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Elevated albumin corrected anion
gap is associated with poor
in-hospital prognosis in patients
with cardiac arrest: A retrospective
study based on MIMIC-IV database
Beiping Hu, Lei Zhong , Meng Yuan, Jie Min , Lili Ye,
Jianhong Lu* and Xiaowei Ji

Department of Intensive Care Unit, Huzhou Central Hospital, the Affiliated Huzhou Hospital of Zhejiang
University School of Medicine, Huzhou, China

Background: Cardiac arrest(CA) is one of the most leading causes of death. Most
of the indicators which used to predict the prognosis of patients with CA are not
recognized. Previous studies have suggested that albumin corrected anion gap
(ACAG) is associated with recovery of spontaneous circulation in patients with
CA, but the predictive value of ACAG for prognosis has not been investigated.
This study aims to explore the relationship between ACAG and prognosis during
hospitalization in patients with CA.
Methods: The baseline data of adult patients with CA hospitalized in the intensive
care unit (ICU) from 2008 to 2019 in the American Intensive Care Database
(MIMIC-IV, version v2.0) were collected. According to the in-hospital prognosis,
patients were divided into survival and non-survival group. Based on the criteria
of ACAG level in the previous literature, patients enrolled were divided into
normal ACAG (12–20 mmol/L) and high ACAG (>20 mmol/L) group. The basic
information of patients during hospitalization were compared and analyzed
between the two groups with propensity score matching (PSM). The Kaplan-
Meier method was used to compare the cumulative survival rates of normal
ACAG and high ACAG groups before and after matching. Restricted cubic spline
(RCS) method and multivariate COX proportional hazards regressions were used
to analyze whether elevated ACAG was associated with all-cause mortality
during hospitalization.
Results: A total of 764 patients were included. A matched cohort (n= 310) was
obtained after PSM analysis. The mortality rate before and after matching in the
high ACAG group was higher than that in the normal ACAG group (χ2 = 25.798;
P < 0.001; χ2 = 6.258; P= 0.012) The Kaplan-Meier survival analysis before and
after matching showed that the cumulative survival rate of the high ACAG group
was lower (P < 0.05). RCS analysis showed that ACAG had a non-linear
relationship with the risk of in-hospital all-cause mortality (χ2 = 6.060,
P < 0.001). Multivariate COX regression analysis before and after PSM suggested
that elevated ACAG was an independent risk factor for all-cause mortality in
patients with CA during hospitalization (P < 0.01).
Abbreviations

CA, cardiac arrest; ICU, intensive care unit; AG, anion gap; ACAG, albumin corrected anion gap; ROSC,
recovery of spontaneous circulation; SOFA, sequential organ failure assessment; WBC, white blood cell;
RWD, red blood cell distribution width; AST, aspartate aminotransferase; BUN, blood urea nitrogen; INR,
international normalized ratio; VAP, ventilator associated pneumonia; AMI, acute myocardial infarction;
AKI, acute kidney injury; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease;
CRRT, continuous renal replacement therapy; RCS, restricted cubic splines; HR, hazard ratios; CI,
confidence intervals; MIMIC-IV, medical information mart for intensive care; PSM, propensity score matching.
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Conclusions: Elevated ACAG is associated with increased all-cause mortality in patients
with CA during hospitalization, it can be an independent risk factor for poor prognosis in
patients with CA and remind clinicians to pay more attention to these patients.
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Introduction

Cardiac arrest (CA) is one of the most concerned public health

events all over world with high morbidity and mortality, and it is

also one of the most leading causes of death. In the United States,

more than 300,000 hospitalized patients experience cardiac arrest

each year (1), and only 25 percent patients survive to hospital

discharge (2). According to statistics, the global annual incidence

rate is as high as 50–110/100,000 (3). Therefore, early and

accurately determination of the prognosis is particularly important.

