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Abstract

Clinical and laboratory parameters are useful tools to improve success rates in the management of COVID-19 
patients. Indices such as NLR, PLR, MHR, SII, AIP and CAR may indicate poor prognosis in predicting poor 
prognosis in COVID-19. It was aimed to identify such parameters of disease progression in COVID-19 patients 
by examining demographic data, comorbid conditions, some biochemical and hematological parameters. A 
retrospective analysis was performed for patients admitted to intensive care unit or pulmonary diseases department 
or treated on an outpatient basis due to a diagnosis of COVID-19. Patients with positive PCR test and thoracic CT 
compatible with COVID-19 pneumonia were included in the study. A control group was formed from volunteers 
of similar age and gender. The study population was divided into four groups as follows: patients admitted to 
intensive care unit (ICU group); patients admitted to chest diseases department (Inpatient Group); patients treated 
on an outpatient basis (Outpatient Group); and controls (Control Group). There were 61, 201, and 30 patients in the 
ICU, inpatient, and outpatient groups, respectively. A total of 96 subjects served as controls. Study groups were 
comparable with respect to gender distribution. ICU patients had higher NLR, PLR, AIP, SII, and CAR, and lower 
LMR as compared to other groups. NLR, SII, AIP, and CAR emerged as predictors of ICU admission, while MHR 
was predictive of inpatient treatment. Certain clinical and laboratory parameters may be useful tools for improving 
the success of COVID-19 management. High NLR, SII, AIP, CAR, and MHR values may indicate low prognosis in 
COVID-19 patients.
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Introduction 
In December 2019, a cluster of pneumonia cases 
with unknown etiology has been observed in 
Wuhan city of China. Subsequently, the causative 
agent was found to be a novel type of enveloped 
RNA beta-coronavirus, later termed as the severe 
acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) [1]. Lungs are the most important site 
of involvement for coronavirus disease 2019 
(COVID-19) [2]. Therefore, it is very important 
to show radiologically pulmonary involvement. 
The low specificity could be associated with 
other etiological factors that can cause similar 
thorax computer tomography (CT) findings 
[3]. Although certain thorax CT signs are 
characteristic of COVID-19, no specific sign is able 
to completely rule out a diagnosis of COVID-19 
[4]. Inconsistency between radiological and 
clinical findings may also present certain 
diagnostic challenges. Therefore, laboratory 
parameters represent a very important tool 
for predicting the course and progression 
of COVID-19. Patients with COVID-19 may 
experience severe pneumonia, acute respiratory 
distress syndrome (ARDS), and multi-organ 
failure leading to hospitalization or death [5]. 
Laboratory parameters or biochemical indexes 
that can reflect the COVID-19 severity may allow 
administration of earlier aggressive treatments 
and reduce mortality. Lymphocyte count, platelet 
count, albumin, C-reactive protein to albumin 
(CAR) fibrinogen, procalcitonin, D-dimer, and 
interleukin-6 (IL-6) have been shown to predict 
the disease severity in COVID-19 patients [6-10]. 
Recently, similar benefits for diagnosing and 
assessing the severity of COVID-19 have been 
reported for several indexes such as neutrophil to 
lymphocyte ratio (NLR), platelet to lymphocyte 
ratio (PLR), lymphocyte to monocyte ratio (LMR), 
and systemic immune inflammation index (SII) 
[11-13]. Despite these reports, no single reliable 
diagnostic and/or prognostic marker is available 
that can guide clinicians in the management of 
COVID-19. Thus, widely available, inexpensive, 
and rapidly measurable biomarkers are 
warranted for timely clinical decisions. In this 
study, we aimed to find demographic data, 
biochemical and haematological parameters of 
comorbid diseases that may show COVID-19 
progression.

