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Abstract 

Background Heart failure (HF) combined with diabetes is highly prevalent and is associated with more severe left 
ventricular dysfunction and a higher mortality rate. Early prediction of prognosis in such patients is crucial. This study 
aims to investigate the relationship between the lactate-to-albumin ratio (LAR) and outcomes in critically ill patients 
diagnosed with HF and diabetes.

Methods Data on critically ill HF patients with diabetes were retrospectively collected from the Medical Informa-
tion Mart for Intensive Care IV (MIMIC-IV) database. Restricted cubic spline (RCS) analysis identified a threshold value 
of 0.44, dividing patients into low-LAR (< 0.44) and high-LAR (≥ 0.44) groups. Least Absolute Shrinkage and Selection 
Operator (LASSO) regression with tenfold cross-validation identified variables associated with mortality. RCS, Kaplan–
Meier curves, and Cox regression analyses were employed to evaluate the association between LAR and mortality. 
Subgroup analyses were conducted to validate the robustness of the findings.

Results A total of 3,774 patients were included, with a determined LAR cutoff value of 0.44. RCS analysis revealed 
a positive correlation between LAR and all-cause mortality at 90 days, 180 days, and 1 year. Cox regression 
analysis showed that both low-LAR and high-LAR groups were independent risk factors for all-cause mortality 
at 90 days, 180 days, and 1 year in HF patients with diabetes (P < 0.05). Kaplan–Meier survival curves demonstrated 
that the cumulative survival rates at 90 days, 180 days, and 1 year were lower in the low-LAR group compared 
to the high-LAR group. Subgroup analyses confirmed the stability of the association between LAR and all-cause mor-
tality at all time points.

Conclusion In summary, LAR is a reliable and independent predictor of increased mortality in critically ill HF patients 
with diabetes. However, additional comprehensive prospective studies are needed to validate these findings.
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Introduction
Heart failure (HF) refers to a clinical syndrome caused by 
structural and functional abnormalities of the myocar-
dium, resulting in impaired pumping and filling capacity 
of the heart. It is a significant public health concern, par-
ticularly among the elderly, with a prevalence exceeding 
10% in individuals over 70 years old [1]. Heart failure in 
older adults is often caused by coronary artery disease, 
degenerative valvular disease, or hypertension. Com-
mon symptoms include shortness of breath, fatigue, and 
fluid retention. Severe heart failure is diagnosed when 
symptoms persist even at rest [2]. Advanced heart failure 
is characterized by significant myocardial remodeling, 
with medication offering limited benefit in slowing dis-
ease progression. Older patients with compromised car-
diovascular function and reduced heart performance face 
higher mortality rates during hospitalization [3]. Chronic 
conditions such as hypertension, hyperglycemia, and 
severe metabolic disorders can lead to advanced heart 
failure. Patients may experience a sudden decrease in car-
diac output, reduced effective circulatory volume, activa-
tion of neuroendocrine and renal pathways, and kidney 
failure, contributing to multi-organ dysfunction and 
worse prognoses [4]. Many heart failure patients present 
with comorbid conditions, with a significant proportion 
also having type 2 diabetes [5]. Heart failure patients with 
type 2 diabetes often develop kidney dysfunction earlier 
and have worse clinical outcomes [6]. Diabetes adversely 
affects myocardial function, leading to diabetic cardiomy-
opathy. Additionally, as diabetes is prevalent in middle-
aged and older adults, it is a key risk factor for coronary 
artery disease and other cardiac conditions [7]. Abnor-
mal glucose metabolism has early detrimental effects on 
both macrovascular and microvascular systems, directly 
damaging myocardial cells and interstitium, accelerat-
ing atherosclerosis, and hastening the progression of 
heart failure [8]. Lactate serves as a sensitive marker of 
tissue hypoperfusion and cellular hypoxia [9]. Clinically, 
blood lactate levels are dynamically monitored to assess 
tissue perfusion, metabolism, and mitochondrial func-
tion [10]. Albumin, synthesized in the liver, plays a cru-
cial role in binding and transport, maintaining plasma 
oncotic pressure, and mitigating inflammatory responses. 
It also protects against microcirculation and tissue dam-
age associated with inflammation [11]. Lactate and albu-
min are readily obtainable clinical markers commonly 
used for prognostic evaluation in various diseases. Their 
ratio may hold even greater predictive value. Research 
has revealed that lactate and albumin levels can fluctu-
ate in inflammatory diseases, with the lactate-to-albu-
min ratio emerging as a prognostic marker for critically 
ill ICU patients [12]. The lactate-to-albumin ratio has 
been shown to predict the occurrence of multiple organ 

