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Background: Lactate-to-albumin ratio (LAR) has been reported as a useful predictor for multiple critical illnesses. However, the
association between LAR and mortality in patients with chronic obstructive pulmonary disease (COPD) remains unclear. This study
aims to clarify the correlation between LAR and 28-day all-cause mortality in patients with COPD and to investigate whether LAR
calculated using arterial lactate (AL) or peripheral venous lactate (PVL) can serve as predictive indicators.

Methods: A total of 1428 patients from the Medical Information Mart for Intensive Care (MIMIC) IV database (version 2.2) and
2467 patients from the eICU Collaborative Research Database (eICU-CRD, version 2.0) were included in this study. Propensity score
matching (PSM) method was conducted to control confounders. Cox proportional hazards model, Kaplan—-Meier survival method,
subgroup analysis and receiver operating characteristic (ROC) analysis were performed to assess the predictive ability of LAR. To
verify our hypothesis, data from the two databases were analyzed individually.

Results: After adjusting for covariates, LAR calculated using either AL (MIMIC IV, HR = 1.254, 95% CI, 1.013-1.552, P = 0.038) or
PVL (eICU-CRD, HR = 1.442, 95% CI, 1.272-1.634, P < 0.001) was independently associated with 28-day all-cause mortality in
COPD patients. Kaplan—-Meier analysis showed that patients with higher LAR value had significantly higher all-cause mortality (all
P < 0.05). This association was consistent across subgroup analyses. In addition, the ROC analysis suggested that LAR calculated
using PVL may have better predictive performance compared to using AL.

Conclusion: LAR calculated using both AL and PVL can independently predict the 28-day all-cause mortality after ICU admission in
patients with COPD and higher level of LAR is related to higher mortality risk.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a prevalent respiratory disease characterized by persistent airflow
limitation, typically progressive and associated with an enhanced chronic inflammatory response of the lung tissues to
harmful particles or gases.! Caused by exposure to inhaled noxious particles, notably tobacco smoke and pollutants,’
COPD has increasingly been regarded as a major cause of death worldwide with an estimated prevalence of more than
10% of the population aged 30-79 years in 2019 and 3.197 million deaths worldwide.* Moreover, one study has
demonstrated that patients with comorbid COPD have a higher 28-day mortality rate (13.90%) in intensive care unit
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(ICU) compared to those without COPD (8.07%).° Thus, finding a useful indicator for prognostic evaluation is in urgent
need.

Lactate was erroneously assumed to be a waste product of energy metabolism deleterious effects until 1980s.” As
a product of anaerobic metabolism, lactate itself can be used as an important indicator of tissue hypoperfusion as well as
cellular hypoxia. With advances in research, however, evidence suggests that lactate plays important roles in many
physiological and pathological processes, ranging from energy regulation, immune response, memory formation, wound
healing to tumor progression.® As a signalling molecule in inflamed tissues,’ lactate has been demonstrated to be
associated with prognosis and mortality of varieties of diseases.'®'? Albumin, a traditional indicator for assessing
malnutrition status and liver disease, has been confirmed to be a negative acute-phase protein in inflammatory response
with the ability of binding a variety of inflammatory mediators and modulating oxidative stress.'*"'* In addition, previous
studies have reported that low levels of serum albumin are related to the mortality in COPD patients.'*'® Thus, lactate-to
-albumin ratio (LAR) as a predictor of COPD patients’ prognosis, which investigate the ratio of inverse variations
induced by distinct mechanisms, incorporates factors such as inflammation, tissue hypoperfusion and malnutrition status,
may reduce potential biases in using a single predictor.

Several studies have shown that LAR is associated with mortality of critically ill patients, such as sepsis,'” acute
pancreatitis,'® acute myocardial infarction,'® acute respiratory failure® and so on. Previously, most of the relevant studies
selected arterial blood lactate or did not mention the lactate sources, and one latest study?' focused on the relationship
between LAR (with lactate from artery) and acute exacerbation of chronic obstructive pulmonary disease (AECOPD).
While venous blood collection is safer and more convenient than arterial blood collection, this retrospective study aimed
to investigate whether lactate-to-albumin ratio calculated using lactate from both sources is independent predictor of 28-
day mortality in COPD patients. Therefore, we extracted data from the Medical Information Mart for Intensive Care IV
(MIMIC-1V, version 2.2) containing arterial lactate (AL) and the eICU Collaborative Research Database (eICU-CRD,
version 2.0) containing peripheral venous lactate (PVL) for analysis.

Methods

Data Sources

All data in this study were extracted from the Medical Information Mart for Intensive Care IV (MIMIC-1V, version 2.2)
database and the eICU Collaborative Research Database (eICU-CRD, version 2.0).°*** The MIMIC-IV database is
a large online database, comprising data from patients admitted to the Beth Israel Deaconess Medical Center (BIDMC)
from 2008 to 2019. The eICU-CRD database is a multi-center intensive care unit (ICU) database which contains over
200,000 admissions selected by eICU Programs across the United States between 2014 and 2015. The included patients’
health information was de-identified for protecting patients’ privacy. Therefore, informed consent was waived for this
study. All data in this study were extracted by the first author (Kelan Zhao), who has completed the Collaborative
Institutional Training Initiative (CITI) course and passed the online training (ID: 11773736).