Materials and Methods  
A total of 403 patients diagnosed with COVID-19 
and admitted to intensive care unit (ICU) or 
chest diseases ward, or treated on an outpatient 
basis between 1 January 2021 and 31 June 2021 
at the Medical Faculty Hospital, Erzincan  Binali 
Yildirim University (EBYU), were retrospectively 
screened. 109 were excluded due to missing data. 
3 patients were excluded due to current treatment 
with statins and/or fenofibrate. The study was 
approved by the EBYU Ethics Committee for 
Clinical Research (2021:10/20).  Patients with 
positive PCR (Polymerase Chain Reaction) test 
and thoracic CT compatible with COVID-19 
pneumonia were included in the study. A control 
group was formed from volunteers of similar 
age and gender. Also, a group of subjects with 
no COVID-19 infection served as controls. Thus, 
a total of 292 patients  and 96 control  group 
participated the study. Data on demographics, 
comorbid conditions, and laboratory results were 
retrieved from the hospital’s electronic database. 
Study subjects were divided into four groups as 
follows: patients admitted to intensive care unit 
(ICU Group, n=61); patients admitted to chest 
diseases ward (Inpatient Group, n=201); patients 
treated on an outpatient basis (Outpatient Group, 
n=30); and the control group (Control Group, 
n=96). ICU group consisted of patients with the 
following characteristics: respiratory rate > 30/
min, presence of severe respiratory symptoms, 
oxygen saturation (SpO2) < 90% at ambient air, 
PaO2/FiO2 < 200, in addition to requirement 
for high flow oxygen therapy (HFOT), non-
invasive mechanical ventilation (NIMV), or 
invasive mechanical ventilation (IMV). Subjects 
in the Inpatient Group had symptoms such as 
productive cough and myalgia with positive 
PCR test result, in addition to the presence of 
radiological signs of COVID-19 pneumonia. 
Outpatients consisted of those with cough, 
sputum, myalgia, positive PCR test, with no 
radiological signs of COVID-19 pneumonia. 
Age and gender matched subjects who applied 
to the hospital for other reasons and did not 
have COVID-19 or comorbidities constituted the 
control group. 
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The test results obtained from the first 
measurements of the patients recorded in 
the system were evaluated in this study. 
Venous blood samples were collected after 
12 hours of fasting. Fasting total cholesterol 
(TC), high density lipoprotein cholesterol 
(HDL-C), low density lipoprotein cholesterol 
(LDL-C), triglycerides, albumin, creatine kinase 
(CK), lactate dehydrogenase (LDH), ferritin, 
C-reactive protein (CRP), D-dimer, Hematocrit 
(Htc), neutrophil count, lymphocyte count, 
monocyte count, and mean red cell distribution 
width (RDW) at presentation were recorded. 
The complete blood counts were performed 
using a Sysmex XN-1000 autoanalyzer (Sysmex 
Corporation, Kobe, Japan), and biochemical 
assays were carried out with spectrophotometric 
methods using an Olympus AU2700 Plus 
Chemistry Analyzer (Beckman Coulter, Tokyo, 
Japan). Serum ferritin was determined by 
chemiluminescence using a Centaur XP device 
(Siemens Healthcare, Germany). C-reactive 
protein (CRP) was measured in serum by 
nephelometric methods using a BN™ II device 
(Siemens, Munich, Germany). D-dimer were 
measured from the whole blood with AQT90 
flex Radiometer® (Bronshoj, Denmark). Also 
calculated for each patient were the neutrophil to 
lymphocyte ratio (NLR), platelet to lymphocyte 
ratio (PLR), lymphocyte to monocyte ratio (LMR), 
systemic immune inflammation index (SII: 
neutrophils × platelets/lymphocytes), monocyte 
to HDL-C ratio (MHR), C-reactive protein to 
albumin ratio (CAR: CRP/albumin × 100), and 
AIP (as the base 10 logarithm of triglyceride to 
HDL-C ratio).

Exclusion criteria included the presence of 
connective tissue disorders, hematological 
disorders, renal or hepatic dysfunction, thyroid 
disorders, cancer, age < 18 years, pregnancy, 
albumin transfusion prior to treatment, and use 
of antifibrotic treatments. 

