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Purpose: To investigate the predictive value of lactate for prognosis in critically ill patients 
with AUD.
Methods: A retrospective cohort study was performed using data extracted from a freely 
accessible critical care database (MIMIC-III). We studied all patients with AUD from the 
database for whom lactate was available. The clinical outcomes were 30-day mortality. 
Analyses included LOWESS curve fitting, logistic multivariate regression model, receiver 
operating characteristic (ROC) analysis and subgroup analysis.
Results: A total of 1296 eligible critically ill patients with AUD were included and there 
were 223 non-survivors (17.2%). The non-survivors had a higher lactate than the survivors (p 
< 0.001). A nonlinear relationship between lactate and 30-day mortality was observed. 
Multivariate logistic regression indicated lactate could be an independent risk factors to 
predict the prognosis of critically ill patients with AUD. According to ROC curve analysis, 
the area under the curve predicted by lactate for 30-day mortality was 0.672 (95% CI, 0.634 
to 0.711). Subgroup analysis did not find obvious interaction in most subgroups.
Conclusion: High lactate was associated with increased mortality in critically ill patients 
with AUD.
Keywords: alcohol use disorder, critically ill patients, lactate, mortality

Introduction
Alcohol consumption is the seventh leading risk factor for both death and disabil
ity-adjusted life years, which exerts considerable impacts on the health of patients 
and poses a huge socioeconomic burden.1 Alcohol use disorder (AUD) is 
a prevalent substance use disorder associated with various comorbidities, including 
liver disease, coronary artery disease, kidney disorders, pancreatitis, cancer, pneu
monia, and stroke.2–5 The estimated number of people with AUD globally is 
76.3 million, and the disorder accounts for 1.8 million deaths annually.6 Previous 
studies have reported that AUD presents in one-third of patients admitted to 
hospital intensive care units (ICUs), and that it is associated with the doubling of 
hospital mortality.7,8 Because of the high incidence of poor prognosis of critically 
ill patients with AUD, identifying effective and convenient prognostic predictors 
could be beneficial for doctors in the identification of patients at high risk and take 
timely interventions.

Lactate is a by-product of anaerobic metabolism and it has been regarded as 
a marker of tissue hypoperfusion and cellular hypoxia.9 Lactate was recently 
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identified as a key predictor of organ dysfunction and 
mortality in critically ill patients.10

However, an elevated serum lactate level may be due 
to impaired lactate clearance and/or excess production in 
the setting of alcohol consumption.11,12 It is unclear 
whether an elevated serum lactate level is also associated 
with outcome in critically ill patients with AUD. 
Consequently, the purpose of the present study was to 
explore the relationship between lactate levels and out
comes of critically ill patients with AUD.

Methods
Data Source
Data used in the present study were obtained from 
a publicly available critical care database called the 
Medical Information Mart for Intensive Care III (MIMIC- 
III, version 1.4), which is a large, single-center database, 
with information for more than 40,000 critical care 
patients admitted to Beth Israel Deaconess Medical 
Center (Boston, MA, USA) from 2001 to 2012.13 To 
access the database, we completed the National Institutes 
of Health online course and passed the Examination for 
Protecting Human Research Participants (certification 
number 30110377). All data are de-identified in this data
base to protect patients’ information and the requirement 
for individual patient consent is not indispensable.

Study Population
We selected adult patients (≥18 years) with AUD who 
remained in ICU for more than 48 hours on their first 
admission. AUD was determined according to the Ninth 
Revision of the International Classification of Diseases; 
codes (291.X, 291.XX, 303.XX, 303.XX, 305.XX, 
535.3X, 357.5, 425.5, and 571.0 to 571.3, where 
X stands for wildcards). Patients were excluded if they 
met the following criteria: had no serum lactate data 
within the first 24 hours of admission; more than 5% 
individual data were missing.

Data Extraction
Clinical data, including demographic parameters, vital 
signs, comorbidities, laboratory parameters, and scoring 
systems, were extracted from the database using structured 
query language (SQL) with pgAdmin4 PostgreSQL 10. 
The following data for comorbidities were extracted: con
gestive heart failure, atrial fibrillation, liver disease, sepsis, 
malignancy, respiratory failure, and renal failure. 