Study Population

We extracted patients with COPD according to the International Classification of Diseases, Ninth Revision (ICD-9) and
ICD-10 codes (code = 49120, 49121, 49122, 496, J44, J440, J441 and J449). Patients who were younger than 18 years
old or spent less than 24 hours in ICU were excluded from this analysis. In cases of repeated ICU admissions, only the
first admission for each patient was selected. After excluding participants with missing LAR data, comorbid severe liver
diseases or admitted to hospital for liver diseases as main diagnosis, the final sample for analysis consisted of 3895
participants (1428 from MIMIC IV and 2467 from eICU-CRD) (Figure S1).

Data Extraction

PostgreSQL tool (version 15.3) was used to extract data from MIMIC-IV and eICU-CRD databases. The LAR was
defined as lactate/albumin count and was chosen as the main study variable in this study. For AL from MIMIC-IV
database, PVL from eICU-CRD database and serum albumin, only the initial examination results after admission were

1420  hues International Journal of Chronic Obstructive Pulmonary Disease 2025:20


https://www.dovepress.com/article/supplementary_file/503625/503625+_Supplementary_File.docx

Zhao et al

selected. We extracted the first record of demographic information [age, gender, ethnicity, body mass index (BMI)], vital
signs [heart rate (HR), mean blood pressure (MBP), respiratory rate (RR), pulse oximetry-derived oxygen saturation
(Sp0Oy)], laboratory data [alanine aminotransferase (ALT), aspartate aminotransferase (AST), anion gap, bicarbonate,
calcium, chloride, sodium, white blood cell (WBC), red blood cell (RBC), hemoglobin, platelet, hematocrit, creatinine,
glucose, blood urea nitrogen (BUN)], comorbidity diseases (liver disease, congestive heart failure, diabetes, malignant
cancer, myocardial infarction, renal disease), scoring systems [sequential organ failure assessment (SOFA), Oxford acute
severity of illness score (OASIS) from MIMIC IV and acute physiology and chronic health evaluation IV score
(APACHE 1V) from eICU], as well as data on mechanical ventilation (MV) use after patients’ ICU admissions. The
primary outcome was defined as 28-day all-cause mortality after ICU admission among COPD patients.

Management of Missing Data and Outliers

Variables with more than 15% values missing were excluded to reduce bias. For variables with less than 5% missing
values, the missing data were imputed using the mean value. For variables with missing data proportions between 5%
and 15%, multiple imputation methods were used to impute the missing values. In this study, covariates with abnormal
values (above 99% or below 1%) were replaced with 99% or 1% of the point values using the “winsor2” command in
STATA software (version 17.0).

Statistical Analysis

Continuous variables were assessed by the Kolmogorov—Smirnov test. Variables that followed a normal distribution were
compared with the independent sample #-test and were reported as mean + standard deviation. Skewed distributions were
analyzed by the Kruskal-Wallis test and presented as median and interquartile range (IQR). Categorical variables were
expressed as numbers (percentages) and were analyzed by the chi-square test. In addition, we determined the cut-off
value of LAR using X-tile software (version 3.6.1) and used this value to divide the patients into high-LAR and low-LAR
groups.

To reduce the bias and maintain the baseline balance between the low- and high-LAR groups, propensity score
matching (PSM) was employed. We used a logistic regression model to calculate the propensity score and all the
variables listed in Tables 1 or 2 were controlled in this model. The PSM was performed by 1:1 nearest-neighbor matching
without replacement and a caliper width of 0.02.

Multivariate Cox regression models were performed in both original cohort and matched cohort to evaluate the
relationship between LAR and 28-day mortality in COPD patients and the hazard ratio (HR) and 95% confidence interval
(CI) were used. Kaplan—Meier curves and Log rank tests were performed in both original and matched cohort to describe
the association between LAR and patients’ survival status. To guarantee the robustness of the findings, subgroup analysis
with interaction effects was performed. The receiver operating characteristic (ROC) curve was used to compare the LAR
calculated using AL and the LAR calculated using PVL for the 28-day mortality prediction. Further ROC analysis was
conducted on subgroups subsequently.

To demonstrate that both LAR (using AL and PVL) can predict the mortality in COPD patients, analysis of two
databases were performed individually.

All tests are double-sided in this study, and statistical significance was established as P < 0.05. SPSS software
(version 22.0), STATA software (version 17.0), GraphPad Prism software (version 10.0), R software (version 2.15.3) and
X-tile software (version 3.6.1) were used to do statistical analysis and produce figures.

Results

Baseline Characteristics

In this study, 1428 patients from MIMIC IV database and 2467 patients from eICU-CRD database were considered
eligible for analysis according to the inclusion and exclusion criteria (Figure S1). The cut-off value of LAR was set at
0.65 in MIMIC 1V database and 0.71 in e[CU-CRD database according to the X-tile software (Figure 1). Consequently,
participants were divided into high-LAR and low-LAR groups. After PSM (Figure 2), 774 patients from MIMIC IV
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Table | Baseline Characteristics Between Survivors and Non-Survivors (MIMIC IV Database)

Variables

Original Cohort (N = 1428)

Matched Cohort (N = 774)

Total (N = 1428) J 28-Dsurvivors (N = 1032) J

28-d Non-Survivors (N = 396) J P - value

Total (N = 774) J 28-Dsurvivors (N = 546) J

28-d Non-Survivors (N = 228) J P - value

Demographics

Age (years) 71 (63,79) | 70 (62, 78) ‘ 75 (67, 82) <0.001 72 (63, 80) ‘ 70 (62, 78) ‘ 76 (68, 83) <0.001
Gender (%) 0.071 0.732
Male 769 (53.85) 558 (54.07) 211 (53.28) 417 (53.88) 292 (53.48) 125 (54.82)

