1.0-2.9, 3.0-5.9 and =6.0. Patients belonging to these
groups experienced 30-day survival rates of 86%, 68%,
58% and 43%, respectively. There were mutually sig-
nificant survival differences present between all four

30-days survival by CAR categories
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Fig. 1 a Median IL-6 concentrations and b 30 days from admission survival stratified according to the C-reactive protein to

albumin ratio (CAR) prognostic categories
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categories. Associated unadjusted hazard ratios in
comparison to the first category were 2.47 (95% CI
1.88-3.25), 3.42 (95% CI 2.63-4.49) and 5.38 (95% CI
4.11-7.05) for 2nd, 3rd and 4th prognostic categories.

We could demonstrate robust independent prog-
nostic properties of CAR prognostic categories in
a series of multivariate Cox regression models. CAR
prognostic categories remained significantly associ-
ated with 30-day survival after adjusting for age, sex,
Charlson comorbidity index, COVID-19 severity and
duration of symptoms on admission as shown in Sup-
plementary Table S1. CAR prognostic categories also
remained significantly associated with 30-day survival
when compared to other relevant COVID-19 prognos-
tic scores (WHO COVID-19 severity, CURB-65, VACO
index) as shown in Supplementary Table S2. A similar
model with prognostic indices stratified to their prog-
nostic categories is shown in Supplementary Table
S3. These analyses show that CAR prognostic proper-
ties are independent of disease severity and duration,
age and comorbidities as well as of other prognostic
scores.

Validation of CRP to albumin ratio prognostic
properties in an independent cohort of patients

We further analyzed robustness of association of CAR
prognostic categories with survival in an independent
cohort of 1155 patients subsequently treated in our
institution in the period from 3/2021 to 6/2021. In
comparison to patients in the development cohort,
patients in the validation cohort were significantly
younger (median age 69 vs. 73 years; P<0.001),
had lower Charlson comorbidity index (median 3 vs.
4; P<0.001), higher frequency of severe or critical
COVID-19 on admission (91.5% vs. 85.8%; P<0.001)
but were of similar sex distribution (58.4% vs. 57.4%
males; P=0.602). The 30-day survival rate in the
validation cohort was 68.3%.

Patients in the validation cohort had similar CAR
levels on presentation as patients in the development
cohort (median 27.8 vs. 29.2; P=0.620). When strati-
fied to CAR prognostic categories defined above, sig-
nificantly different 30-day survival could be observed
in the validation cohort as well (P<0.001), with dis-
tinct survival course associated with each category as
shown in Supplementary Figure S2. In the multivari-
ate analyses, CAR prognostic categories retained sta-
tistical significance and demonstrated same prognos-
tic properties in the validation cohort as observed in
the development cohort as shown in Supplementary
Table S1 and Supplementary Table S2.

Discussion

CRP and albumin seem to depict different patho-
physiologic processes and different aspects of inflam-
mation. In contrast to CRP where elevation reflects
the severity of acute phase inflammatory response,