IBM SPSS 22 (Armonk, NY: IBM Corp.) package 
program was used in statistical analysis of the 
data. Descriptive statistics for variables were 
presented as numbers and percentages for 
categorical variables and average ± standart 
deviation (FA) for continuous variables. 
Chi-square test was used in the analysis of 

categorical data. The suitability of continuous 
variables to normal distribution was tested by 
the Kolmogorov-Smirnov normality test. One-way 
ANOVA performed in group comparison. After 
ANOVA pairwise comparisons were done by 
using Bonferroni post-hoc test. The ROC curve 
was used to test whether the variables had 
diagnostic value. Area under roc curve (AUC), 
Youden index, optimum cut-off, sensitivity and 
speciality values of the optimum cutting point 
were presented. In all statistical tests, situations 
with p <0.05 were considered significant.

Results
There were 61, 201, and 30 patients in the ICU, 
inpatient, and outpatient groups, respectively 
a total of 96 subjects served as controls. Female 
and male patients comprised 41% and 59%, 
39.8% and 60.2%, and 46.7% and 53.3% of the 
patients in the ICU, inpatient, and outpatient 
groups, respectively. Of the control subjects, 
43.8% were female and 56.3% were male. 
Gender distribution was comparable across the 
study groups (p = 0.855). The mean age in ICU, 
inpatient, outpatient, and control groups was 
67.79 ± 13.624, 53.25 ± 19.292, 44.54 ± 12.128, and 
50.15 ± 14.375 years, respectively. ICU patients 
were significantly older as compared to other 
groups (p < 0.001). In our study, cardiovascular 
disease (CVD), diabetes mellitus (DM), chronic 
pulmonary disease (CPD) and charlson 
comorbidity index (CCI) scores were higher in 
the ICU group compared to other groups (p < 
0.001) (Figure 1). Also, mean CK, LDH, ferritin, 
CRP, D-dimer, triglyceride, neutrophil, and RDW 
were higher among ICU patients than in other 
groups (p < 0.001) (Figure 2, Table 1). However, 
ICU patients had lower Htc, lymphocyte count, 
and albumin vs. other groups (p < 0.001) (Table 
1).
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In our study, it was seen that the total-C value in 
the ICU group is similar to the inpatient group 
(p = 0.632), but lower than the values   in the 
Outpatient and Control group (p < 0.001). In our 
study, HDL-C values were similar to the inpatient 
group and the ICU group (p=0.14). However, 
HDL-C values in these two groups were lower 
than in the outpatient and control groups. In 
addition, in our study, the values   in the LDL-C 

ICU group were lower than other groups (p < 
0.001). The triglyceride values   were higher in the 
ICU group than other groups (p < 0.001). Finally, 
the AIP values   in the ICU group were higher 
compared to other groups (p < 0.001) (Figure 4). 
When NLR, LMR, PLR, AIP, SII, CAR, and MHR 
indexes are calculated, ICU patents were found 
to have higher NLR, PLR, AIP, SII, and CAR (p < 
0.001) and lower LMR (p < 0.001) as compared to 

Table 1. Laboratory values used in the follow-up of patients with COVID-19 infection
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*Statistically significant difference was found when compared to intensive care (p<0.05) 
 

Abbreviations: TC,  total cholesterol; HDL-C, high density lipoprotein cholesterol;  LDL-C, low density 
lipoprotein cholesterol; CK, creatinine kinase; LDH, lactate dehydrogenase; WBC, white blood cell; Htc, 
Hematocrit; RDW, mean red cell distribution width; PLT, Platelets; CRP, C-reactive protein; AIP, 
Atherogenic index of plasma; SII, Systemic  immun inflammatory index;  CAR, C-reactive protein to 
albumin ratio; MHR, monocyte to HDL-C ratio; NLR, Neutrophil to lymphocyte ratio; LMR, Lymphocyte 
to monocyte ratio; PLR, Platelet to lymphocyte ratio. 

