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pancreatitis: a retrospective cohort
study

Wen Wu'23, Yupei Zhang?3, Xingguang Qu*2, Chunzhen Zhang*? & Zhaohui Zhang?**

Acute pancreatitis (AP) can result in acute kidney injury (AKI), which is linked to poor outcomes.

We aimed to assess the relationship between the hematocrit-to-albumin ratio (HAR) and AKl in this
population. This retrospective cohort study included consecutive patients diagnosed with AP and
admitted to hospital. Data were systematically extracted from electronic medical records, covering
baseline demographic and clinical characteristics. Total 1514 AP patients were enrolled, with 17%
(257/1514) developing AKI. Multivariable-adjusted regression analysis, curve fitting, threshold
effects analyses, and subgroup analyses were conducted to evaluate the relationship between HAR
and AKl incidence in AP patients. Compared to the reference tertile of HAR, the adjusted OR values
for the lower and higher tertiles of HAR were 1.25 (95% Cl, 0.82-1.91, P=0.297) and 1.50 (95% Cl,
1.03-2.20, P=0.037), respectively, after adjusting for covariates. The curve fitting results showed a
J-shaped relationship between HAR and AKI (non-linear, p=0.001), with an inflection point of 8.969.
Furthermore, validation using the Medical Information Mart for Intensive Care (MIMIC-1V) database
AP population revealed a similar relationship with an inflection point at 10.257. Our findings suggest
a J-shaped relationship between HAR and AKl in AP patients, indicating higher risk of AKI when HAR
exceeds 8.969.
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Acute pancreatitis (AP) is an inflammatory condition of the pancreas characterized by its sudden onset and
variable clinical course!~>.Over the past several decades, the incidence of AP has been increasing, leading to
numerous hospital admissions and a significant economic burden*>. The majority of patients experience with
mild, self-limited acute pancreatitis and with a favorable prognosis®. Although the overall mortality rate of AP
is below 5%, severe cases, often associated with the progression of systemic inflammatory response syndrome
(SIRS) to multiorgan dysfunction syndrome, exhibit a mortality rate ranging from 30 to 50%®*"%.

Acute kidney injury (AKI) occurs in 10 to 42% of patients with AP. The development of AKI is associated
with high mortality rate, prolongs hospital stays and higher risk of chronic kidney disease development®1°.
While some studies have investigated biomarkers and developed predictive models for AKI in AP patients, these
studies often suffer from small sample sizes and lack robust predictive accuracy'!2, Therefore, the challenge of
early AKI identification and timely therapeutic intervention in AP patients remains critical.

Hematocrit (HCT) represents the volume percentage of red blood cells in the blood. Previous studies have
identified HCT as a biomarker for predicting mortality risk in sepsis and septic shock!*!4. Albumin (ALB),
a negative acute-phase reactant synthesized by the liver, constitutes 40% to 60% of total plasma protein and
decreases during inflammation!®. Prior studies has demonstrated a correlation between the difference in HCT
and ALB levels (HCT-ALB) and various conditions, including eclampsia, severe infections'®7, and the prognosis
of elderly sepsis ICU patients'®. This study is the first to investigate the relationship between HCT-to-ALB ratio
(HAR) and AKI in patients with acute pancreatitis.
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Methods

Study design

Database and study population from the Chinese hospital

Studies involving human participants were reviewed and approved by the Hospital of Medicine Ethics Committee
(ethical approval number: 2023-130-01), and all information about cases was obtained from a retrospective chart
of patients with electronic medical records who underwent acute pancreatitis at the First College of Clinical
Medical Science of China Three Gorges University from January 2019 to October 2023. Due to the retrospective
nature of the study, the Ethics Committee of the First College of Clinical Medical Science of China Three Gorges
University waived the need of obtaining informed consent.

Database and study population from the MIMIC-IV 2.0 Database

To better verify the applicability of the model in Chinese patients, we also reviewed participants from the
MIMIC-IV 2.0 Clinical Database (MIMIC-IV 2.0), which holds information on more than 672 patients meeting
the inclusion criteria admitted to Beth Israel Deaconess Medical Center’s ICUs in Boston, MA, from 2008 to
2019.The database is accessible to anybody who has passed the Collaborative Institutional Training Initiative
exam (Certification number 46658537 for Wen Wu).

Inclusion and exclusion criteria
The inclusion criteria for this retrospective study were as follows: Patients who were admitted to the First College
of Clinical Medical Science of China Three Gorges University; patients who were diagnosed with AP; The
exclusion criteria were as follows: patients who were younger than 18 years, or older than 85 years; Pregnant or
breastfeeding women; Length of hospital stay < 24 h; patients with CKD; patients with malignant tumor; patients
with chronic pancreatitis; patients who received renal transplantation or nephrectomy; incomplete medical data.
A total of 523,740 admissions were recorded in the MIMIC-IV database, of which 76,540 were admitted
to the ICU. Hospital admission information for patients with AP was extracted according to International
Classification of Diseases, with a total of 1609 had been admitted to the ICU (supplementary). After further
screening, patients who meet the following criteria will be excluded (1): Patients younger than 18 years or older
than 85 years of age at the time of the first admission; (2) Patients admitted repeatedly for acute pancreatitis,
for whom only the first admission data were retained; (3) Patients who stayed in the ICU for less than 24 h; (4)
Patients admitted with end-stage renal disease or malignancy; (5) Patients without recorded blood hematocrit
and serum albumin data within 24 h of admission. Ultimately, 672 patients were enrolled in this study. The
patient collecting and reviewing process was shown in Fig. 1.