dysfunction syndrome (MODS) [13]. Previous studies 
have demonstrated that the lactate-to-albumin ratio can 
predict short- and long-term mortality in critically ill 
heart failure patients [14]. However, its predictive value 
in severe heart failure patients with coexisting type 2 dia-
betes remains unclear. This study aims to evaluate the 
prognostic value of the lactate-to-albumin ratio in pre-
dicting long-term mortality risk in patients with severe 
heart failure and type 2 diabetes. By identifying a more 
effective biomarker for prognostic assessment, the study 
seeks to enhance diagnostic accuracy and prognostic 
evaluation, guide clinical management, and ultimately 
improve patient outcomes.

Methods
Source of data
This retrospective study utilized data from the publicly 
accessible Medical Information Mart for Intensive Care 
IV (MIMIC-IV, version 2.2) database. MIMIC-IV is an 
enhanced version of its predecessor, MIMIC-III, featur-
ing updated data and modifications to table structures. 
The dataset includes clinical information on over 190,000 
unique hospital admissions at Beth Israel Deaconess 
Medical Center (BIDMC) in Boston, Massachusetts, 
USA, between 2008 and 2019. The database provides 
comprehensive details on patient demographics, vital 
signs, medications, laboratory tests, surgical procedures, 
diagnoses, treatment plans, and survival outcomes. To 
access this data, we completed the National Institutes 
of Health (NIH) Human Research Participant Protec-
tion Training and passed the Collaborative Institutional 
Training Initiative (CITI) exam (ID: 13,921,063). Since 
the database does not contain any protected health infor-
mation and all patient data is anonymized, a waiver of 
informed consent was granted.]

Study design and population
This study focused on patients with heart failure (HF) 
and type 2 diabetes (T2D) who were admitted to the 
intensive care unit (ICU) for the first time. A cohort of 
6,686 patients with HF and T2D was identified using the 
search terms "Heart Failure" and "Type 2 Diabetes" within 
the International Classification of Diseases, Ninth (ICD-
9) and Tenth Revision (ICD-10) diagnostic codes. Exclu-
sion criteria were established to ensure data accuracy 
and relevance: (1) Multiple ICU admissions, with only 
the first admission included in the analysis; (2) Patients 
younger than 18 years old; (3) ICU stays of less than 24 h; 
(4) Data on patients’ serum lactate or serum albumin at 
ICU admission were missing; (5) Missing outcome meas-
ures, including survival status at 90  days, 180  days, and 
1 year. Based on these criteria, patients were categorized 
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into two groups according to the LAR index cutoff values 
for further analysis (Fig. 1).

Data extraction
Data were extracted from the MIMIC-IV database 
using PostgreSQL (version 16.3) and Structured Query 
Language (SQL). The following data were collected: 
(1) Demographic information: age, gender, race, mari-
tal status, and BMI; (2) Laboratory results from the 
first day of ICU admission, including serum calcium, 
albumin, lactate, creatinine, glucose, bilirubin, serum 
potassium, HbA1c, alanine aminotransferase, Aspar-
tate Aminotransferase, white blood cells, lymphocytes, 
serum uric acid, and hemoglobin; (3) Vital signs: blood 
pressure, respiratory rate, body temperature, and heart 
rate; (4) Comorbidities: diabetes, hypertension, stroke, 
anemia, congestive heart failure, malignancies, ven-
tricular fibrillation, atrial fibrillation, and hyperlipi-
demia; (5) Medications: aspirin, ACE inhibitors, ARBs, 
β-blockers, metformin, insulin, α-glucosidase inhibitors, 
thiazolidinediones, and insulin secretagogues; (6) Scor-
ing systems:Glasgow Coma Scale (GCS), O’Neill Acute 
Severity Index Score (OASIS), Simplified Acute Physiol-
ogy Score II (SAPS II), Systemic Inflammatory Response 
Syndrome (SIRS), Sequential Organ Failure Assessment 
(SOFA), Acute Physiology and Chronic Health Evaluation 

III (APS III); (7) Interventions: mechanical ventilation 
and continuous renal replacement therapy.

Outcomes
This study focused on evaluating all-cause mortality 
outcomes in heart failure patients with comorbid type 2 
diabetes from the MIMIC-IV database at different time 
intervals. The primary outcome was defined as long-term 
all-cause mortality at 180  days. Secondary outcomes 
included long-term all-cause mortality at 90  days and 
1 year.