In our study, it was seen that the total-C value in the ICU group is similar to the inpatient group 

(p = 0.632), but lower than the values in the Outpatient and Control group (p < 0.001). HDL-C 

has similarly in the ICU group in the ICU group and the Inpatient group similar to the total 

cholesterol (p = 0.14), the HDL-C values of these two groups were lower than the outpatient 

Laboratory 
Parameters 
 

ICU 
Group 
(n=61) 

Inpatient 
Group 
(n=201) 

Outpatient 
Group 
(n=30) 

Control 
Group 
(n=96) 

p 

Albumin (g/L) 30.2 ± 5.7 39.8 ± 4.4* 40.6 ± 3* 41.9 ± 3.3*  < 0.001 

TC (mg/dL) 175.9 ± 77.53 174.1 ± 49 199.2 ± 39.6* 198.4 ± 42.2*  < 0.001 

Triglyceride (mg/dL) 208 ± 106.5 134.4 ± 77* 199 ± 130.8 143.5 ± 93* < 0.001 

HDL-C (mg/dL) 33.8 ± 10 38.4 ± 11.8 45.1 ± 10.3* 47.6 ± 11.8*  < 0.001 

LDL-C (mg/dL) 92.3 ± 35.4 108 ± 41* 114 ± 33.4* 125.1 ± 36* < 0.001 

CK (u/L) 265 ± 293.5 168.6 ± 215.4* 117.4 ± 43.4* 138 ± 165.3* < 0.001 

LDH (u/L) 520.1 ± 419 274.2 ± 103.4* 233.4 ± 90* 256.2±82*  < 0.001 

WBC (103/ mm3 ) 11.5 ± 7.5 8.5 ± 3.9* 7.1 ± 2.2* 7.0 ± 2.0*  < 0.001 

Htc  ( % )  35.6 ± 6.3 41.5 ± 4.5* 42.4 ± 3.8* 43.1 ± 3.9*  < 0.001 

RDW % 15.2 ± 2.6 13.5 ± 1.8* 13.4 ± 1.6* 13.1 ± 1.0*  < 0.001 

PLT (103/ µL ) 237 ± 113 240 ± 72* 249 ± 676* 277 ± 78*  < 0.001 

Lymphocyte (103/ µL ) 1.20 ± 0.74 1.86 ± 0.83* 2.11 ± 0.86* 2.19 ± 0.70*  < 0.001 

Monocytes (103/ µL) 0.93 ± 1.50 0.68 ± 0.31 0.55±0.20 0.52±0.19 < 0.001 

Neutrophil (103/ µL) 7.82 ± 5.32 4.04 ± 2.01* 4.48 ± 1.69* 4.10 ± 1.59*  < 0.001 

Ferritin (ng/mL) 680.8 ± 527.5 231.8 ± 293.8 187.7 ± 308 111 ± 79.8*  < 0.001 

Fibrinogen (mg/dL) 313.9±113.9 351.6±81.7* 296±78.6* 263.2±64.8* < 0.001 

CRP (mg/L) 72.7 ± 61.40 35.6 ± 45.1* 6.0 ± 7.5* 3.5 ± 3.1*  < 0.001 

D-dimer (µg/L) 3829 ± 6891 1885 ± 6995* 446 ± 291* 359 ± 144*  < 0.001 

AIP 6.59 ± 4.0 3.81 ± 2.49* 4.75 ± 3.39* 3.33 ± 2.48*  < 0.001 

SII 2281.4 ± 2570.2 664.6 ± 694.8* 584.0 ± 327.7* 557.1 ± 309.3*  < 0.001 

CAR 2.684 ± 2.687 0.942 ± 1.276* 0.150 ± 0.194* 0.084 ± 0.076*  < 0.001 

MHR 0.032 ± 0.06 0.019 ± 0.011* 0.013 ± 0.006* 0.012 ± 0.005*  < 0.001 

NLR 10.17 ± 10.85 2.78 ± 2.73* 2.31 ± 1.08* 2.02 ± 1.04*  < 0.001 

LMR 2.68 ± 2.22 3.167 ± 1.70* 3.93 ± 1.09* 4.52 ± 1.46* < 0.001 

PLR 265.5 ± 187.2 158.4 ± 112.6* 134.3 ± 62.7* 135.2 ± 44.3* < 0.001 

     *Statistically significant difference was found when compared to intensive care (p<0.05)

