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Association between lactate/
albumin ratio and 28-day
mortality in ICU critical patients
with coronary heart disease: a
retrospective analysis of the
MIMIC-IV database
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1Department of Radiology, The First Affiliated Hospital, Jiangxi Medical College, Nanchang University,
Nanchang, Jiangxi, China, 2Jiangxi Province Medical Imaging Research Institute, Nanchang, Jiangxi,
China, 3Clinical Research Center for Medical Imaging, Nanchang, Jiangxi, China
Background: The serum lactate/albumin ratio (LAR) is commonly employed for
monitoring and evaluating the prognosis of critically ill patients. Both elevated
lactate levels and decreased albumin levels may reflect the body’s stress
response and inflammatory reaction. Coronary heart disease (CHD), with
common complications including myocardial infarction, arrhythmia, heart
failure, is one of the leading causes of global death. Therefore, it is crucial to
explore biomarkers that can predict the prognosis and mortality of CHD patients.
Methods: This is a retrospective study in which the data is from the MIMIC-IV
database. Our study assessed the association between LAR value and mortality
within 28 days of admission in a total of 1,902 CHD patients from the Beth
Israel Deaconess Medical Center.
Results: The results demonstrated a significant increase in 28-day mortality
among individuals with higher LAR values. Multivariate analysis by Cox
proportional hazard model revealed an incremental rise in mortality across
each quartile with the increase of LAR value. Furthermore, restricted cubic
spline (RCS) Cox regression analysis further revealed that higher LAR values
were associated with increased 28-day mortality in the CHD patients. And
subgroup analysis confirmed that the LAR level could serve as an independent
predictor of 28-day mortality with CHD patients.
Conclusions: Our study demonstrated that the LAR value can be an important
risk predictor of 28-day mortality in patients with CHD, and a higher LAR
associate with increased mortality rate.
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1 Introduction

Coronary heart disease (CHD) is one of the most common cardiovascular diseases

worldwide, particularly in developed countries and some developing countries where its

incidence is relatively high. Additionally, CHD is one of the leading causes of global

death (1, 2). According to the World Health Organization, over 17 million people die

each year from cardiovascular diseases (including CHD) (3). Acute myocardial
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infarction, arrhythmias, heart failure, and thrombosis resulting

from CHD are major cause of death (4). Therefore, given the

high incidence and mortality rates associated with CHD, it holds

immense significance to explore biomarkers capable of predicting

prognosis or mortality among hospitalized CHD patients.

Lactate is a product of cellular metabolism, particularly in

hypoxic conditions. Elevated lactate levels typically indicate tissue

hypoxia or hemodynamic disturbances, such as those seen in

sepsis, shock, or heart failure (5). Serum albumin is a protein

synthesized by the liver and is abundant in blood. It has

antioxidant and anti-inflammatory properties, and primarily

functions to maintain plasma colloid osmotic pressure, transport

various substances such as hormones, fatty acids, and drugs. Low

serum albumin levels (<3.5 g/dl) are often associated with poor

prognosis, which may suggest malnutrition, chronic disease,

acute inflammation or impaired liver function. Studies have

revealed that low albumin levels are correlated with higher

mortality rates, longer hospital stays, and increased complication

rates (6–8). Serum albumin level is considered an important

prognostic biomarker for ICU patients (9).

The serum lactate/albumin ratio (LAR) is a clinical indicator

used to evaluate status of the patients, particularly those of

critically ill patients. A higher ratio typically indicates a poorer

prognosis. During acute illness or post-trauma, elevated lactate

levels and decreased albumin levels may reflect the body’s stress

and inflammatory responses. The ratio combines information of

both lactate and albumin levels, providing a more comprehensive

evaluation of the patient’s status (10).

Our study evaluated the relationship between the LAR level

and 28-day mortality in CHD patients, and revealed that higher

LAR levels associate with higher mortality rates. Therefore, LAR

can serve as an independent predictor of higher 28-day mortality

in CHD patients.
2 Methods

2.1 Data source

This is a retrospective study, data from the MIMIC-IV database

(version 2.2). This database covers information on all patients

admitted to the Beth Israel Deaconess Medical Center (BIDMC)

during the years from 2008 to 2019, which includes

comprehensive information on patients’ hospital stay, laboratory

tests, medication treatments, vital signs, and so no. To protect

patient privacy, all personal information has been de-identified

and replaced with random codes. Therefore, obtaining patients’

informed consent or ethical approval was not necessary for this

study. The MIMIC-IV (v.2.2) database can be downloaded from

the online platform PhysioNet (https://physionet.org/content/

mimiciv/2.2/). In order to gain access to this database and extract

data, Ying Liu, the first author of this study, successfully

completed the Collaborative Institutional Training Initiative

(CITI) courses “Conflicts of Interest” and “Data or Specimens

Only Research” (ID: 42343630). Consequently, we obtained the

necessary qualifications for using the database and extract data.
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2.2 Data selection criteria and exclusion
criteria