Although there are many indicators used to predict the prognosis

of patients with CA, such as lactate, neuron-specific enolase, end-

tidal carbon dioxide, anion gap (AG), fibroblast growth factor 23,

growth differentiation factor-15, etc., the diagnostic value of most

indicators has not been confirmed, only the NSE has been

recommended by the 2006 American Association of Neurologists

guidelines (4–9). Thence, it is still very imperative to find simple

but efficient indicators to predict the prognosis of patients with CA.

Acid-base disorders, including metabolic acidosis most commonly

encountered in the intensive care unit (ICU), have been shown to be

associated with morbidity and mortality (10). AG, which can help

clinicians determine the type of acid-base disorders, especially for

the metabolic acidosis refers to the difference between unmeasured

cations and unmeasured anions in serum. However, ICU patients

are often complicated by hypoalbuminemia, and albumin accounts

for the majority of unmeasured anions in the body. Due to the

charge of albumin, the results will be falsely negative, masking the

increased AG level and leading to misjudgment (11). Therefore,

scholars insisted that albumin corrected anion gap (ACAG) is more

appropriate for the diagnosis of metabolic acidosis (12).

ACAG has been reported to be associated with outcomes in

patients with sepsis (13) and kidney disease (14). Elevated ACAG

(>21.25 mmol/L) can increase the mortality of patients with

sepsis in ICU (15). Hagiwara et al. have already explored the

association between ACAG and recovery of spontaneous

circulation (ROSC) in patients with CA (16), but the predictive

value of ACAG on prognosis of patients with CA has not been

further investigated. Therefore, the study intends to explore the

correlation between ACAG and all-cause mortality of patients

with CA during hospitalization.
Materials and methods

Sources of data

The data we analyzed were extracted from MIMIC-IV

(Medical Information Mart for Intensive Care IV, v2.0)
02
database (17), a large and publicly available critical care

database approved by the Institutional Review Boards of Beth

Israel Deaconess Medical Center and the Massachusetts

Institute of Technology. The database includes 76,540 ICU

patients admitted to Beth Israel Deaconess Medical Center in

Boston from 2008 to 2019. One author of our group was

approved to access the database after accomplishing the

Collaborative Institutional Training Initiative (CITI) program

course (Record ID: 36142713).
Study population

ICU patients diagnosed with CA from 2008 to 2019 in the

MIMIC database were enrolled in the study. Only adult patients

(order than 18 years old) first admitted to the ICU were

included. Exclusion criteria are as follows: (1) ICU length of stay

< 24 h; (2) Missing key data such as ACAG.
Data extraction

Data were acquired from the MIMIC-IV database using the

structured query language with PostgreSQL 10.13. Clinical data

on age, sex, SOFA score, and comorbidities of the study

population were collected. At the same time, laboratory test

results including serum AG, albumin, ACAG, bicarbonate, white

blood cell (WBC) count, hemoglobin, red blood cell distribution

width (RDW), platelet, aspartate aminotransferase (AST), blood

urea nitrogen (BUN), serum creatinine, the international

normalized ratio (INR), blood glucose, total serum calcium,

serum chlorine were recorded at the first test after admission to

the ICU.
Groups and primary endpoints

Based on the previously reported literature (18), ACAG was

calculated as: ACAG (mmol/L) = AG + [44—albumin(g/L)] ×

0.25. According to the prognosis during hospitalization, the

included patients were divided into survival group (n = 391)

and non-survival group (n = 373). Then, referring to previous

study (15), subjects were divided into normal ACAG group

(12–20 mmol/L, n = 375) and high ACAG group (>20 mmol/L,

n = 389).

The endpoint of the study was all-cause mortality during

hospitalization.
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Statistical analysis

Continuous variables conformed to normal distribution, were

expressed as mean ± standard deviation (`× ± s), with the analysis

of t-test method; if variables did not conformed to normal

distribution, they were expressed as median (interquartile range)

[M (QL, QU)], with the analysis of nonparametric (Mann-

Whitney U) test between the two groups. Categorical data were

presented as constituent ratios and analyzed by the method of

chi-square test.