Clinical definitions and laboratory data

Diagnosis and Severity Classification of AP

According to the revised Atlanta classification (2012), the diagnosis of AP was established when at least two
of the three diagnostic criteria, namely clinical presentation (typical epigastric abdominal pain), laboratory
parameters (serum amylase or lipase levels at least three times higher than the upper limit of normal), and
abdominal cross-sectional radiographic evidences (including abdominal ultrasound, computed tomography,
or magnetic resonance imaging), were met!>?’. A limited number of diagnosed AP patients were eventually
confirmed by undergoing exploratory laparotomy.

Patients with AP in Chinese population Patients with AP admitted to ICU in MIMIC- IV database

between 2019 and 2023 (n=3552) between 2008 and 2019 (n=1609)
Exclusion (n=2038)
-Age < 18 or >85 years (n=163) Exclusion (n=937)
-Pregnancy (n=19) -Age < 18 or >85 years (n=85)
-Length of hospital stays < 24hours (n=1126) -Non-first ICU admission (n=209)

[~*| -Chronic pancreatitis (n=275) =% -Length of ICU stays < 24hours (n=15)

-Malignant tumor (n=384) -Patients admitted with end-stage
-Renal transplantation or nephrectomy (n=8) renal disease or malignancy (n=243)
-Chronic kidney disease (n=42) -Unavailable laboratory data (n=385)
-Unavailable laboratory data (n=21)

Eligible patients with AP Eligible patients with AP
(n=1514) (n=672)
AKI Without AKI AKI Without AKI
(n=257) (n=1257) (n=322) (n=350)

Fig. 1. Flowchart of the screening and enrollment of study participants. AKI acute kidney injury; AP Acute
pancreatitis.
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Adult patients with acute pancreatitis (AP) were categorized into three groups: mild AP (MAP), moderately
severe AP (MSAP), and severe AP (SAP) depending on the presence of organ dysfunction and the duration of
organ dysfunction being less than 48 h and more than 48 hours®. For adult AP patients with evolving disease
severity, the most severe classification of AP during hospitalization was considered the ultimate one.

Diagnosis and classification of AKI
The diagnostic criteria of AKI were based on the guidelines of the Kidney Disease Improving Global Outcomes
(KIDGO) (2012)?!criteria, as follows:

(i) Serum creatinine increased by more than 26.5 pmol/L (0.3 mg/dL) or a percentage increase in serum
creatinine level of >50% within 48 h; (ii) The urine volume lasted for more than 6 h and was less than 0.5 mg/
kg/h; (iii) Serum creatinine increased 1.5 times higher than the baseline level. Baseline serum creatinine level
was defined as the lowest serum creatinine level measured within 2 days prior to admission to hospital. If no
serum creatinine level was measured, the serum creatinine level recorded in the first measurement within 2 days
after admission to hospital was considered as baseline serum creatinine level.

The BISAP score

The Bedside Index for Severity in Acute Pancreatitis (BISAP) score?? was developed in 2008 and designed as a
predictor of mortality based on 5 variables: blood urea nitrogen (BUN) level greater than 25 mg/dL, impaired
mental status, meeting at least two of the systemic inflammatory response syndrome (SIRS) criteria, age older
than 60 years, or radiographic evidence of pleural effusion within the first 24 h of admission. Those with a score
of 3 or above while receiving 1 point for each positive criterion were defined as having severe acute pancreatitis,
and those with a score of 2 or less were defined as having mild acute pancreatitis according to the BISAP scoring
system?3.

Data collection

General information was collected, including sex, age, the length of hospital stays, systolic blood pressure
(SBP), demand for continuous renal replacement treatment (CRRT), mechanical ventilation (MV) and blood
transfusion, sequential organ failure assessment (SOFA) score and Bedside Index of Severity in Acute Pancreatitis
(BISAP) score within 24 h of admission. Blood routine parameters including white blood cell count, hemoglobin
(HGB) content, and hematocrit (HCT) were also collected. Biochemical parameters including albumin (ALB),
blood urea nitrogen (BUN), serum creatinine (CREA), fasting plasma glucose (FPG), sodium ion concentration
(Na*), calcium ion concentration (Ca®*), alanine aminotransferase (ALT), aspartate aminotransferase (AST),
triglyceride (TG), C-reactive protein (CRP), procalcitonin (PCT), The HCT/ALB ratio (HAR) was calculated by
dividing the hematocrit (HCT, %) by the serum albumin level (ALB, g/dl). The endpoint event defined in this
study was acute kidney injury (AKI) in hospital stay caused by acute pancreatitis (AP).

Statistical analysis

Continuous variables are shown as means with standard deviations, while categorical variables are shown as
frequencies or percentages. For continuous variables, statistical differences were determined using one-way
ANOVA (for normally distributed data) or Kruskal-Wallis H test (for skewed data), while the Chi-square or
Fisher’s exact test was used for categorical variables.

Subjects were grouped into tertiles by HAR levels (HAR <9.39, 9.39 <HAR < 10.83, HAR > 10.83), multiple
logistic regression analysis and smooth curve fitting were performed to explore the association between HAR
and AKI. According to the guidelines in the Strengthening the Reporting of Observational Studies statement?*,
we simultaneously analyzed both non-adjusted and multivariable-adjusted models. Covariates were adjusted if
variables were within P< 0.1 as determined by univariate analysis, and if adding or removing the covariate from
the model altered the corresponding odds ratio by at least 10%. We used 3 models: in the adjusted model 1, we
adjusted for age and sex; in the adjusted model 2, we adjusted for age, sex, hypertension, diabetes mellitus (DM),
coronary heart disease (CHD), heart rate (HR), respiratory rate (RR) and pulse oxygen saturation (SpO,); in the
adjusted model 3, we adjusted for age, sex, hypertension, DM, CHD, HR, RR, SpO,, etiology, blood transfusion,
SOFA score, BISAP score, white blood cell count (WBC), and fasting plasma glucose (FPG). Baseline variables
that were considered clinically relevant or had a change in effect estimate of > 10% were chosen as confounders.
The smooth curve fitting was established and adjusted according to the covariables contained in model 3. The
nonlinear relationship between HAR and AKI was observed after logical regression. For the missing data, we
used the multiple imputation method to fill in the missing values?*. The details of the missing value are shown
in supplementary Table S4. Descriptive analyses report observed data only, while regression models include all
patients with multiple imputed data. Meanwhile, we utilized the same statistical analysis method on the MIMIC-
IV database.

