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INTRODUCTION 

The novel coronavirus disease 2019 (COVID-19) caused by acute respiratory syndrome-coronavirus-2 

(SARS-CoV-2) has begun to be seen at the end of 2019, in Wuhan, China. After that, World Health Or-

ganization (WHO) has declared COVID-19 pandemic, and it isn’t still even close to being over.1,2 Due to 

the COVID-19 is associated with a high risk of mortality and morbidity in critically ill patients, lots of clini-

cal studies have focused on the identification of prognostic factors to reduce COVID-19 associated mor-

tality.3,4 

The level of serum lactate is the most commonly used biomarker for the management of critically ill 

patients in the emergency department and intensive care unit (ICU).5 Hyperlactatemia or elevated levels 

of serum lactate may be caused by different clinical settings including sepsis, liver diseases, shock, and 

cancer. Many published studies have shown the association between hyperlactatemia and poor survival 

of critically ill patients.5-7 Also, in a clinical study by Velavan et al., levels of blood lactate were found 

significantly elevated in hospitalized COVID-19 patients with severe diseases.8 

Serum albumin that known as one of the major plasma proteins, is a negative acute phase reactant and 

has anti-oxidant properties. Many clinical statuses can lead to altered in the level of serum albumin.9,10 

Especially, hypoalbuminemia is associated with poor prognosis and shorter survival time in many clinical 

settings such as sepsis, traumatic brain injury, decompensated heart failure, and cancer.9,11-13 Also, re-

cently published studies showed that a lower level of serum albumin is frequently observed in severe 

and critically ill COVID-19 patients and it is associated with poor survival.14-17 

Clinical studies have reported that the lactate/albumin ratio (LAR) could have been an important 

prognostic factor for the prediction of mortality in septic shock, heart failure, and cardiac arrest patients. 

Also, it was shown that an increased initial LAR level was superior to the initial level of serum lactate 

alone for in-hospital mortality.10,18-22 To the best of our knowledge, the prognostic role of LAR in critically 

ill COVID-19 patients remains unknown. Therefore, in the present study, we aimed to evaluate the 

prognostic value of the LAR on the day of ICU admission in predicting 30-day mortality in critically ill 

COVID-19 patients, and compare with the initial level of serum lactate and albumin for the prediction of 

mortality. 



MATERIALS AND METHODS 

Study Design and Population 

This clinical study was approved by the Clinical Ethics Committee of Inonu University School of Medici-

ne (protocol no: 2020/154). We performed a single-center retrospective and observational clinical study 

in a tertiary level ICU of Malatya Training and Research Hospital between April 2020 and December 

2020. A total of 282 critically ill COVID-19 patients aged 18 years and older were enrolled into the study. 

Patients who died within the first 24 hours and transferred to the other ICU were excluded from the 

study. 

Data collection and Definitions 

We collected and analyzed the following data: all patients' demographic and clinical variables, scores on 

the Acute Physiology and Chronic Health Evaluation-II (APACHE-II) and Sequential Organ Failure As-

sessment (SOFA), laboratory variables, respiratory support type within 24 hours, invasive mechanical 

ventilation requirement, the use of vasoactive agent, ICU length of stay, and survival status of the pa-

tients at the end of day 30. Patients’ clinical and laboratory variables that evaluated in this study were 

collected within the first 24 hours following the ICU admission. 

The normal serum concentration of the albumin was 3.5‐5.0 g/dL, and hypoalbuminemia was defined as 

the level of serum albumin <3.5 g/dL.12 Also, hyperlactatemia was defined as the serum lactate level >2 

mmol/L.7 

Measurement of Outcome 

All patients were followed up during their ICU stay or until death, and we defined the short time mortality 

as death within 30 days after the ICU admission. All patients' mortality data were collected from the 

hospital medical record system. 