Propensity score matching (PSM) analysis which was

conducted using a 1:1 nearest neighbor matching algorithm with

a caliper of 0.3 was performed to reduce bias between the

survival and non-survival groups. Also, PSM analysis between

normal ACAG and high ACAG was performed. Kaplan-Meier

curves were drawn before and after matching, and the cumulative

survival rate during hospitalization was compared between the

the normal and high ACAG groups by the long-rank test.

Restricted cubic spline (RCS) was utilized to analyze the

relevance between ACAG at ICU admission and risk of all-cause

mortality during hospitalization.

Variables with a P value less than 0.10 in univariate analysis

between survival and non-survival groups were included in

multivariate Cox regression analysis, and the results were

expressed as hazard ratio (HR) with 95% confidence interval (CI).

Data analysis was performed using Stata 14.0 software and R

programming language version 4.2.0. Statistical significance was

defined as a two-tailed P-value less than 0.05.
Resutls

Subject characteristics

We retrieved the data of 764 eligible patients from the MIMIC-

IV database ultimately, as shown in the flowchart in Figure 1. The

average age of the participants was 64.71 ± 16.81 years. 310 patients

were matched after PSM. Before PSM, compared with the survival

group, the SOFA score, AG, ACAG, RDW, AST, BUN, creatinine,
FIGURE 1

The flowchart of patients screening.
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and INR values were higher in the non-survival group, as was the

incidence of chronic obstructive pulmonary disease (COPD).

However, the HCO3-, albumin, hemoglobin values and the

incidence of VAP in the survival group were significantly higher

than those in the non-survival group, and the length of hospital

stay in the survival group was also shorter (all P < 0.05). After

PSM, the results showed that, compared with the survival group,

ACAG, RDW, BUN and INR in the non-survival group were still

higher, albumin, the incidence of VAP and CKD was lower, and

the hospital stay in the non-survival group was longer (P < 0.05),

as shown in Table 1. Characteristics of the participants between

the normal and high ACAG groups was also presented in

Table 2. After PSM, characteristics of normal and high ACAG

groups were more comparable between the two groups.
All-cause mortality of the two groups

The all-cause mortality rate of the included patients during

hospitalization was 48.82%. The mortality rate in the high ACAG

group (57.84%) was significantly higher than that in the normal

ACAG group (39.47%, χ2 = 25.798; P < 0.001). After PSM, the

mortality rate in the high ACAG group (59.35%) was also higher

(χ2 = 6.258; P = 0.012), as shown in Table 3.
Kaplan-Meier survival curve analysis

Before or after matching, the Kaplan-Meier survival curves in

Figures 2, 3 showed that compared with the normal ACAG

group, the cumulative survival rate of patients with CA was

significantly lower (log-rank test, χ2 = 21.220, P < 0.001; χ2 = 8.140,

P = 0.004) in the high ACAG group during hospitalization.
Correlation between ACAG and risk of
all-cause mortality during hospitalization
in patients with ca

RCS showed that there was a non-linear relationship between

ACAG at ICU admission and the risk of all-cause mortality

during hospitalization in patients with CA (χ2 = 6.060, P = 0.048).

When ACAG was 20.27 mmol/L, its HR was 1.

Overall, with the increase of ACAG, the risk of all-cause

mortality during hospitalization in patients with CA increased

accordingly. When ACAG was >30.00 mmol/L, the risk of all-

cause mortality was always at a high level and was relatively

stable, as shown in Figure 4.
Elevated ACAG was an independent risk
factor for increased all-cause mortality

It could be concluded from Table 4 that in Model I compared

to the normal ACAG group, the HR (95% CI) of all-cause

mortality during hospitalization for the high ACAG group was
frontiersin.org
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TABLE 1 Characteristics of the study population between survival and non-survival groups.

