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Purpose: We aimed to investigate the relationship between the serum anion gap (AG) and
all-cause mortality in patients with acute pancreatitis (AP) in intensive care units (ICUs).
Patients and Methods: In this retrospective cohort analysis, data of patients with AP were
extracted from the Medical Information Mart for Intensive Care database (version III). We
collected the maximum serum AG value within the first 24 hours of ICU admission. The
main outcome was 90-day all-cause mortality. A multivariate Cox proportional hazard
regression model was used to examine the association between the serum AG and mortality.
The restricted cubic spline curve was used to confirm a non-linear relationship between
serum AG values and mortality.

Results: Of the 279 patients included in the study, 87 (31.18%) died. The serum AG value
was positively associated with 90-day all-cause mortality (hazard ratio [HR] 1.08, 95%
confidence interval [CI] 1.02—1.14), after adjusting for age, sex, alcohol consumption,
congestive heart failure, diabetes mellitus, hypertension, eGFR, albumin, and the SOFA
score. There was a non-linear relationship between serum AG values and mortality after
adjusting for potential confounders. We used a two-piecewise regression model to obtain
a threshold inflection point value of 13.8 mmol/L. The HR and the 95% CI on the left
inflection point were 0. 82 (0.61-1.09; p = 0.1719), and on the right inflection point were
1.15 (1.08-1.23; p < 0.0001).

Conclusion: The relationship between all-cause mortality in patients with acute pancreatitis
and serum AG values was non-linear. All-cause mortality and serum AG values were
positively correlated when the serum AG value was >13.8 mmol/L.

Keywords: anion gap, all-cause mortality, acute pancreatitis, MIMIC III database

Introduction

Acute pancreatitis (AP) is an acute inflammatory disease that can result in multiple
system dysfunction.' Studies have reported mortality rates for mild AP to range
from <1% to 5%.>° However, 20% of patients with AP may develop severe
pancreatitis, which has a reported mortality rate of 30% due to complications
such as pancreatic necrosis and organ failure.> An acid-base balance is the basis
for maintaining cell metabolism and physiological function.* The serum anion gap
(AG) is a commonly used indicator to evaluate acid-base balance, which helps to
identify the types of acidosis and the causes of acid-base imbalance.” At present,
the serum AG value is usually calculated based on the concentration of sodium,
chlorine, potassium, and bicarbonate in serum.® Albumin carries most of the

submit your manuscript

Dove n

http:

" in @

International Journal of General Medicine 2021:14 531-538 531
© 2021 Gong et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php

e 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://c /by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



http://orcid.org/0000-0001-5970-9880
mailto:gficu2009@163.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com

Gong et al

Dove

negative charge in the body, so hypoproteinemia can lead
to a reduction in the serum AG.”® The serum AG is
commonly used in clinical practice as an important bio-
chemical indicator for disease diagnosis or prognosis.”'
The initial serum AG in adult patients in the intensive care
unit (ICU) has been reported to be a sensitive and specific
tool for predicting prognosis or death.'""'> Moreover, it has
been used to predict mortality in children in the ICU."
However, the relationship between serum AG and all-
cause mortality in patients with AP has not been studied.
In this study, we aimed to investigate the relationship
between serum AG values and 90-day all-cause mortality
in patients with AP in the ICU.

Patients and Methods

Data Source

This study was a retrospective cohort analysis. Data con-
cerning patients with AP were retrieved from the Medical
Information Mart for Intensive Care version III (MIMIC-
), which is a large, single-center, public database of
critical care. This database includes >40,000 ICU inpati-
ents who had been admitted to Beth Israel Deaconess
Medical Center in Boston from 2001 to 2012.'* To access
the database, we applied the Protecting Human Research
Participants test (no. 36,208,651). The International
Classification of Diseases, Ninth Revision (ICD-9) code
for the diagnosis of AP was 5770. Diagnostic criteria for
AP are based primarily on conformance with the 2012
Atlanta Consensus.'” Patients with recurrent AP were
evaluated only at the first admission. We extracted clinical
indicators such as demographic characteristics, ICD-9
codes, physiological indicators, and laboratory tests. Data
were obtained through the Structured Query Language
(SQL) performed in the MIMIC-III database. This study
was approved by the Institutional Review Boards of Beth
Israel Deaconess Medical Center (Boston, MA) and the
Massachusetts Institute of Technology (Cambridge, MA),
and the requirement for patient informed consent was
waived due to the study design.