Statistical analysis 

We used SPSS (Statistical Package for Social Sciences) for Windows 22.0 software (SPSS Inc., 

Chicago, IL, USA) for the statistical analysis of the variables obtained from the hospital medical record 

system. All results were analyzed with a confidence interval level of 95% and a significance level of P < 

0.05. The homogeneity and distribution of the variables were assessed with using the Skewness-

Kurtosis. Frequencies and percentages were used for the categorical data, mean value ± standard 



deviation was used for the parametric variables while median (min-max) values were used for the non-

parametric variables. We used Chi-squared Test for the comparison of the categorical variables. The 

Independent Samples T Test was used for the analysis of the two independent groups’ parametric 

variables while Mann-Whitney-U Test was used for the analysis of non-parametric variables. Pearson 

Correlation analysis was used for the assessment of the relationship between LAR and disease severity 

scoring systems. We used receiver operating characteristic (ROC) curve for determine the optimal cut 

off value of the LAR. We used the Kaplan-Meier method for determining the overall survival rates of the 

patients at day 30. And, Long-rank Test was used to compare the differences between the survival of 

the groups. After the univariate survival analysis, we used Cox Regression analysis for the assessment 

of the multivariate survival analysis.  

RESULTS 

Baseline characteristics of the overall study population 

A total of 282 critically ill COVID-19 patients aged 18 years and older were included in the study. The 

mean age of the patients was 66.34±12.08 years and 179 (63.5%) of patients were male. 136 of the 

patients (48.2%) was under 65 years of age. Hypertension (68.2%), diabetes mellitus (38.3%), and 

coronary artery disease (31.2%) were the most common comorbidities. The SOFA and APACHE-II 

scores on ICU admission were found 4.00 (2-12) and 17.34±3.95 respectively. And, 137 (48.6%) 

patients died within 30 days after the ICU admission. 

Comparison of the baseline clinical characteristics between survivors and non‐survivors 

There were significant differences between the survivors and the non-survivors patients respectively 

age, gender, SOFA score, APACHE-II score, lymphocyte, NT-proBNP, LDH, urea, creatinine, ferritin, 

CRP, and procalcitonin (p<0.05).As we expected, patients who died within 30 days had higher lactate 

levels (2.77 vs 1.73 mmol/L, p<0.001), lower levels of serum albumin (2.73 vs 2.95 g/dL, p<0.001), and 

higher levels of LA ratio (0.92 vs 0.55, p<0.001). Comparison of the baseline clinical and laboratory cha-

racteristics of the survivors and non-survivors are summarized in Table 1 and Table 2. 

Mortality prediction performance of lactate, albumin and, lactate/albumin ratio 

We performed ROC analysis for the prediction of 30-day mortality and also finding the optimal cut-off 

value of the LAR for determining the 30-day mortality. ROC analysis showed that LAR (AUC=0.824, 

p<0.001) was superior to the serum albumin (AUC=0.644, p<0.001) and lactate levels (AUC=0.795, 



p<0.001) for the prediction of 30-day mortality. Also, the optimal cut-off value of the LAR was found 0.60 

(Figure 1) (Table 3). 

Comparison of the baseline clinical characteristics between patients with LAR >0.60 and pati-

ents with LAR ≤0.60 

After the determination of the cut-off value of the LAR, the overall study population divided into two gro-

ups as patients with LAR >0.60 and patients with LAR ≤0.60. Statistically significant differences were 

found between the groups by age and gender (p<0.001). And, patients with LAR >0.60 had higher 

SOFA and APACHE-II score on ICU admission (p<0.001). We found that laboratory findings of the organ 

dysfunction and inflammatory parameters were significantly elevated in patients with LAR>0.60. Also, 

serum level of albumin and count of lymphocytes was found significantly lower in patients with 

LAR>0.60. The use of vasoactive agents (31.8% vs 24.6%, p<0.001) and 30-day overall ICU mortality 

rates (75.6% vs 13.1%, p<0.001) were significantly higher in patients with LAR >0.60. We also found 

that LAR on the day of ICU admission was positively correlated with ICU admission SOFA score 

(r=0.335, p<0.001) and APACHE-II score (r=0.298, p<0.001) (Figure 2). Comparison of the baseline 

clinical and laboratory characteristics of the patients with LAR >0.60 and patients with LAR ≤0.60 are 

presented in Table 4 and Table 5. 