Laboratory measurements included bicarbonate, creati
nine, glucose, white blood cells (WBC), hemoglobin, pla
telets, anion gap, and prothrombin time (PT). Data for 
sequential organ failure assessment (SOFA) and the sim
plified acute physiology score II (SAPS-II) were also 
extracted. The other extracted data included demographic 
parameters (age, gender, and ethnicity), vital signs (systo
lic blood pressure [SBP], respiratory and heart rates), 
vasoactive drug use, and length of stay in the ICU. The 
clinical endpoint was 30-day mortality. The survival infor
mation was obtained from Social Security Death Index 
records. Baseline data were extracted within 24 hours 
after ICU admission.

Statistical Analysis
Baseline characteristics of all patients were stratified by 
lactate tertiles. Continuous variables were expressed as 
medians (interquartile ranges [IQR]) and compared using 
Kruskal–Wallis test or Mann–Whitney U-test. Categorical 
variables were expressed as percentages and compared 
using the Chi-square test. LOWESS smooth fitting was 
used to explore the crude relationship between lactate 
levels and mortality. We performed multivariate logistic 
regression analyses to determine whether lactate level was 
independently associated with 30-day mortality and the 
results were presented as odds ratios (ORs) with 95% 
confidence intervals (CIs).

For the study outcome, we developed two multivariate 
models based on the lactate groups. In model I, covariates 
were adjusted only for age, ethnicity, and gender. In model 
II, covariates were adjusted for age, ethnicity, gender, 
creatinine, hemoglobin, platelet count, anion gap, bicarbo
nate, WBC count, respiratory rate, SBP, SAPS-II, atrial 
fibrillation, renal disease, liver disease, sepsis, respiratory 
failure, and vasoactive agent. The confounders selected in 
our models were based on their association with outcome 
in an effect estimate exceeding 5% or clinical judgement.

To further assess the prognosis value of lactate, we 
performed receiver operating characteristic curve analysis 
and calculated the area under the curve. In addition, we 
conducted stratification analyses to investigate whether the 
effect of lactate differed across various subgroups, includ
ing gender, ethnicity, congestive heart failure, atrial fibril
lation, renal disease, liver disease, sepsis, malignancy, 
respiratory failure, and vasoactive drug use.

The data were analyzed using the STATA software 
(15.0) version and the EmpowerStats version 2.17.8 
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(http://www.empowerstats.net/cn/). P < 0.05 was consid
ered statistically significant.

Results
Baseline Characteristics
Based on the selection criteria, 1296 patients with AUD 
were included in the present study. We observed signifi
cant differences between the 30-day survivors and non- 
survivors (Table 1). A total of 223 patients died 30 days 
after admission in ICU and the mortality rate was 17.2%. 
The patients included 976 males and 320 females with 
a mean age of 53.2 years. Non-survivors were significantly 
older than survivors (57.6 [48.8–68] vs 52.6 [43.4–61.2], 
respectively; p<0.001). Moreover, non-survivors had sig
nificantly higher SOFA and SAPS-II values than survivors 
(9 [6–12] vs 5 [3–7], p<0.001, 49 [40–58] vs 33 [25–42], 
respectively; p<0.001). In addition, survivors were less 
likely to have renal disease, atrial fibrillation, liver disease, 
sepsis, and respiratory failure, whereas non-survivors were 
more likely to use vasoactive drugs. Significant differences 
were observed in WBC count, creatinine, lactate, platelet 
count, bicarbonate, anion gap, hemoglobin, PT, respiratory 
rate, and SBP between survivors and non-survivors.

Comparison Based on Lactate Level 
Tertiles
The patients were divided into three groups based on 
lactate tertiles and the baseline characteristics are listed 
in Table 2 (group A: lactate < 1.3; group B: 1.3 ≤ lactate < 
2; group C: lactate ≥ 2; Table 2). Patients with high lactate 
levels were more likely to have a history of acute kidney 
injury, liver disease, and sepsis; the patients also had high 
levels of bicarbonate, anion gap, creatinine, glucose, plate
let count, PT, heart rate, SOFA, SAPS-II, and mortality.

