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Albumin corrected anion gap for predicting in-hospital death among patients
with acute myocardial infarction: A retrospective cohort study
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� To explore the relationship between AG, ACAG and in-hospital mortality of AMI.
� Developing a prediction model for predicting the mortality in AMI patients.
� Demonstrating good predicting performance for in-hospital mortality of AMI.
A R T I C L E I N F O
*Corresponding author.
E-mail address: wangjingcardio@outlook.com (J.

1 These authors contributed to the work equally an

https://doi.org/10.1016/j.clinsp.2024.100455
Received 27 March 2024; Revised 11 June 2024; Acc

1807-5932/© 2024 HCFMUSP. Published by Elsevie
4.0/)
A B S T R A C T

Objective: To explore the relationship between Anion Gap (AG), Albumin Corrected AG (ACAG), and in-hospital
mortality of Acute Myocardial Infarction (AMI) patients and develop a prediction model for predicting the mortal-
ity in AMI patients.
Methods: This was a retrospective cohort study based on the Medical Information Mart for Intensive Care (MIMIC)-
Ⅲ, MIMIC-IV, and eICU Collaborative Study Database (eICU). A total of 9767 AMI patients who were admitted to
the intensive care unit were included. The authors employed univariate and multivariable cox proportional haz-
ards analyses to investigate the association between AG, ACAG, and in-hospital mortality; p < 0.05 was consid-
ered statistically significant. A nomogram incorporating ACAG and clinical indicators was developed and
validated for predicting mortality among AMI patients.
Results: Both ACAG and AG exhibited a significant association with an elevated risk of in-hospital mortality in AMI
patients. The C-index of ACAG (C-index = 0.606) was significantly higher than AG (C-index = 0.589). A nomo-
gram (ACAG combined model) was developed to predict the in-hospital mortality for AMI patients. The nomo-
gram demonstrated a good predictive performance by Area Under the Curve (AUC) of 0.763 in the training set,
0.744 and 0.681 in the external validation cohort. The C-index of the nomogram was 0.759 in the training set,
0.756 and 0.762 in the validation cohorts. Additionally, the C-index of the nomogram was obviously higher than
the ACAG and age shock index in three databases.
Conclusion: ACAG was related to in-hospital mortality among AMI patients. The authors developed a nomogram
incorporating ACAG and clinical indicators, demonstrating good performance for predicting in-hospital mortality
of AMI patients.
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Introduction

Acute Myocardial Infarction (AMI) is characterized by myocar-
dial necrosis resulting from acute coronary artery occlusion.1 There
is evidence indicating that AMI has emerged as a global public
health concern, with an Intensive Care Unit (ICU) mortality rate of
14.3 %.2 Therefore, early identification and timely intervention in
high-risk patients are imperative to reduce the mortality associated
with AMI.
Anion Gap (AG), which represents the differences between unmea-
sured anions and cations, is determined by subtracting the sum of serum
chloride and bicarbonate concentrations from the sum of sodium
concentrations.3,4 AG reflects acid-base balance and plays an important
role in the differential diagnosis of both the etiology and type of meta-
bolic acidosis.5 Current research has found that the level of AG was asso-
ciated with the prognosis of many diseases, including cerebral
infarction,6 coronary artery disease,7 sepsis,8 cardiogenic shock9 and
AMI.10 These findings indicated that AG holds potential as a user-
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friendly clinical tool for disease prediction. Xu CB, et al., reported that
higher AG was significantly related to an increased 30-day, 180-day,
and 1-year all-cause mortality in AMI patients,10 However, previous
studies have also highlighted that hypoalbuminemia generally leads to a
decrease in the "normal" measured AG, thereby masking elevated AG
levels.11-14 Hatherill and colleagues proposed that Albumin Corrected
Anion Gap (ACAG) represents a more appropriate clinical tool for diag-
nosing metabolic acidosis in the ICU.15 In the study of Hu TY, et al.,
ACAG was reported to have a better predictive value in comparison to
AG for predicting in-hospital mortality among sepsis patients in the
ICU.16 However, to our knowledge, few epidemiological studies have
compared the prognostic value of AG and ACAG in relation to mortality
among AMI patients.

Herein, the purpose of this study is as follows: (1) To explore the rela-
tionship between AG, ACAG, and in-hospital mortality in AMI patients,
(2) To compare the predictive ability of AG and ACAG, and (3) To
develop a prediction model for predicting the mortality among AMI
patients.