Female 659 (46.15) 474 (45.93) 185 (46.72) 357 (46.12) 254 (46.52) 103 (45.18)

Ethnicity (%) < 0.001 0.064
White 975 (68.28) 735 (71.22) 240 (60.61) 523 (67.57) 381 (69.78) 142 (62.28)

Black 65 (4.55) 46 (4.46) 19 (4.80) 38 (491) 28 (5.13) 10 (4.39)

Other 388 (27.17) 251 (24.32) 137 (34.60) 213 (27.52) 137 (25.09) 76 (33.33)

Vital signs

HR (beats/min) 86.73 (75.33, 99.32) 85.62 (74.90, 98.44) 89.32 (76.96, 101.73) 0.011 87.93 (75.26, 100.38) 86.64 (74.93, 98.97) 91.86 (76.96, 104.21) 0.018
MBP (mmHg) 74.53 (68.93, 81.45) 75.10 (69.43, 81.93) 73.16 (67.50, 80.13) < 0.001 73.92 (68.52, 80.44) 74.14 (69.15, 80.48) 73.45 (67.52, 80.13) 0.138
RR (beats/min) 19.95 (17.61, 22.62) 19.69 (17.44, 22.39) 20.58 (18.09, 23.53) < 0.001 19.82 (17.65, 23.02) 19.67 (17.59, 22.76) 20.22 (17.85, 23.44) 0.163
SpO; (%) 96.52 (94.85, 98.05) 96.47 (94.84, 97.96) 96.60 (94.86, 98.32) 0.348 96.62 (94.96, 98.21) 96.54 (94.96, 98.07) 96.73 (95.01, 98.55) 0.298
Laboratory events

ALT (IUIL) 26.94 (15, 61) 26 (15, 58) 30 (15, 71.72) 0.269 29 (15.83, 63) 29 (15, 60.63) 30 (16, 73.5) 0.552
AST (IU/L) 37 (22, 96) 35.69 (21.72, 85) 41 (22, 126.5) 0.060 39 (22,97) 39 (22, 92) 40.5 (24, 120.5) 0.520
Anion gap (mEq/L) 15 (12, 17) 14 (12, 17) 15 (13, 18) <0.001 15 (13, 17) 15 (13, 17) 15 (13, 18) 0.183
Bicarbonate (mEq/L) 23 (20, 27) 23 (20, 27) 23 (19, 26) 0.011 22 (20, 25) 22 (19, 25) 23 (20, 26) 0.484
WBC (K/uL) 12.5 (85, 17.4) 12 (8.2, 16.6) 13.5 (9.6, 19.35) < 0.001 12.8 (9, 18.2) 12.7 (8.8, 17.3) 13.3 (94, 19.1) 0.167
RBC (m/ulL) 3.51 (3.03, 4.07) 3.55 (3.04, 4.11) 344 (3, 4) 0.028 3.47 (3.03, 4) 3.52 (3.04, 4.03) 3.44 (2.98, 3.92) 0.120
Hemoglobin (g/dL) 105 (89, 12) 10.6 (9, 12.1) 10.15 (8.8, 11.6) 0.017 10.45 (8.9, 12) 10.6 (8.9, 12.1) 10.1 (838, 11.5) 0.028
Hematocrit (%) 32.5 (28, 37.1) 32.8 (282, 374) 31.8 (27.8, 36.4) 0.055 3225 (277, 36.8) 324 (27.9, 37) 31.6 (27.5, 35.85) 0.087
Platelets (K/ul) 196 (138, 268) 197.5 (141, 272) 187.5 (129, 259) 0.068 191 (135, 258) 195 (138, 264) 184.5 (128.5, 253) 0.190
Creatinine (mg/dL) 1.1 (08, 1.7) 1.1 (0.8, 1.7) 1.3 (0.8, 1.9) < 0.001 1.2 (0.8, 1.8) 1.1 (0.8, 1.7) 1.25 (0.9, 1.95) 0.013
Glucose (mg/dL) 134 (107, 175) 132 (106.5, 172.5) 143 (111.5, 186.5) 0.025 139 (113, 181) 137 (111, 180) 147 (118, 192) 0.249
BUN (mg/dL) 26 (17, 41) 24 (15, 37.5) 31 (20, 49) < 0.001 26 (18, 42) 25 (16, 38) 33 (22, 52) <0.001
Albumin (g/dL) 3 (2.6,34) 3 (2.6, 34) 2.8 (24,3.2) <0.001 29 (25,33) 3(2.6,34) 2.8 (235,3.2) <0.001
AL (mmol/L) 1.6 (1.1, 2.4) 1.5 (1.1,22) 1.8 (1.3,27) < 0.001 1.8 (1.3, 2.6) 1.8 (1.2, 2.6) 1.8 (1.3, 2.55) 0.486
LAR 0.54 (0.37, 0.84) 0.51 (0.35, 0.76) 0.66 (0.43, 1.07) < 0.001 0.65 (0.44, 0.92) 0.62 (0.43, 0.88) 0.69 (0.48, 0.99) 0.021
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Comorbidities