Relationship Between Lactate and Study 
Outcome
We conducted LOWESS curve fitting to determine 
whether there was a linear relationship between 30-day 
mortality and lactate levels (Figure 1). No “U-shaped” 
relationship was observed from the curve.

In univariate and multivariate analyses, lactate was stra
tified by tertiles to determine whether lactate was indepen
dently associated with all-caused mortality (Table 3). The 
adjusted variables in each model are presented below Table 3 

Table 1 Baseline Characteristics of Critically Ill Patients with 
AUD

Survivors Non- 
Survivors

P

Clinical parameters 1073 223

Age, years 52.6 (43.4– 
61.2)

57.6 (48.8–68) <0.001

Gender, n(%) 0.873

Female 264 (24.6) 56 (25.1)
Male 809 (75.4) 167 (74.9)

Ethnicity, n(%) 0.081
White 768 (71.6) 155 (69.5)

Black 82 (7.6) 10 (4.5)

Other 223 (20.8) 58 (26)
SBP, mmHg 119.9 (108.1– 

113.7)

109.8 (100.3– 

124.6)

<0.001

Heart rate, beats/min 91.5 (80.9– 
103.8)

92.2 (81.2– 
105.7)

0.651

Respiratory rate, 

beats/min

18.7 (16.3– 

21.7)

20 (17.2–23.8) <0.001

Laboratory parameters

Lactate 1.5 (1.1–2.2) 2.1 (1.5–3.2) <0.001

Bicarbonate, mmol/L 21 (18–24) 19 (15–22) <0.001

Anion gap, mmol/L 12 (11–14) 14 (12–17) <0.001
Creatinine, mg/L 0.8 (0.6–1.1) 1.1 (0.8–1.9) <0.001

Glucose, mg/dl 104 (89–123) 104 (83–125) 0.427

WBC, 109/L 9 (6.1–12.1) 10 (6–15.9) 0.005
Hemoglobin, g/dl 10.3 (8.8–12) 9.7 (8.2–11.2) 0.002

Platelet, 109/L 152 (98–215) 101 (55–187) <0.001

PT, second 13.6 (12.6– 
15.1)

15.9 (13.8– 
19.8)

<0.001

Comorbidities, n%

Congestive heart 

failure

80 (7.5) 15 (6.7) 0.704

Atrial fibrillation 141 (13.1) 50 (22.4) 0.001

Renal disease 57 (5.3) 26 (11.7) <0.001

Liver disease 325 (30.3) 145 (65.0) <0.001
Respiratory failure 519 (48.4) 151 (67.7) <0.001

Malignancy 113 (10.5) 27 (12.1) 0.49

Sepsis 229 (21.3) 106 (47.5) <0.001

Scoring systems

SOFA 5 (3–7) 9 (6–12) <0.001

SAPS-II 32 (25–42) 49 (40–58) <0.001

Vasoactive drug use, 
n%

367 (34.2) 139 (62.3) <0.001

Length of ICU stay, 

days

5.2 (3–10.1) 5.8 (3.5–10.2) 0.213

Abbreviations: AUD, alcohol use disorder; ICU, intensive care unit; SBP, systolic 
blood pressure; WBC, white blood cell; PT, prothrombin time; SOFA, sequential 
organ failure assessment; SAPS II, simplified acute physiology score II.
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and in the Methods section. Based on the univariate regres
sion model, the third lactate tertile increased the risk of 30- 
day mortality (OR = 4.2, 95% CI: 2.8–6.3).

Based on model I, OR (95% CI) of lactate was ≥ 2 
when compared to the reference levels (< 1.3) was 4.6 
(3.0–7.0) for 30-day mortality. With regard to model II, the 
third lactate tertile remained a statistically significant risk 

factor for 30-day all-cause mortality after the adjustment 
of variables (OR = 2.7, 95% CI: 1.7–4.4).