LAR Composite Index calculation
The formula for calculating LAR is as follows: Lac/Alb.

Statistical analysis
In the baseline characteristics table, the Shapiro–Wilk 
test was used to assess the distribution of continuous 
variables. If they followed a normal distribution, they 
are presented as mean ± SD; if they did not, they are pre-
sented as median [inter quartile range (IQR)]. The com-
parison of continuous variables was performed using 
either the Student’s t-test or the Mann–Whitney test, 
depending on their distribution. Categorical variables 
are presented as frequencies and percentages. Significant 

Fig. 1 Study Flowchart. *A total of 6,686 patients were diagnosed with heart failure and diabetes. MIMIC-IV: Medical Information Mart for Intensive 
Care IV; ICU: Intensive Care Unit
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differences were assessed using the Pearson chi-square 
test or Fisher’s exact test.

Kaplan–Meier (K-M) curves were used to stratify the 
evaluation of the occurrence of outcome events based 
on LAR. LASSO regression with tenfold cross-validation 
was performed to further identify variables associated 
with 1-year, 90-day, and 180-day outcomes. The vari-
ables selected by LASSO analysis were included in Cox 
regression analysis to examine the relationship between 
LAR and mortality at 180 days, 90 days, and 1 year. The 
final model variables were selected based on the avail-
ability of event data. Model 1 was unadjusted, Model 2 
was adjusted for age, BMI, and marital status, and Model 
3 was further adjusted for AST, calcium, white blood cell 
count, atrial fibrillation, stroke, angiotensin-converting 
enzyme inhibitor, continuous renal replacement therapy, 
mechanical ventilation, Acute Physiology and Chronic 
Health Evaluation III, Simplified Acute Physiology Score 
II, and Sequential Organ Failure Assessment. Addition-
ally, restricted cubic splines (RCS) were used to examine 
LAR as a continuous variable to elucidate the relation-
ship between this index and the risk of outcome events. 
In cases of nonlinear correlation, recursive algorithms 
identified the threshold point between LAR and long-
term all-cause mortality. Furthermore, stratified analy-
ses and interaction tests were performed based on age, 
gender, atrial fibrillation, heart failure, hyperlipidemia, 
hypertension, stroke, ventricular fibrillation, dapagliflo-
zin, insulin therapy, alpha-glucosidase inhibitors, angio-
tensin II receptor blocker, beta-adrenergic blockers, 
angiotensin-converting enzyme inhibitor, metformin, 
thiazolidinediones, insulinotropic agents, continuous 
renal replacement therapy, and mechanical ventilation. 
All statistical analyses were performed using R software 
(version 4.3.1, Austria). All analyses were two-tailed, with 
p < 0.05 considered statistically significant.

Result
Baseline characteristics of study individuals
In this study, among the 6,686 heart failure patients with 
diabetes identified in the MIMIC-IV database, 3,774 met 
the inclusion criteria and were subsequently analyzed 
(the screening process is shown in Fig. 1).

The average age of the participants was 69 years (IQR: 
61–77 years). Among the total sample, 2,135 were male 
patients, comprising 56.6% of the cohort, and 2,508 
were Caucasian, making up 66.5%; 1,050 were single, 
comprising 27.8% of the cohort, 872 were divorced/
widowed, comprising 23.1% of the cohort, 1,852 were 
married, comprising 49.1% of the cohort; 2225 were 
have atrial fibrillation, comprising 59.0% of the cohort; 
2983 were have hyperlipidemia, comprising 79.0% of 
the cohort; 2348 were have hypertension, comprising 

62.2% of the cohort; 777 were have stroke, comprising 
20.6% of the cohort; 104 were have ventricular fibrilla-
tion, comprising 2.76% of the cohort. The average CPR 
value was 0.44 (IQR: 0.32–0.62). (The baseline is shown 
in Table 1).

Cutoff values and RCS analysis
In the RCS analysis, a cutoff value of 0.44 for LAR was 
determined based on a hazard ratio (HR) of 1. The 
patients were then divided into two groups: low LAR 
(< 0.44, n = 1899) and high LAR (≥ 0.44, n = 1875). The 
results of the RCS analysis, shown in Fig. 2, indicated a 
general positive correlation between LAR and the risk 
of all-cause mortality at 90 days, 180 days, and 1 year (P 
for all < 0.001). Notably, there was a nonlinear associa-
tion between LAR and 1-year all-cause mortality (P for 
nonlinear = 0.022), while no such nonlinear trend was 
observed for the 90-day and 180-day all-cause mortality 
risks (P for nonlinear > 0.05).