Baseline characteristics, collected within 24 hours of
admission, included sex, age, medical history, the sequen-
tial organ failure assessment (SOFA) score, and the sys-
temic inflammatory response system (SIRS) score for
patients with AP who had been admitted to the ICU.
Other clinical indicators included mean arterial pressure
(BP), heart rate, body temperature, white blood cell count
(WBC), and blood urea nitrogen (BUN), creatinine, pulse

oxygen saturation (SpO;), and maximum values of serum
AG within 24 hours of ICU admission. When the above
indicators had multiple results within 24 hours, we took
only the worst value. The study endpoint was all-cause
mortality within 90 days from the date of ICU admission.

Study Population

Data concerning 904 patients (aged > 18 years) with AP
according to the ICD-9 code 5770 were retrieved. Only
patients at the first admission and with a first diagnosis of
AP were included. Patients with an ICU length of stay <24
hours or >90 days; those with immune dysfunctions such
as tumors, metastatic tumors, or acquired immune defi-
ciency syndrome (AIDS); and those with incomplete
(>10% of values missing), incorrect, or uninterpretable
data were excluded.

Statistical Analysis

In this study, data were expressed as mean (SD) or median
(min, max; skewed distribution) for continuous variables
and percentages (%) for categorical variables. A one-way
analysis of variance (ANOVA) test (normal distribution) or
Kruskal-Wallis H-test (skewed distribution) and chi-
squared test or Fisher’s exact test (categorical variables)
were used to detect the differences among different serum
AG tertiles. We constructed three distinct models using Cox
proportional hazards regression models to investigate the
association between the serum AG value and mortality:
the crude model, in which no covariates were adjusted;
model 1, in which only age and sex were adjusted; and
model 2, in which model-1 and other potential confounders
were adjusted. We selected background variables based on
existing literature and clinical judgment. We also adjusted
for features such that if the influence of a confounder chan-
ged by >10%, it was incorporated into the adjusted model."®
To test the robustness of our results, we performed sensitiv-
ity analysis. We converted the serum AG value into
a categorical by tertiles, to verify the results of serum AG
as a continuous variable and to study the possibility of
nonlinearity. Because Cox proportional hazard regression
model-based methods may not always be capable of dealing
with non-linear models, non-linearity between the serum
AG value and mortality was addressed using a Cox propor-
tional hazard regression model with restricted cubic spline
and smooth curve fitting. If nonlinearity was detected, we
first calculated the threshold
a recursive algorithm. We then constructed a two-

inflection point using

piecewise regression model on both sides of the inflection
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point. Statistical software packages R (http://www.
R-project.org, The R Foundation, Vienna, Austria) and
Empower Stats (http:/www. empowerstats.com, X&Y
Solutions, Inc, Boston, MA, USA) were used for all statis-
tical analyses in this study. A p-value <0.05 was considered

statistically significant.

Patient and Public Involvement

No patients actively participated in this study; however,
data concerning patients with AP were retrieved from the
Medical Information Mart for Intensive Care version III
(MIMIC-III), which is a large, single-center, public data-
base of critical care.

Results

Participant Selection

Data concerning 904 patients (aged > 18 years) with AP were
retrieved according to the ICD-9 code. We excluded patients
whose first diagnosis was not AP (n = 556) and those who

AP patients (218 years) from MIMIC-III based on
ICD-9-code (n=904)

lacked ICU admission information (n = 3). Patients who had
been admitted to the ICU for >90 days (n = 3) or <24 hours
(n = 7) were excluded. Patients with solid tumors (n = 8),
metastatic tumors (n = 3), or AIDS (n = 6) were excluded.
We also excluded patients with missing AG values (n = 2)
and those with AG values >40 mmol/L (n = 1). In total, 279
patients were included in the study (Figure 1).

Population and Baseline Characteristics
Participants were stratified into tertiles (T1, T2, and T3)
according the maximum serum AG value within the first
24 hours of ICU admission (Table 1). Of 279 eligible
patients with AP whose data were extracted from the
MIMIC-III database (women, n = 125; men, n = 154),
87 (31.18%) participants died. Patients with high serum
AG values (>=17.0 mmol/L) were more likely to have
accompanying renal failure. The SOFA scores along with
WBC, creatinine, BUN, glucose, and lactic acid values
were significantly higher in those with high serum AG
values than in those with low serum AG values.