As additional exploratory analyses, possible modifications on the association of HAR and AKI were evaluated
by stratified analyses and interaction testing.

A two-tailed P<0.05 was considered to be statistically significant in all analyses. All the analyses were
performed with the statistical software packages R (http://www.R-project.org, The R Foundation) and Free
Statistics software versions 1.9.

Results

Patients’ baseline and clinical data

The enrolled AP patients of Chinese population were divided into AKI group (n=257) and non-AKI group
(n=1257) according to occurrence of AKI. There was no significant difference in patients’ BMI, amylase and
prealbumin between the two groups (p>0.05), but there were significant differences in sex, age, length of
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hospital stays, demand for MV, blood transfusion and CRRT, ALB, PCT, CRP, TG, CREA, and HAR (p <0.001).
All results of two databases are shown in Table 1. A total of 1,514 patients were recruited and 257 (17%) of them
developed AKI. The baseline demographic characteristics of the study population, stratified by HAR tertiles,
are summarized in Table 2. The mean age of the participants was 53.0 (41.0, 65.0) years old, of whom 53.6%
were male, and 46.4% were female. Serum HAR levels were positively associated with white blood cell count,
hemoglobin, hematocrit, C-reactive protein and demand for mechanical ventilation and CRRT. Furthermore, we
also recruited 672 cases from the MIMIC-IV database as the validation cohort, among which 57.6% were male,
and 42.4% were female. All results are shown in Table 2 and Supplementary Table S1. Supplementary Table S2
presents the baseline data of non-ICU and ICU patients in the Chinese population.

Univariate and multivariate analyses of HAR and AKI

Univariate analysis showed that age, sex, hypertension, coronary heart disease, systolic blood pressure, diastolic
blood pressure, heart rate, respiratory rate, SpO,, severity, etiology, blood transfusion, Ventilation, CRRT, SOFA
score, BISAP score, WBC, ALB, TG and Ca** were significant confounding factors influencing AKI incidence
(p<0.001) (Supplementary Table S3).

In the multiple logistic regression analysis (Table 3), as compared with the reference tertile of HAR (T2 9.39-
10.83), the adjusted OR values for lower tertile of HAR (T1 <9.39), and higher tertile of HAR (T3 >10.83) were
1.25(95% CI, 0.82-1.91, p=0.297) and 1.50 (95% CI, 1.03-2.20, p=0.037), respectively, were associated with a
higher risk of AKI incidence, after adjusting for covariates. All results of two databases are presented in Table 3.

Smooth curve fitting, threshold effect analyses between HAR and AKI

After adjusting for covariates in model 3, we found a J-shaped relationship between HAR and AKI in curve
fitting (P for non-linearity < 0.001) (Fig. 2). The data were fitted to a piecewise multiple logistic regression model
with two different slopes. In our study, the P value for the likelihood ratio test was 0.029 and 0.001 (Table 4);
therefore, we utilized a two-part model to fit the association between serum HAR levels and AKI incidence in
patients with acute pancreatitis. We discovered an inflection point at 8.969 in Chinese population. Similarly, in
the MIMIC-IV population, a J-shaped relationship between HAR and AKI was identified in curve fitting (P for
non-linearity < 0.001) (Supplementary Fig. S1), with an inflection point at 10.257.

Subgroup analyses

To verify the stability of the J-shaped relationship between HAR and AKI, we performed curve fitting stratified
by sex, age, hypertension, DM, SOFA score, and severity of AP, respectively. No significant interactions were
found in any subgroups after stratifying by sex, age, hypertension, DM, SOFA score, and severity of AP (all P for
interaction > 0.05) (Fig. 3 and Supplementary Fig. S2).

Discussion

This study investigated the relationship between serum hematocrit-to-albumin ratio (HAR) levels and the
incidence of AKI in patients with AP. We found that HAR independently correlates with the occurrence of
AKI, demonstrating a J-shaped association curve. Specifically, the incidence of AKI initially decreased and
subsequently increased with rising HAR levels. Subgroup analyses and interaction tests revealed that this
relationship remained stable across different population groups. To further validate these findings, we conducted
an analysis of MIMIC-IV database, which also revealed a J-shaped association between serum HAR levels and
AKI incidence.

In healthy individuals, hematocrit (HCT) and plasma albumin (ALB) levels are stable, with HCT ranging
from 40 to 45% and ALB from 35 to 45 g/L under normal conditions, respectively?. Elevated HCT levels are
associated with a poor prognosis of sepsis, cardiopulmonary bypass surgery and tumor?”2%. In AP patients, HCT
may increase due to substantial fluid loss, resulting in hemoconcentration and chronic hypoxia. Conversely,
reductions in HCT are observed in various pathological states including anemia, bleeding, malnutrition, surgery,
trauma, tumors and chronic infections. Additionally, the sole measurement of HCT presents limitations, as
various conditions are associated with elevated HCT levels, including dehydration, heat stroke, excessive muscle
activity, liver dysfunction, diabetic ketoacidosis, myeloproliferative disorders, and chronic pulmonary diseases.