Abbreviations: TC,  total cholesterol; HDL-C, high density lipoprotein cholesterol;  LDL-C, low density lipoprotein cholesterol; CK, creatinine 
kinase; LDH, lactate dehydrogenase; WBC, white blood cell; Htc, Hematocrit; RDW, mean red cell distribution width; PLT, Platelets; CRP, 
C-reactive protein; AIP, Atherogenic index of plasma; SII, Systemic  immun inflammatory index;  CAR, C-reactive protein to albumin ratio; 
MHR, monocyte to HDL-C ratio; NLR, Neutrophil to lymphocyte ratio; LMR, Lymphocyte to monocyte ratio; PLR, Platelet to lymphocyte 
ratio.
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other groups (Figure 4). Also, ICU and inpatient 
groups had higher MHR than in outpatient and 
control groups (p < 0.001). MHR was found to 
be a significant predictor of hospitalization. An 
assessment of the diagnostic accuracy of NLR, 
LMR, PLR, AIP, SII, and CAR indexes indicated 
that SII, NLR, AIP, and CAR were significant 
predictors of ICU admission (Figure 5A), while 
LMR and PLR were not statistically significant 
predictors of ICU admission. Table 2 shows the 
sensitivity and specificity of NLR, AIP, SII, and 
CAR for predicting ICU admission, and Figure 
5A shows the ROC curve analysis. Figure 5B 
shows an area under the ROC curve analysis 

of the sensitivity and specificity of MHR for 
hospitalization. 

Discussion
COVID-19 remains a major global cause of 
morbidity and mortality with high rates of 
transmission. Increasing clinical evidence also 
shows that the most common comorbidities 
associated with poor prognosis and higher 
mortality rates in COVID-19 patients include 
systemic hypertension (HT), DM, and obesity. 
In our study, CVD, DM, CPD diseases and CCI 
scores were higher in the ICU group compared to 
other groups. However, patients with additional 

Tablo 2. CAR, AIP, SII, and NLR values are observed in patients diagnosed with COVID-19 Pneumonia and 
treated in an outpatient setting in the intensive care unit, chest diseases department.  
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Tablo 2. CAR, AIP, SII, and NLR values are observed in patients diagnosed with COVID-19 
Pneumonia and treated in an outpatient setting in the intensive care unit, chest diseases 
department.   

Indexes AUC 95%CI for AUC p-value Optimum 
cut-off 

Youden Index Sensitivity 
(%) 

Specificity 
(%) 

SII 0.756 (0.674-0.838) <0.001 960.6 0.48 62.3 85.7 
NLR 0.816 (0.751 -0.882) <0.001 3.91 0.51 65.6 85.7 
AIP 0.740 (0.670-0.810) <0.001 0.32 0.39 63.9 75.8 
CAR 0.762 (0.693-0.832) <0.001 1.11 0.43 65.6 77.5 

Abbreviations: CAR,  C-reactive protein to albumin ratio; AIP, Atherogenic index of plasma; SII 
,Systemic  immun inflammatory index; NLR, Neutrophil to lymphocyte ratio. 

Abbreviations: CAR,  C-reactive protein to albumin ratio; AIP, Atherogenic index of plasma; SII ,Systemic  immun inflammatory index; 
NLR, Neutrophil to lymphocyte ratio.
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Figure 1. Shows the distribution of A: Age, B: Gender, C: CCI (charlson comorbidity index) 
and D: CVD, DM, CPD by groups. (CVD, cardiovascular disease; DM, diabetes mellitus; CPD, 
chronic pulmonary diseases) 

 

Figure 2. Distribution of A: CK, B: LDH, C: Ferritin, D: Fibrinogen, E: D-dimer, F: CRP 
according to groups is observed. (CK, creatinine kinase (µ/L); LDH, lactate dehydrogenase 
(µ/L), Ferritin (ng/ml), Fibrinogen  (mg/dl), D-dimer (µg/L) CRP, C-reactive protein (mg/L)). 