Survival analysis of the patients 

In the present study, 30-day overall mortality was found 48.6% in the overall study population. And, 30-

day overall ICU mortality rates (75.6% vs 13.1%, p<0.001) were significantly higher in patients with LAR 

>0.60. Also, patients with hypoalbuminemia and hyperlactatemia had a significantly shorter survival time 

(p<0.001) (Figure 3) (Figure 4). More importantly, we found that LAR >0.60 was associated with shorter 

survival time (p<0.001) (Figure 5). Univariate survival analysis of the patients summarized in Table 6. 

We performed multivariate Cox regression survival analysis for the assessment of independent prog-

nostic factors. It showed that LAR >0.60 was significant and independent prognostic factor for the 30-

day mortality in critically ill COVID-19 patients (HR:10.615 CI:5.673-19.865, p<0.001) (Table 7). 

DISCUSSION 

In the present study, we investigated the prognostic role of LAR on the day of ICU admission in critically 

ill COVID-19 patients. The main result of this study has shown that the LAR >0.60 was associated with 

a shorter survival time, and had a better prognostic performance for predicting 30-day mortality in criti-

cally ill COVID-19 patients. 



COVID-19 is associated with high risk of mortality and morbidity especially in hospitalized and critically 

ill patients. For this reason, several factors such as laboratory and clinical variables for the prediction of 

the disease severity and outcome has been defined in recently published clinical trials.15,16,23 Determina-

tion of these prognostic factors of the critically ill patients could help the decision of therapeutic appro-

aches for improving the short and long-term outcome.10,12 

Recently published clinical studies and meta-analysis that evaluate the prognostic factors in patients 

with COVID-19 reported increased level of lactate dehydrogenase (LDH), C-reactive protein (CRP), 

procalcitonin, D-dimer, cardiac biomarkers, and decreased lymphocyte count were associated with se-

vere disease and increased mortality. Also, older age, male sex, comorbidity, and obesity can impact 

survival in patients with COVID-19.3,4,24-28 We found significant differences between the survivors and 

the non-survivors in terms of age, gender, lymphocyte, NT-proBNP, LDH, ferritin, CRP, and procalcito-

nin, as showed by recently published studies. 

Hypoalbuminemia is frequently seen in COVID-19 patients and is associated with disease severity. Al-

though the underlying mechanisms have not been clarified, severe COVID-19 that is characterized by 

hyperinflammation lead to endothelial damage and increased capillary permeability, and this can lead to 

the accumulation of albumin in the interstitium. Recently published studies demonstrated that lower lev-

el of serum albumin at admission is significantly associated with increased mortality. Also, hypoalbu-

minemia has been found as independent prognostic factor for mortality in COVID-19 

patients.13,15-17,29,30Consistent with previous clinical studies and meta-analysis, the present study has 

confirmed that hypoalbuminemia is associated with a shorter survival time (p<0.001) (Figure 4). Howev-

er, lower level of serum albumin (serum albumin level <3.5 mg/dL) has not found as an independent 

prognostic factor for the 30-day mortality in critically ill COVID-19 patients (p=0.463). However, the nutri-

tion status of the patient, diseases that cause chronic inflammation, and liver diseases can affect the 

serum albumin levels in critically ill patients.19 

In addition, several studies have reported that an increased level of blood lactate is associated with se-

vere disease and increased risk of mortality in patients with COVID-19.8,25,31 Velavan et al., have repor-

ted that the level of blood lactate in COVID-19 pneumonia patients is higher compared with non-COVID-

19 pneumonia patients.8In the recently published study by Vassiliou et al., have emphasized that initial 

blood lactate is an independent mortality predictor in critically ill COVID-19 patients.32The present study 

has confirmed that hyperlactatemia is associated with a shorter survival time (p<0.001) (Figure 3). Ho-

wever, an increased level of blood lactate (blood lactate level >2 mmol/L) has not found as an indepen-



dent prognostic factor for the 30-day mortality in critically ill COVID-19 patients (p=0.372). However, se-

veral clinical statuses including renal or hepatic dysfunction, medications, and thiamine deficiency can 

affect the blood lactate levels.10,21,22 

Given these limitations of the single measurement of the lactate and albumin levels, several studies 

have focused on the mortality prediction performance of the lactate albumin ratio in different clinical set-

tings.10,18-22,33 

Studies that evaluate the clinical utility of LAR have shown that increased LAR is significantly associat-

ed with increased mortality and organ dysfunction in patients with sepsis and septic shock. In addition, 

these studies have shown that the mortality prediction performance of the LAR is superior to serum lac-

tate level or albumin level alone in patients with sepsis and septic shock.10,18-20,33Consistent with previ-

ous clinical studies, in the present study, ROC analysis showed that LAR (AUC=0.824, p<0.001) was 

superior to the serum albumin (AUC=0.644, p<0.001) and lactate levels (AUC=0.795, p<0.001) for the 

prediction of 30-day mortality. 