Methods

Data sources

This retrospective cohort study was conducted utilizing three large
and public critical care databases: the Medical Information Mart for
Intensive Care (MIMIC)-Ⅲ, MIMIC-IV, and eICU Collaborative Study
Database (eICU). This retrospective cohort study followed the STROBE
Statement. MIMIC-Ⅲ, a single-center database, contains comprehensive
and de-identified data associated with patients admitted to ICU at Beth
Israel Deaconess Medical Center from 2001 to 2012.17 MIMIC-IV, in
brief, is an updated version of MIMIC-III, containing data on patients
admitted to the ICU from 2008 to 2019.18 eICU is a multi-center ICU
database with high-granularity data, encompassing de-identified data
related to more than 200,000 ICU admissions in the United States during
the period spanning from 2014 to 2015.19 Since patients’ information
has been de-identified in all three databases and ethical approval has
been obtained from both the Institutional Review Boards and the Massa-
chusetts Institute of Technology, obtaining informed consent is not
deemed necessary for this study.

Study population

All patients who met the following criteria in the MIMIC-III, MIMIC-
IV, and eICU databases were included in this retrospective cohort study.
Inclusion criteria: (1) Patients diagnosed with AMI; (2) Patients aged
≥18 years. Those patients who had incomplete information on AG or
albumin were excluded.

Data collection

The following data were recorded: (1) Demographic data: gender,
age (years) and race; (2) Vital signs: Systolic Blood Pressure (SBP,
mmHg), Diastolic Blood Pressure (DBP, mmHg), temperature (°C), heart
rate (times/min) and pulse oximetry-derived oxygen saturation (SPO2,
%); (3) Laboratory parameters: AG, ACAG, potassium (mEq/L), magne-
sium (mg/dL), glucose (mg/dL), creatinine (mg/dL), Blood Urea Nitro-
gen (BUN, mg/dL), Red Blood cell distribution Width (RDW, %), White
Blood Cell (WBC, K/µL), Red Blood Cells (RBC, m/µL) and hemoglobin
(g/dL); (4) Medical history: Congestive Heart Failure (CHF), Atrial
Fibrillation (AF), diabetes, valval disorder, Peripheral Vascular Disease
(PVD), cardiogenic shock, malignant cancer, arrhythmias, AMI type; (5)
Vasopressor use, thrombolysis, Percutaneous Coronary Intervention
(PCI), antiplatelet drug, statins, anticoagulant, albumin (g/dL), AG
(mEq/L), and age shock index. Noticeably, only patients’ data of the first
ICU experience at the first admission were analyzed; this study was ana-
lyzed using vital signs and laboratory parameters recorded within
2

24 hours of initial admission. AG were calculated by using the formulae:
AG �mmoL=L� � plasma sodium �mmoL=L� � �plasma chloride �mmoL=L�
� plasma total bicarbonate �mmoL=L��; ACAG were calculated : ACAG �mm
oL=L� � AG � 2:5 × �4 � serum albumin level �g=dL�.20 The authors
adopted the maximally selected method to determine the optimal cut-off
value of AG, albumin, and ACAG.21 The ACAG was divided into high-
level (≥ 19.24 mmoL/L) and low-level groups (< 19.24 mmoL/L). The
survival curves were plotted using the Kaplan-Meier (KM) method in
three databases and subsequently compared between the two groups
using the log-rank test (Supplemental Fig. 1). The primary outcome of
the present study was in-hospital mortality occurrence in patients with
AMI.
Development and validation of the prediction model

In the present study, the subjects from the MIMIC-III database were
utilized as the cohort for establishing the prediction model, while those
from the MIMIC-IV and eICU databases served as external validation
cohorts, respectively. The authors adopted univariate and multivariable
cox proportional hazards models to identify predictors associated with
the mortality of AMI patients from the MIMIC-III database. The predic-
tion model based on the predictors and ACAG (ACAG combined model)
was conducted to assess the mortality risk among AMI patients. The pre-
diction performance of the developed ACAG combined model was evalu-
ated in the three databases by Concordance-index (C-index), and Area
Under the Curve (AUC) of Receiver-Operating Characteristic (ROC)
curves. A nomogram was developed to visualize the prediction model.
In addition, the authors also compared the predictive value between the
developed ACAG combined model and other models (ACAG and age
shock index) for mortality among AMI patients.
Statistical analysis