From the MIMIC-IV database (v2.2), our analysis

retrospectively included ICU patients diagnosed with CHD (the

top 3 ranks) according to the International Classification of

Diseases (ICD)-9 codes (410.xx–414.xx) (410.xx: Acute

myocardial infarction; 411.xx: Other acute and subacute forms of

ischemic heart disease; 412.xx: Old myocardial infarction; 413.xx:

Angina pectoris; 414.xx: Other forms of chronic ischemic heart

disease) and the ICD-10 codes (I20.x-I22.x, and I25.x) (I20.x:

Angina pectoris; I21.x: Acute myocardial infarction; I22.x:

Subsequent myocardial infarction; I25.x: Chronic ischemic heart

disease). For patients with multiple ICU admissions, only data

from the first admission were considered in our analysis. Patients

meeting the following criteria will be excluded: (1) patients under

18 years old at the time of initial admission; (2) patients with

multiple admissions for CHD, only data from the first admission

will be retained; (3) patients with ICU stays of no more than

24 h; (4) patients with end-stage renal disease, liver cirrhosis, or

malignant tumors; (5) patients without recorded blood lactate

and serum albumin data within 24 h of admission (Figure 1).
2.3 Data extraction

We adopted Navicat Premium software (version 16.3.5) and

used Structure Query Language (SQL) with PostgreSQL tools

(v13.7.1) to extract the raw data of CHD patients within the first

day after ICU admission. The data included demographic

information (age, gender, race), vital signs (heart rate, SBP, DBP,

temperature, respiratory rate), laboratory indicators (PH, PaO2,

total CO2, total bilirubin, sodium, potassium, lactate, albumin,

PTT, ALT, AST, PT, platelet, RBC, WBC), treatments (CRRT,

ventilator), comorbidities (myocardial infarction, paraplegia,

diabetes, rheumatic disease, congestive heart failure), and specific

scores (SOFA score and GCS score).

For vital signs, laboratory tests, and specific scores that were

measured multiple times during the ICU stay, we use the first

measurement taken within the first 24 h of ICU admission.
2.4 Statistical analysis

Comparison of continuous variables was performed using the

t-test or Kruskal–Wallis test, with results presented as mean ±

standard deviation. Categorical variables were presented as

percentages. Kaplan–Meier survival analysis was used to assess

the incidence of 28-day mortality events between groups

according to different levels of LAR. The hazard ratio (HR) and

95% confidence interval (CI) between LAR and primary

endpoints were estimated using Cox proportional hazard models

and adjusted for multiple models. Model 1 with no adjustments;

Model 2 adjusted for gender, age, and race; and Model 3

adjusted for gender, age, race, pH, PaO2, total CO2, total
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FIGURE 1

Inclusion and exclusion of patients.
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bilirubin, potassium, PTT, PT, ALT, AST, RBC, WBC, heart rate,

SBP, temperature, respiratory rate, SOFA, GCS, Charlson

Comorbidity Index, myocardial infarction, paraplegia, rheumatic

disease, and CRRT. When LAR was considered as a quartile

variable, the lowest quartile was chosen as the reference group.

Restricted cubic spline (RCS) Cox regression analysis was further

used to determine if there was a potential non-linear relationship

between LAR incidence and 28-day mortality in CHD patients,

The optimal cut-off value of LAR was determined by the Youden

index. Receiver Operating Characteristic (ROC) analysis was used

to assess the predictive ability of Lactate, Albumin and LAR for

predicting the 28-day mortality. All statistical analyses were

performed using R software version 4.3.1. A two-tailed test

indicating P < 0.05 is considered statistically significant.
3 Results

3.1 Baseline patient characteristics

A total of 1,902 patients with coronary artery disease meeting

the inclusion criteria were included (1,156 females and 746

males), with an average age of 71.62 ± 13.26 years. The results
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showed statistically significant differences among the quartile