The clinical trial by Wang et al., have reported that increased lactate/albumin ratio correlated with 

APACHE-II score and PaO2/FiO2 ratio in patients with severe sepsis and septic shock. Also, they have 

emphasized that increased level of LAR on the day of ICU admission was associated with multiple-or-

gan dysfunction syndrome and mortality in patients with severe sepsis and septic shock.33 

Studies have also investigated the clinical utility of the LAR as a prognostic factor in other clinical set-

tings.In the recently published study by Guo et al., they have emphasized that LAR can be a useful 

prognostic factor for the short and long-term mortality in critically ill patients with heart failure.22Kong et 

al. found that increased LAR was significantly associated with poor neurologic outcomes in out-of-hospi-

tal cardiac arrest patients. Also, the prognostic performance of the LAR was found superior to a single 

measurement of lactate for predicting neurologic outcomes and survival.21 

Consistent with previous clinical studies, we found that increased LAR on the day of ICU admission was 

associated with increased mortality in critically ill COVID-19 patients. Moreover, we found a statistically 

significant positive correlation between LAR with ICU admission SOFA score (r=0.335, p<0.001) and 

APACHE-II score (r=0.298, p<0.001). And, increased level of LAR on the day of ICU admission was as-

sociated with hemodynamic instability in critically ill COVID-19 patients. More importantly, with a cut-off 

value of 0.60, LAR on the day of ICU admission is a significant and independent prognostic factor for 

the 30-day mortality in critically ill COVID-19 patients (HR:10.615 CI:5.673-19.865, p<0.001). 



CONCLUSION 

In conclusion, with a cutoff value of 0.60, the lactate/albumin ratio on the day of ICU admission is an 

independent and significant predictor for the 30-days mortality in critically ill COVID-19 patients. 

Moreover, the mortality prediction performance of the LAR is superior to either serum lactate level or 

serum albumin level alone. Therefore, LAR can be a useful and easily reachable prognostic factor for 

early risk stratification of critically ill COVID-19 patients, and can help to manage critically ill COVID-19 

patients better. 
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Figure 1. ROC analysis of (A) lactate/albumin ratio (B) serum lactate level (C) serum albumin level for 

the predicting 30-day mortality 

Figure 2. Pearson correlation analysis of LAR with APACHE-II score and SOFA score 

Figure 3. Kaplan–Meier 30-day survival curves for the critically ill COVID-19 patients by blood lactate 

level. P-values were calculated using the Log-rank test 

Figure 4. Kaplan–Meier 30-day survival curves for the critically ill COVID-19 patients by lactate/albumin 
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Figure 5. Kaplan–Meier 30-day survival curves for the critically ill COVID-19 patients by serum albumin 

level. P-values were calculated using the Log-rank test 
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Table 1. Baseline characteristics of the patients; survivors vs non-survivors

Overall  
(n=282)

Survivors  
(n=145)

Non-survivors  
(n=137)

P value

Mean age, years (Me!SD) 66.34!12.08 63.60!12.89 69.25!10.44 < 0.001*

Age 
≥ 65 years 
< 65 years

146 (51.8%) 
136 (48.2%)

61 (42.1%) 
84 (57.9%)

85 (62%) 
52 (38%)

0.001**

Gender 
Female 
Male

103 (36.5%) 
179 (63.5%)

66 (45.5%) 
79 (54.5%)

37 (27%) 
100 (73%)

0.001**

Comorbidities 
Malignancy 
CKD 
Alzheimer disease 
Cerebrovascular disease 
Diabetes mellitus 
COPD 
Hypertension 
CHF 
CAD 
Arrhythmia

4 (1.4%) 
14 (5%) 

24 (8.5%) 
7 (8.5%) 