The normality of continuous variables was assessed using skewness
and kurtosis, while the homogeneity of variance was tested using Lev-
ene’s test. Continuous variables with normal distribution were described
as Mean ± standard deviation (Mean ± SD). Group comparisons with
both normal distribution and homogeneity of variance were conducted
using ANOVA. Group comparisons with normal distribution but hetero-
geneity of variance were performed using the One-Way test. Continuous
variables with non-normal distribution were expressed as median and
interquartile range M (Q1, Q3). Kruskal-Wallis H rank sum test was used
for comparison between groups. Categorical variables were described as
a number of cases and constituent ratio n (%), and the Chi-Squared test
was used for comparison. Supplemental Table 1 shows the post hoc test.

Univariable and multivariable cox proportional hazard models were
used for exploring the relationship between AG, ACAG and in-hospital
mortality among AMI patients, and Hazard Ratio (HR) with a 95% Confi-
dence Interval (95% CI) was calculated. Model 1 was a coarse model
with unadjusted variables; Model 2 adjusted gender; Model 3 adjusted
gender, potassium, creatinine, BUN, RDW, WBC, AF, diabetes, cardio-
genic shock, vasopressor use, AMI type, antiplatelet drug, statins, and
age shock index. Then, the authors compared the prediction perfor-
mance of a single indicator: AG and ACAG. Additionally, the authors
developed and validated an ACAG combined model to predict the in-
hospital mortality risk in AMI patients. Multiple imputation was per-
formed using R MICE for missing values (Supplemental Table 2). Com-
parisons between groups and multivariable analyses were performed
using SAS 9.4 (SAS Institute Inc., Cary, NC, USA), and all other analyses
were performed using R (version 4.2.0). The survival_ROC package was
employed for the development of the prediction model; p < 0.05 was
considered statistically significant.
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Results

Baseline characteristics

After excluding some patients who were <18 years old and had
incomplete information about AG or albumin, 3250 AMI patients from
the MIMIC-III database were included as the training set in this study,
1272 AMI patients from the MIMIC-IV database, and 5245 AMI patients
from the eICU database were included as the external validation cohorts
(testing set) (Fig. 1). The end time of follow-up was discharge or death.
The median follow-up was 7.58 (4.87, 13.17) days in the MIMIC-III data-
base, 7.84 (5.11, 13.29) days in the MIMIC-IV database, and 3.95 (2.20,
7.81) days in the eICU database. Table 1 presents the baseline character-
istics of the study population in each dataset, and the differences in char-
acteristics in the three datasets were compared. Notably, most variables
had statistical differences between the MIMIC-III, MIMIC-IV, and eICU
databases (p < 0.05).

The relationship between AG, ACAG and in-hospital mortality of AMI
patients

The authors assessed the relationship between AG, ACAG and in-hos-
pital mortality of AMI patients from the MIMIC-III database. Impor-
tantly, the relationship between AG, ACAG, and the in-hospital
mortality among AMI patients is presented in Table 2. After adjusting all
covariates (Model 3), the authors found that AMI patients with an ACAG
≥ 19.24 mmoL/L exhibited a 24% elevated risk of in-hospital mortality
compared to those with an ACAG < 19.24 mmoL/L, and AG was also a
risk factor for in-hospital mortality among AMI patients. The authors
also compared the predicting performance of AG and ACAG for predict-
ing in-hospital mortality for AMI patients. As shown in Table 3, the C-
index of ACAG is 0.606 (95% CI 0.581‒0.630), which was significantly
higher than AG (C-index = 0.589, 95%CI 0.565‒0.614). The result also
indicated that ACAG might be a more appropriate predictor of in-hospi-
tal mortality among AMI patients compared to AG.

Development of nomogram (ACAG combined model)

Some important clinical indicators were screened by univariate and
multivariate cox proportional hazards analyses and included in the pre-
diction model (Supplemental Table 3). A nomogram incorporating
ACAG and several clinical indicators was developed to predict the risk
of in-hospital mortality among AMI patients. Figure 2 illustrates the
Fig. 1. Flow chart for the selectio

3

fifteen indicators included in the nomogram: ACAG, gender, potassium,
creatinine, BUN, RDW, WBC, AF, diabetes, cardiogenic shock, vasopres-
sor use, AMI type, antiplatelet drug, statins, and age shock index.