Association between LAR and clinical outcomes in patients 
with heart failure and diabetes
All variables from the baseline table were included in 
the LASSO regression analysis, with tenfold cross-
validation, resulting in a λ value of 0.0140222 (Figs.  3 
and 4). A total of 15 prognostic-related covariates were 
selected, including age, BMI, marital status, AST, cal-
cium, white blood cell count, atrial fibrillation, stroke, 
ACE inhibitors, CRRT, mechanical ventilation, APSIII, 
SAPSII, and SOFA. Figure 5.

To explore the independent effect of LAR on long-
term all-cause mortality in patients with heart failure 
and diabetes, we used three Cox proportional hazards 
regression models (Table  2). In Model 1, no adjust-
ments were made for covariates. Model 2 adjusted for 
age, BMI, and marital status, while Model 3 further 
adjusted for AST, calcium, white blood cell count, atrial 
fibrillation, stroke, ACE inhibitors, CRRT, mechanical 
ventilation, APSIII, SAPSII, and SOFA.

In Model 3, we found that the hazard ratios (HR) and 
95% confidence intervals (CI) for all-cause mortality 
at 90 days, 180 days, and 1 year were 1.27 (1.13–1.43), 
1.25 (1.12–1.39), and 1.22 (1.10–1.35), respectively, 
with P-values all < 0.001, indicating statistically signifi-
cant differences (Table 2).

We then used the low LAR group as a reference. 
The hazard ratios (HR) and 95% confidence intervals 
(CI) for all-cause mortality in the high LAR group at 
90  days, 180  days, and 1  year were 1.24 (1.09–1.41), 
1.23 (1.10–1.37), and 1.23 (1.12–1.36), respectively, 
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Table 1 Baseline data

[ALL]  < 0.44  > = 0.44 P.overall

N = 3774 N = 1899 N = 1875

Status-90d 0.27 (0.44) 0.24 (0.43) 0.29 (0.45) 0.001

Time-90d 90.0 [75.4;90.0] 90.0 [90.0;90.0] 90.0 [59.4;90.0]  < 0.001

Status-180d 0.34 (0.47) 0.32 (0.47) 0.36 (0.48) 0.004

Time-180d 180 [75.4;180] 180 [97.3;180] 180 [59.4;180] 0.001

Status-1 year 0.44 (0.50) 0.41 (0.49) 0.46 (0.50) 0.001

Time-1 year 365 [75.4;365] 365 [97.3;365] 365 [59.4;365]  < 0.001

Age(years) 69.0 [61.0;77.0] 69.0 [60.0;76.0] 70.0 [62.0;78.0]  < 0.001

Body Mass Index(BMI) 30.7 [26.2;36.2] 30.4 [26.1;36.0] 31.1 [26.2;36.3] 0.049

Gender: 0.683

 Male 2135 (56.6%) 1081 (56.9%) 1054 (56.2%)

 Female 1639 (43.4%) 818 (43.1%) 821 (43.8%)

Marital_status: 0.78

 Single 1050 (27.8%) 529 (27.9%) 521 (27.8%)

 Divorced/Widowed 872 (23.1%) 430 (22.6%) 442 (23.6%)

 Married 1852 (49.1%) 940 (49.5%) 912 (48.6%)

Race: 0.158

 White 2508 (66.5%) 1241 (65.4%) 1267 (67.6%)

 No White 1266 (33.5%) 658 (34.6%) 608 (32.4%)

Diastolic Blood Pressure 130 [120;145] 132 [120;148] 130 [118;142]  < 0.001

Systolic Blood Pressure 70.0 [62.0;80.0] 70.0 [62.5;80.0] 70.0 [61.0;80.0] 0.011

Serum Albumin (g/dL) 3.80 [3.32;4.20] 4.00 [3.50;4.30] 3.60 [3.10;4.10]  < 0.001

Alanine Aminotransferase (IU/L) 21.0 [15.0;33.0] 20.0 [15.0;30.0] 22.0 [16.0;37.0]  < 0.001

Aspartate Aminotransferase (IU/L) 24.0 [18.0;36.0] 23.0 [17.0;32.0] 26.0 [19.0;41.0]  < 0.001