Prediction of Mortality
ROC curves were performed to further confirm the poten
tial prognosis value of lactate using the indicated variable 
(lactate, SOFA and SAPS-II) in Figure 2. The AUCs for 

Table 2 Baseline Characteristics of the Study Population with Different Lactate Level

Lactate (mmol/l)

Characteristics Tertile 1 (n=432) Tertile 2 (n=432) Tertile 3 (n=432) P

Lactate<1.3 1.3≤Lactate<2 Lactate≧2 value

Age, years 53.6 (44.5–62.3) 53.9 (45.5–63.1) 52 (42.9–61) 0.068

Gender, n(%) 0.858
Female 110 (25.5) 107 (24.8) 103 (23.8)

Male 322 (74.5) 325 (75.2) 329 (76.2)

Ethnicity, n(%) 0.563

White 315 (72.9) 311 (72) 298 (69)

Black 33 (7.6) 29 (6.7) 30 (6.9)
Other 84 (19.5) 92 (21.3) 104 (24.1)

SBP, mmHg 119 (107.3–133.4) 117.8 (107.1–131.4) 119.5 (106.1–132) 0.515
Heart rate, beats/min 89.7 (79.9–102.6) 91.7 (81.2–103.7) 91.7 (81.2–103.7) 0.005

Respiratoryrate, beats/min 18.8 (16.4–21.6) 18.8 (16.4–22) 19.2 (16.5–22.6) 0.430

Laboratory parameters

Bicarbonate, mmol/L 22 (19–25) 21 (18–24) 20 (16–23) <0.001

Anion gap, mmol/L 12 (10–13) 12 (11–14) 14 (12–16) <0.001
Creatinine, mg/L 0.8 (0.6–1) 0.9 (0.7–1.3) 0.8 (0.6–1.3) <0.001

Glucose, mg/dl 99 (88–115) 107 (90–125.5) 107 (88–127) <0.001

WBC, 109/L 9.1 (6.3–12.1) 9.2 (6.3–13.2) 9.1 (5.9–13.1) 0.808
Hemoglobin, g/dl 10.1 (8.9–11.6) 10.1 (8.5–12.1) 10.4 (8.8–12.3) 0.275

Platelet, 109/L 159 (107–227) 136 (84–198) 132 (70–201) <0.001

PT, second 13.4 (12.4–14.8) 14 (12.9–14.9) 14.5 (12.8–17.8) <0.001

Comorbidities, n%

Congestive heart failure 37 (8.6) 36 (8.3) 22 (5.1) 0.091
Atrial fibrillation 63 (14.6) 75 (17.4) 53 (12.3) 0.107

Renal disease 27 (6.3) 27 (6.3) 29 (6.7) 0.95

Liver disease 94 (21.8) 181 (41.9) 195 (45.1) <0.001
Respiratory failure 238 (55.1) 209 (48.4) 223 (51.6) 0.142

Malignancy 43 (10) 53 (12.3) 44 (10.2) 0.483

Sepsis 97 (22.5) 98 (22.7) 140 (32.4) <0.001

Scoring systems
SOFA 5 (3–7) 6 (4–9) 6 (3–10) <0.001

SAPS-II 32 (26–41) 36 (28–46) 37 (26–49) <0.001

Vasoactive drug use, n% 164 (38) 167 (38.7) 175 (40.5) 0.73

Length of ICU stay, days 5.6 (3.0–10.6) 5.1 (3–10) 5.1 (3–10) 0.611

30-day mortality, n(%) 35 (8.1) 71 (16.4) 117 (21.1) <0.001

Abbreviations: AUD, alcohol use disorder; ICU, intensive care unit; SBP, systolic blood pressure; WBC, white blood cell; PT, prothrombin time; SOFA, sequential organ 
failure assessment; SAPS II, simplified acute physiology score II.
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lactate, SOFA and SAPS-II were 0.672, 0.741, and 0.788, 
respectively. The AUC of the lactate was lower than these 
classical scoring systems (p<0.01).

Subgroup Analysis
The relationship between 30-day mortality and lactate tertiles 
in different subgroups is shown in Table 4. In most subgroup, 
no obvious interaction was observed. But increased risk of 30- 
day all-cause mortality was observed in patients with liver 
disease.

Discussion
In the present study, we evaluated the ability of lactate 
to predict mortality in a cohort of critically ill patients 
with AUD admitted to ICU. We observed a significant 
positive correlation between lactate levels and mortal
ity in critically ill patients with AUD. Although the 
predictive value of lactate was not as good as that of 
SOFA or SAPS-II, it exhibited a certain predictive 
performance as an easily available and cheap labora
tory parameter.