 

Figure 1. Shows the distribution of A: Age, B: Gender, C: CCI (charlson comorbidity index) and 
D: CVD, DM, CPD by groups. (CVD, cardiovascular disease; DM, diabetes mellitus; CPD, chronic 

pulmonary diseases)
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Figure 3. A: Total cholesterol (mg/dL), B: LDL-cholesterol (mg/dL), C: HDL-cholesterol 
(mg/dL) and D: Triglyceride (mg/dL) groups according to the distribution. 

 

Figure 4. A: CAR, C-reactive protein to albumin ratio, B: AIP, Atherogenic index of plasma, C: 
SII, Systemic  immun inflammatory index; D: NLR, Neutrophil to lymphocyte ratio; E: PLR, 
platelet to lymphocyte ratio F: LMR, Lymphocyte to monocyte ratio; shows the distribution 
according to groups. 

 

Figure 3. A: Total cholesterol (mg/dL), B: LDL-cholesterol (mg/dL), C: HDL-cholesterol (mg/dL) and D: 
Triglyceride (mg/dL) groups according to the distribution.

infection or pulmonary thrombolysis were not 
included in the study. 

Unfortunately no practical, rapid, and reliable 
tests are available for the diagnosis of this 
condition. Thus, more practical and available 
routine laboratory tests are required both for 
the diagnosis and prognosis prediction. Our 

results showed that a significant proportion 
of our patients experienced alterations in 
their routine laboratory tests that were more 
pronounced among patients admitted to an ICU. 
Fundamental pathophysiological mechanisms 
of multi-organ damage secondary to COVID-19 
infection include direct viral toxicity, endothelial 
injury, thrombo-inflammation, dysregulation of 
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LMR, Lymphocyte to monocyte ratio; shows the distribution according to groups.
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Figure 5. A: When the diagnostic accuracy of indexes were evaluated, AIP SII, CAR and NLR 
were found significant for determining B: The diagnostic value of the monocyte to HDL-C ratio 
(MHR) index was tested to determine hospitalization (ICU+Inpatient) and it was found to be 
significant in determining hospitalization (p<0.001). The area under the curve was found to 
have an AUC of: 0.719 (95%CI: 0.667-0.772). The diagnostic cut-off value for hospitalization 
was calculated as 11.6 (sens: 75.9%; spec: 60.3%). ICU admission (Table 2 and ROC curve). 

Abbreviations: AIP, Atherogenic index of plasma; SII, Systemic  immun inflammatory index;  CAR, C-
reactive protein to albumin ratio; NLR, Neutrophil to lymphocyte ratio; MHR, monocyte to HDL-C ratio; 
HDL-C, high density lipoprotein cholesterol.  
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(p<0.001). The area under the curve was found to have an AUC of: 0.719 (95%CI: 0.667-0.772). The diagnostic cut-

off value for hospitalization was calculated as 11.6 (sens: 75.9%; spec: 60.3%). ICU admission (Table 2 and ROC 
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Abbreviations: AIP, Atherogenic index of plasma; SII, Systemic  immun inflammatory index;  CAR, C-reactive protein to albumin ratio; 
NLR, Neutrophil to lymphocyte ratio; MHR, monocyte to HDL-C ratio; HDL-C, high density lipoprotein cholesterol. 

the immune responses, and dysregulation of the 
renin-angiotensin-aldosterone (RAAS) system 
[14]. It is highly probable that endothelitis, 
endothelial injury, endothelial cell dysfunction, 
and impaired micro-circulation in different 
vascular beds may contribute significantly to 
life-threatening complications of COVID-19, 
such as venous thromboembolic disease [15]. 
It appears that endothelial dysfunction plays 
a determinative role in the progression of 