Serum Bilirubin (mg/dL) 0.50 [0.30;0.70] 0.40 [0.30;0.60] 0.50 [0.30;0.80]  < 0.001

Serum Calcium (mg/dL) 9.10 [8.50;9.40] 9.10 [8.60;9.50] 9.00 [8.40;9.40]  < 0.001

Serum Creatinine (mg/dL) 1.10 [0.90;1.60] 1.20 [0.90;1.70] 1.10 [0.90;1.60] 0.002

Fasting Blood Glucose (mg/dL) 139 [107;196] 131 [104;182] 149 [112;210]  < 0.001

Hemoglobin Concentration (g/dL) 12.3 [10.8;13.6] 12.2 [10.8;13.6] 12.5 [10.8;13.7] 0.13

Serum Lactate (mmol/L) 1.60 [1.20;2.20] 1.30 [1.00;1.50] 2.20 [1.90;2.90]  < 0.001

Lymphocyte (%) 18.6 [11.4;26.8] 19.9 [13.0;27.4] 17.1 [9.50;25.9]  < 0.001

Serum Potassium (mEq/L) 4.30 [4.00;4.70] 4.30 [4.00;4.70] 4.40 [4.00;4.80] 0.059

White Blood Cell Count (K/uL) 8.10 [6.50;10.4] 7.80 [6.30;9.50] 8.60 [6.70;11.6]  < 0.001

Atrial Fibrillation: 0.263

 No 1549 (41.0%) 762 (40.1%) 787 (42.0%)

 Yes 2225 (59.0%) 1137 (59.9%) 1088 (58.0%)

Hyperlipidemia: 0.023

 No 791 (21.0%) 369 (19.4%) 422 (22.5%)

 Yes 2983 (79.0%) 1530 (80.6%) 1453 (77.5%)

Hypertension: 0.013

 No 1426 (37.8%) 680 (35.8%) 746 (39.8%)

 Yes 2348 (62.2%) 1219 (64.2%) 1129 (60.2%)

Stroke: 0.548

 No 2997 (79.4%) 1516 (79.8%) 1481 (79.0%)

 Yes 777 (20.6%) 383 (20.2%) 394 (21.0%)

Ventricular fibrillation: 0.337

 No 3670 (97.2%) 1852 (97.5%) 1818 (97.0%)

 Yes 104 (2.76%) 47 (2.47%) 57 (3.04%)

Dapagliflozin: 1
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with P-values all < 0.001, indicating statistically signifi-
cant differences.

Survival analysis of LAR in patients with heart failure 
and diabetes
We conducted a Kaplan–Meier (K-M) curve analysis to 
assess the long-term survival of patients with heart failure 
and diabetes based on LAR. The results showed changes 

in all-cause mortality (ACM) at 90  days, 180  days, and 
1 year between the high and low LAR groups (Fig. 4).

Notably, the long-term survival rate of patients in the 
low LAR group was higher than that of patients in the 
high LAR group, regardless of the risk of mortality at 
90 days, 180 days, or 1 year. The corresponding P-values 
were as follows: primary outcome at 180  days: 0.0016; 
secondary outcomes at 90  days: 0.00074 and 1  year: 
0.00043, all of which were statistically significant.

*  HR Hazard Ratio

Table 1 (continued)

[ALL]  < 0.44  > = 0.44 P.overall

 No 3773 (100.0%) 1898 (99.9%) 1875 (100%)

 Yes 1 (0.03%) 1 (0.05%) 0 (0.00%)

Insulin Therapy: 0.021

 No 96 (2.54%) 60 (3.16%) 36 (1.92%)

 Yes 3678 (97.5%) 1839 (96.8%) 1839 (98.1%)

Alpha-glucosidase Inhibitors: 0.312

 No 3759 (99.6%) 1889 (99.5%) 1870 (99.7%)

 Yes 15 (0.40%) 10 (0.53%) 5 (0.27%)

Angiotensin II Receptor Blocker:  < 0.001

 No 2593 (68.7%) 1214 (63.9%) 1379 (73.5%)

 Yes 1181 (31.3%) 685 (36.1%) 496 (26.5%)

Beta-Adrenergic Blocker:  < 0.001

 No 220 (5.83%) 72 (3.79%) 148 (7.89%)

 Yes 3554 (94.2%) 1827 (96.2%) 1727 (92.1%)

Angiotensin-Converting Enzyme Inhibitor: 0.01

 No 1599 (42.4%) 765 (40.3%) 834 (44.5%)