Variables Before PSM After PSM

Survival group
(n = 391)

Non-survival
group

(n = 373)

t/Z/
χ2

P-value Survival group
(n = 148)

Non-survival
group

(n = 162)

t/Z/
χ2

P-value

Age (year) 63.64 ± 16.68 65.84 ± 16.90 −1.813 0.070 64.39 ± 16.26 66.90 ± 17.12 −1.322 0.187

Sex, male, n (%) 254 (64.96) 227 (60.86) 1.379 0.240 101 (68.24) 91 (56.17) 4.780 0.029

SOFA score 8.92 ± 4.42 10.19 ± 4.39 −3.991 <0.001 9.32 ± 4.04 10.02 ± 9.42 −1.561 0.120

AG (mmol/L) 16.86 ± 4.81 18.42 ± 5.58 −4.122 <0.001 16.47 ± 3.68 17.25 ± 4.00 −1.783 0.076

Albumin (g/L) 30.95 ± 6.37 28.54 ± 6.92 5.005 <0.001 30.83 ± 6.49 28.80 ± 7.10 2.617 0.009

ACAG (mmol/L) 20.13 ± 5.09 22.28 ± 5.74 −5.492 <0.001 19.77 ± 3.58 21.05 ± 3.78 −3.071 0.002

HCO3- (mmol/L) 21.04 ± 5.03 19.88 ± 5.06 3.192 0.002 20.68 ± 3.73 20.78 ± 3.85 −0.235 0.814

WBC (×109/L) 13.00 (8.60, 17.80) 13.30 (9.30, 19.40) −1.427 0.154 13.70 (9.05, 19.90) 14.1 (8.70, 18.90) 0.474 0.635

Hemoglobin (g/L) 115.86 ± 27.13 111.43 ± 27.75 2.234 0.026 116.68 ± 26.63 113.31 ± 27.96 1.081 0.280

RDW (%) 14.81 ± 2.30 15.43 ± 2.30 −3.737 <0.001 14.71 ± 2.26 15.31 ± 2.25 −2.320 0.021

Platelet (×109/L) 197.00 (145.00, 249.00) 198.00 (142.00, 274.00) −0.751 0.453 204.00 (150.50, 261.50) 190.50 (141.00, 269.00) 1.136 0.256

AST (U/L) 92.00 (41.00, 220.00) 119.00 (46.00, 348.00) −2.746 0.006 89.50 (39.50, 232.00) 107.50 (43.00, 314.00) −1.378 0.168

BUN (mg/dl) 22.00 (15.00, 34.00) 26.00 (18.00, 44.00) −4.018 <0.001 23.00 (15.00, 35.00) 25.00 (19.00, 38.00) −2.137 0.033

Creatinine (umol/L) 106.08 (70.72, 167.96) 123.76 (79.56, 185.64) −2.568 0.010 106.08 (79.56, 163.54) 106.08 (88.4, 159.12) −0.543 0.587

INR 1.30 (1.10, 1.50) 1.40 (1.20, 1.80) −5.097 <0.001 1.20 (1.10, 1.50) 1.30 (1.20, 1.70) −3.744 <0.001

Glucose (mmol/L) 8.72 (6.83, 12.39) 9.56 (7.00, 13.39) −1.401 0.161 9.47 (6.97, 13.61) 9.83 (7.83, 13.83) −0.524 0.600

Total serum calcium (mmol/L) 2.07 ± 0.30 2.05 ± 0.33 1.088 0.277 2.03 ± 0.27 2.04 ± 0.26 −0.546 0.586

Comorbidities, n (%)

Hypertension 153 (39.13) 159 (42.63) 0.966 0.326 57 (38.51) 76 (46.91) 2.228 0.136