CHF (%) 690 (48.32) 494 (47.87) 196 (49.49) 0.582 369 (47.67) 250 (45.79) 119 (52.19) 0.104
Diabetes (%) 483 (33.82) 354 (34.30) 129 (32.58) 0537 259 (33.46) 184 (33.70) 75 (32.89) 0.829
Malignant cancer (%) 226 (15.83) 141 (13.66) 85 (21.46) < 0.001 124 (16.02) 77 (14.10) 47 (20.61) 0.024
Ml (%) 375 (26.26) 264 (25.58) 111 (28.03) 0.346 206 (26.61) 134 (24.54) 72 (31.58) 0.043
Renal disease (%) 389 (27.24) 268 (25.97) 121 (30.56) 0.081 212 (27.39) 139 (25.46) 73 (32.02) 0.062
Treatment

MV (%) 964 (67.51) 657 (63.66) 307 (77.53) <0.001 ‘ 531 (68.60) 351 (64.29) 180 (78.95) <0.001
Scoring system

SOFA 6(4,9) 6 (4,8) 7 (5, 10) < 0.001 749 6(4,8) 75 (5, 10) <0.001
OASIS 35 (29, 42) 34 (29, 40) 38 (32, 46) <0.001 36 (30, 42) 35 (30, 40) 38 (33, 45) <0.001

Notes: P - value less than 0.05 is expressed in bold.

Abbreviations: MBP, mean blood pressure; sPO2, pulse oximetry-derived oxygen saturation; ALT, alanine aminotransferase; AST, aspartate aminotransferase; WBC, white blood cell; RBC, red blood cell; BUN, blood urea nitrogen; AL,

arterial lactate; LAR, lactate/albumin ratio; SOFA, sequential organ failure assessment score; OASIS, oxford acute severity of illness score.
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Table 2 Baseline Characteristics Between Survivors and Non-Survivors (elCU-CRD Database)

Variables

Original Cohort (N = 2467)

Matched Cohort (N = 1524)

Total (N = 2467) ‘ 28-Dsurvivors (N = 1986)

28-d Non-Survivors (N = 481) P - value Total (N = 1524) ‘ 28-Dsurvivors (N = 1215) ‘ 28-d Non-Survivors (N = 309) P - value
Demographics
Age (years) 68 (61,76) J 67.85 (60,75) J 71 (65, 79) < 0.001 68 (61, 77) J 68 (60, 76) J 71 (64, 80) < 0.001
Gender (%) 0.103 0.923
Male 1246 (50.51) 987 (49.70) 259 (53.85) 783 (51.38) 625 (51.44) 158 (51.13)
Female 1221 (49.49) 999 (50.30) 222 (46.15) 741 (48.62) 590 (48.56) 151 (48.87)
Ethnicity (%) 0.598 0.460
White 2087 (84.60) 1673 (84.24) 414 (86.07) 1281 (84.06) 1016 (83.62) 265 (85.76)
Black 206 (8.35) 169 (8.51) 37 (7.69) 136 (8.92) 114 (9.38) 22 (7.12)
Other 174 (7.05) 144 (7.25) 30 (6.24) 107 (7.02) 85 (7.00) 22 (7.12)
BMI 27.97 (22.78, 33.87) 28.12 (22.86, 34.15) 27.41 (22.39, 31.95) 0.016 27.35 (22.44, 32.65) 27.36 (22.50, 32.79) 27.01 (22.04, 31.73) 0.437
Vital signs
HR (beats/min) 112 (98, 127) 111 (98, 126) 116 (101, 132) 0.003 114 (102, 129) 113 (101, 128) 117 (104, 133) 0.020
MBP (mmHg) 59 (49, 122) 60 (50, 123) 54 (46, 115) <0.001 58 (48, 121) 59 (49, 122) 54 (46, 115) 0.002
RR (beats/min) 30 (15, 36) 30 (14, 36) 31 (25, 37) 0.002 30 (l6, 36) 30 (14, 36) 32 (26, 38) <0.001
Laboratory events
ALT (U/L) 28 (17, 53) 27 (17, 47) 34 (19, 88) < 0.001 28.08 (17, 54.41) 28 (17, 51) 33 (18,71) 0.004
AST (U/L) 31 (19, 63) 29 (18, 56) 4351 (23, 118) <0.001 32 (19, 66) 31 (19, 61) 39 (23,97) <0.001
Calcium (mg/dL) 8.1 (74,87) 8.1 (74,87) 8.1 (7.2, 8.6) 0.015 8 (7.3, 86) 8(7.3,86) 8 (7.3, 86) 0.581
Sodium (mmol/L) 138 (135, 141) 138 (135, 141) 138 (134, 141.21) 1.000 138 (135, 141) 138 (135, 141) 138.07 (135.00, 142) 0.599
Bicarbonate (mmol/L) 25 (22, 30) 25.88 (22, 30) 25 (21, 29) < 0.001 25 (21, 28) 25 (21, 28) 25 (21, 29) 0.297
Chloride (mmol/L) 103 (98, 107) 103 (98, 107) 103 (98, 108) 0.321 104 (99, 108) 104 (99, 108) 104 (99, 108) 0.677
WBC (K/uL) 12.18 (85, 17) 11.73 (85, 16.2) 13.88 (9.4, 19.6) <0.001 12,6 (9.1, 17.79) 12,5 (9.13, 17.5) 13.22 (8.7, 18.3) 0.957
RBC (m/ul) 3.69 (3.16, 4.22) 37 (3.2,422) 3.62 (3.06, 4.19) 0.080 3.67 (3.14, 4.2) 37 (3.2,423) 3.53 (3, 4.05) 0.001
Hemoglobin (g/dL) 10.9 (9.2, 12.5) 10.9 (9.3, 12.5) 10.6 (9, 12.5) 0.107 10.9 (9.2, 12.5) 10.9 (9.3, 12.5) 10.3 (8.8, 12) 0.002
Hematocrit (%) 324 (277, 37.1) 32.7 (27.91) 31.3 (27, 36.9) 0.009 32 (274, 36.7) 32.5 (27.79, 36.81) 30.7 (26.72, 35.41) 0.001
Platelet (K/uL) 194 (148, 255) 194 (149, 255) 195 (138, 258) 0.403 191 (144, 254) 190 (146, 254) 193 (136, 259) 0.778
Creatinine (mg/dL) 1.21 (0.76, 1.98) 1.17 (0.73, 1.88) 1.42 (0.9, 2.54) < 0.001 1.23 (0.79, 1.98) 1.2 (0.76, 1.9) 1.34 (0.86, 2.5) <0.001
Glucose (mg/dL) 167 (105, 226) 166 (104, 222) 174 (110, 243) 0.012 167 (106, 224) 167.25 (106, 223.36) 163 (106, 226) 0.884
BUN (mg/dL) 28 (18, 44) 27 (17, 42) 31 (21, 50) <0.001 29 (18, 44) 27 (17, 43) 31 (21, 50.30) < 0.001
Albumin (g/dL) 27 (23,3.1) 2.8 (24,32 25(2,29) <0.001 2.6 (22, 3.0) 27 (23,3.1) 25(2,29) <0.001
PVL (mmol/L) 1.5 (1, 2.4) 1.5 (1,23) 1.9 (1.2, 3.6) <0.001 1.8 (1.2,27) 1.7 (1.1, 2.5) 1.9 (1.2, 3.1) 0.005
LAR 0.59 (0.37, 0.96) 0.54 (0.36, 0.86) 0.82 (0.48, 1.52) <0.001 0.71 (0.43, 1.05) 0.68 (0.42, 1) 0.81 (0.5, 1.29) <0.001
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Comorbidities