108 (38.3%) 
62 (22%) 

192 (68.1%) 
37 (13.1%) 
88 (31.2%) 
23 (8.2%)

1 (0.7%) 
5 (3.4%) 

13 (9.0%) 
6 (4.1%) 

54 (37.2%) 
29 (20.0%) 
98 (67.6%) 
16 (11.0%) 
38 (26.2%) 
11 (7.6%)

3 (2.2%) 
9 (6.6%) 
11 (8.0%) 
1 (0.7%) 

54 (39.4%) 
33 (24.1%) 
94 (68.6%) 
21 (15.3%) 
50 (36.5%) 
12 (8.8%)

0.287** 

0.228** 
0.778** 
0.066** 
0.707** 
0.407** 
0.853** 
0.286** 
0.062** 
0.719**

SOFA score, (Min-Max) 4.00 (2-12) 3.00 (2-8) 5.00 (3-12) < 0.001***

APACHE-II score, (Me!SD) 17.34!3.95 15.65!3.21 19.13!3.88 < 0.001*

Invasive mechanical ventilation 
support within the first 24 hours 

Yes 
No

41 (14.5%) 
241 (85.5%)

18 (12.4%) 
127 (87.6%)

23 (16.7%) 
114 (83.3%)

0.298

Use of vasoactive agent 
Yes 
No 

139 (49.3%) 
143 (50.7%)

22 (15.2%) 
123 (84.8%)

117 (85.4%) 
20 (14.6%)

< 0.001**

Renal replacement therapy 
Yes  
No 

19 (6.7%) 
263 (93.3%)

4 (2.8%) 
141 (97.2%)

15 (10.9%) 
122 (89.1%)

0.006**

* Independent-samples T test 
** Chi-squared test 
*** Mann-whitney U Test 
CKD: chronic kidney disease, COPD: chronic obstructive pulmonary disease, CHF: chronic heart failure, CAD: 
coronary artery disease, SOFA: Sequential Organ Failure Assessment, APACHE-II: Acute Physiology and Ch-
ronic Health Evaluation II, Min: minimum, Max: maximum, Me: mean, SD: standard deviation



Table 2. Baseline laboratory parameters of the patients; survivors vs non-survivors

Overall 
(n=282)

Survivors 
(n=145)

Non-survivors 
(n=137)

P value

Blood biochemical parameters  
Urea, mg/dL (Min-max) 
Crea, mg/dL (Min-max) 
AST, U/L (Min-max) 
ALT, U/L (Min-max) 
CK, U/L (Min-max) 

LDH, IU/L (Mean!SD) 

Albumin, g/dL (Mean!SD)

56.00 (13-343) 
0.88 (0.36-12.02) 

46.00 (11-940) 
34.00 (5-850) 

116.00 (12-1000) 

654.43!295.82 

2.85!0.44

49.00 (13-343) 
0.81 (0.36-9.00) 
45.00 (12-900) 
33.00 (5-404) 

111.00 (12-1000) 

592.60!283.93 

2.95!0.47

65.00 (18-290) 
0.99 (0.50-12.02) 

47.00 (11-940) 
35.00 (6-850) 

132.15 (20-1000) 

719.87!295.07 

2.73!0.39

< 0.001* 

< 0.001* 

0.080* 
0.506* 
0.070* 

< 0.001** 

< 0.001**

Inflammatory parameters 

Ferritin, ng/dL (Mean!SD) 
CRP, mg/dL (Min-max) 
PCT, ng/mL (Min-max)

891.00!619.48 
12.81 (0.13-94.30) 
0.25 (0.02-50.56)

745.33!561.99 
11.70 (0.13-35.04) 
0.19 (0.02-4.38)

1045.18!641.82 
13.64 (1.08-94.30) 
0.33 (0.05-50.56)

< 0.001** 

0.032* 

< 0.001*

Total blood count 

Wbc, 103/µL (Mean!SD) 

Neu, 103/µL (Mean!SD) 
Lmyph, 103/µL (Min-max) 

Hgb, g/dL (Mean!SD) 

Htc, % (Mean!SD) 

Plt, 103/µL (Mean!SD)

12.48!6.25 

11.06!5.90 
0.70 (0.11-5.67) 