COVID-19 [16]. Previously, elevated MHR has 
been shown to be associated with systemic 
inflammation and endothelial dysfunction, and 
has been proposed to be a prognostic marker for 
cardiovascular disorders [17-20]. In our study, 
ICU and inpatient treatment groups had higher 
MHR as compared to outpatients and control 
subjects (p < 0.001).  Also, MHR emerged as a 
significant predictor of hospital admission. The 
height of the MHR index may be due to older, 
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DM and CVD patients in the ICU group, and 
may show poor prognosis. In a similar way in 
our study, it was seen that the most common 
comorbidities in patients with COVID-19 
were diagnosed in patients with COVID-19 
were found to be hypertension and diabetes 
mellitus diseases [21]. It has been reported 
that a progressive increase in RDW occurs 
in correlation with the severity of COVID-19 
infection. On the basis of this information, it has 
been suggested that RDW should be a part of 
routine laboratory assessments and monitoring 
of COVID-19 patients [22]. Similar to previous 
observations, our ICU patients had higher 
RDW as compared to other groups. Systemic 
immune inflammation index (SII), estimated 
using the parameters of neutrophil, platelet, and 
lymphocyte counts, is a marker for the systemic 
inflammation, and may be utilized to predict 
poor prognosis in cardiovascular disorders [23]. 
Recent observations suggest that COVID-19 
patients may have significant elevation of SII 
as compared to healthy controls, indicating a 
potential diagnostic role in these patients [11]. It 
appears that SII may be a particular marker of 
respiratory injury in COVID-19 patients, rather 
than a general impairment due to comorbidities 
[24].  In our study, patients admitted to the 
ICU also had higher SII than other groups (p 
< 0.001), with an additional role to predict the 
ICU admission. As stated earlier, these findings 
suggest that elevated SII in COVID-19 patients 
may be an indicator of poor prognosis. While 
neutrophils mediate the innate immune responses 
mainly involving the production of mediators, 
lymphocytes mediate the adaptive immune 
responses via regulation of inflammation [25]. 
Lymphopenia and neutrophilia are common 
hematological abnormalities in COVID-19 
patients and also have been found to be 
significant predictors of disease severity and 
poor prognosis. In a recent study, Nalbant et al. 
showed that NLR index, which may be readily 
calculated by dividing neutrophil count to 
lymphocyte count, is an independent predictor 
of a diagnosis of COVID-19 infection [26]. Also, 
other studies suggest that NLR index may be 
closely associated with the course of COVID-19 
infection [27].  In our study, ICU patients had 
higher NLR as compared to other groups. 