CHF (%) 616 (24.97) 488 (24.57) 128 (26.61) 0.354 367 (24.08) 286 (23.54) 81 (26.21) 0.326
Diabetes (%) 605 (24.52) 474 (23.87) 131 (27.23) 0.123 363 (23.82) 279 (22.96) 84 (27.18) 0.120
Malignant cancer (%) 84 (3.40) 55 (2.77) 29 (6.03) < 0.001 47 (3.08) 30 (2.47) 17 (5.50) 0.006
MI (%) 176 (7.13) 140 (7.05) 36 (7.48) 0.739 123 (8.07) 100 (8.23) 23 (7.44) 0.650
Renal disease (%) 1259 (51.03) 963 (48.49) 296 (61.54) < 0.001 787 (51.64) 610 (50.21) 177 (57.28) 0.026
Treatment

MV (%) ‘ 1289 (52.25) ‘ 1000 (50.35) | 289 (60.08) < 0.001 ‘ 776 (50.92) ‘ 602 (49.55) ‘ 174 (56.31) ‘ 0.034
Scoring system

APACHE IV 67.52 (53, 85) ‘ 64.42 (51, 80.85) | 82 (65, 105) < 0.001 ‘ 69.42 (55.14, 86) ‘ 67 (54, 83) ‘ 82 (65, 99) < 0.001

Notes: P - value less than 0.05 is expressed in bold.
Abbreviations: BMI, body mass index; MBP, mean blood pressure; ALT, alanine aminotransferase; AST, aspartate aminotransferase; WBC, white blood cell; RBC, red blood cell; BUN, blood urea nitrogen; PVL, peripheral venous lactate;

LAR, lactate/albumin ratio; APACHE IV, Acute Physiology and Chronic Health Evaluation IV score.
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Figure | (A) Cut-off value of LAR for 28-day mortality in patients with COPD calculated using X-tile in MIMIC. (B) Cut-off value of LAR for 28-day mortality in patients
with COPD calculated using X-tile in elCU.
Abbreviation: LAR, lactate/albumin ratio.
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database and 1524 patients from eICU-CRD database were selected. Baseline characteristics of the survival and non-
survival groups were listed in Table 1 and Table 2.

In MIMIC IV database, patients have a median age of 71 (range 29-91) and 53.85% of them were male, 68.28% of
them were white. The 28-day all-cause mortality after ICU admission was 27.73%. The non-survivors had higher age,
heart rate, respiratory rate, anion gap, WBC, creatinine, glucose, BUN, AL, LAR and lower mean blood pressure,
bicarbonate, RBC, hemoglobin, albumin compared with the survivors (all P < 0.05). Compared to the survivors, non-
survivors also exhibited higher incidence of comorbidities of malignant cancer, higher use of mechanical ventilation and
higher severity scores including SOFA and OASIS (all P < 0.05). In eICU-CRD database, participants’ median age was
68 (range 24-89) and 50.51% of them were male, 84.60% of them were white. The 28-day mortality was 19.50%. The
non-survivors had higher age, heart rate, respiratory rate, ALT, AST, WBC, creatinine, glucose, BUN, lactate, LAR,
Apache IV score and had lower BMI, mean blood pressure, calcium, bicarbonate, hematocrit, albumin compared to the
survivors (all P < 0.05). The non-survivors were more likely to suffer malignant cancer and renal disease and require
mechanical ventilation (all P < 0.05).