12.93!1.92 

39.15!5.88 

266.22!114.37

11.92!6.29 

10.44!5.87 
0.75 (0.20-5.67) 

12.82!1.79 

38.93!5.52 

274.46!112.29

13.07!6.18 

11.72!5.88 
0.64 (0.11-2.83) 

13.04!2.06 

39.38!6.25 

257.50!116.30

0.123** 
0.069** 
0.001* 

0.325** 
0.519** 
0.214**

Cardiac markers 
Trop-I, ng/mL (Min-max) 
NT-proBNP, pg/mL (Min-max)

0.10 (0.10-25.00) 
1180 (22-35000)

0.10 (0.01-25.00) 
792 (22-35000)

0.10 (0.01-15.23) 
1615 (86-35000)

0.160* 
< 0.001*

Coagulation parameters 
INR, (Min-max) 
Fibrinogen, ng/dL (Min-max) 
D-Dimer, µg/mL (Min-max)

1.23 (0.90-8.04) 
488 (50-1519) 

1.68 (0.01-39.20)

1.21 (0.90-3.92) 
492 (50-1477) 

1.53 (0.18-39.20

1.26 (1.00-8.04) 
485 (144-1519) 

1.70 (0.01-35.50)

0.005* 

0.824* 
0.385*

Arterial blood gas analysis 
pH, (Min-max) 
pO2, mmHg (Min-max) 
pCO2, mmHg (Min-max) 
HCO3, mEq/L (Min-max) 

SpO2, % (Mean!SD) 
Lactate, mmol/L (Min-max)

7.43 (6.91-7.57) 
61.75 (35-227) 
34.75 (15-93) 

22.93!4.80 

90.03!6.11 
2.00 (0.50-12.20)

7.44 (6.91-7.57) 
62.90 (49-227) 
35.20 (15-93) 

23.74!4.75 

91.59!4.26 

1.73!0.68

7.42 (7.10-7.56) 
60.60 (35-166) 
34.40 (17-81) 

22.07!4.72 

88.37!7.25 

2.77!1.44

0.002* 

0.009* 

0.742* 
0.003** 

< 0.001** 

< 0.001**

Lactate/albumin ratio 0.68 (0.18-4.36) 0.55 (0.18-2.50) 0.92 (0.34-4.36) < 0.001*

* Mann-Whitney U Test 
** Independent-samples T test 
Me: mean, SD: standard derivation, AST: aspartate aminotransferase, ALT: alanine aminotransferase, LDH: 
lactate dehydrogenase, CK: creatine kinase, PCT: procalcitonin, NT-proBNP: N-terminal prohormone of brain 
natriuretic peptide, CRP: C-reactive protein, Lymph: lymphocyte, Wbc: white blood cell, Neu: neutrophil, Hgb: 
hemoglobin, Htc: hematocrit, Plt: platelets, INR: international normalized ratio, Trop-I: troponin-I, Crea: creatinin



Table 3. The values of AUC, sensitivity and specificity of serum lactate level, serum albumin level and 

lactate albumin ratio for the prediction of 30-days mortality

AUC 95% CI Sensitivity Specificity P value

Lactate albumin ratio 0.824 0.774-0.874 89.1% 73.1% < 0.001

Albumin 0.644 0.580-0.709 53.8% 74.5% < 0.001

Lactate 0.795 0.743-0.847 68.6% 66.2% < 0.001

AUC: Area under curve, CI: Confidence interval



Table 4. Comparison of the baseline clinical parameters of the patients; LAR ≤0.60 vs LAR >0.60

Overall  
(n=282)

LAR ≤0.60  
(n=122)

LAR >0.60  
(n=160)

P value

Mean age, years (Me!SD) 66.34!12.08 63.76!13.09 68.31!10.88 <0.001*

Age 
≥ 65 years 
< 65 years

146 (51.8%) 
136 (48.2%)

52 (42.6%) 
70 (57.4%)

94 (58.7%) 
66 (41.3%)

0.007**

Gender 
Female 
Male

103 (36.5%) 
179 (63.5%)

60 (49.1%) 
62 (50.9%)

43 (26.8%) 
117 (73.2%)