Validation of nomogram

The C-index of the nomogram was 0.759 (95% CI 0.738‒0.781) in
the training set (MIMIC-III), 0.756 (95% CI 0.720‒0.792) (MIMIC-IV),
and 0.762 (95% CI 0.740‒0.783) (eICU) in the validation cohorts
(Table 4), which indicated that the nomogram had a favorable predic-
tion ability. As shown in Figure 3, AUC of the nomogram was 0.763
(95% CI 0.732‒0.794) in the MIMIC-III cohort, 0.744 (95% CI 0.689‒
0.798) in the MIMIC-IV cohort and 0.681 (95% CI 0.649‒0.713) in the
eICU cohort. In addition, the authors also compared the predicting per-
formance of the nomogram (ACAG combined model) and other models
(ACAG and age shock index) in predicting the risk of in-hospital mortal-
ity for AMI patients (Table 5). The C-index of the nomogram was 0.759
(95% CI 0.738‒0.781), which is obviously higher than ACAG 0.606
(95% CI 0.581‒0.630), and age shock index 0.628 (95% CI 0.600‒
0.656) in the MIMIC-III database. Simultaneously, the authors found
that the C-index of the nomogram was 0.756 (95% CI 0.720‒0.792),
which was also obviously higher than ACAG 0.610 (95% CI 0.569‒
0.651), and age shock index 0.589 (95% CI 0.541‒0.636) in the MIMIC-
IV database. Similar results were found in the eICU database.

Discussion

In the current study, the authors found that both ACAG and AG were
significantly associated with an increased risk of in-hospital mortality
among AMI patients. Notably, ACAG exhibited a potentially higher pre-
dictive value than AG for the prediction of in-hospital mortality. In addi-
tion, the authors developed a predicting nomogram (ACAG combined
model) incorporating ACAG, gender, potassium, creatinine, BUN, RDW,
WBC, AF, diabetes, cardiogenic shock, vasopressor use, AMI type, anti-
platelet drug, statins, and age shock index. The developed nomogram
(ACAG combined model) had a good predictive ability for in-hospital
mortality among AMI patients. To further verify the predictive perfor-
mance of the nomogram, the authors conducted external validation
using datasets from two additional public databases. These findings sug-
gested that the nomogram based on ACAG and clinical indicators may
be a good tool.

In recent years, there has been extensive investigation into the asso-
ciation between ACAG levels and various diseases. Hu TY et al.
n of participants in the study.



Table 1
Baseline characteristics in three datasets.

Variables Total
(n= 9767)

MIMIC-III
(n= 3250)

MIMIC-IV
(n= 1272)

Eicu
(n= 5245)

p

Age, years, Mean (±SD) 68.61 (± 13.16) 70.97 (± 12.81) 70.24 (± 12.36) 66.76 (± 13.27) <0.001
Gender, n (%) 0.008

Female 3708 (37.96) 1300 (40.00) 454 (35.69) 1954 (37.25)
Male 6059 (62.04) 1950 (60.00) 818 (64.31) 3291 (62.75)

Race, n (%) <0.001
Asian 209 (2.14) 58 (1.78) 31 (2.44) 120 (2.29)
Black/African American 702 (7.19) 210 (6.46) 78 (6.13) 414 (7.89)
Other 893 (9.14) 163 (5.02) 116 (9.12) 614 (11.71)
White 7963 (81.53) 2819 (86.74) 1047 (82.31) 4097 (78.11)