LAR (Calculated Using AL) Was an Independent Prognostic Factor of 28-Day
Mortality

Multivariate Cox models were used to estimate the correlation between LAR (calculated using AL) and outcomes of 28-
day all-cause mortality in patients with COPD (Table 3). In the unadjusted Cox model, the LAR calculated using AL
(before PSM: HR = 1.855, 95% CI, 1.523-2.259, P < 0.001; after PSM: HR = 1.337, 95% CI, 1.029-1.736, P = 0.030)
was associated with 28-day mortality in patients with COPD. In Model 1, after adjusting for age, gender, ethnicity and
vital signs, the LAR calculated using AL (before PSM: HR = 1.699, 95% CI, 1.391-2.075, P < 0.001; after PSM: HR =
1.357, 95% CI, 1.044-1.764, P = 0.023) remain significantly relating to the 28-day mortality. In Model 2, ALT, AST,
anion gap, bicarbonate, WBC, RBC, hemoglobin, hematocrit, creatinine, glucose, BUN, MV and scoring systems were
additionally adjusted on Model 1, showing that LAR calculated using either AL (before PSM: HR = 1.361, 95% CI,
1.092-1.697, P = 0.006; after PSM: HR = 1.358, 95% CI, 1.042—1.769, P = 0.024) is still significantly related to the 28-
day mortality. In Model 3, comorbidities including congestive heart failure, diabetes, malignant cancer, myocardial
infarction and renal disease were adjusted upon Model 2. According to this, LAR was still identified as an independent
predictor of the 28-day mortality when calculated using AL (before PSM: HR = 1.354, 95% CI, 1.085-1.691, P = 0.007;
after PSM: HR = 1.391, 95% CI, 1.066-1.815, P = 0.015).

Table 3 Cox Regression Analysis of the Associations Between LAR (Calculated
Using Arterial Lactate) and 28-Day Mortality (MIMIC 1V)

Original Cohort (Before PSM) | Matched Cohort (After PSM)
HR 95% CI P HR 95% ClI P
Crude Model | 1.855 | (1.523,2.259) | <0.00l 1.337 | (1.029,1.736) | 0.030
Model, 1.699 | (1.391,2.075) | <0.001 1.357 | (1.044,1.764) | 0.023
Model, 1.361 (1.092,1.697) | 0.006 1.358 | (1.042,1.769) | 0.024
Model; 1.354 | (1.085,1.691) | 0.007 1.391 (1.066,1.815) | 0.015

Notes: Crude Model: Unadjusted. Model,: Adjusted for age, gender, ethnicity and vital signs (heart rate,
respiratory rate, MBP, sPO2). Model,: Additionally adjusted for ALT, AST, anion gap, bicarbonate, WBC,
RBC, hemoglobin, hematocrit, creatinine, glucose, BUN, SOFA score, OASIS and mechanical ventilation
on model,. Model;: Additionally adjusted for comorbidities (congestive heart failure, diabetes, malignant
cancer, myocardial infarction and renal disease) upon model,.

Abbreviations: HR, hazard ratio; 95% Cl, 95% confidence index; MBP, mean blood pressure; sPO2, pulse
oximetry-derived oxygen saturation; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
WBC, white blood cell; RBC, red blood cell; BUN, blood urea nitrogen; SOFA score, sequential organ
failure assessment score; OASIS, oxford acute severity of iliness score.
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LAR (Calculated Using PVL) Was an Independent Prognostic Factor of 28-Day
Mortality

Multivariate Cox models were performed to estimate the relationship between LAR (calculated using PVL) and
outcomes of 28-day all-cause mortality in patients with COPD (Table 4). In the unadjusted Cox model, the LAR
calculated using PVL (before PSM: HR = 2.383, 95% CI, 1.989-2.857, P < 0.001; after PSM: HR = 1.524, 95% ClI,
1.215-1.913, P < 0.001) was associated with 28-day mortality of patients with COPD. In Model 1, after adjusting for age,
gender, ethnicity and vital signs, the LAR (before PSM: HR = 2.280, 95% CI, 1.898-2.739, P < 0.001; after PSM: HR =
1.525, 95% CI, 1.215-1.914, P < 0.001) remain significantly relating to the 28-day mortality. In Model 2, ALT, AST,
bicarbonate, WBC, RBC, hemoglobin, hematocrit, creatinine, glucose, BUN, MV and scoring system were additionally
adjusted on Model 1, showing that the LAR calculated using PVL (before PSM: HR = 1.739, 95% CI, 1.429-2.117, P <
0.001; after PSM: HR = 1.579, 95% CI, 1.257-1.985, P < 0.001) is still significantly related to the 28-day mortality. In
Model 3, comorbidities were adjusted upon Model 2. According to this, the LAR was still identified as an independent
predictor of the 28-day mortality (before PSM: HR = 1.749, 95% CI, 1.436-2.130, P < 0.001; after PSM: HR = 1.576,
95% CI, 1.254-1.980, P < 0.001).