The first diagnosis in the ICU is not AP(n=556)

\ 4

Patients who were first diagnosed with AP
Admitted to the ICU for the first time(n=345)

NO ICU admission information(n=3)

Patients who have been hospitalized for more

\ 4

Patients with AP (n=299)

than 90 days(n=3) or less than 24 hours(n=43)

Patients with metastatic tumors , solid tumors and

Patients with AP(n=282)

A 4

AIDS(n=17) were excluded

Patients with incomplete data (more than 10% of

A total of eligible patients with AP(n=279)

Figure | Flowchart of subject screening.

\ 4

values missing, n=2) and AG values above
40 mmol / L(n=1) were excluded

Abbreviations: AP, acute pancreatitis; MIMIC-Il, Medical Information Mart for Intensive Care version lll; ICU, intensive care unit.
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Table | Participants’ Baseline Characteristics

Characteristics AG Tertiles (mmol/L) p-value
TI: <13.00 T2: 14.00 —16.00 T3:217.00
(n = 65) (n=102) (n=112)

Demographics

Age, years, (SD) 58.66 (16.76) 61.77 (17.01) 58.88 (15.62) 0.345

Sex, n (%) 0.060
Male 30 (46.15) 53 (51.96) 71 (63.39)
Female 35 (53.85) 49 (48.04) 41 (36.61)

Clinical features, n (%)

Congestive heart failure 0.464
No 54 (83.08) 77 (75.49) 90 (80.36)
Yes I (16.92) 25 (24.51) 22 (19.64)

Hypertension 0.128
No 36 (55.38) 42 (41.18) 46 (41.07)
Yes 29 (44.62) 60 (58.82) 66 (58.93)

COPD 0.069
No 52 (80.00) 88 (86.27) 103 (91.96)
Yes 13 (20.00) 14 (13.73) 9 (8.04)

Diabetes mellitus 0.084
No 52 (80.00) 73 (71.57) 72 (64.29)
Yes 13 (20.00) 29 (28.43) 40 (35.71)

Renal failure <0.001
No 64 (98.46) 95 (93.14) 91 (81.25)
Yes I (1.54) 7 (6.86) 21 (18.75)

Liver disease 0.446
No 53 (81.54) 87 (85.29) 88 (78.57)
Yes 12 (18.46) 15 (14.71) 24 (21.43)

Obesity 0.184
No 57 (87.69) 96 (94.12) 106 (94.64)
Yes 8 (12.31) 6 (5.88) 6 (5.36)

Alcohol consumption 0.109
No 50 (76.92) 75 (73.53) 71 (63.39)
Yes 15 (23.08) 27 (26.47) 41 (36.61)

Biomarkers mean (SD)/median (min-max)
Albumin, g/L 2.65 (0.56) 2.85 (0.58) 3.05 (0.69) 0.002
Lactic acid, mmol/L 1.53 (0.76) 1.94 (1.31) 2.78 (1.82) <0.001
Glucose, mg/dL 158.48 (59.54) 166.45 (73.65) 201.91 (102.56) <0.001
WBC, 10°/L 13.89 (5.58) 16.77 (7.21) 15.28 (7.02) 0.028
SpO,, % 91.64 (4.39) 91.16 (3.51) 92.26 (3.04) 0.084
Mean BP, mmHg 64.20 (14.33) 68.60 (16.72) 66.67 (15.04) 0.209
BUN, mmol/L 15.00 (3.00-64.00) 19.00 (5.00-91.00) 30.00 (3.00-128.00) <0.001
Creatinine, mg/dL 0.80 (0.20-2.10) 0.90 (0.40-3.40) 1.60 (0.50-7.00) <0.001
eGFR, mL/min/1.73 m? 67.19 (3.04-199.12) 70.55 (6.59-200.64) 58.17 (5.44-227.57) 0.954
SIRS score 3.23 (0.75) 3.14 (0.91) 3.16 (0.81) 0.774