CHF, yes, n (%) 2727 (27.92) 1755 (54.00) 222 (17.45) 750 (14.30) <0.001
AF, yes, n (%) 755 (7.73) 157 (4.83) 105 (8.25) 493 (9.40) <0.001
Diabetes, yes, n (%) 2290 (23.45) 977 (30.06) 541 (42.53) 772 (14.72) <0.001
Valval disorder, yes, n (%) 1056 (10.81) 656 (20.18) 350 (27.52) 50 (0.95) <0.001
PVD, yes, n (%) 550 (5.63) 428 (13.17) 85 (6.68) 37 (0.71) <0.001
Cardiogenic shock, yes, n (%) 1096 (11.22) 486 (14.95) 225 (17.69) 385 (7.34) <0.001
Malignant cancer, yes, n (%) 670 (6.86) 552 (16.98) 37 (2.91) 81 (1.54) <0.001
Arrhythmias, yes, n (%) 3454 (35.36) 1583 (48.71) 836 (65.72) 1035 (19.73) <0.001
Anemia, yes, n (%) 4946 (50.64) 1982 (60.98) 840 (66.04) 2124 (40.50) <0.001
Heart rate, bpm, Mean (±SD) 85.37 (± 18.55) 87.35 (± 18.74) 85.96 (± 17.59) 84.00 (± 18.54) <0.001
SBP, mmHg, Mean (±SD) 122.31 (±24.06) 122.11 (± 25.06) 119.68 (± 23.13) 123.07 (± 23.60) <0.001
DBP, mmHg, Mean (±SD) 66.99 (± 16.81) 62.77 (± 16.85) 63.23 (± 16.79) 70.51 (± 15.97) <0.001
SPO2, %, M (Q₁, Q₃) 98.00 (96.00, 100.00) 99.00 (96.00, 100.00) 99.00 (96.00, 100.00) 97.00 (95.40, 99.00) <0.001
Temperature,°C, M (Q₁, Q₃) 36.60 (36.20, 36.90) 36.50 (35.90, 37.00) 36.56 (36.19, 36.96) 36.60 (36.40, 36.90) <0.001
WBC, K/µL, M (Q₁, Q₃) 10.80 (8.10, 14.40) 10.80 (7.90, 14.60) 10.10 (7.50, 13.80) 10.90 (8.40, 14.40) <0.001
RBC, K/µL, M (Q₁, Q₃) 10.00 (3.98, 20.00) 3.93 (3.47, 4.43) 3.87 (3.36, 4.39) 19.00 (14.00, 30.00) <0.001
Creatinine, mg/dL, M (Q₁, Q₃) 1.10 (0.89, 1.61) 1.10 (0.90, 1.70) 1.10 (0.90, 1.70) 1.10 (0.87, 1.53) <0.001
BUN, mg/dL, Mean (±SD) 28.29 (± 21.04) 31.80 (± 23.01) 30.22 (± 20.82) 25.65 (± 19.38) <0.001
Glucose, mg/dL, M (Q₁, Q₃) 141.00 (113.00, 195.00) 142.00 (112.00, 197.75) 133.50 (107.00, 182.00) 141.00 (114.00, 196.00) <0.001
Magnesium, mg/dL, M (Q₁, Q₃) 1.90 (1.72, 2.10) 1.90 (1.70, 2.20) 2.00 (1.80, 2.20) 1.90 (1.70, 2.10) <0.001
Potassium, mEq/L, Mean (±SD) 4.22 (±0.74) 4.33 (±0.81) 4.28 (±0.70) 4.13 (±0.70) <0.001
RDW, %, Mean (±SD) 14.56 (± 1.90) 14.59 (± 1.90) 14.69 (± 1.89) 14.50 (± 1.91) 0.003
AMI type, n (%) <0.001

NSTEMI 5886 (60.26) 2147 (66.06) 952 (74.84) 2787 (53.14)
STEMI 1953 (20.00) 860 (26.46) 250 (19.65) 843 (16.07)
Unknown 1928 (19.74) 243 (7.48) 70 (5.50) 1615 (30.79)

Vasopressor, yes, n (%) 2571 (26.32) 1205 (37.08) 496 (38.99) 870 (16.59) <0.001
Thrombolysis, yes, n (%) 94 (0.96) 48 (1.48) 14 (1.10) 32 (0.61) <0.001
PCI, yes, n (%) 2240 (22.93) 883 (27.17) 221 (17.37) 1136 (21.66) <0.001
Antiplatelet drug, yes, n (%) 4533 (46.41) 2019 (62.12) 1210 (95.13) 1304 (24.86) <0.001
Statins, yes, n (%) 3998 (40.93) 1694 (52.12) 1136 (89.31) 1168 (22.27) <0.001
Anticoagulant, yes, n (%) 2777 (28.43) 668 (20.55) 825 (64.86) 1284 (24.48) <0.001
Follow time, days, M (Q₁, Q₃) 5.78 (3.03, 10.26) 7.58 (4.87, 13.17) 7.84 (5.11, 13.29) 3.95 (2.20, 7.81) <0.001
Age shock index, score, Mean (±SD) 50.04 (± 19.22) 53.03 (± 19.60) 52.12 (± 17.06) 47.67 (± 19.15) <0.001
AG, mEq/L, Mean (±SD) 13.91 (± 5.06) 16.29 (± 4.50) 15.52 (± 4.15) 12.05 (± 4.83) <0.001
AG, n (%) <0.001