Figure 1 The relationship between lactate and 30-day mortality in critically ill patients with AUD. The dotted lines on both sides represent 95% confidence interval.

Table 3 The Association Between Lactate and 30-Day Mortality

Lactate Non-Adjusted Model I Model II

OR (95% CIs) P value OR (95% CIs) P value OR (95% CIs) P value

Tertile 1 1.0 (ref) 1.0 (ref) 1.0 (ref)
Tertile 2 2.2 (1.5, 3.4) <0.001 2.2 (1.4, 3.4) <0.001 1.6 (1.0, 2.6) 0.042

Tertile 3 4.2 (2.8, 6.3) <0.001 4.6 (3.0, 7.0) <0.001 2.7 (1.7, 4.4) <0.001

Continuous 1.6 (1.5, 1.8) <0.001 1.7 (1.5, 1.9) <0.001 1.4 (1.2, 1.6) <0.001

Notes: a: model I covariates were adjusted for age, sex and ethnicity. b: model II covariates were adjusted for age, sex, ethnicity, SOFA, SAPS-II, liver disease, renal disease, 
atrial fibrillation, respiratory failure, sepsis, anion gap, creatine, hemoglobin, platelet, bicarbonate, WBC, PT, systolic blood pressure, respiratory rate and vasoactive drug 
use. 
Abbreviations: OR, odds ratio; CI, confidence interval.
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Alcohol consumption causes damage to various organs 
and systems. The mechanisms of alcohol-related organ 
injury, which mainly include alcohol metabolism, oxida
tive stress, inflammation, dysregulation of lipid metabo
lism, signal transduction pathways, have not been fully 
understood.14–16 Alcohol abuse is common among 10% 
of patients admitted to ICU.17 In some hospitals in the 
USA, alcohol abuse is responsible for up to 40% of all 
admissions.8 Critically ill patients with AUD have poor 
prognosis, and they face a high economic burden asso
ciated with the disease.18 Therefore, identifying a simple 
and accessible prognosis predictor could facilitate the 
identification of high-risk critically ill patients with AUD 
and promote timely adoption of appropriate interventions. 
However, studies analyzing specific prognostic markers 
for critically ill patients with AUD are limited.

Lactate has been comprehensively studied as 
a prognostic biomarker for several diseases, including 
sepsis,19 trauma,20 cardiac diseases,21 and gastrointest
inal diseases.22 High lactate levels has been demon
strated to be independently associated with mortality in 
critically ill patients or patients in the emergency 
department.23–26 Lactate level is generally low when 
lactate clearance from blood and production are balanced 
under normal conditions in healthy individuals. Increase 
in lactate level could be caused by increased production, 
decreased clearance or both. Lactic acidosis is prevalent 

in ICU patients, and it can be classified into two sub
types. Type A, which is frequently observed in critically 
ill patients, is associated with hypoperfusion or tissue 
hypoxia that is a leading cause of increased lactate 
levels.27 Type B is generally not associated with oxygen 
consumption and it includes the conditions influencing 
the production and elimination of lactate. Examples of 
type B lactic acidosis include liver disease, renal failure, 
malignancy, medications (metformin, epinephrine), thia
mine deficiency, and ethanol intoxication.12

Alcohol consumption can induce metabolic acidosis, 
which increases lactate level mainly due to its metabolic 
effects by increasing the increase of the NADH/NAD ratio 
and favor the metabolism of pyruvate to lactate.27 Other 
causes, such as thiamine deficiency, sepsis, and other 
underlying comorbidities could also result in high lactate 
levels. Thus, a single measurement of lactate concentration 
is difficult to interpret, especially in patients with alcohol 
consumption. These results cast doubts about the reliabil
ity of lactate level as a useful biomarker to risk-stratify 
critically ill patients with AUD. A few studies have 
addressed the effect of ethanol on prognostic value of 
lactate and base deficit in trauma patients. Previous studies 
by Zehtabchi et al28 and Dunne et al29 demonstrated that 
ethanol did not impair the prognosis accuracy of admission 
lactate. However, a study conducted by Gustafson et al 
have found that the presence of ethanol exposure 