 Yes 2175 (57.6%) 1134 (59.7%) 1041 (55.5%)

Metformin
: No

3774 (100%) 1899 (100%) 1875 (100%) 1

Thiazolidinediones: 0.013

 No 3658 (96.9%) 1827 (96.2%) 1831 (97.7%)

 Yes 116 (3.07%) 72 (3.79%) 44 (2.35%)

Insulin Secretagogue: 1

 No 3656 (96.9%) 1840 (96.9%) 1816 (96.9%)

 Yes 118 (3.13%) 59 (3.11%) 59 (3.15%)

Continuous Renal Replacement Therapy: 0.064

 No 3342 (88.6%) 1663 (87.6%) 1679 (89.5%)

 Yes 432 (11.4%) 236 (12.4%) 196 (10.5%)

Mechanical Ventilation:  < 0.001

 No 1343 (35.6%) 617 (32.5%) 726 (38.7%)

 Yes 2431 (64.4%) 1282 (67.5%) 1149 (61.3%)

Acute Physiology and Chronic Health Evaluation III 46.0 [36.0;59.0] 46.0 [35.0;59.0] 47.0 [36.0;59.0] 0.539

Glasgow Coma Scale 15.0 [15.0;15.0] 15.0 [15.0;15.0] 15.0 [15.0;15.0] 0.007

O’Neill Acute Severity Index Score 2.00 [2.00;3.00] 2.00 [2.00;3.00] 3.00 [2.00;3.00] 0.003

Simplified Acute Physiology Score II 37.0 [30.0;45.0] 37.0 [29.0;45.0] 37.0 [30.0;45.0] 0.19

Systemic Inflammatory Response Syndrome 2.00 [2.00;3.00] 2.00 [2.00;3.00] 3.00 [2.00;3.00] 0.003

Sequential Organ Failure Assessment 5.00 [3.00;8.00] 5.00 [3.00;8.00] 5.00 [3.00;8.00] 0.071

LAR 0.44 [0.32;0.62] 0.32 [0.26;0.38] 0.62 [0.51;0.83]  < 0.001
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Furthermore, we stratified LAR into quartiles and 
performed Kaplan–Meier (K-M) curve analysis. The 
results demonstrated that, irrespective of the time 
points at 90 days, 180 days, or 1 year, the survival rates 
of heart failure patients with diabetes were inversely 
proportional to LAR values, with statistically signifi-
cant differences observed (P < 0.001) (Fig. 4).

Subgroup analysis
This study also performed stratified analysis and 
interaction tests based on variables such as age (≤ 65 
or > 65), gender, atrial fibrillation, heart failure, hyper-
lipidemia, hypertension, stroke, ventricular fibrillation, 
dapagliflozin, insulin, alpha, ARBs, beta blockers, ACE 
inhibitors, metformin, thiazolidinediones, insulino-
tropic agents, CRRT, and mechanical ventilation (MV).

The results showed that, for the 90-day mortality risk, 
LAR interacted with gender, stroke, insulin, beta block-
ers, ACE inhibitors, thiazolidinediones, CRRT, and MV 
(interaction P-values < 0.05).

For the 180-day mortality risk, LAR interacted with 
age, gender, stroke, insulin, beta blockers, ACE inhibi-
tors, thiazolidinediones, CRRT, and MV (interaction 
P-values < 0.05).

For the 1-year mortality risk, LAR interacted with age, 
gender, stroke, ACE inhibitors, CRRT, and MV (interac-
tion P-values < 0.05).

Discussion
Diabetes is one of the common etiological factors of heart 
failure (HF) [15], and glucose metabolism abnormalities 
lead to microvascular damage, cardiomyocyte apopto-
sis, and cardiac fibrosis, which result in structural and 
functional changes in the heart [16]. Studies have shown 
that the prevalence of diabetes in heart failure patients is 
high [17] (Type 2 Diabetes Mellitus and Heart Failure, A 
Scientific Statement From the American Heart Associa-
tion and Heart Failure Society of America), and patients 
with diabetes and HF show more severe left ventricular 
dysfunction and higher mortality rates [18]. This retro-
spective study provides strong evidence for the Lactate/

Fig. 2 RCS Curve of LAR and Long-term Mortality Risk. A. RCS Curve in 90-day; B. RCS Curve in 180-day; C. RCS Curve in 1-year

Fig. 3 LASSO Regression Analysis
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Albumin Ratio (LAR) as a predictive factor for diabetes 
in combination with heart failure. It also establishes a 
critical threshold of LAR (0.44) for risk stratification in 
patients with diabetes and heart failure. The study results 
indicate that, compared to the low-LAR group, the long-
term survival rate of patients with diabetes and heart 
failure in the high-LAR group significantly decreases. As 
LAR increases, the risk of all-cause mortality at 90 days, 
180 days, and 1 year also increases. Notably, LAR shows a 
nonlinear correlation with the 1-year all-cause mortality 
risk.