Survival Analysis

Kaplan—Meier survival method and Log rank test were deployed to compare the prognosis between high-LAR and low-
LAR groups. Regardless of whether AL or PVL is used to calculate the LAR value, analyses showed that in the original
cohorts, patients in the high LAR group had a significantly higher 28-day all-cause mortality than the low LAR group (P
<0.001, Figure 3A and B). Moreover, the survival curves of matched cohorts were consistent with the original cohorts (P
< 0.05, Figure 3C and D).

Subgroup Analysis

Subgroup analysis with interaction effects was carried out to indicate whether the correlation between LAR and 28-day
all-cause mortality in patients with COPD was stable age, gender, ethnicity, common diseases and the use of mechanical
ventilation were analyzed in Figures 4 and 5. The results showed no significant interaction with each subgroup (P for
interaction: 0.289—-0.884, LAR calculated using AL, MIMIC; 0.051-0.997, LAR calculated using PVL, eICU), eviden-
cing that LAR is an independent prognostic factor.

ROC Analysis

The ROC curve was constructed to evaluate the predictive ability of LAR, calculated separately using AL and PVL, for
28-day mortality after ICU admission in COPD patients (Figure S2). The area under curve (AUC) of the LAR calculated

Table 4 Cox Regression Analysis of the Associations Between LAR (Calculated
Using Peripheral Venous Lactate) and 28-Day Mortality (elCU-CRD)

Original Cohort (Before PSM) | Matched Cohort (After PSM)
HR 95% CI P HR 95% CI P
Crude Model | 2.383 | (1.989,2.857) | <0.00I 1.524 | (1.215,1.913) | <0.001
Model, 2.280 | (1.898,2.739) | <0.00I 1.525 | (1.215,1.914) | <0.00I
Model, 1.739 | (1.429,2.117) | <0.001 1.579 | (1.257,1.985) | <0.00I
Model; 1.749 | (1.436,2.130) | <0.001 1.576 | (1.254,1.980) | <0.001

Notes: Crude Model: Unadjusted. Model,: Adjusted for age, gender, ethnicity and vital signs (heart rate,
respiratory rate, MBP). Model,: Additionally adjusted for BMI, ALT, AST, bicarbonate, WBC, RBC,
hemoglobin, hematocrit, creatinine, glucose, BUN, APACHE IV score and mechanical ventilation on
model,. Model;: Additionally adjusted for comorbidities (congestive heart failure, diabetes, malignant
cancer, myocardial infarction and renal disease) upon model,.

Abbreviations: HR, hazard ratio; 95% Cl, 95% confidence index; MBP, mean blood pressure; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; WBC, white blood cell; RBC, red blood cell; BUN,
blood urea nitrogen; APACHE IV score, Acute Physiology and Chronic Health Evaluation IV score.

1428  hues International Journal of Chronic Obstructive Pulmonary Disease 2025:20


https://www.dovepress.com/article/supplementary_file/503625/503625+_Supplementary_File.docx

Zhao et al

A 100F Low LAR Low LAR
High LAR High LAR
.g 80 .g 80
2 2
5 =)
»n %)
601 P <0.001 60F P =0.028
0 7 14 21 28 0 7 14 21 28
Time(days) Time(days)

Number at risk Number at risk
Low LAR 879 804 748 710 685 Low LAR 387 804 344 297 287
High LAR 549 455 402 366 349 High LAR 387 455 332 271 261
C 10oF Low LAR 100F Low LAR

High LAR High LAR
'g 80 .g 80
2 =
3 35
(5] (5]
60 P < 0.001 60 P <0.001
1 L 1 1 L '
0 7 14 21 28 0 7 14 21 28
Time(days) Time(days)
Number at risk Number at risk

Low LAR 1502 1419 1352 1314 1302 Low LAR 762 708 665 645 638
High LAR 965 811 737 705 687 High LAR 762 674 614 595 579

Figure 3 (A) Kaplan Meier curve of high and low LAR (calculated using arterial lactate) groups (MIMIC, before PSM, log-rank P < 0.001). (B) Kaplan Meier curve of high and
low LAR (calculated using arterial lactate) groups (MIMIC, after PSM, log-rank P = 0.028). (C) Kaplan Meier curve of high and low LAR (calculated using peripheral venous
lactate) groups (elCU, before PSM, log-rank P < 0.001). (D) Kaplan Meier curve of high and low LAR (calculated using peripheral venous lactate) groups (elCU, after PSM,
log-rank P < 0.001).

using PVL (AUC = 0.654, 95% CI, 0.625-0.683, P < 0.001) was larger than that of the LAR calculated using AL (AUC
=0.615, 95% CI, 0.583-0.647, P < 0.001). Subsequently, ROC analysis was performed in subgroups (Table S1), and the
results suggested that LAR calculated using PVL may have better and more robust predictive performance for the 28-day
mortality. Specifically, the subgroup of patients with combined diabetes (AUC = 0.698, 95% CI, 0.643-0.753, P < 0.001)
or malignant cancer (AUC = 0.710, 95% CI, 0.589-0.831, P = 0.002) showed higher AUC values, indicating that LAR
(calculated using PVL) might have greater predictive value in these two subgroups.

Discussion

As the third major cause of mortality worldwide, COPD has placed a substantial economic burden on societies globally.**
Thus, finding new prognostic indicators for prognostic evaluation is urgently needed. A previous study has reported that
LAR is associated with 28-day mortality after ICU admission in patients with AECOPD.?! However, whether LAR
calculated using either AL or PVL is an independent prognostic factor for the prognosis of patients with COPD remains
unclear.