Diabetes 132 (33.76) 131 (35.12) 0.157 0.692 45 (30.41) 58 (35.80) 1.015 0.314

Cardiogenic shock 83 (21.23) 73 (19.57) 0.322 0.570 35 (23.65) 33 (20.37) 0.485 0.486

AMI 74 (18.93) 60 (16.09) 1.065 0.302 34 (22.97) 30 (18.52) 0.937 0.333

AKI 331 (84.65) 331 (88.74) 2.754 0.097 131 (88.51) 149 (91.98) 1.060 0.303

VAP 57 (14.58) 35 (9.38) 4.863 0.027 22 (14.86) 11 (6.79) 5.302 0.021

COPD 40 (10.23) 56 (15.01) 3.975 0.046 17 (11.49) 25 (15.43) 1.028 0.311

CKD 100 (25.58) 84 (22.52) 0.975 0.324 41 (27.70) 29 (17.90) 4.250 0.039

Length of hospital stay (day) 14.92 (8.42,26.13) 6.25 (2.75,13.04) 11.772 <0.001 15.79 (7.83, 27.02) 6.73 (2.75, 13.04) 7.200 <0.001

SOFA, sequential organ failure assessment; AG, anion gap; ACAG, albumin corrected anion gap; HCO3-, bicarbonate; WBC, white blood cell; RDW, red blood cell

distribution width; AST, aspartate aminotransferase; BUN, blood urea nitrogen; INR, international normalized ratio; AMI, acute myocardial infarction; AKI, acute kidney

injury; VAP, ventilator associated pneumonia; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease; PSM propensity score matching.
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1.621 (1.317–1.995), indicating that elevated ACAG (>20 mmol/L)

was a predictor of increased all-cause mortality during

hospitalization in patients with CA. While, after adjusting for

multiple confounding factors, including age, SOFA score,

Bicarbonate, hemoglobin, RDW, AST, BUN, creatinine, INR and

the incidence of AKI, VAP and COPD, the Cox proportional

hazard analysis showed that the HR (95%CI) was 1.559 (1.217–

1.998), it was concluded that the elevated ACAG (>20 mmol/L)

was an independent risk factor of increased all-cause mortality

during hospitalization in patients with CA.

After PSM, whether in model I or model II, the results still

suggested that elevated ACAG was an independent risk factor for

all-cause death during hospitalization in patient with CA (P <

0.01), as shown in Table 4.
Discussion

The current study found that ACAG in the survival group was

lower than that in the non-survival group, and compared to the

normal ACAG group, all-cause mortality in the high ACAG
Frontiers in Cardiovascular Medicine 04
group was higher. The Kaplan-Meier survival curve showed that

the cumulative survival rate during hospitalization in the high

ACAG group was significantly lower. RCS showed a

corresponding increase in the risk of all-cause mortality with the

increasing ACAG. When ACAG was >30.00 mmol/L, the risk of

all-cause mortality was always at a high level. Further analysis of

multivariate Cox proportional hazards regression showed that

elevated ACAG (>20 mmol/L) was an independent risk factor of

increased all-cause mortality during hospitalization in patients

with CA. Therefore, when ACAG at ICU admission is greater

than 20 mmo/L, the prognosis of the patients during

hospitalization can be preliminary judged, and more attention

should be paid to such patients.

Homeostasis is the state of steady conditions to maintain

normal life activities, while acid-base balance lays the foundation

for the body to perform various functions normally. Because of

the imbalance in the production of acids or bases, the acid-base

homeostasis can be disrupted, resulting in acid-base balance

disorders, the most common of which is metabolic acidosis. It

can be life-threatening if it is not controlled in time or treated

effectively. Metabolic acidosis is a serious electrolyte disorder
frontiersin.org
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TABLE 2 Characteristics of the study population between normal and high ACAG groups before and after PSM.