The predictive ability of the Lactate-to-Albumin 
Ratio (LAR) is associated with lactate and albumin lev-
els. Lactate is a product of anaerobic glycolysis of glu-
cose in the body, primarily produced in skeletal muscles 
through glycolysis and pyruvate metabolism [19]. It is a 
sensitive marker of tissue perfusion levels and whether 
the body is in a hypoxic state [20]. Diabetes induces 
and promotes tissue hypoxia [21], which in turn pro-
motes lactate production. Lactate is closely associated 

with most cardiovascular diseases. After excluding 
confounding factors such as arteriosclerosis and insu-
lin resistance, a study still found an independent cor-
relation between elevated lactate levels at rest and 
heart failure, highlighting the critical role of lactate as 
a marker of reduced oxidative capacity in heart failure 
[22]. Serum albumin levels reflect the body’s nutritional 
status and the extent of liver synthesis impairment. Fur-
thermore, changes in vascular permeability and protein 
loss due to kidney dysfunction may also lead to lower 
albumin levels [23]. Albumin levels also represent the 
body’s antioxidant capacity [24], as it can bind with 
metal ions like copper and zinc to inhibit their catalytic 
effects on free radicals, thereby reducing free radical 
production. Albumin also forms chelates with transi-
tion metals, preventing their reaction with oxygen and 
the generation of reactive oxygen species, thus exerting 
antioxidant effects. The thiol group on the cysteine res-
idue (especially Cys-34) can bind with free radicals to 
neutralize their activity and protect cells from oxidative 

Fig. 4 Kaplan–Meier Curve of LAR and Long-term Mortality Risk. A. 90-day overall Kaplan–Meier curve; B. 180-day overall Kaplan–Meier curve; 
C.1-year overall Kaplan–Meier curve; D. 90-day subgroup Kaplan–Meier curve; B. 180-day subgroup Kaplan–Meier curve; C.1-year subgroup Kaplan–
Meier curve
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damage [25]. High lactate levels and low albumin lev-
els are key determinants of the lactate-to-albumin ratio 
(LAR), with their ratio reflecting the complex and close 
relationship between antioxidant capacity and hypoxic 

conditions. In a physiological setting, hypoxic condi-
tions trigger adaptive responses that enhance antioxi-
dant capacity. However, prolonged high lactate levels, 
indicating sustained hypoxia, lead to the production of 

Fig. 5 Forest plot of Subgroup Analysis
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reactive oxygen species (ROS) and other free radicals, 
inducing inflammation. This, in turn, reduces the liver’s 
ability to synthesize albumin, alters vascular perme-
ability, increases protein loss, and further diminishes 
the body’s antioxidant capacity, exacerbating oxidative 
stress and systemic inflammation. Compared to iso-
lated albumin or lactate levels, LAR is more sensitive to 
subtle changes in the body and has stronger prognostic 
capabilities in certain specific diseases. In recent years, 
many researchers have used the LAR model to predict 
the risk of rehospitalization in heart failure patients 
[26]. LAR levels at admission in out-of-hospital cardiac 
arrest patients have also been used to predict clinical 
outcomes and neurological prognosis [27, 28].

After adjusting for confounding factors, our find-
ings remained statistically significant. Subgroup analysis 
revealed strong interactions between mortality risk at 
90 days, 180 days, and one year with factors such as age, 
gender, stroke history, ACEI use, CRRT, and mechanical 
ventilation. The study found that male patients and those 
aged 65 years or older exhibited a higher risk associated 
with elevated LAR levels, which aligns with findings 
from previous epidemiological studies [29, 30]. Stroke 
is a risk factor for diabetes complicated by heart failure, 
consistent with findings from another study showing 
that a history of stroke combined with diabetes increases 
the incidence of stroke in heart failure patients without 
atrial fibrillation [31]. We also observed that in patients 
not receiving angiotensin-converting enzyme inhibi-
tors (ACEIs), high LAR was associated with increased 
mortality risk in HF-DM patients. Studies have shown 
that ACEI/ARB therapy significantly reduces the risk of 
new-onset diabetes in non-HF patients, improves glyce-
mic control, and slows diabetes progression [32]. We also 
observed a significant association between high LAR and 

mortality risk in HF-DM patients not receiving CRRT 
treatment. This may be attributed to progressive renal 
function decline, leading to albumin loss and conse-
quently elevated LAR levels.