Also, NLR index was previously reported to 
be a significant predictor of ICU admission. 
LMR was proposed as an inflammatory marker 
with prognostic and predictive values [28, 29]. 
LMR measurements may have a prognostic 
value also in COVID-19 patients. Accordingly, 
our ICU patients had lower LMR values than 
other groups. Recently, PLR has emerged as 
an inflammatory marker that could predict the 
adverse outcomes in patients with CVD [30-
32]. Also, Qu R. et al. reported that PLR could 
be used as a predictor of mortality in COVID-19 
patients [33]. In the current study, ICU patients 
had higher PLR values as compared to other 
study groups. Hypercoagulation and dissemine 
intravascular coagulopathy (DIC) can be seen in 
some viral infections [34]. Grillet et al. detected 
the presence of acute pulmonary embolism in 
23% of the patients with COVID-19 pneumonia 
[35]. Hypercoagulation may also be associated 
with hyperinflammatory responses. Also, acute 
pulmonary edema may occur in critically ill 
COVID-19 patients who have occlusion of the 
smaller pulmonary vessels and micro-thrombi 
[36]. Significantly increased fibrinogen and 
D-dimer levels may reflect a worse prognosis 
[37, 38]. In our study, ICU patients had higher 
D-dimer levels than other groups. CRP is a 
positive acute phase reactant that increases in 
infections, inflammation, and in response to 
tissue injury [39]. It has been reported that CRP 
may be elevated without any CT findings in 
some cases of severe COVID-19 infection, hence 
its proposed role as an early marker of severe 
disease [40]. It has been reported that there is 
a positive correlation between CRP levels and 
the diameter of the lung lesion and that CRP 
indicates disease severity [41]. In the current 
study, patients admitted to an ICU had higher 
CRP levels than in other subjects. Albumin 
is a negative acute phase reactant that tends 
to decrease in response to conditions such as 
inflammation, trauma, surgery, and burns [42]. 
Inflammation decreases albumin synthesis via 
IL-6 and TNF-α and increases the catabolism, 
leading to reduced serum albumin [43,44]. In 
hospitalized COVID-19 patients, an induced 
cytokine storm may lead to hypoalbuminemia, 
with an eventually elevated risk of mortality. 
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Low albumin levels may predict the course of 
the disease irrespective of other markers [45,46].
In our study, patients admitted to ICU had 
lower albumin levels than other groups. CAR 
can be estimated using only two laboratory 
parameters that are widely available, and 
therefore it can be used as a simple, practical, 
and inexpensive prognostic marker of disease 
severity in COVID-19. Furthermore, CAR can 
be used as a marker of pro-inflammation, which 
is closely linked with pro-thrombotic states. 
In patients with higher thrombotic burden, 
elevated CAR levels have been observed. In 
contrast with assessments performed using 
albumin and CRP separately, CAR may be a 
more reliable bio-marker of disease severity and 
prognosis [47]. In recent years, it has emerged as 
a useful prognostic factor to predict mortality in 
patients with sepsis, septic shock, or in critically 
ill subjects [48-50]. CAR is independent risk 
factors that can forecast how severe the patients 
COVID-19 disease will progress [51]. Zeynep et 
al. looked at LDH/albumin, CRP/albumin, and 
urea/albumin levels in COVID-19 patients and 
showed that these 3 indices can predict poor 
prognosis and may be effective in deciding to 
transfer these patients to the intensive care unit 
[52]. In line with these previous publications, 
our ICU patients had higher CAR index values 
than other patient groups. Also, CAR emerged 
as a significant predictor of ICU admission. In 
patients with COVID-19, myocardial injury, 
myocarditis, and cardiac failure may occur, 
and acute myocardial infarction may develop 
as a result of hypercoagulability [53-55]. High 
triglyceride and low HDL-C levels are known to 
be associated with cardiovascular disorders [56]. 
AIP combines these two risk factors, and has been 
found to be associated with atherosclerosis, CVD, 
DM, HT, vascular disorders, and endothelial 
injury [56-59]. All viruses of the Coronaviridae 
family require host cells for viral replication, 
which leads to increased host metabolism in 
order to combat the virus [54]. Yan et al. showed 
that viruses can modulate the lipid metabolism 
of the host to obtain optimal viral replication 
[60]. Huang et al. showed a higher viral load 
among patients who died during the COVID-19 
pandemic, suggesting that total cholesterol, 

LDL-C, and HDL-C could be reduced due to 
this reason [61]. Also, elevated triglycerides 
were associated with increased mortality. In 
the current study, total cholesterol levels in 
ICU patients were comparable to those in the 
inpatient treatment group, although they were 
lower as compared to outpatients and control 
subjects. Similar to total cholesterol, HDL-C was 
comparable between ICU and inpatient groups, 
both of whom had lower HDL-C than outpatients 
and controls. Furthermore, LDL-C among ICU 
patients was significantly lower than in other 
patient groups, while triglycerides were higher 
in the ICU patients as compared to other patient 
groups. Based on these observations, it may be 
proposed that elevated AIP may be associated 
with increasing viral load and poor prognosis in 
COVID-19 patients.

Our study had some limitations. This was a single-
center retrospective study. Also, confounding 
factors for laboratory results such as cigarette 
smoking, alcohol use, and body mass index were 
not taken into consideration. Further multi-
center studies with larger patient populations 
are required to reinforce our observations.

Conclusion
In our study, patients in the ICU group were 
older and had higher number of comorbid 
conditions (particularly DM, CVD, and CPD). 
Obviously, closer monitoring of patients with 
comorbid conditions would be an appropriate 
clinical approach, as such conditions may have 
a negative impact on the prognosis. Clinical 
and laboratory data bear significant clinical 
importance, particularly in the management of 
patients admitted to ICUs. As a result, indexes 
such as AIP, SII, CAR, NLR, LMR, PLR and 
MHR calculated in COVID-19 patients can 
help predict poor prognosis. However, multi-
center, randomized, controlled studies with 
larger sample size are warranted to reach 
firmer conclusions regarding the utility of these 
parameters and indexes.
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