ALB is critical for maintaining blood volume and plasma colloidal osmotic pressure. Under hypermetabolic
conditions, albumin levels may decrease due to reduced synthesis, accelerated catabolism, and increased vascular
permeability, which leading to protein leakage?. Various studies have established a significant association
between albumin concentrations and inflammation severity, as well as with disease prognosis and mortality
rates 133031, However, it is essential to recognize that albumin levels are influenced by factors such as nutritional
status, dehydration, and chronic inflammation. These variables can affect the accuracy of prognostic assessments
based solely on albumin concentrations.

The capacity index of HCT and ALB has been emphasized in numerous studies*>*. Taking into account
these factors, the hematocrit-to-albumin ratio (HCT/ALB) may serve as a more dependable prognostic indicator
compared to utilizing each measurement independently. Current studies mainly focus on the differences between
HCT and ALB levels (HCT-ALB). Dai et al. proposed that an HCT-ALB level exceeding 12.65 could serve as
a potential biomarker for diagnosing hypertensive pregnancy disorders, such as preeclampsia and eclampsia'”.
Furthermore, Dai et al. found that HCT-ALB levels are elevated in patients with septic shock compared to those
with hemorrhagic shock. The HCT-ALB level above 6.8 proves useful in distinguishing these conditions®.
Additionally, they also observed that HCT-ALB level above 10.25 might facilitate the rapid diagnosis of severe
infections®*. Wang et al. confirmed the importance of HCT-ALB levels in predicting the outcomes of elderly
sepsis patients, using data from the MIMIC-IV and eICU-CRD databases'®. Our research is the first to explore
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Chinese population MIMIC-1IV population

Characteristics No-AKI (n=1257) | AKI (n=257) p-value | No-AKI (n=350) | AKI (n=322) p-value
Sex (%) <0.001 0.135
Male 642 (51.1) 170 (66.1) 192 (54.9) 195 (60.6)

Female 615 (48.9) 87 (33.9) 158 (45.1) 127 (39.4)

Age (years) 53.0 (41.0, 64.0) 56.0(44.0, 69.0) 0.002 | 54.0 (43.0,67.0) 59.5 (47.0, 72.8) 0.001
Death (%) 5(0.4) 18 (7) <0.001 | 18 (5.1) 78 (24.2) <0.001
LOS(days) 13.0 (10.0, 18.0) 16.0 (10.0, 26.0) <0.001 | 9.0 (5.0, 16.0) 16.0 (8.0, 26.0) <0.001
ICU (%) 115 (9.1) 132 (51.4) <0.001 | 350(100) 322(100)

Hypertension (%) | 304 (24.2) 88 (34.2) <0.001 | 204 (58.3) 171 (53.1) 0.177
DM (%) 177 (14.1) 48 (18.7) 0.059 121 (34.6) 134 (41.6) 0.06
CHD (%) 77 (6.1) 26 (10.1) 0.021 58 (16.6) 65 (20.2) 0.226
COPD (%) 48 (3.8) 16 (6.2) 0.081 N/A N/A

Weight (kg) 64.0 (56.0, 75.0) 65.0 (55.0, 75.0) 0.704 79.1 (68.8, 96.5) 83.2(71.1,99.4) 0.016
Height (cm) 163.0(158.0, 170.0) | 167.0(158.0, 172.0) | 0.001 170.0(163.0, 178.0) | 170.0(163.0, 178.0) | 0.877
BMI 24.1 (21.8,26.7) 24.2 (20.8,26.9) 0.437 N/A N/A

SBP (mmHg) 130.0(119.0, 143.0) | 123.0(110.0, 140.0) | <0.001 | 130.0(113.0, 146.0) | 122.0(105.2, 143.0) | 0.005
DBP (mmHg) 80.0 (74.0, 90.0) 80.0 (66.0, 89.0) <0.001 | 76.0 (64.0, 88.8) 68.0 (58.0, 81.8) <0.001
HR (bpm) 78.0 (72.0, 90.0) 90.0 (76.0, 110.0) <0.001 | 99.0 (83.0, 114.0) 98.0 (83.0, 115.0) 0.599
Temperature 36.5 (36.4, 36.6) 36.5 (36.4, 36.8) 0.013 N/A N/A

RR (bpm) 20.0 (19.0, 20.0) 20.0 (19.0, 21.0) 0.009 21.0 (17.0, 24.8) 22.0 (19.0, 27.0) <0.001
SpOZ(%) 99.0 (98.0, 100.0) 98.0 (96.0, 100.0) <0.001 | N/A N/A

P/F N/A N/A 231.7 (172.9,374.0) | 207.9 (138.2,296.3) | <0.001
Ventilation (%) 73 (5.8) 85 (33.1) <0.001 | 1.6(0.7,3.2) 3.4(1.2,11.0) <0.001
Transfusion (%) 70 (5.6) 98 (38.1) <0.001 |26 (7.4) 35(10.9) 0.121
CRRT (%) 21(1.7) 71 (27.6) <0.001 | 11 (3.1) 44 (13.7) <0.001
PLT (x 10°L) 181.0(139.0, 234.0) | 172.0(110.0,227.0) | 0.004 198.0(138.2,285.5) | 177.0(122.2,242.0) | <0.001
PCT (ng/ml) 0.1 (0.0, 0.6) 1.1(0.2,6.5) <0.001 | N/A N/A