groups (Q1–Q4) in age, PH, PaO2, total CO2, SBP, total

bilirubin, potassium, lactate, albumin, PPT, PT, ALT, AST, WBC,

heart rate, DBP, temperature, respiratory rate, SOFA score, GCS

score, charlson comorbidity index, myocardial infarction,

diabetes, CRRT, and 28-day mortality rate. Compared with the

other three groups, Q4 group exhibited highest 28-day mortality

rate, total bilirubin, potassium, lactate, PPT, PT, ALT, AST,

WBC, heart rate, and respiratory rate. Q4 group also had higher

prevalence of myocardial infarction, diabetes, and increased

likelihood of receiving CRRT treatment compared with other

three groups. Conversely, PH, PaO2, total CO2, albumin, and

SBP levels were lowest in Q4 group. Please see details in

Supplementary Table S1.
3.2 Association between LAR and 28-day
mortality

The Kaplan-Meier survival curve revealed that individuals with

high LAR had substantially poor 28-day survival, and the 28-day

survival rates of Q1 patients is the highest compared to other

quartiles (P < 0.01). With the increase of the LAR value, the
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FIGURE 2

Kaplan-meier survival analysis curve for 28-day mortality.
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cumulative 28-day mortality rate of each quartile decreased

sequentially (see Figure 2). We further explored the association

between the LAR value and 28-day mortality using multivariate

Cox proportional hazards regression analyses. To minimize the

impact of confounding factors, we constructed three models. In

Model1, LAR was positively correlated with 28-day mortality

[hazard ratio (HR) = 1.48 (95% CI: 1.39–1.58)]. When LAR was

considered as a quartile variable (P for trend <0.001), the hazard

ratio for 28-day mortality in the highest quartile (Q4) of LAR

was 4.14 (95% CI: 3.05–5.63), which was significantly higher

than that of Q1 (P < 0.001). In Models 2 and 3, we adjusted for

different confounding factors (Model II adjusted for race, gender,

and age; Model 3 adjusted for gender, age, race, pH, paO2, total

CO2, total bilirubin, potassium, partial thromboplastin time,

prothrombin time, ALT, AST, WBC, heart rate, respiratory rate,

SOFA score, GCS score, Charlson comorbidity index, myocardial

infarction, paraplegia, rheumatic disease, and CRRT factors),

and this association between the LAR value and 28-day

mortality remained the same (see Supplementary Table S2).

Besides, results of single factor analysis on the difference

analysis of various factors (gender, age, race, pH, paO2, total

CO2, total bilirubin, potassium, partial thromboplastin time,

prothrombin time, ALT, AST, WBC, heart rate, respiratory

rate, SOFA score, GCS score, Charlson comorbidity index,

myocardial infarction, paraplegia, rheumatic disease, and

CRRT factors) between the death group and the non-death

group were shown in Supplementary Table S3.
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We further used restricted cubic splines to further evaluate

whether there is a nonlinear relationship between LAR and 28-

day mortality in CHD. We found that the relationship between

LAR and 28-day mortality in coronary heart disease was

approximately L type shaped (Figure 3). After adjusting for

confounding factors, when LAR was higher than 0.56, the 28-day

mortality in coronary heart disease increased with higher

LAR value.
3.3 ROC curve analysis and prediction of
mortality

ROC curves for LAR, albumin, and lactate were plotted to

predict the 28-day mortality of patients with CHD (Figure 4).

The results showed that the area under the curve (AUC) of LAR

was 0.68 (95% CI: 0.65–0.71), which was superior to that of

lactate 0.66 (95% CI: 0.64–0.69) and albumin 0.41 (95% CI:

0.38–0.44). The results showed that LAR was more effective in

predicting 28-day mortality of CHD patients than albumin or

lactate alone.
3.4 Subgroup analysis

Subgroup analysis was used to assess the association between

LAR and 28-day mortality of CHD patients (Table 1). When
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FIGURE 3

Restricted cubic spline model for association between the LAR and hazard ratio.

FIGURE 4

ROC curves for 3 indicators, LAR, lactate and albumin, to predict mortality.
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TABLE 1 Subgroup analysis.