Figure 2 ROC curves for the prediction of mortality in critically ill patients with AUD. The area under curve of lactate, SOFA and SAPS-II were 0.672, 0.7413, and 0.7883 
respectively. 
Abbreviations: SOFA, sequential organ failure assessment; SAPS-II, simplified acute physiology score II.
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confounds the prognostic value of lactate.30 These studies 
were limited to trauma patients. Our study was conducted 
in a large mixed cohort of critically ill patients with AUD. 
The results of the present study are consistent with the 
findings of Zehtabchi et al and Dunne et al. In spite of the 
effect of alcohol in promoting lactate production, our 
results have demonstrated that blood lactate levels can be 
a key independent predictor of mortality among critically 
ill patients with AUD.

Strengths and Limitations of the 
Study
A large sample size is one advantage of this study. 
Limitations of the present study included the following. 
First, the study was a single-center retrospective analysis; 
therefore, data were subject to selection biases. Second, we 
only measured lactate levels in patients upon admission to 
ICU and did not evaluate dynamic changes during the ICU 
stay. Third, although we used a multivariate regression 

Table 4 Subgroup Analysis of the Associations Between Lactate and 30-Day All-Cause Mortality

N Lactate<1.3 (ref) 1.3≤Lactate<2 OR (95% CIs) Lactate≥2 OR (95% CIs) P for Interaction

Gender 0.456
F 320 Ref 3.5 (1.3, 9.4) 6.3 (2.3, 17.1)

M 976 Ref 1.7 (1.0, 3.0) 3.1 (2.9, 5.2)

Ethnicity 0.622

White 924 Ref 2.1 (1.2, 3.5) 3.2 (1.9, 5.4)
Black 92 Ref 0.1 (0.0, 3.6) 2.8 (0.2, 48.4)

Other 280 Ref 2.0 (0.7, 5.5) 5.0 (2.0, 12.8)

CHF 0.408

No 1201 Ref 2.1 (1.3, 3.4) 3.7 (2.3, 5.8)

Yes 95 Ref 1.7 (0.3, 8.3) 1.4 (0.2, 7.9)

AF 0.439

No 1105 Ref 1.9 (1.1, 3.2) 3.8 (2.3, 6.3)
Yes 191 Ref 2.0 (0.8, 5.1) 1.8 (0.7, 5.1)

Renal disease 0.628
No 1213 Ref 2.0 (1.2, 3.3) 3.5 (2.2, 5.6)

Yes 83 Ref 2.4 (0.5, 12.3) 3.9 (0.8, 18.7)

Liver disease 0.019

No 826 Ref 1.1 (0.6, 2.1) 2.1 (1.2, 3.8)

Yes 470 Ref 4.3 (2.0, 9.6) 6.7 (3.1, 14.6)

Malignancy 0.493

No 1156 Ref 2.1 (1.3, 3.5) 3.8 (2.3, 6.2)
Yes 140 Ref 1.2 (0.3, 4.6) 2.0 (0.6, 7.2)

Respiratory failure 0.493
No 626 Ref 1.5 (0.7, 3.2) 2.8 (1.3, 5.8)

Yes 670 Ref 2.2 (1.3, 3.9) 3.7 (2.2, 6.5)

Sepsis 0.098

No 961 Ref 1.7 (1.0, 2.9) 3.0 (1.8, 5.2)

Yes 335 Ref 2.6 (1.1, 6.2) 4.0 (1.8, 9.0)

Vasoactive drug 0.275

No 790 Ref 3.1 (1.5, 6.8) 4.5 (2.1, 9.5)
Yes 506 Ref 1.3 (0.7, 2.4) 3.0 (1.7, 5.2)

Abbreviations: OR, odds ratio; CI, confidence interval.
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model to control bias, transaminase and bilirubin had to be 
excluded from our analyses because the data was unavail
able. Also, there could have been other known and 
unknown confounding factors. Therefore, multicenter pro
spective studies should be conducted to verify our findings.

Conclusions
The present study revealed that blood lactate levels of 
critically ill patients with AUD at admission were signifi
cantly correlated with mortality. Blood lactate level could 
be a potential novel independent predictor of mortality in 
critically ill patients with AUD. However, large, multi
center prospective studies should be conducted to verify 
the clinical significance of lactate.
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