< 18 7864 (80.52) 2240 (68.92) 958 (75.31) 4666 (88.96)
≥ 18 1903 (19.48) 1010 (31.08) 314 (24.69) 579 (11.04)

Albumin, g/dL, Mean (±SD) 3.37 (± 0.65) 3.33 (± 0.62) 3.39 (± 0.64) 3.40 (± 0.67) <0.001
Albumin, n (%) 0.338

< 3 2371 (24.28) 818 (25.17) 300 (23.58) 1253 (23.89)
≥ 3 7396 (75.72) 2432 (74.83) 972 (76.42) 3992 (76.11)

ACAG, Mean (±SD) 15.42 (± 5.33) 17.90 (± 4.75) 16.99 (± 4.58) 13.50 (± 5.07) <0.001
ACAG, n (%) <0.001

< 19.24 7829 (80.16) 2233 (68.71) 955 (75.08) 4641 (88.48)
≥ 19.24 1938 (19.84) 1017 (31.29) 317 (24.92) 604 (11.52)

CHF, Congestive Heart Failure; AF, Atrial Fibrillation; PVD, Peripheral Vascular Disease; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure;
SPO2, Pulse Oximetry-derived Oxygen Saturation; WBC, White Blood Cell; RBC, Red Blood Cells; BUN, Blood Urea Nitrogen; RDW, Red Blood Cell Dis-
tribution width; AMI, Acute Myocardial Infarction; PCI, Percutaneous Coronary Intervention; AG, Anion Gap; ACAG, Albumin Corrected Anion Gap.
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conducted a retrospective propensity score matching analysis and con-
cluded that ACAG was related to in-hospital mortality among intensive
care patients with sepsis, and ACAG exhibits superior predictive value
for in-hospital mortality of intensive care patients with sepsis com-
pared to albumin and AG.16 Hagiwara S et al. investigated the correla-
tion between ACAG and Return of Spontaneous Circulation (ROSC) in
Patients with Cardiopulmonary Arrest (CPA), and pointed out that
both AG and ACAG were related to ROSC, however, ACAG demon-
strated superior predictive capability for ROSC in CPA patients com-
pared to AG.22 These studies also indicated that ACAG may be a better
4

predictor than AG. However, to the best of our knowledge, there was
limited data on the ACAG in the prognosis of AMI patients so far. In
this retrospective cohort study, the result showed that both ACAG and
AG were risk factors for in-hospital mortality in AMI patients. In brief,
the ACAG parameter, which is composed of albumin and AG, compre-
hensively reflects the levels of these two factors. Albumin and AG have
been considered as the biomarkers of prognosis in AMI patients.10,23

The association of ACAG and in-hospital death in AMI might be
explained by the inflammation.10 It is noteworthy that ACAG showed a
higher predictive power compared to AG in this study, suggesting the



Table 2
The relationship between AG, ACAG and the in-hospital mortality of AMI patients.

Model 1 Model 2 Model 3

Variables HR (95 % CI) p HR (95 % CI) p HR (95 % CI) p

ACAG
< 19.24 Ref Ref Ref
≥ 19.24 1.86 (1.57‒2.20) < 0.001 1.84 (1.56‒2.18) < 0.001 1.24 (1.02‒1.50) 0.028

AG
< 18 Ref Ref Ref
≥ 18 1.71 (1.45‒2.02) < 0.001 1.70 (1.44‒2.01) < 0.001 1.21 (1.00‒1.47) 0.046

AMI, Acute Myocardial Infarction; AG, Anion Gap; ACAG, Albumin Corrected Anion Gap; RR, Relative
Risk; CI, Confidence Interval; Model 1, A coarse model with unadjusted variables; Model 2, Adjusted
gender; Model 3, Adjusted gender, potassium, creatinine, blood urea nitrogen, red blood cell distribu-
tion width, white blood cell, atrial fibrillation, diabetes, cardiogenic shock, vasopressor use, AMI type,
antiplatelet drug, statins, and age shock index.

Table 3
The prediction value of single indicator

MIMIC-Ⅲ
Indicator C-index (95 % CI)

AG 0.589 (0.565‒0.614)
ACAG 0.606 (0.581‒0.63)
Statistic 2.19
p 0.028

AG., Anion Gap; ACAG, Albumin Corrected Anion Gap.