Variables HR (95% CI) P for interaction
Age 0.415

≥65 1.14 (1.01, 1.28)

<65 1.21 (0.95, 1.54)

Gender 0.346

Female 1.05 (0.91, 1.20)

Male 1.41 (1.17, 1.70)

Race 0.004

White 1.30 (1.12, 1.50)

Other 1.08 (0.92, 1.28)

Paralegia 0.25

Yes 1.14 (1.03, 1.27)

No 6.84 (1.32, 35.46)

Myocardial infarct 0.721

Yes 1.11 (0.90, 1.37)

No 1.17 (1.04, 1.33)

Rheumatic disease 0.07

Yes 2.16 (0.61, 7.67)

No 1.14 (1.03, 1.27)

CRRT 0.003

Yes 1.22 (0.95, 1.58)

No 1.21 (1.06, 1.37)

Liu 10.3389/fcvm.2024.1486697
stratified for age, gender, race, paraplegia, myocardial infarct,

rheumatic disease, CRRT. The results showed no significant

interaction between LAR and most subgroups (P for interaction

> 0.05). However, an interaction was observed between race and

CRRT subgroups (P for interaction < 0.05).
4 Discussion

Our study used the publicly accessible MIMIC-IV database

(v2.2) to assess the prognostic values of LAR level in patients

with CHD. This retrospective analysis demonstrated a

measurable association between elevated LAR levels and

increased 28-day mortality in CHD patients. KM survival

analysis indicated that patients with higher LAR levels had

increased risk of death within 28 days of admission compared to

those with lower LAR levels. The RCS curve revealed that when

the LAR value exceeded 0.56, the mortality rate increased with

rising LAR values. Subgroup analysis confirmed that the LAR

level could serve as an independent predictor of 28-day

mortality. Moreover, ROC curve analysis demonstrated that LAR

had superior predictive performance for 28-day mortality

compared to lactate or albumin alone.
4.1 The relationship between serum lactate,
albumin, LAR and cardiovascular diseases

Lactate is a product of anaerobic metabolism, and it occurs

when the body is under anoxic condition, leading to an increase

in glycolysis. Elevated lactate levels reflect tissue hypoxia,

metabolic disorders, and systemic inflammation, all of which are

closely related to cardiovascular diseases (11, 12). Albumin is a
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protein synthesized by the liver, which plays a crucial role in

maintaining blood osmotic pressure and transporting various

substances such as fatty acids, hormones, and drugs. Albumin

levels reflect nutritional status and liver function, and are also

associated with inflammatory responses. Multiple studies have

revealed that lactate and albumin can serve as prognostic and

mortality predictors for cardiovascular diseases. Studies have

found that elevated serum lactate levels and low albumin levels

in patients with acute coronary syndrome (ACS) are associated

with poorer outcomes, increased in-hospital and long-term

mortality rates (8, 13, 14), indicating that lactate and albumin

levels can serve as an effective predictor of prognosis in ACS

patients. The serum lactate levels are also important prognostic

indicators in heart failure patients. Heart failure patients with

elevated lactate levels have a significantly increased risk of death

both during hospitalization and after discharge (7, 15, 16).

Besides, patients with low albumin levels have higher mortality

rates during hospitalization and long-term follow-up (6, 17). In

cardiac surgery, such as coronary artery bypass grafting or valve

replacement, monitoring serum lactate levels help predict

postoperative complications and mortality risk (18, 19).

Persistent elevation of lactate levels and low albumin levels after

surgery usually indicates a higher incidence of complications and

poorer survival rates (19–22). The serum lactate and albumin

levels in patients with cardiogenic shock are closely related to the

severity of their condition and prognosis. Patients with high

lactate levels generally have poorer prognosis and higher

mortality rates (23, 24).

LAR reflect the metabolic load and nutritional status of

patients, thereby providing a more comprehensive prognostic

assessment. Numerous studies have demonstrated that LAR is

more advantageous in predicting prognostic indicators such as

mortality and complication rates in critical patients compared to

relying solely lactate or albumin levels. High LAR values are

often associated with poorer prognosis, making it a more

sensitive and specific prognostic indicator (14, 25, 26).

Additionally, LAR helps in better risk stratification, aiding

clinicians in identifying high-risk patients for timely and targeted

interventions. For patients with high LAR values, enhanced

monitoring and more aggressive treatment strategies may

be warranted.