Furthermore, at both the 90-day and 180-day time 
points, the LAR in HF-DM patients showed an interac-
tion with the use of insulin, β-blockers, and thiazolidin-
ediones. Insulin resistance can impair the physiological 
effects of insulin, hinder glucose uptake and utilization, 
and negatively affect cardiac contractility, leading to 
structural and functional abnormalities in the heart [33]. 
The hyperglycemia caused by pancreatic dysfunc-
tion often necessitates insulin therapy, aligning with 
our observation that insulin use is also a risk factor. 
β-blockers, a first-line treatment for heart failure, are not 
explicitly contraindicated for diabetic patients in current 
guidelines. However, studies have shown that β-blocker 
use in diabetic patients is associated with increased car-
diovascular risk. Among patients with coronary artery 
disease or heart failure, those using β-blockers have a 
significantly higher cumulative incidence of cardiovascu-
lar events compared to non-users [34]. This may be due 
to β-blockers masking hypoglycemia symptoms such as 
tachycardia or their potential direct hypoglycemic effects 
[35]. We observed that among patients not using thiazoli-
dinediones, higher LAR was significantly associated with 
reduced 90-day and 180-day mortality risk in HF-DM 
patients. This finding aligns with reports indicating that 
thiazolidinediones may increase the risk of heart failure 
[36, 37].

Strengths and limitations
This study has several strengths. To date, no research 
has focused on the prognostic role of LAR levels in ICU 
patients with HF-DM. Our findings provide evidence 

Table 2 Cox Analysis of LAR and Long-term Mortality Risk

*  LAR lactate-to-albumin ratio, HR Hazard Ratio

Variable Model-I HR 95% CI P-value Model-II HR 95% CI P-value Model-III HR 95% CI P-value

1-year mortality

LAR 1.25 1.14, 1.37  < 0.001 1.21 1.10, 1.34  < 0.001 1.22 1.10, 1.35  < 0.001

LAR < 0.44 1 1 1

LAR ≥ 0.44 1.19 1.08, 1.31  < 0.001 1.18 1.07, 1.30  < 0.001 1.23 1.12, 1.36  < 0.001

90-day mortality

LAR 1.34 1.20, 1.49  < 0.001 1.29 1.15, 1.44  < 0.001 1.27 1.13, 1.43  < 0.001

LAR < 0.44 1 1 1

LAR ≥ 0.44 1.24 1.09, 1.40  < 0.001 1.21 1.07, 1.38 0.002 1.24 1.09, 1.41  < 0.001

180-day mortality

LAR 1.28 1.16, 1.42  < 0.001 1.24 1.12, 1.38  < 0.001 1.25 1.12, 1.39  < 0.001

LAR < 0.44 1 1 1

LAR ≥ 0.44 1.19 1.07, 1.33 0.002 1.18 1.06, 1.32 0.003 1.23 1.10, 1.37  < 0.001
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supporting LAR as an independent predictor of 90-day, 
180-day, and one-year mortality in HF-DM patients. 
However, there are also limitations. First, this study 
relied entirely on data retrieved from electronic medical 
records in the MIMIC-IV database, which may introduce 
selection bias. Additionally, the study did not incorporate 
data from multiple regions worldwide. Due to inherent 
limitations of the database, we were unable to include 
comprehensive baseline characteristics, detailed diag-
nostic information, or socioeconomic factors for patients 
with diabetes and heart failure, which could have influ-
enced the results and introduced potential bias.

Conclusion
In conclusion, this study conducted a detailed investiga-
tion of the association between the lactate-to-albumin 
ratio (LAR) and 90-day, 180-day, and one-year mortal-
ity risks in a cohort of patients with diabetes and heart 
failure. The findings revealed that an elevated LAR is an 
independent predictor of overall mortality in this patient 
population, demonstrating a nonlinear relationship. This 
association remained statistically significant even after 
adjusting for potential confounders. Future studies are 
needed to validate the exact relationship between LAR 
and all-cause mortality in patients with diabetes and 
heart failure, aiming to enhance our understanding and 
management of this complex condition.
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