<0.001**

SOFA score, (Min-Max) 4.00 (2-12) 3.00 (2-12) 5.00 (2-11) <0.001*

APACHE-II score, (Me!SD) 17.34!3.95 16.17!3.55 18.23!4.027 <0.001*

Invasive mechanical ventilation support 
within the first 24 hours 

Yes 
No

41 (14.5%) 
241 (85.5%)

17 (13.9%) 
105 (86.1%)

24 (15.0%) 
136 (85.0%)

0.801

Use of vasoactive agent 
Yes 
No 

81 (28.8%) 
201 (71.2%)

30 (24.6%) 
92 (75.4%)

51 (31.8%) 
109 (68.2%)

<0.001**

Renal replacement therapy 
Yes  
No 

19 (6.7%) 
263 (93.3%)

9 (7.3%) 
113 (92.7%)

10 (6.2%) 
150 (93.8%)

0.708**

Survival status at day 30 
Alive 
Deceased 

145 (51.4%) 
137 (48.6%)

106 (86.9%) 
16 (13.1%)

39 (24.4%) 
121 (75.6%)

<0.001

* Independent-samples T test 
** Chi-squared test 
*** Mann-whitney U Test 
SOFA: Sequential Organ Failure Assessment, APACHE-II: Acute Physiology and Chronic Health Evaluation II, 
Min: minimum, Max: maximum, Me: mean, SD: standard deviation



Table 5. Comparison of the baseline laboratory parameters of the patients; LAR ≤0.60 vs LAR >0.60

Overall 
(n=282)

LAR ≤0.60  
(n=122)

LAR >0.60  
(n=160)

P value

Blood biochemical parameters  
Urea, mg/dL (Min-max) 
Crea, mg/dL (Min-max) 
AST, U/L (Min-max) 
ALT, U/L (Min-max) 
CK, U/L (Min-max) 

LDH, IU/L (Mean!SD) 

Albumin, g/dL (Mean!SD)

56.00 (13-343) 
0.88 (0.36-12.02) 

46.00 (11-940) 
34.00 (5-850) 

116.00 (12-1000) 

654.43!295.82 

2.85!0.44

51.00 (13-343) 
0.88 (0.36-12.02) 

43.50 (14-900) 
29.00 (5-404) 

116.35 (12-1000) 

594.05!279.49 

3.06!0.40

61.50 (18-226) 
0.88 (0.42-9.29) 
49.00 (11-940) 
40.00 (6-850) 

116.00 (20-1000) 

700.47!300.47 

2.68!0.41

0.004* 
0.137* 
0.029* 
0.006* 
0.215* 
0.003** 

<0.001** 

Inflammatory parameters 

Ferritin, ng/dL (Mean!SD) 
CRP, mg/dL (Min-max) 
PCT, ng/mL (Min-max)

891.00!619.48 
12.81 (0.13-94.30) 
0.25 (0.02-50.56)

688.94!553.08 
12.37 (0.90-35.04) 
0.19 (0.02-11.67)

1045.07!624.72 
13.09 (0.13-94.30) 
0.29 (0.05-50.56)

<0.001** 
0.024* 
0.004*

Total blood count 

Wbc, 103/µL (Mean!SD) 

Neu, 103/µL (Mean!SD) 
Lmyph, 103/µL (Min-max) 

Hgb, g/dL (Mean!SD) 

Htc, % (Mean!SD) 

Plt, 103/µL (Mean!SD)

12.48!6.25 

11.06!5.90 
0.70 (0.11-5.67) 

12.93!1.92 

39.15!5.88 

266.22!114.37

11.01!5.73 

9.56!5.30 
0.75 (0.20-5.20) 

12.59!1.88 

38.39!6.12 

260.25!104.79

13.61!6.24 

12.20!6.09 
0.65 (0.11-5.67) 

13.19!1.92 

39.73!5.65 

270.77!121.29

<0.001** 
<0.001** 
0.036* 
0.100** 
0.590** 
0.445** 

Cardiac markers 
Trop-I, ng/mL (Min-max) 
NT-proBNP, pg/mL(Min-max)

0.10 (0.10-25.00) 
1180 (22-35000)

0.10 (0.01-25.00) 
792 (22-35000)