Variables Before PSM After PSM

Normal ACAG
group (n = 375)

High ACAG group
(n = 389)

t/Z/χ2 P-value Normal ACAG
group (n = 155)

High ACAG
group (n = 155)

t/Z/χ2 P-value

Age (year) 65.36 ± 16.79 64.08 ± 16.83 1.050 0.294 65.97 ± 17.08 65.44 ± 16.43 0.277 0.782

Sex, male, n (%) 244 (65.07) 237 (60.93) 1.404 0.236 95 (61.29) 97 (62.58) 0.055 0.815

SOFA score 7.99 ± 4.32 11.04 ± 4.04 −10.078 <0.001 9.70 ± 4.09 9.66 ± 3.83 0.086 0.936

AG (mmol/L) 13.81 ± 2.33 21.30 ± 4.63 −28.092 <0.001 14.21 ± 2.39 19.55 ± 3.13 −16.890 <0.001

Albumin (g/L) 31.49 ± 6.31 28.13 ± 6.76 7.103 <0.001 30.70 ± 6.80 28.85 ± 6.86 2.387 0.018

ACAG (mmol/L) 16.94 ± 2.09 25.27 ± 4.64 −31.795 <0.001 17.53 ± 1.95 23.34 ± 2.69 −21.805 <0.001

HCO3- (mmol/L) 22.94 ± 4.01 18.09 ± 4.86 15.001 <0.001 20.71 ± 3.59 20.76 ± 3.99 −0.120 0.905

WBC (×109/L) 11.8 (8.60, 16.70) 14.40 (9.10, 20.70) −4.193 <0.001 13.40 (9.30, 18.8) 14.40 (8.60, 19.50) −0.424 0.672

Hemoglobin (g/L) 115.37 ± 25.49 112.09 ± 29.25 1.651 0.099 113.92 ± 27.14 115.92 ± 27.59 −0.646 0.519

RDW (%) 14.87 ± 2.31 15.35 ± 2.31 −2.859 0.004 15.02 ± 2.34 15.03 ± 2.20 −3.073 0.942

Platelet (×109/L) 198.00 (150.00, 256.00) 198.00 (138.00, 264.00) 0.485 0.628 190.00 (142.00, 261.00) 206.00 (147.00,
274.00)

−1.287 0.198

AST (U/L) 72.00 (36.00, 149.00) 153.00 (60.00, 418.00) −7.843 <0.001 84.00 (39.00, 231.00) 116.00 (47.00, 275.00) −1.950 0.051

BUN (mg/dl) 20.00 (14.00, 29.00) 29.00 (19.00, 51.00) −8.241 <0.001 25.00 (18.00, 35.00) 23.00 (18.00, 38.00) 0.410 0.682

Creatinine (umol/L) 188.40 (70.72, 123.76) 150.28 (97.24, 221.00) −11.183 <0.001 106.08 (79.56, 159.12) 114.92 (88.40, 159.12) −1.014 0.311

INR 1.30 (1.10, 1.50) 1.80 (1.20, 1.80) −4.815 <0.001 1.30 (1.10, 1.60) 1.30 (1.10, 1.70) −0.935 0.350

Glucose (mmol/L) 8.44 (6.67, 11.00) 10.22 (7.28, 14.72) −5.510 <0.001 9.28 (6.83, 12.39) 10.28 (7.83, 14.56) −1.857 0.063

Total serum calcium
(mmol/L)

2.06 ± 0.26 2.06 ± 0.36 −0.072 0.943 2.05 ± 0.29 2.03 ± 0.24 0.604 0.547

Comorbidities, n (%)

Hypertension 172 (45.87) 140 (35.99) 7.710 0.005 68 (43.87) 65 (62.58) 0.119 0.731

Diabetes 103 (27.47) 160 (41.13) 15.793 <0.001 51 (32.90) 52 (33.55) 0.015 0.904

Cardiogenic shock 61 (16.37) 95 (24.42) 7.814 0.005 33 (21.29) 35 (22.58) 0.075 0.784