(Continued)
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Table | (Continued).
Characteristics AG Tertiles (mmol/L) p-value
TI: <13.00 T2: 14.00 —-16.00 T3:>17.00
(n = 65) (n=102) (n=112)
SOFA score 3.00 (0.00-11.00) 3.00 (0.00-11.00) 4.00 (0.00-18.00) <0.001
Death, n (%) 0.052
No 47 (72.31) 77 (75.49) 68 (60.71)
Yes 18 (27.69) 25 (24.51) 44 (39.29)

Abbreviations: SD, standard deviation; BP, blood pressure (arterial); BUN, blood urea nitrogen; COPD, chronic obstructive pulmonary disease; eGFR, estimated
glomerular filtration rate; max, maximum; min, minimum; SIRS, systemic inflammatory response system; SOFA, sequential organ failure assessment; SpO,, pulse oxygen

saturation; WBC, white blood cell count.

Univariate Analysis

Table 2 shows the results of univariate analysis that indi-
cated congestive heart failure (p = 0.0443), renal failure (p
=0.0019), BUN (p < 0.0001), serum AG (p =0.0017), and
creatinine (p < 0.0001) values, age (p < 0.0001), and
SOFA scores (p < 0.0001) positively correlated with mor-
tality. Moreover, mean arterial blood pressure (p < 0.0001)
negatively correlated with mortality (Table 2).

Relationship Between Serum AG Values
and All-Cause Mortality Using Different
Models

A multivariate Cox proportional hazards regression model
was used to evaluate the association between the serum
AG value and 90-day all-cause mortality. Crude, mini-
mally adjusted, and fully adjusted models are shown in
Table 3. In the crude model, the serum AG was found to
be positively correlated with mortality (hazard ratio [HR]
1.07, 95% confidence interval [CI] 1.02-1.11, p = 0.0017).
In model 1, which was adjusted for age and sex, the serum
AG also showed a positive correlation with mortality (HR
1.08, 95% CI 1.03-1.12, p = 0.0004). In model 2, which
was adjusted for age, sex, alcohol consumption, congestive
heart failure, diabetes mellitus, hypertension, eGFR, albu-
min, and the SOFA score, no obvious changes were
observed (HR 1.08, 95% CI 1.02-1.14, p = 0.0091).
Next, tests for trend were conducted with multivariate
proportional hazards regression models by entering the
median value of each serum AG tertile as a continuous
variable in the models. Patients with a lower serum AG
value (<13 mmol/L) were included in the reference group.
In model 1, high serum tertile (AG >17 mmol/L) was
associated with an increased risk of all-cause mortality
(HR 1.95, 95% CI 1.11-3.42) after adjusting for age and

sex. In model 2, after adjusting for age, sex, alcohol
consumption, congestive heart failure, diabetes mellitus,
hypertension, eGFR, albumin, and the SOFA score, high
serum AG value (>17 mmol/L) remained positively asso-
ciated with 90-day all-cause mortality, compared with
a low serum AG tertile (HR 1.88, 95% CI 1.04-3.41);
the p-for-trend was 0.0182.

Analyses of Non-Linear Relationships

We found a non-linear relationship between the maximum
serum AG within 24 hours of ICU admission and all-cause
mortality after adjusting for age, sex, alcohol consumption,
congestive heart failure, diabetes mellitus, hypertension,
eGFR, albumin, and the SOFA score (Figure 2). We cal-
culated that the inflection point was 13. 8 mmol/L using
a two-piecewise regression model (Table 4). There was no
significant correlation to the left of the inflection point
(HR [95% CI] 0.82 ([0.61-1.09]), p = 0.1719; however,
there was a positive correlation between the serum AG
value and all-cause mortality to the right of the threshold
inflection point (HR 1.15, 95% CI 1.08-1.23, p < 0.0001).