0.10 (0.01-15.23) 
1411 (32-35000)

0.167* 
0.001*

Coagulation parameters 
INR, (Min-max) 
Fibrinogen, ng/dL (Min-max) 
D-Dimer, µg/mL (Min-max)

1.23 (0.90-8.04) 
488 (50-1519) 

1.68 (0.01-39.20)

1.21 (0.90-11.67) 
493 (189-1477) 

1.24 (0.10-39.20)

1.25 (0.98-8.04) 
481 (50-1519) 

2.00 (0.01-35.50)

0.006* 
0.899* 
0.001*

Arterial blood gas analysis 
pH, (Min-max) 
pO2, mmHg (Min-max) 
pCO2, mmHg (Min-max) 
HCO3, mEq/L (Min-max) 

SpO2,% (Mean!SD) 
Lactate,mmol/L(Min-max)

7.43 (6.91-7.57) 
61.75 (35-227) 
34.75 (15-93) 

22.93!4.80 

90.03!6.11 
2.00 (0.50-12.20)

7.43 (6.91-7.57) 
64.60 (49-227) 
35.00 (15-93) 

23.07!5.47 

91.88!4.19 
1.50 (0.50-2.20)

7.43 (7.10-7.56) 
60.00 (35-166) 
34.40 (17-81) 

22.81!4.24 

88.62!6.93 
2.50 (1.50-12.20)

0.375* 
0.001* 
0.810* 
0.395** 

<0.001** 
<0.001*

* Mann-Whitney U Test 
** Independent-samples T test 
Me: mean, SD: standard deviation, AST: aspartate aminotransferase, ALT: alanine aminotransferase, LDH: lac-
tate dehydrogenase, CK: creatine kinase, PCT: procalcitonin, NT-proBNP: N-terminal prohormone of brain nat-
riuretic peptide, CRP: C-reactive protein, Lymph: lymphocyte, Wbc: white blood cell, Neu: neutrophil, Hgb: he-
moglobin, Htc: hematocrit, Plt: platelets, INR: international normalized ratio, Trop-I: troponin-I, Crea: creatinin



Table 6. Effects of lactate, albumin, and lactate albumin ratio on 30-day survival time

Number of patients
Mean survival 

time (days±SE)

95% CI

P-value*
Lower bound

Upper bo-

und

Blood lactate level 

> 2 mmol/L 

≤ 2 mmol/L

135 (47.9%) 

147 (52.1%)

17.14±0.86 

24.57±0.71

15.46 

23.16

18.83 

25.97
<0.001

Serum albumin level 

< 3.5 mg/dL 

≥ 3.5 mg/dL

169 (59.9%) 

113 (40.1%)

19.02±0.76 

24.00±0.88

17.52 

22.27

20.52 

25.72
<0.001

Lactate albumin ratio 

≤ 0.6 

> 0.6

122 (43.3%) 

160 (56.7%)

27.86±0.52 

15.79±0.74

26.83 

14.33

28.90 

17.25
<0.001

* P-values were calculated using the Log-rank test. 

CI: confidence interval, SE: standard error



Table 7. Multivariate Cox regression analysis of the lactate, albumin, and lactate albumin ratio on 30-

day survival time

Hazard ratio
95% CI

P-value*
Lower bound Upper bound

Hyperlactatemia 0.828 0.548 1.252 0.372

Hypoalbuminemia 0.859 0.572 1.289 0.463

Increased lactate albumin ratio 10.615 5.673 19.865 <0.001

CI: confidence interval



Figures

Figure 1

ROC analysis of (A) lactate/albumin ratio (B) serum lactate level (C) serum albumin level for the
predicting 30-day mortality

Figure 2

Pearson correlation analysis of LAR with APACHE-II score and SOFA score



Figure 3

Kaplan–Meier 30-day survival curves for the critically ill COVID-19 patients by blood lactate level. P-
values were calculated using the Log-rank test



Figure 4

Kaplan–Meier 30-day survival curves for the critically ill COVID-19 patients by lactate/albumin ratio. P-
values were calculated using the Log-rank test



Figure 5

Kaplan–Meier 30-day survival curves for the critically ill COVID-19 patients by serum albumin level. P-
values were calculated using the Log-rank test