LAR is an important indicator for predicting mortality in

critical patients (27). It has shown good effectiveness in

predicting prognosis and mortality in patients with

cardiovascular diseases such as heart failure, myocardial

infarction, and cardiac arrest. Studies have indicated that high

LAR levels are independent risk factors for high mortality rates

in patients with severe heart failure (28, 29). LAR can also

predict the risk of readmission within three months for heart

failure patients (30). Yang et al. (31) analyzed 2,816 hospitalized

patients diagnosed with myocardial infarction and found that the

LAR value was significantly higher in the death group compared

to the survival group, demonstrating a significant independent

predictive ability for increased all-cause mortality during

hospitalization. Another study showed that the LAR ratio is

significantly associated with 14-day, 28-day, and 90-day all-cause
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mortality in critical AMI patients, with higher LAR being

considered an independent risk factor for higher mortality in

AMI patients (31). Haschemi et al. (32) demonstrated that LAR

could predict 30-day survival after in-hospital cardiac arrest, with

better prognostic performance for predicting 30-day survival

compared to lactate or albumin alone. Additionally, LAR is

significantly associated with poor prognosis in HF and CKD

patients, and it may help identify HF and CKD patients with a

high risk of all-cause mortality (33). Our study systematically

revealed that the higher the LAR value, the higher the 28-day

mortality rate with CHD patients, which will provide guidance

for clinical treatment.
4.2 Mechanisms of increased LAR levels in
CHD patients

CHD is often accompanied by coronary artery stenosis or

obstruction, leading to decreased oxygen supply to myocardial

cells. In hypoxic conditions, myocardial cells cannot produce

enough energy through aerobic metabolism (oxidative

phosphorylation) and instead rely on anaerobic metabolism

(glycolysis) to generate energy. The end product of glycolysis is

lactate, lactate accumulates and is released into the blood under

ischemic conditions, leading to elevated blood lactate levels.

Additionally, the ability of myocardial cells to clear lactate may

also decrease, further contributing to the accumulation of lactate

in the blood. Coronary artery disease patients often have

endothelial dysfunction, which can reduce coronary blood flow

and further decrease myocardial oxygen supply. Endothelial

dysfunction may also affect lactate clearance and metabolism,

which leads to increased blood lactate levels. Moreover, coronary

artery disease patients often accompany with activation of the

sympathetic nervous system, which increases the metabolic

demand of the myocardium. When oxygen supply is insufficient,

myocardial cells rely more on anaerobic metabolism, thus

producing more lactate.

Liver is the main organ for synthesizing albumin. Patients with

coronary artery disease may have mild to moderate liver function

abnormalities, especially those with other chronic diseases (such

as liver cirrhosis, hepatitis) or those using certain medications

(such as statins). These factors can affect the liver’s protein

synthesis function, leading to reduced albumin synthesis.

Furthermore, patients with coronary artery disease may have

insufficient nutritional intake due to decreased appetite and

gastrointestinal dysfunction, which can reduce the synthesis of

plasma proteins (including albumin), leading to lower albumin

levels. Coronary artery disease can also cause heart failure, which

lead to hepatic congestion and renal insufficiency, thereby

impacting albumin metabolism and contributing to decreased

albumin levels.

Among our 1,902 CHD patients, primarily including those

with myocardial infarction, ischemic heart disease, and angina,

the possible mechanisms contributing to a higher LAR (lactate/

albumin ratio) are as follows: In myocardial infarction and

patients, insufficient blood supply to the heart prompts
Frontiers in Cardiovascular Medicine 07
myocardial cells to undergo anaerobic metabolism, thus

increasing lactate production. Besides, heart disease patients often

accompany with renal dysfunction, which affects albumin

metabolism and leads to decreased levels. During angina

episodes, the temporary insufficiency of blood supply to the

myocardium leads to an increase in anaerobic metabolism and a

rise in lactate production. Prolonged ischemic conditions can

impair the metabolic function of myocardial cells, resulting in

lactate accumulation.
4.3 Study limitations

Despite significant progress in research on lactate as a

prognostic and mortality predictor for cardiovascular diseases,

there are still some limitations. Firstly, since the patients in

our study were all admitted to the ICU, there were no stable

CHD patients, which may result in our conclusions not being

applicable to CHD patients in the general ward. Secondly,

differences in lactate measurement methods and timing across

studies may limit the comparability of results. What is more,

more large-scale, multicenter prospective studies are needed to

validate the predictive value of the LAR in coronary heart

disease populations.
5 Conclusions

Our study demonstrated that the LAR value can be an

important risk predictor of 28-day mortality in patients with

CHD, and a higher LAR associate with increased mortality rate.
Data availability statement