Discussion

In this study, we investigated the association between
serum AG value and all-cause mortality in critically ill
patients with AP. First, the serum AG value was associated
with mortality in patients with AP after adjusting for age,
sex, alcohol abuse, congestive heart failure, diabetes mel-
litus, hypertension, eGFR, albumin, and the SOFA score.
Second, there was a non-linear relationship between serum
AG values and death from all causes in patients with AP,
and we calculated a threshold inflection point of
13.8mmol/L, using a two-segment linear regression
model. To the right of the threshold, the number of all-
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Table 2 Factors Correlated to Mortality in Acute Pancreatitis
Using Univariate Analysis

Variables Statistics OR (95% CI) p-value
Demographics
Age, years 59.62 + 16.54 | 1.04 (1.02, 1.06) <0.0001
Sex n (%)

Male 154 (55.20) 1.0

Female 125 (44.80) 0.98 (0.64-1.50) 0.9345
Clinical features,
n (%)
Congestive heart
failure

No 221 (79.2) 1.0

Yes 58 (20.8) 1.61 (1.01-2.56) 0.0443
Hypertension

No 124 (44.44) 1.0

Yes 155 (55.56) 1.12 (0.73-1.71) 0.6177
COPD

No 243 (87.1) 1.0

Yes 36 (12.9) 1.51 (0.86-2.64) 0.1470
Diabetes mellitus

No 197 (70.61) 1.0

Yes 82 (29.39) 0.83 (0.50-1.39) 0.4820
Renal failure

No 250 (81.72) 1.0

Yes 29 (18.28) 2.59 (1.42-4.74) 0.0019
Liver disease

No 228 (92.83) 1.0

Yes 51 (7.17) 1.17 (0.68-2.19) 0.6179
Obesity

No 259 (92.83) 1.0

Yes 20 (7.17) 0.46 (0.11-1.86) 0.2761
Alcohol
consumption

No 196 (70.25) 1.0

Yes 83 (29.75) 0.58 (0.33-1.04) 0.0590
Biomarkers mean
(SD)/median (min-
max)

Albumin, g/L 2.90 + 0.64 0.84 (0.58-1.20) 0.3322

Lactic acid, 234+ 214 1.04 (0.93-1.16) 0.5003
mmol/L

WBC, 10%/L 15.50 + 6.84 1.03 (1.00-1.06) 0.0915

SpO, vital, % 91.73 £ 3.59 | 0.97 (0.92-1.03) 0.3263

BUN, mmol/L 21 1.02 (1.01-1.03) <0.0001

(12.75-32.25)
(Continued)

Table 2 (Continued).

Variables Statistics OR (95% CI) p-value

Serum AG, 16.39 £ 4.47 1.07 (1.02-1.11) 0.0017
mmol/L

eGFR, mL/min/ 71.33 £ 44.47 | 1.00 (0.99-1.00) 0.2687
1.73 m?

Creatinine, mg/ 1 (0.7-1.7) 1.35 (1.18-1.56) <0.0001
dL

Glucose, mg/dL 178.71 1.00 (1.00-1.00) 0.4734

85.48

Mean BP, mmHg | 66.84 + 15.53 | 0.97 (0.95-0.98) <0.0001

SIRS score 3.15 £ 087 1.05 (0.83-1.33) 0.6810

SOFA score 4 (2-6) 1.18 (1.12—1.25) <0.0001

Abbreviations: AG, anion gap; OR, odds ratio; Cl, confidence interval; BP, blood
pressure (arterial); BUN, blood urea nitrogen; WBC, white blood cell count; COPD,
chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate;
min, minute; SD, standard deviation; SIRS, systemic inflammatory response system;
SOFA, sequential organ failure assessment; SpO,, pulse oxygen saturation.

cause deaths increased with an increase in the serum AG
value, which was positively correlated. However, the trend
was the opposite to the left of the threshold, although it
was not significant. This may have something to do with
our insufficient sample size.

The serum AG has been reported to be associated with
death and complications in a variety of diseases. Cheng
et al,'” found that high serum AG values in patients with
acute kidney injury had higher all-cause mortality at 30 days,
90 days, and 365 days, HR (95% CI) were: 1.54 (1.33-1.75),
1.55, (1.38-1.73), and 1.46 (1.31-1.60) respectively.
Abramowitz et al,'® found that the serum AG value was
associated with mortality, the Relative Hazard (95% CI)
was 1.20 (1.03—1.41), and higher levels of serum AG were
with
A retrospective analysis of 440 participants data suggested

present in patients impaired renal function.
that adjusted serum anion gap is an independent risk factor
for all -cause mortality in advanced CKD patients, with HR
(95% CI) 2.968 (1.143-7.708)."° The relationship between
serum AG and mortality has been reported not only in adults
but also in children. Kim and his team® reported that cor-
rected AG in children at ICU admission was associated with
mortality, with odds ratio (95% CI) 1.110 (1.06—1.17). Cheng

etal!’ 1!