AMI 61 (16.27) 73 (18.77) 0.825 0.364 28 (18.06) 36 (23.23) 1.260 0.262

AKI 303 (80.80) 359 (92.29) 21.780 <0.001 141 (90.97) 139 (89.68) 0.148 0.701

VAP 44 (11.73) 48 (12.34) 0.066 0.797 17 (10.97) 16 (10.32) 0.034 0.854

COPD 55 (14.67) 41 (10.54) 2.960 0.085 20 (12.90) 22 (14.19) 0.110 0.740

CKD 62 (16.53) 122 (31.36) 22.965 <0.001 34 (21.94) 36 (23.23) 0.074 0.786

Length of hospital
stay (day)

10.75 (5.42, 21.92) 9.58 (4.08,18.79) 2.396 0.017 10.83 (6.21, 24.33) 8.58 (4.79, 16.83) 2.350 0.019

SOFA, sequential organ failure assessment; AG, anion gap; ACAG, albumin corrected anion gap; HCO3-, bicarbonate; WBC, white blood cell; RDW, red blood cell

distribution width; AST, aspartate aminotransferase; BUN, blood urea nitrogen; INR, international normalized ratio; AMI, acute myocardial infarction; AKI, acute kidney

injury; VAP, ventilator associated pneumonia; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease; PSM propensity score matching.

TABLE 3 All-cause mortality during hospitalization between two groups.

Before PSM After PSM

Group Survivors (n = 391) Non-survivors (n = 373) χ2 P Survivors (n = 148) Non-survivors (n = 162) χ2 P
Normal ACAG 227 (60.53) 148 (39.47)

25.798 <0.001
85 (54.83) 70 (45.16)

6.258 0.012
High ACAG 164 (42.16) 225 (57.84) 63 (40.65) 92 (59.35)

ACAG, albumin corrected anion gap; PSM, propensity score matching.
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with a decrease in bicarbonate concentration. It can be divided into

high AG normochloremic and normal AG hyperchloremic

metabolic acidosis (19). Recently, as a new serological marker,

AG has attracted the attention of scholars because of its easy

availability, and provided important clues for the diagnosis or

prognosis of various diseases. Studies had shown that elevated

AG is associated with poor prognosis, and was an independent

predictor for predicting in-hospital mortality in patients with CA

(5). Zhang et al. found that serum AG value≥ 11.15 mmol/L was

associated with cardiovascular events during 1-year follow-up in

patients with acute coronary syndrome (20). Meanwhile, AG was

an independent risk factor for predicting in-hospital mortality in
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patients with acute ischemic stroke (21). In addition, several

research showed that high AG was also correlated with increased

risks of cardiovascular or death events in disease such as renal

diseases (22), sepsis (23), acute pancreatitis (24), disseminated

intravascular coagulation (25), aortic aneurysm (26) and so on.

However, ICU patients are mostly accompanied by

hypoalbuminemia. Because of the charge of albumin, AG may

appear falsely “normal”, which affects the physicians’ judgment

on the accuracy of the results. ACAG is albumin-corrected AG,

which can relatively improve the diagnostic sensitivity of

metabolic acidosis and the predictive value for prognosis in ICU

patients. Therefore, some scholars have proposed that ACAG is a
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FIGURE 2

Kaplan-Meier survival curve of cumulative survival rate during
hospitalization for the normal and high ACAG groups before PSM.

FIGURE 3

Kaplan-Meier survival curve of cumulative survival rate during
hospitalization for the normal and high ACAG groups after PSM.