The datasets presented in this study can be found in online

repositories. The names of the repository/repositories and

accession number(s) can be found below: https://physionet.org/

content/mimiciv/2.2/.
Ethics statement

The studies involving humans were approved by The

Institutional Review Board of the Massachusetts Institute of

Technology and Beth Israel Deaconess Medical Center. The

studies were conducted in accordance with the local legislation

and institutional requirements. Written informed consent for

participation was not required from the participants or the

participants’ legal guardians/next of kin in accordance with the

national legislation and institutional requirements.
Author contributions

YL: Writing – original draft, Writing – review & editing.
frontiersin.org

https://physionet.org/content/mimiciv/2.2/
https://physionet.org/content/mimiciv/2.2/
https://doi.org/10.3389/fcvm.2024.1486697
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Liu 10.3389/fcvm.2024.1486697
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This study

was supported by the National Natural Science Foundation of

China (82201648) and the Clinical Research Center for Medical

Imaging in Jiangxi Province (No. 20223BCG74001).
Conflict of interest

The author declares that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Frontiers in Cardiovascular Medicine 08
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fcvm.2024.

1486697/full#supplementary-material
References
1. Woodruff RC, Tong X, Khan SS, Shah NS, Jackson SL, Loustalot F, et al. Trends in
cardiovascular disease mortality rates and excess deaths, 2010–2022. Am J Prev Med.
(2024) 66:582–9. doi: 10.1016/j.amepre.2023.11.009

2. McGovern PG, Pankow JS, Shahar E, Doliszny KM, Folsom AR, Blackburn H,
et al. Recent trends in acute coronary heart disease–mortality, morbidity, medical
care, and risk factors. The Minnesota heart survey investigators. N Engl J Med.
(1996) 334:884–90. doi: 10.1056/nejm199604043341403

3. Magnussen C, Ojeda FM, Leong DP, Alegre-Diaz J, Amouyel P, Aviles-Santa L,
et al. Global effect of modifiable risk factors on cardiovascular disease and
mortality. N Engl J Med. (2023) 389:1273–85. doi: 10.1056/NEJMoa2206916

4. Malakar AK, Choudhury D, Halder B, Paul P, Uddin A, Chakraborty S. A review
on coronary artery disease, its risk factors, and therapeutics. J Cell Physiol. (2019)
234:16812–23. doi: 10.1002/jcp.28350

5. Wu Y, Ma W, Liu W, Zhang S. Lactate: a pearl dropped in the ocean-an
overlooked signal molecule in physiology and pathology. Cell Biol Int. (2023)
47:295–307. doi: 10.1002/cbin.11975

6. Gotsman I, Shauer A, Zwas DR, Tahiroglu I, Lotan C, Keren A. Low serum
albumin: a significant predictor of reduced survival in patients with chronic heart
failure. Clin Cardiol. (2019) 42:365–72. doi: 10.1002/clc.23153

7. Ronit A, Kirkegaard-Klitbo DM, Dohlmann TL, Lundgren J, Sabin CA, Phillips
AN, et al. Plasma albumin and incident cardiovascular disease: results from the
CGPS and an updated meta-analysis. Arterioscler Thromb Vasc Biol. (2020)
40:473–82. doi: 10.1161/atvbaha.119.313681

8. Cheng CW, Lee CW, Chien SC, Yeh HI, Chen CY. Serum albumin was associated
with a long term cardiovascular mortality among elderly patients with stable coronary
artery disease. Acta Cardiol Sin. (2024) 40:87–96. doi: 10.6515/acs.202401_40(1).
20230825a

9. Gremese E, Bruno D, Varriano V, Perniola S, Petricca L, Ferraccioli G. Serum
albumin levels: a biomarker to be repurposed in different disease settings in clinical
practice. J Clin Med. (2023) 12:6017. doi: 10.3390/jcm12186017

10. Gharipour A, Razavi R, Gharipour M, Mukasa D. Lactate/albumin ratio: an early
prognostic marker in critically ill patients. Am J Emerg Med. (2020) 38:2088–95.
doi: 10.1016/j.ajem.2020.06.067

11. Adeva-Andany M, López-Ojén M, Funcasta-Calderón R, Ameneiros-Rodríguez
E, Donapetry-García C, Vila-Altesor M, et al. Comprehensive review on lactate
metabolism in human health. Mitochondrion. (2014) 17:76–100. doi: 10.1016/j.mito.
2014.05.007

12. Lin J, Ren J. Lactate-induced lactylation and cardiometabolic diseases: from
epigenetic regulation to therapeutics. Biochim Biophys Acta Mol Basis Dis. (2024)
1870:167247. doi: 10.1016/j.bbadis.2024.167247