CRP (mg/L) 31.4 (5.9, 119.0) 88.7 (16.9, 200.2) <0.001 | N/A N/A

ALB(g/dl) 3.9(3.5,4.3) 3.5(2.9,4.0) <0.001 |3.1(2.7,3.6) 3.0(24,3.3) <0.001
FPG (mmol/L) 6.6 (5.3,8.9) 7.5(5.7,11.2) <0.001 | 6.7 (5.3,9.3) 7.9 (5.9,12.3) <0.001
TG (mmol/L) 1.5(1.0,3.4) 1.8(1.2,6.4) <0.001 | 1.6(1.1,3.3) 2.0(1.2,5.2) 0.008
Ca (mmol/L) 2.2(2.1,2.4) 2.1(1.9,2.3) <0.001 |2.0(1.9,2.2) 2.0(1.8,2.1) <0.001
CREA (umol/L) 65.8 (53.8, 77.0) 143.0 (107.0, 226.0) | <0.001 | 70.7 (53.0, 88.4) 145.9 (97.2, 265.2) <0.001
AMY(U/L) 163.0 (64.5,716.0) | 202.0(92.0, 607.0) 0.065 168.0(64.5, 425.0) 280.0(78.2, 746.0) <0.001
PA (mg/L) 162.3(111.0,210.0) | 144.8(92.0,230.0) |0.625 | N/A N/A

lsﬁg”atz d"fn’?)l;e(:/;’ze 1181 (94) 162 (63) <0.001 | N/A N/A

Severe 76 (6) 95 (37)

Etiology of AP (%) <0.001 | N/A N/A

Biliary 887 (70.6) 132 (51.4)

Hyperlipidemic 289 (23) 65 (25.3)

Alcoholic 42 (3.3) 9(3.5)

Others 39(3.1) 51 (19.8)

Lac (mmol/L) N/A N/A 1.5(1.1,2.0) 2.0 (1.4,3.5) <0.001
HAR 10.0 (9.0, 11.0) 10.7 (9.2, 12.8) <0.001 | 11.4£2.6 122+3.6 0.002

Table 1. Baseline characteristics of included patients grouped by the occurrence of AKI in two databases

of Chinese population and MIMIC-IV. LOS Length of hospital stay, DM Diabetes mellitus, CHD Coronary
heart disease, SBP Systolic blood pressure, DBP Diastolic blood pressure, HR Heart rate, RR Respiratory rate,
SpO, Pulse oxygen saturation, P/F PaO,/FiO,, Ventilation noninvasive or invasive mechanical ventilation,
Transfusion blood transfusion, CRRT Continuous renal replacement treatment, WBC White blood cell
count, HGB Hemoglobin, HCT Hematocrit, PCT Procalcitonin, CRP C-reactive protein, AST Aspartate
aminotransferase, ALB Albumin, FPG Fasting plasma glucose, TG Triglyceride, Na Sodium, Ca Calcium,
CREA Creatinine, Lac Lactic acid, AKI Acute kidney injury, SOFA Sequential organ failure assessment score,
BISAP Bedside Index of Severity in Acute Pancreatitis score, HAR Dividing the hematocrit level (%) by the
ALB level (g/dl).
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Chinese population MIMIC-IV population