decrease in albumin can reflect different processes
including inflammation, nephrotic range proteinuria,
damaged liver function and worse nutritional status
[21]. As we demonstrate, both CRP and albumin
are independent of age, sex and each other associ-
ated with adverse outcome, providing rationale to
investigate their ratio as a separate parameter. In
indirect comparison to CRP alone, CAR seems to have
better prognostic properties achieving higher AUC
values in the multivariate models presented in Sup-
plementary Table S1 (AUC for CAR 0.768 vs. 0.764;
data not shown). CAR is associated with a num-
ber of unfavorable features in hospitalized COVID-
19 patients. Among them, older age, male sex, more
severe COVID-19 and worse functional impairment
are well known negative prognostic factors that re-
flect worse clinical outcomes. CAR is also associated
with features of stronger inflammation (elevated IL-6,
D-dimers, WBC ...) and other liver blood test de-
rangements. It is notable, however, that higher CAR
values are observed among patients with longer du-
ration of symptoms at the time of hospital admission
and no significant association with bilirubin levels are
present. These findings imply that more developed
inflammatory response but not functional liver in-
jury is underlying this parameter. Thus, it seems that
higher CAR patients have specific, inflammatory phe-
notype with more severe COVID-19 on presentation.
Duration of symptoms did not affect prognostic asso-
ciations of CAR as shown in the multivariate models
where both factors were independently associated
with worse survival (higher CAR and shorter duration
of symptoms). Higher CAR patients were also more
likely to receive specific therapies, probably owing
to more severe disease presentation; however, after
including specific drugs into multivariate analyses
they did not change associations of CAR with worse
clinical outcome (data not shown). Also, there was
a similar comorbidity burden as assessed by Charl-
son comorbidity index between patients with lower
and higher CAR values and this parameter seems to
be less affected by comorbidities and more by acute
inflammatory state induced by SARS-CoV-2 infection.
Specific metabolic comorbidities associated with un-
favorable clinical course of COVID-19 did not group
with higher CAR but were even more frequent in pa-
tients with lower CAR values (hyperlipoproteinemia,
congestive heart disease, coronary artery disease,
history of myocardial infarction, chronic obstructive
lung disease, chronic liver disease and liver cirrho-
sis). Only comorbidity associated with higher CAR
was dementia, probably due to the older age of these
patients.

Worse clinical course including more rapid respira-
tory deterioration and higher need for intensive level
of care as well as higher mortality, have been previ-
ously reported to be associated with higher CAR in
smaller cohorts of COVID-19 patients [10-13]. Sim-
ilar observations regarding disease severity were es-
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tablished in non-COVID community-acquired pneu-
monia patients as well [22-24]. Our paper validates
these findings but also extends these observations to
demonstrate that survival is gradually improved with
lower CAR values. We were able to define four novel
CAR prognostic categories that add up to prognosti-
cation of COVID-19 patients. These categories pre-
dict survival independently of established prognos-
tic scores CURB-65 and VACO index as well as inde-
pendently of age, comorbidity burden and COVID-19
severity on admission. We also show that CAR reflects
on postdischarge mortality as well. Substantial ad-
vantage of laboratory dependent parameters in com-
parison to complex prognostic indices is less cumber-
some procedure of calculation and ability to quickly
classify patients when blinded for information regard-
ing specific comorbidities and other included param-
eters. Its use in adjunction to established prognostic
scores can help improve prognostication of COVID-
19 patients. CAR was also shown to be predictive of
worse functional impairment and higher occurrence
of deep venous thrombosis and bacterial sepsis. Con-
sidering these associations, CAR could reflect more se-
vere COVID-19 which was shown to be associated with
higher occurrence of venous thrombosis [25, 26]. Con-
versely, probably due to a baseline association with
a more favorable cardiovascular risk profile, acute ar-
terial thromboses were less frequent in patients with
higher CAR. This finding could reflect the fact that pa-
tients presenting with acute arterial thrombotic events
might not have had the time to develop full inflam-
matory profile of their disease and presented earlier
during the disease course.

Main limitations of our work are retrospective de-
sign, single-center experience and lack of longitudinal
assessment of CAR. No P-value adjustments for mul-
tiple testing were performed when comparing charac-
teristics and outcomes between two group of patients
(higher and lower CAR values). Main strengths of our
work are a large sample size and validation of findings
in an independent cohort of patients treated in the
same institution. This was possible due to high vol-
ume of patients and represents largest single-center
cohort reporting CAR-related clinical and prognostic
aspects of COVID-19 so far. Our findings are repre-
sentative of tertiary center experience with high pro-
portion of patients with severe or critical disease at
the time of admission and might not be generalized
to other clinical contexts.

In conclusion, among hospitalized COVID-19 pa-
tients, higher CAR at the time of hospital admission
is associated with older age, male sex, parameters re-
flecting stronger systemic inflammation and more se-
vere COVID-19. Higher CAR is associated with higher
30-day and postdischarge mortality. We defined and
validated four CAR prognostic categories with robust
prognostic properties for 30-day survival independent
of disease severity, age and comorbidities. CAR seems

to have a good potential to improve prognostication
of hospitalized COVID-19 patients.
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