13. Kawase T, Toyofuku M, Higashihara T, Okubo Y, Takahashi L, Kagawa Y, et al.
Validation of lactate level as a predictor of early mortality in acute decompensated
heart failure patients who entered intensive care unit. J Cardiol. (2015) 65:164–70.
doi: 10.1016/j.jjcc.2014.05.006

14. Zhu L, Chen M, Lin X. Serum albumin level for prediction of all-cause mortality
in acute coronary syndrome patients: a meta-analysis. Biosci Rep. (2020) 40:
BSR20190881. doi: 10.1042/bsr20190881
15. Bosso G, Mercurio V, Diab N, Pagano A, Porta G, Allegorico E, et al. Time-
weighted lactate as a predictor of adverse outcome in acute heart failure. ESC Heart
Fail. (2021) 8:539–45. doi: 10.1002/ehf2.13112

16. Chien SC, Chen CY, Lin CF, Yeh HI. Critical appraisal of the role of serum
albumin in cardiovascular disease. Biomark Res. (2017) 5:31. doi: 10.1186/s40364-
017-0111-x

17. Iskandarani E, El Kurdi B, Murtaza G, Paul TK, Refaat MM. Prognostic role of
albumin level in heart failure: a systematic review and meta-analysis. Medicine. (2021)
100:e24785. doi: 10.1097/md.0000000000024785

18. Minton J, Sidebotham DA. Hyperlactatemia and cardiac surgery. J Extra Corpor
Technol. (2017) 49:7–15. doi: 10.1051/ject/201749007

19. Hajjar LA, Almeida JP, Fukushima JT, Rhodes A, Vincent JL, Osawa EA, et al.
High lactate levels are predictors of major complications after cardiac surgery. J Thorac
Cardiovasc Surg. (2013) 146:455–60. doi: 10.1016/j.jtcvs.2013.02.003

20. Magovern JA, Sakert T, Magovern GJ, Benckart DH, Burkholder JA, Liebler GA,
et al. A model that predicts morbidity and mortality after coronary artery bypass graft
surgery. J Am Coll Cardiol. (1996) 28:1147–53. doi: 10.1016/s0735-1097(96)00310-5

21. Rich MW, Keller AJ, Schechtman KB, Marshall WG Jr., Kouchoukos NT.
Increased complications and prolonged hospital stay in elderly cardiac surgical
patients with low serum albumin. Am J Cardiol. (1989) 63:714–8. doi: 10.1016/
0002-9149(89)90257-9

22. Xu R, Hao M, Zhou W, Liu M, Wei Y, Xu J, et al. Preoperative hypoalbuminemia
in patients undergoing cardiac surgery: a meta-analysis. Surg Today. (2023) 53:861–72.
doi: 10.1007/s00595-022-02566-9

23. Lindholm MG, Hongisto M, Lassus J, Spinar J, Parissis J, Banaszewski M, et al.
Serum lactate and A relative change in lactate as predictors of mortality in patients
with cardiogenic shock—results from the cardshock study. Shock. (2020) 53:43–9.
doi: 10.1097/shk.0000000000001353

24. Schupp T, Behnes M, Rusnak J, Ruka M, Dudda J, Forner J, et al. Does albumin
predict the risk of mortality in patients with cardiogenic shock? Int J Mol Sci. (2023)
24:7375. doi: 10.3390/ijms24087375

25. Ray CC, Pollack MM, Gai J, Patel AK. The association of the lactate-albumin
ratio with mortality and multiple organ dysfunction in PICU patients. Pediatr Crit
Care Med. (2023) 24:760–6. doi: 10.1097/pcc.0000000000003272

26. Zhang S, Chen N, Ma L. Lactate-to-albumin ratio: a promising predictor of 28-
day all-cause mortality in critically ill patients with acute ischemic stroke. J Stroke
Cerebrovasc Dis. (2024) 33:107536. doi: 10.1016/j.jstrokecerebrovasdis.2023.107536

27. Park JE, Chung KS, Song JH, Kim SY, Kim EY, Jung JY, et al. The C-reactive
protein/albumin ratio as a predictor of mortality in critically ill patients. J Clin
Med. (2018) 7:333. doi: 10.3390/jcm7100333

28. Chen Y, Yang K, Wu B, Lin W, Chen S, Xu X, et al. Association between lactate/
albumin ratio and mortality in patients with heart failure after myocardial infarction.
ESC Heart Fail. (2023) 10:1928–36. doi: 10.1002/ehf2.14359