T1 (n=505) T2 (n=504) T3 (n=505) T1 (n=224) T2 (n=224) T3 (n=224)
Characteristics <9.39 9.39-10.83 >10.83 y4 <10.133 10.133-12.793 >12.793 P
Sex (%) <0.001 <0.001
Male 169 (33.5) 289 (57.3) 354 (70.1) 124 (55.4) 121 (54) 142 (63.4)
female 336 (66.5) 215 (42.7) 151 (29.9) 100 (44.6) 103 (46) 82 (36.6)
Age (years) 53. (41.0, 65.0) 53.0 (41.0, 66.0) 54.0 (41.0, 65.0) 0.957 54.0 (44.0, 69.0) 58.0 (46.0, 72.0) 56.0 (45.0, 70.0) 0.598
Death (%) 5(1) 7(1.4) 11(2.2) 0.291 28 (12.5) 24 (10.7) 44 (19.6) 0.017
ICU (%) 56 (11.1) 64 (12.7) 127 (25.1) <0.001 | N/A N/A N/A N/A
LOS (days) 16.3+£11.2 151+12.4 18.5+14.2 <0.001 | 10.0 (5.0, 19.0) 10.5 (5.0, 19.0) 14.0 (7.0, 26.0) <0.001
Hypertension (%) | 130 (25.7) 123 (24.4) 139 (27.5) 0.525 115 (51.3) 125 (55.8) 135 (60.3) 0.164
DM (%) 81 (16) 66 (13.1) 78 (15.4) 0.38 84 (37.5) 88 (39.3) 83 (37.1) 0.876
CHD (%) 35(6.9) 34 (6.7) 34(6.7) 0.99 50 (22.3) 45(20.1) 28 (12.5) 0.019
SBP (mmHg) 126.0 (116.0, 143.0) | 130.0 (119.0, 143.0) | 130.0 (116.0, 143.0) | 0.206 131.5(112.0, 148.2) | 124.0 (110.0, 139.2) | 125.5 (108.0, 148.0) | 0.074
DBP (mmHg) 80.0 (70.0, 89.0) 80.0 (72.0, 90.0) 81.0 (74.0, 91.0) 0.004 | 72.0(60.0, 82.2) 72.0 (60.0, 86.2) 74.0 (62.0, 89.0) 0.324
HR (bpm) 78.0 (70.0, 88.0) 79.5(72.0, 90.2) 85.0 (76.0, 102.0) <0.001 | 93.0 (80.0, 108.0) 95.0 (83.0, 113.0) 105.5 (90.0, 122.0) <0.001
RR (bpm) 20.0 (18.0, 20.0) 20.0 (19.0, 20.0) 20.0 (19.0, 21.0) <0.001 |21.0(16.0, 25.0) 21.0 (18.0, 24.0) 23.5(20.0, 28.0) <0.001
SpO, (%) 99.0 (98.0, 100.0) 99.0 (97.0, 100.0) 98.0 (97.0, 100.0) <0.001 | N/A N/A N/A N/A
P/F N/A N/A N/A N/A 266.6 (188.9, 382.0) | 217.9 (156.2, 328.8) | 199.8 (133.8,295.7) | <0.001
Ventilation (%) 35(6.9) 39(7.7) 84 (16.6) <0.001 | 165 (73.7) 193 (86.2) 198 (88.4) <0.001
Transfusion (%) 52(10.3) 42 (8.3) 74 (14.7) 0.005 20 (8.9) 18 (8) 23 (10.3) 0.71
CRRT (%) 16 (3.2) 23 (4.6) 53 (10.5) <0.001 | 15 (6.7) 15 (6.7) 25(11.2) 0.138
WBC (x10°%L) | 8.4(5.7,12.1) 9.9 (6.8, 13.6) 11.1 (7.8, 15.6) <0.001 | 10.0 (5.9,15.2) 11.4(7.7,17.1) 13.6 (10.4,19.3) <0.001
HGB (g/L) 117.0 (104.0, 130.0) | 131.0 (118.0, 145.2) | 142.0 (126.0, 155.0) | <0.001 | 101.0 (86.0, 114.0) | 114.0 (104.0, 128.0) | 129.0 (111.0, 143.0) | <0.001
HCT (%) 35.3(31.7,38.4) 39.4 (35.9, 42.5) 42.1 (37.3, 46.0) <0.001 | 30.0 (26.0, 33.6) 34.5(31.2,38.4) 39.0 (34.1,43.3) <0.001
PCT (ng/ml) 0.1(0.0,0.4) 0.1 (0.0, 0.6) 0.5(0.1,2.0) <0.001 | N/A N/A N/A N/A
CRP (mg/L) 14.3 (3.3,79.6) 26.0 (6.2,103.2) 106.8 (24.8, 202.9) <0.001 | N/A N/A N/A N/A
AST (U/L) 47.0 (23.0, 187.0) 39.5(23.0, 135.5) 39.0 (23.0, 111.0) 0.108 69.5 (36.0, 173.5) 72.0 (34.0, 230.0) 75.5 (35.0, 141.0) 0.922
ALB (g/dl) 4.1(3.8,4.5) 3.9(3.6,4.3) 3.4(2.9,3.8) <0.001 |3.5(3.1,3.8) 3.1(2.8,34) 2.5(2.2,3.0) <0.001
FPG (mmol/L) | 6.5 (5.3,8.7) 6.5 (5.1,9.0) 7.1 (5.6,9.9) 0.001 | 7.2(5.6,9.3) 7.4 (5.4,10.2) 7.6(5.5, 10.0) 0.733
TG (mmol/L) 1.5(0.9,3.2) 1.5 (1.0, 3.8) 1.6 (1.0, 3.8) 0.233 1.8(1.1, 3.3) 1.5(1.0,2.7) 2.2(1.2,5.8) <0.001
Na (mmol/L) 139.8 (137.3, 141.9) | 140.0 (137.1, 141.9) | 138.8 (136.0, 141.2) | <0.001 | 138.0 (135.0, 141.0) | 138.0 (135.0, 141.2) | 138.0 (135.0, 141.0) | 0.984
Ca (mmol/L) 2.2(2.1,2.4) 2.2(2.1,2.4) 2.1(1.9,2.3) <0.001 |2.1(2.0,2.2) 2.1(1.9,2.2) 1.9 (1.7, 2.0) <0.001
CREA (pmol/L) 62.0 (51.0, 76.0) 68.0 (57.0, 82.8) 73.0 (60.0, 99.0) <0.001 | 97.2(61.9, 170.2) 88.4(61.9, 141.4) 97.2 (61.9, 176.8) 0.209
Lac (mmol/L) N/A N/A N/A N/A 1.6 (1.1,2.2) 1.6 (1.2, 2.6) 1.9 (1.3,3.7) <0.001
AKI (%) 69 (13.7) 67 (13.3) 121 (24) <0.001 | 104 (46.4) 86 (38.4) 132 (58.9) <0.001
SOFA 24421 25+2.4 33+29 <0.001 |5.0(3.0,8.0) 4.0 (3.0, 8.0) 6.5 (3.0, 10.0) 0.011
Etiology (%) 0.198 N/A N/A N/A N/A
Biliary 351 (69.5) 343 (68.1) 325 (64.4)
Hyperlipidemic 111 (22) 121 (24) 122 (24.2)
Alcoholic 11 (2.2) 16 (3.2) 24 (4.8)
Others 32(6.3) 24 (4.8) 34(6.7)
Severity (%) <0.001 | N/A N/A N/A N/A
nl\]/gide:a‘i 476 (94.3) 458 (90.9) 409 (81)
Severe 29 (5.7) 46 (9.1) 96 (19)
BISAP 1.0 (0.0, 2.0) 1.0 (0.0, 2.0) 2.0 (0.0,2.0) <0.001 | N/A N/A N/A N/A