and Tang et al,”" confirmed a U-shaped relationship
between serum AG levels and all-cause mortality in critically
ill patients with acute kidney injury and patients with con-
gestive heart failure, respectively. Our findings are consistent
with previous studies. We found a non-linear relationship

between the serum AG and mortality, after adjusting for
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Table 3 The Relationship Between the Serum AG and All-Cause Mortality in Patients with AP in Different Models
Variable Crude Model HR (95% CI) p-value Model | HR (95% CI) p-value Model 2 HR (95% CI) p-value
Serum AG 1.07 (1.02-1.11) 0.0017 1.08 (1.03-1.12) 0.0004 1.08 (1.02-1.14) 0.0091
Serum AG tertiles
TI 1.0 (Ref) 1.0 (Ref) 1.0 (Ref)
T2 0.91 (0.50-1.69) 0.7731 0.79 (0.42-1.48) 0.4542 0.72 (0.38-1.38) 0.2564
T3 1.82 (1.05-3.17) 0.0332 1.95 (1.11-3.42) 0.0207 1.88 (1.04-3.41) 0.0370
p-for-trend 0.0131 0.0069 0.0182

Notes: Crude model: No covariates were adjusted. Model |: adjusted for age and sex. Model 2: adjusted for age, sex, alcohol abuse, congestive heart failure, diabetes

mellitus, hypertension, eGFR, albumin, and the SOFA score.

Abbreviations: AG, anion gap; AP, acute pancreatitis; Cl, confidence interval; eGFR, estimated glomerular filtration rate; HR, hazards ratio; SOFA, sequential organ failure

assessment; Ref, reference.

serum albumin level, eGFR and other confounding factors,
and we further identified a threshold inflection point of the
impact of AG on all-cause mortality in AP. As reported, the
main component of the serum AG is the sum of the anionic
charges on circulating proteins,”? changes in serum albumin
concentration levels will cause changes in the serum AG.
After adjusting for covariates including serum albumin, the
serum AG was still associated with all-cause mortality in
critical patients with AP. The serum AG value, which is
a low-cost and easily available biomarker, may facilitate

clinical assessment of the mortality risk for patients with AP.
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Figure 2 The relationship between serum AG values and all-cause mortality in
patients with AP. There was a nonlinear relationship between serum AG values and
all-cause mortality in patients with AP after adjusting for age, sex, alcohol abuse,
congestive heart failure, diabetes, hypertension, eGFR, albumin, and SOFA score.
Solid rad line indicates the cubic spline functions between variables. Imaginary lines
represent the 95% of confidence interval from the fit.

Abbreviations: AG, anion gap; AP, acute pancreatitis.

Study Strengths and Limitations

Our study had the following strengths. First, both a Cox
proportional hazard regression model and the restricted
cubic spline curve were used to study the association
between serum AG and 90-day all-cause mortality in
patients with AP. Second, this was an observational study.
Potential confounders were unavoidable; therefore, we com-
bined existing literature, clinical judgment, and statistical
adjustments to minimize the effect of confounders.

Our study also had some limitations. First, although we
adjusted for certain factors, our results may have been
influenced by other unknown factors. Second, only adults
were included in our study; therefore, the relationship
between serum AG levels and outcomes in children with
AP could not be determined.

Conclusions

The relationship between the serum AG and all-cause
mortality in patients with AP was non-linear after adjust-
ment for potential confounders. Large prospective studies
are needed to further confirm our results.

Table 4 Threshold Effect Analysis of the Relationship Between
the Serum AG and Death Using a Two-Piecewise Regression
Model

Serum AG Inflection Point HR (95% Cls) p-value
<13.8 0.82 (0.61, 1.09) 0.1719
2138 1.15 (1.08, 1.23) <0.0001
P for log likelihood ratio test 0.046

Note: Adjusted for age, sex, alcohol abuse, congestive heart failure, diabetes
mellitus, hypertension, eGFR, albumin, and the SOFA score.

Abbreviations: AG, anion gap; Cl, confidence interval; eGFR, estimated glomer-
ular filtration rate; HR, hazard ratio; SOFA, sequential organ failure assessment.
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