29. Chen Y, Lai W, Yang K, Wu B, Xie D, Peng C. Association between lactate/
albumin ratio and prognosis in patients with acute myocardial infarction. Eur J Clin
Invest. (2024) 54:e14094. doi: 10.1111/eci.14094
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fcvm.2024.1486697/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2024.1486697/full#supplementary-material
https://doi.org/10.1016/j.amepre.2023.11.009
https://doi.org/10.1056/nejm199604043341403
https://doi.org/10.1056/NEJMoa2206916
https://doi.org/10.1002/jcp.28350
https://doi.org/10.1002/cbin.11975
https://doi.org/10.1002/clc.23153
https://doi.org/10.1161/atvbaha.119.313681
https://doi.org/10.6515/acs.202401_40(1).20230825a
https://doi.org/10.6515/acs.202401_40(1).20230825a
https://doi.org/10.3390/jcm12186017
https://doi.org/10.1016/j.ajem.2020.06.067
https://doi.org/10.1016/j.mito.2014.05.007
https://doi.org/10.1016/j.mito.2014.05.007
https://doi.org/10.1016/j.bbadis.2024.167247
https://doi.org/10.1016/j.jjcc.2014.05.006
https://doi.org/10.1042/bsr20190881
https://doi.org/10.1002/ehf2.13112
https://doi.org/10.1186/s40364-017-0111-x
https://doi.org/10.1186/s40364-017-0111-x
https://doi.org/10.1097/md.0000000000024785
https://doi.org/10.1051/ject/201749007
https://doi.org/10.1016/j.jtcvs.2013.02.003
https://doi.org/10.1016/s0735-1097(96)00310-5
https://doi.org/10.1016/0002-9149(89)90257-9
https://doi.org/10.1016/0002-9149(89)90257-9
https://doi.org/10.1007/s00595-022-02566-9
https://doi.org/10.1097/shk.0000000000001353
https://doi.org/10.3390/ijms24087375
https://doi.org/10.1097/pcc.0000000000003272
https://doi.org/10.1016/j.jstrokecerebrovasdis.2023.107536
https://doi.org/10.3390/jcm7100333
https://doi.org/10.1002/ehf2.14359
https://doi.org/10.1111/eci.14094
https://doi.org/10.3389/fcvm.2024.1486697
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Liu 10.3389/fcvm.2024.1486697
30. Sun H, Wang B, An G, Zhang Y, Ma L. Association of lactate/albumin ratio with
3-month readmission risk in heart failure patients: a retrospective study. ESC Heart
Fail. (2024) 11:2182–90. doi: 10.1002/ehf2.14788

31. Wang D, Luo C, Li Q, Zheng T, Gao P, Wang B, et al. Association between
lactate/albumin ratio and all-cause mortality in critical patients with acute
myocardial infarction. Sci Rep. (2023) 13:15561. doi: 10.1038/s41598-023-42330-8
Frontiers in Cardiovascular Medicine 09
32. Haschemi J, Müller CT, Haurand JM, Oehler D, Spieker M, Polzin A, et al.
Lactate to albumin ratio for predicting clinical outcomes after in-hospital cardiac
arrest. J Clin Med. (2023) 12:4136. doi: 10.3390/jcm12124136

33. Chen Y, Ba J, Peng C, Peng H, Li S, Lai W. Impact of lactate/albumin ratio on
prognostic outcomes in patients with concomitant heart failure and chronic kidney
disease. Intern Emerg Med. (2024) 19:1625–36. doi: 10.1007/s11739-024-03656-x
frontiersin.org

https://doi.org/10.1002/ehf2.14788
https://doi.org/10.1038/s41598-023-42330-8
https://doi.org/10.3390/jcm12124136
https://doi.org/10.1007/s11739-024-03656-x
https://doi.org/10.3389/fcvm.2024.1486697
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Association between lactate/albumin ratio and 28-day mortality in ICU critical patients with coronary heart disease: a retrospective analysis of the MIMIC-IV database
	Introduction
	Methods
	Data source
	Data selection criteria and exclusion criteria
	Data extraction
	Statistical analysis

	Results
	Baseline patient characteristics
	Association between LAR and 28-day mortality
	ROC curve analysis and prediction of mortality
	Subgroup analysis

	Discussion
	The relationship between serum lactate, albumin, LAR and cardiovascular diseases
	Mechanisms of increased LAR levels in CHD patients
	Study limitations

	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