Table2. Baseline characteristics of included patients grouped by tertile of HAR in two databases of Chinese
population and MIMIC-IV. LOS Length of hospital stay, DM Diabetes mellitus, CHD Coronary heart disease,
SBP Systolic blood pressure, DBP Diastolic blood pressure, HR Heart rate, RR Respiratory rate, SpO, Pulse
oxygen saturation, P/F PaO,/FiO,, Ventilation noninvasive or invasive mechanical ventilation, Transfusion
blood transfusion, CRRT Continuous renal replacement treatment, WBC white blood cell count, HGB
Hemoglobin, HCT Hematocrit, PCT Procalcitonin, CRP C-reactive protein, AST Aspartate aminotransferase,
ALB Albumin, FPG Fasting plasma glucose, TG Triglyceride, Na Sodium, Ca Calcium, CREA creatinine, Lac
Lactic acid, AKI Acute kidney injury, SOFA Sequential organ failure assessment score, BISAP Bedside Index of
Severity in Acute Pancreatitis score, HAR Dividing the hematocrit level (%) by the ALB level (g/dl). Mean and
interquartile range for continuous variables: P value was calculated by weighted linear regression model. % for
categorical variables: P value was calculated by weighted chi-square test, P <0.05 was considered statistically
significant.
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Non-adjusted model

Model 1

Model 2

Model 3

OR (95%Cl), P value

OR (95% Cl), P value

OR (95% Cl), P value

OR (95% Cl), P value

Chinese population
HAR, Continuous | 1.24 (1.17-1.32),<0.001 | 1.21(1.13-1.29),<0.001 | 1.09 (1.02-1.17), 0.013 1.1 (1.02-1.18), 0.016
HAR, Categories

Tertile 1 1.03 (0.72-1.48), 0.863 1.20 (0.83-1.74), 0.337 1.31 (0.89-1.93), 0.17 1.25 (0.82-1.91),0.297
Tertile 2 Reference Reference Reference Reference

Tertile 3 2.06 (1.48-2.85),<0.001 | 1.93 (1.38-2.69),<0.001 | 1.45 (1.02-2.05), 0.04 1.50 (1.03-2.20), 0.037
P for trend <0.001 0.003 0.464 0.275

MIMIC-1V population
HAR, Continuous | 1.08 (1.03-1.14), 0.002 | 1.08 (1.02-1.13),0.004 1.05 (1.00-1.11), 0.06 0.98 (0.92-1.05), 0.649
HAR, Categories

Tertile 1 1.39 (0.95-2.03), 0.086 1.43 (0.98-2.09), 0.065 1.57 (1.06-2.32), 0.025 1.69 (1.07-2.67), 0.024
Tertile 2 Reference Reference Reference Reference

Tertile 3 2.30 (1.58-3.36),<0.001 | 2.30 (1.57-3.38),<0.001 | 2.08 (1.39-3.12),<0.001 | 1.66 (1.03-2.68), 0.038
P for trend 0.008 0.014 0.201 0.826

Table 3. Multiple logistic regression analysis for HAR and AKI in Chinese population and MIMIC-IV
database. AKT Acute kidney injury, HAR Hematocrit to ALB ratio, T Tertile, OR Odds ratio, 95%CI 95%
Confidence interval. Results for each model are presented as OR (95% CI), P value. HAR of Chinese
population Tertile 1: <9.39; Tertile 2: 9.39-10.83; Tertile 3: >10.83. Model 1 of Chinese population: adjusted
for age and sex. Model 2 of Chinese population: adjusted for age, sex, hypertension, DM, CHD, HR, RR and
SpO,. Model 3 of Chinese population: adjusted for age, sex, hypertension, DM, CHD, HR, RR, SpO,, etiology,
blood transfusion, SOFA score, BISAP score, WBC, and FPG. HAR of MIMIC-IV database Tertile 1: <10.13;
Tertile 2: 10.13-12.79; Tertile 3: >12.79. Model 1 of MIMIC-IV database: adjusted for age and sex. Model 2 of
MIMIC-IV database: adjusted for age, sex, hypertension, DM, CHD, HR, RR and P/E. Model 3 of MIMIC-IV
database: adjusted for age, sex, hypertension, DM, CHD, HR, RR, P/F, blood transfusion, SOFA score, Lac,
WBC, and FPG.

the association between the HAR and AKI in acute pancreatitis, where hematocrit and albumin levels reflect
volume status, inflammation, and nutritional condition, which were key elements in AKI pathogenesis.

In individuals diagnosed with acute pancreatitis, the incidence of AKI increases during the acute phase
characterized by capillary leakage syndrome (CLS), systemic inflammatory response syndrome (SIRS),
hypovolemia. During this phase, individuals with acute pancreatitis encounter pathogenic micro-organisms
that trigger the immune system and prompt the release of numerous inflammatory mediators such as tumor
necrosis factor and interleukins®. These mediators can compromise the integrity of the vascular endothelial
barrier, enhance capillary permeability, and lead to substantial plasma extravasation®. The gap between capillary
endothelial cells measures approximately 6-7 nm, while the diameter of albumin is slightly larger at 7.2 nm. This
size discrepancy results in substantial extravasation of albumin and water from the vascular to the interstitial
spaces, causing to tissue edema and intravascular hypovolemia. Moreover, patients with acute pancreatitis often
experience a hypermetabolic state, increasing albumin consumption, while intestinal dysfunction can lead to
significant albumin loss, ultimately reducing serum albumin levels.

Conversely, the diameter of red blood cells is much larger, measuring 7-8 um (about 1000 times larger than
the gap between endothelial cells), preventing them from passing through the endothelial gaps and leading
to an elevated HCT in the context of hypovolemia. These pathophysiological collectively contribute to the
development of pathologic capillary leakage syndrome, which further exacerbates the risk of AKI and results
in an elevated HAR®*. Our findings suggest a J-shaped relationship between HAR and AKI in AP patients,
there is higher risk of AKI when HAR exceeds 8.969. However, the inflection point in MIMIC-IV cohort was
observed at a HAR value of 10.257. This discrepancy may be attributable to racial differences between the study
populations and variations in laboratory testing methodologies.