FIGURE 4

The correlation between ACAG and the risk of all-cause mortality in
patients with CA.
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more suitable tool for diagnosis of disease and prediction of

prognosis in ICU patients (12). At present, many scholars have

initiated to explore the relationship between ACAG and

outcomes of patients with different diseases. Hu et al. found that
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ACAG (>21.25 mmol/L) could predict the risk of in-hospital

mortality in ICU patients with sepsis, and the predictive value of

ACAG was superior to AG and albumin (13).The current

evidence suggested that elevated ACAG (>20 mmol/L) at the

initiation of continuous renal replacement therapy (CRRT) was

associated with ICU all-cause mortality in AKI patients who

underwent CRRT, and ACAG can serve as an early indicator of

adverse outcomes for these patients (14). In 2013, a study by

Hagiwara et al. had concluded that ACAG was more accurate in

predicting ROSC in patients with CA. The next year, the team

found that when the median ACAG was greater than 40.9 mmol/

L, patients with CA were less likely to restore spontaneous

circulation. However, the correlation between ACAG and the

outcomes of patients with CA has never been investigated. We

explored the correlation between ACAG and in-hospital all-cause

mortality in patients with CA, and found that high ACAG was

an independent risk factor for poor prognosis in those patients.

Base on the studies above, clinicians should be particularly

vigilant in patients with higher ACAG.

At present, SOFA score, RDW distribution, BUN, and

Creatinine are significantly different between survivors and non-

survivors which are established markers of severity. However,

there are few studies in patients with cardiac arrest. Many

scholars are still committed to looking for predictors of disease

prognosis, so that the prognosis of patients can be judged in

many ways. ACAG is a new inflammatory index, which has been

found to be related to the prognosis of many diseases, such as

AKI, sepsis and so on (13, 14). Our research results have

complemented the previous research on ACAG and found that

high ACAG was an independent risk factor for poor prognosis in

patients with CA. At the same time, ACAG can be a new

indicator that can provide new ideas for clinical practice, so that

doctors can judge the prognosis of patients more accurately.

The strengths of our study are as follows. Firstly, the study is

the first to explore the relationship between ACAG and in-

hospital prognosis in patients with CA. Secondly, the data we

extract from MIMIC-IV database comes from the real world,

which is more convincing.

Nevertheless, there exist some shortcomings. First, this study is

a retrospective study. second, we only tested ACAG on ICU

admission without dynamically monitoring ACAG, which may

change over time or condition of the patients during

hospitalization. Furthermore, we did not group patients

according to some confounding factors such as comorbidities

and lacked subgroup analysis and sensitivity analysis. Therefore,

further studies on the association between the dynamic changes

of ACAG and the mortality of these patients are still needed to

confirm our point.
Conclusion

In conclusion, elevated ACAG (>20 mmol/L) was associated

with higher in-hospital all-cause mortality in patients with CA.

It can be an independent risk factor for poor prognosis in
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TABLE 4 Cox proportional hazard analysis of all-cause mortality in patients with CA during hospitalization.

Variable Model I Model II

HR 95% CI P-value HR 95% CI P-value
Before PSM Normal ACAG 1 1

High ACAG 1.621 1.317–1.995 <0.001 1.559 1.217–1.998 <0.001

After PSM Normal ACAG 1 1

High ACAG 1.569 1.148–2.143 0.005 1.576 1.151–2.157 0.005

Before PSM: Model I: No covariates were adjusted.

Model II: adjusted for age, SOFA score, Bicarbonate, hemoglobin, RDW, AST, BUN, creatinine, INR, the incidence of VAP, AKI and COPD.

After PSM: Model I: No covariates were adjusted.

Model II: adjusted for RDW, BUN, INR, sex and the incidence of VAP and CKD.

Abbreviations: HR, hazard ratio, 95% CI 95% confidence interval; CA, cardiac arrest; ACAG, albumin corrected anion gap; SOFA, sequential organ failure assessment; RWD,

red blood cell distribution width; AST, aspartate aminotransferase; BUN, blood urea nitrogen; INR, international normalized ratio; VAP, ventilator associated pneumonia; AKI,

acute kidney injury; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; PSM, propensity score matching.
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patients with CA. However, the conclusions still need to be further

confirmed by prospective large-sample studies.
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