Fig. 2. The nomogram for prediction of in-hospital mortality among AMI patients. AMI, Acute Myocardial Infarction; AF, Atrial Fibrillation; RDW, Red blood cell Dis-
tribution Width; BUN, Blood Urea Nitrogen; WBC, White Blood Cell; ACAG, Albumin Corrected Anion Gap.

Table 4
Prediction performance of nomogram.

C-index (95 % CI)

MIMIC-III 0.759 (0.738‒0.781)
MIMIC-IV 0.756 (0.72‒0.792)
eICU 0.762 (0.74‒0.783)

CI, Confidence Interval.
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Fig. 3. Receiver operating characteristic curves of the nomogram in the training set and validation cohorts.
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potential of ACAG as a prognostic indicator for in-hospital mortality
among AMI patients.

Previous studies have reported that the predictive value of a single
biomarker is not good for clinical practice.24,25 Nomogram, as an easy-
to-use prediction model, has been widely used to predict the prognosis
of diseases.26-29 In the present study, the authors developed a nomogram
by combining ACAG and different clinical indexes to achieve a good pre-
dictive performance in predicting the probability of in-hospital mortality
for AMI patients. This nomogram demonstrated excellent predictive
accuracy for in-hospital mortality of AMI patients who were from
MIMIC-III, MIMIC-IV, and eICU databases.

To our knowledge, this is the first study on assessing the relationship
between ACAG and in-hospital mortality for AMI patients and develop-
ing a nomogram by combining ACAG with different clinical indexes.
ACAG is an easy-to-measure index that indicates the applicability of the
developed nomogram. Also, the authors also performed an external
Table 5
Comparison of models in predicting the in-hosp

MIMIC-III MI
Prediction models C-index (95 % CI) C-i

ACAG 0.606 (0.581‒0.63)a 0.6
Nomogram 0.759 (0.738‒0.781) 0.7
Age shock index 0.628 (0.6‒0.656)a 0.5

CI, Confidence Interval.
a Indicates statistically significant difference

els, with a p < 0.001.

6

validation using two large public databases to assess the predictive abil-
ity of the nomogram. The nomogram based on ACAG and clinical indica-
tors could serve as a valuable tool in identifying AMI patients at high risk
of in-hospital mortality and aiding clinicians in customizing precise
management strategies and therapies for them. However, the authors
must acknowledge some limitations of this study. Firstly, the authors
excluded several AMI patients with incomplete information, which may
affect the present results. Secondly, some clinical indicators that may be
related to AMI were not included in the analysis due to excessive missing
in the database, such as Creatine Kinase-MB (CK-MB) and troponin
levels.30,31 In addition, these databases (MIMIC-III, MIMIC-IV and eICU)
Lacked left Ventricular Ejection Fraction (LVEF) Killip class at presenta-
tion, severity of coronary disease of patients. Lastly, this study collected
the data of the patients from MIMIC-III, MIMIC-IV and eICU databases,
and only AMI patients in ICU were considered. The authors cannot con-
firm whether this nomogram is applicable to AMI patients who were not
ital mortality of patients with AMI.

MIC-IV eICU
ndex (95 % CI) C-index (95 % CI)

1 (0.569‒0.651)a 0.605 (0.582‒0.627)a
56 (0.72‒0.792) 0.762 (0.74‒0.783)
89 (0.541‒0.636)a 0.704 (0.68‒0.729)a

s between the nomogram and other mod-



Z. Lu et al. Clinics 79 (2024) 100455
admitted to the ICU. The results should be interpreted with caution.
More prospective clinical trials are needed to verify this finding in the
future and explore the mechanism underlying the prognostic relation-
ship between ACAG and AMI patients.

Conclusion

In short, higher ACAG level was associated with increased in-hospital
mortality in AMI patients. ACAG may possess a higher predictive value
than AG in predicting in-hospital mortality among AMI patients. More-
over, a nomogram integrating ACAG and clinical parameters (gender,
potassium, creatinine, BUN, RDW, WBC, AF, diabetes, cardiogenic
shock, vasopressor use, AMI type, antiplatelet drug, statins, and age
shock index) was developed and external validated. This nomogram
shows a higher predicting performance than ACAG and age shock index.
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