Opverall, the HAR connects the pathophysiologic trajectory of AP by reflecting both the volume status and
the SIRI-induced capillary leak syndrome. The severity of AP with CLS is linked to an increased HAR due to
hemoconcentration and albumin extravasation. The dynamic shifts in HAR may provide valuable insights for
managing AP. An increase in HAR should alert clinicians to consider the possibilities of volume depletion,
which may contribute to AKI development. Accordingly, therapeutic measures, including albumin infusion and
the restoration of effective circulating blood volume, should be tailored based on HAR levels to improve the
prognosis of AKI*>0.

Our study boasts several strengths. First, it is the largest to date that investigates acute pancreatitis-related
AKI within the Chinese population, with external validation provided by the MIMIC-IV database. Second, we
employed statistical methods to elucidate the curvilinear relationship between HAR levels and AKI risk, moving
beyond a simple linear model. We conducted sensitivity analyses based on varying HAR levels, and identified the
inflection point via smooth curve fitting instead of arbitrary thresholds categorization.
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i P for non-linearity: 0.001
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Fig. 2. Restricted cubic spline analysis of nonlinear association between HAR and AKI in patients with acute
pancreatitis in the Chinese population. Adjusted for all covariates as model 3. Solid lines represent the odds
ratio of AKI and dotted lines represent the corresponding 95% CI. OR =1 was set as the reference line. (takes
the upper limit of 100%).

Chinese population MIMIC-IV population
Two-piecewise linear regression model | OR 95%CI Pvalue | OR 95%CI Pvalue
Inflection point (K) 8.969 10.257

HAR<K 0.615 (0.38,0.996) | 0.048 0.684 (0.499, 0.937) | 0.018
HAR>K 1.162 (1.035, 1.304) | 0.011 1.256 (1.097, 1.44) | 0.001
Likelihood Ratio test 0.029 0.001

Table 4. Threshold effect analysis of HAR and AKI using two-piecewise regression models in two databases.
AKI Acute kidney injury, HAR Hematocrit to albumin ratio, OR Odds ratio, 95%CI 95% Confidence interval.

Our research has certain limitations. Initially, the retrospective data collection at a single academic center
could have resulted in selection bias. Secondly, in our current dataset, a significant portion of patients were non-
ICU cases, where detailed fluid administration records are often less meticulously maintained, posing challenges
in accurately recording fluid balance during resuscitation. Finally, despite the strong association between HAR
and AKI, our findings cannot establish causality due to the observational nature of the study. More prospective
studies are necessary to confirm these relationships.
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Subgroup Total Event (%) OR (95%Cl) Subgroup Total Event (%) OR (95%Cl) P for interaction
Sex Sex 0.94
Male Female

T 189 35(20.7)  1.47 (0.83~2.61) — T 336 34(101)  1.12(0.55~2.29) e

T2 289  44(152)  1(Ref) | T2 215 23(107)  1(Ref) 2]

T3 354 91(257)  1.32(0.81~2.16) — T3 151 30(19.9)  0.97 (0.43~2.22) -
Age, y Age,y 0.739
<65 265

T 375 39(104)  1.41(0.81~247) e T 130 30(23.1)  1.37 (0.6~3.11) —_—l—

T 366 41(11.2) 1(Ref) | | T2 138 26 (18.8) 1(Ref) u]

T3 376 85(226)  1.32(0.79~2.2) —_—l— T3 129 36(27.9)  1.36(0.62~2.99) —
Hypertension Hypertension 0.729
No Yes

T 375 45(12) 1.29(0.75~2.22) e T 130 24(185)  1.29(0.59~2.8) et

T2 381 47(123)  1(Ref) n T2 123 20(163)  1(Ref) m

T3 366 77(21) 1.18 (0.71~1.95) —— T3 139 44(317)  1.35(0.65~2.84) S e
Diabetes Diabetes 0.459
No Yes

T 424 56(132)  1.46(0.91~2.36) < T 81 13(16) 0.97 (0.28~3.29)

T2 438 56(128)  1(Ref) n T2 66 11(16.7)  1(Ref) ]

T3 427 97(227)  1.18(0.75~1.86) —— T3 78 24(308)  2.17 (0.72~6.55) —_—
SOFA SOFA 0.821
<6 26

T 476 53(11.1)  1.35(0.84~2.17) et — T 29 16(55.2)  1.69(0.5~5.71) —_—

T2 464 44(95) 1(Ref) | | T2 40 23 (57.5) 1(Ref) n

T3 417 66(158)  1.21(0.76~1.93) e T3 88 55(62.5)  1.69 (0.63~4.52) —_—
Severity of AP Severity of AP 0.848
Mild and Moderate Severe

T 476 54(11.3)  1.43(0.88~2.32) —_— T 29 15(51.7)  0.86 (0.25~291) —————

T2 458 44 (9.6) 1(Ref) | | T2 46 23 (50) 1(Ref) il

T3 409  64(156)  1.17(0.73~1.89) —rfl— T3 96 57(594)  1.05(0.41~2.65) L

T T 1 T T T T 1
0.50 1.0 3.0 025 050 1.0 3.0 6.0
Effect (95%Cl) Effect (95%Cl)

Fig. 3. Subgroup analyses for the association between HAR and AKI. Each stratified group was adjusted for
model 3 (age, sex, hypertension, DM, CHD, HR, RR, SpO,, etiology, blood transfusion, BISAP score, WBC,
and FPQG).

Conclusions

This study discovered a significant correlation between the serum HAR and the incidence of AKI. The relationship
exhibited a J-shaped curve, with an inflection point at 8.969. Further research is essential to validate these results
and elucidate the underlying mechanisms of the HAR-AKI association.
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