To our knowledge, this is the first study focusing on the relationship between LAR (using lactate from different
sources) and the prognosis of COPD patients. The results of this study suggested that after balancing the baseline by
PSM and adjusting the confounding factors using multiple COX regression analysis, LAR calculated using both AL and
PVL are independent predictors of 28-day all-cause mortality in ICU patients with COPD. Kaplan—Meier curves showed
that patients in high LAR group have a remarkably higher risk of 28-day mortality than those in low LAR group. In
addition, subgroup analyses indicated that the relationships between LAR and 28-day mortality in different subgroups
were all stable The results of the ROC analysis suggested that LAR, calculated using PVL, may have better and more
robust predictive performance, especially in subgroups of patient with combined diabetes and malignant cancer.
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Figure 4 Forest plot for the subgroup analysis of the association between 28-d mortality and LAR (calculated using arterial lactate) using the MIMIC IV database.
Abbreviations: HR, hazard ratio; 95% Cl, 95% confidence index.

Although the mechanism of predicting 28-day mortality in COPD patients by LAR is unclear, there are several
possible explanations. Firstly, patients with COPD are more likely to suffer from hypoxemia and hypercapnia result from
airflow limitation and gas exchange abnormalities.' As a marker of anaerobic metabolism,?* the serum lactate level may
increase consequently. Secondly, we infer that lung lactate is a major source of elevated systemic lactate levels in COPD
patients, since pathological conditions enhance lung lactate release, and this release is linked to the severity of lung
injury, as demonstrated in previous research.® Additionally, this study suggested that lactate levels may be increased not
only by the acceleration of anaerobic metabolism but also by cytokine effects on lung cells and elevated energy
metabolism in both inflammatory and parenchymal cells within the lung. During inflammation, lactate can also trigger
intracellular signals and promote chronic inflammatory processes.” Thirdly, albumin is used to be considered as
a negative acute-phase protein in inflammatory response.'® Thus, low serum albumin levels may reflect the increased
persistent inflammation during acute exacerbation of COPD or the deterioration of clinical status.”” Fourthly, different
COPD phenotypes have been found to be associated with nutritional status, including cachexia, frailty and obesity. In this
context, serum albumin, as a marker of nutritional status, may be valuable for evaluating the condition of COPD
patients.”® Moreover, previous studies suggested that serum albumin is good to be used to evaluate the severity of
disease.”” In conclusion, the two indicators are influenced by a complex array of factors. For instance, patients with
sepsis, liver dysfunction or diabetic ketoacidosis may exhibit abnormalities in lactate metabolism; the use of certain
medications, such as B2 -agonists and metformin, can also lead to alterations in lactate levels.'*>® Similarly, comorbid
liver diseases also can alter albumin levels.'® Therefore, after excluding patients with severe liver disease in our study,
using the ratio between blood lactate and serum albumin provides a more reliable approach for predicting the prognosis
of COPD patients. However, the exact mechanism still needs to be clarified in the future.
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Figure 5 Forest plot for the subgroup analysis of the association between 28-d mortality and LAR (calculated using peripheral venous lactate) using the elCU-CRD database.
Abbreviations: HR, hazard ratio; 95% Cl, 95% confidence index.

Previous studies have demonstrated that, although PVL and AL levels are not in perfect agreement, the PVL levels
are highly predictive of AL levels.’'*> With a generally higher level than AL, PVL has been proved to be a predictor for
assessing initial severity of sepsis and is even more reliable than AL.**> Additionally, pH and HCO; values from arterial
and venous blood show good agreement, making venous blood gas analysis a useful tool for the initial assessment of
COPD exacerbation.*® The results of this study has also demonstrated that LAR calculated using PVL has a better
predictive ability for 28-day mortality COPD patients, particularly in patients with comorbid diabetes or malignant
cancer. Thus, since arterial blood gas sampling is invasive, painful, and risky, venous blood gas analysis seems to be
a good alternative.

There are some limitations to our study. Firstly, our study is based on two clinical centers, and we did analysis
individually for there is only one source lactate data from each database. As a result, the comparison of the predictive
ability of LAR, calculated using AL and PVL, is limited. Secondly, despite excluding patients with severe liver diseases
and performing PSM to minimize the differences, there are still some unmeasured confounders affecting this study, such
as PaO, and PaCO, (because of more than 15% missing values). Thirdly, the population data collection period for the
database used in this study spans from 2008 to 2019. With the evolution of medical knowledge and the enhancement of
clinical protocols, we cannot assure whether potential differences in clinical management may introduce bias to the study.
To avoid those limitations of retrospective study, future research should focus on developing multivariable prediction
models that incorporate LAR along with other clinical and laboratory parameters to enhance predictive accuracy.
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Conclusion

In conclusion, the present study indicated that LAR calculated using both AL and PVL are independent predictors of 28-
day mortality in COPD patients, and a higher LAR value (>0.65 using lactate from artery, >0.71 using lactate from
peripheral vein) was associated with a higher mortality risk. Our findings suggest that LAR calculated using PVL
demonstrates superior predictive ability for the mortality compared with LAR calculated using AL. Nevertheless, further
prospective studies are needed to confirm the predictive value of LAR (calculated using AL and PVL) and support its use
in clinical practice.
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