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Abstract
Background: Recent studies have shown that bile acids (BAs) are closely related to metabolic and
in�ammatory diseases. Our study aimed to investigate whether circulating total bile acid (TBA) levels
were associated with the severity of acute pancreatitis (AP).

Methods: We retrospectively collected data on patients diagnosed with AP in a tertiary center from 01
January 2014 to 31 December 2016. The highest TBA value during the �rst 1,2,3,5,7 days after admission
was determined as D1, D2, D3, D5, D7 TBAmax. Patients were divided into the high TBA (HTBA) group and
the normal TBA (NTBA) group according to whether the TBAmax was ≥10μmol/L. The prognosis and
complications, including death, organ failure (OF) and pancreatic necrosis, were compared between the
two groups. Logistic regression analysis and receiving operating characteristic (ROC) curve were used to
evaluate the relationship between circulating TBA and organ failure in AP patients.

Results: Through strati�ed analysis of each time period, we found that the incidence of OF in the HTBA
group was signi�cantly higher than that in the NTBA group, and the AP severity classi�cation in the HTBA
group was more serious than that in the NTBA group. In addition, according to the D7 TBAmax values, the
pancreatic necrosis rate, percutaneous catheter drainage (PCD) rate and mortality in the HTBA group
were higher than those in the NTBA group. Multivariate regression analysis showed that HTBA (odds ratio
(OR), 4.894; P = 0.002) was an independent risk factor for AP complicated with OF, which was veri�ed in
the grouping based on D7 TBAmax. ROC analysis revealed that a circulating D7 TBAmax cutoff point of
6.450 umol/L had optimal predictive value for the development of OF in AP patients with an area under
the curve of the ROC curve (AUCROC) of 0.777.

Conclusions: The increase of circulating TBA in early stage of AP is independently related to organ
failure, which indicates the adverse prognosis of AP patients.

Background
Acute pancreatitis refers to an acute in�ammation occurred in the pancreas, caused by premature
activation of the zymogen, the annual incidence rate of which is about 13-45 cases / 100,000 worldwide
and it is one of the most common digestive diseases requiring hospitalization [1, 2]. About 15% -20% of
AP patients whose in�ammation is not limited to the pancreas, but also involving the peripancreatic
tissue and other distant organs, secondary to the local or systemic complications, developed into severe
acute pancreatitis (SAP)[3, 4]. The mortality of SAP is reported as high as 40% -70%[5]. The most
common systemic complication is organ failure including acute respiratory distress syndrome (ARDS),
acute kidney injury (AKI) and shock[6]. Therefore, it is important to identify the risk factors for OF, so that
severe patients can be recognized in the early course of AP and receive appropriate and effective
interventions.
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Bile acids (BAs) are steroidal molecules generated in the liver by cholesterol oxidation, which have
multiple physiological functions including stimulation of bile �ow, intestinal absorption of lipophilic
nutrients, maintenance of cholesterol homeostasis and regulation the metabolism of lipid, glucose and
energy [7-9]. In addition, some studies have demonstrated that BAs can also regulate the in�ammatory
response of organs [9-11] and alleviate endoplasmic stress [10, 12, 13] through dedicated BAs receptors
such as the farnesoid X receptor (FXR) and the G-protein coupled receptor TGR5. Dysregulation of BAs
transport and impaired BAs receptor signalling may contribute to the pathogenesis of some metabolic
diseases such as non-alcoholic fatty liver disease, obesity, type 2 diabetes, and atherosclerosis[14]. The
circulating TBA levels are maintained within a certain range under physiological conditions, generally 2-
10 μmol/L[15], but in some states of diseases, the levels of circulating TBA will exceed the threshold. An
increase in circulating TBA is predominately detected in several hepatobiliary diseases. For example,
portosystemic shunting or damaged hepatocytes which are unable to extract the bile acids from the
portal blood and extrahepatic obstruction in which bile acids leak directly from the liver to the systemic
circulation may contribute to the elevated circulating TBA. Thus, circulating TBA is often used as an
effective biomarker for the diagnosis of hepatobiliary diseases [16]. Additionally, some studies
illuminated that the levels of circulating TBA were elevated in patients with metabolic diseases such as
obesity and type 2 diabetes [17-20].

The studies about the relationship between BAs and AP are currently limited to the damage and
in�ammation of pancreatic acinar cells in experimental acute pancreatitis induced by retrograde injection
of BA into biliopancreatic duct. There have been few clinical studies on the correlation between
circulating TBA and AP so far. Maleszka et al. found that the circulating TBA on the �rst day of AP in
patients with biliary etiology was signi�cantly higher compared to those with alcoholic and other
etiologies. Therefore, the authors indicated that circulating TBA can be used as an aid to the diagnosis of
AP etiology [15]. In this retrospective study, we analysed clinical data of AP patients in a tertiary referral
center. The results showed that elevated levels of circulating TBA in the early stages of AP were closely
related to the development of organ failure.

Methods
Study design and data collecting

This study was a retrospective cohort study of AP patients admitted to the Acute Pancreatitis Treatment
Center of Jinling Hospital from 01 January 2014 to 31 December 2016. The study was approved by the
ethics committee of the Jinling Hospital, Medical School of Nanjing University. The diagnosis of AP was
based on at least two of the following three criteria: (i) abdominal pain suggesting AP, (ii) elevated serum
amylase and / or lipase> 3 times the upper limit of normal, and (iii) characteristic AP Computed
tomography (CT) �ndings. We included patients who met the following criteria: (1) within 7 days after
onset of AP; (2) TBA values available within 7 days after admission; (3) 18 years ≤ age ≤ 75 years; (4)
exclusion of tumor, pregnancy pancreatitis; (5) no renal replacement therapy (RRT) before admission; (6)
without ursodeoxycholic acid (UDCA) treatment; (7) without portosystemic shunting or liver disease
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affecting TBA, such as cirrhosis, primary biliary cholangitis (PBC), primary sclerosing cholangitis (PSC),
etc. Because pregnancy and the use of RRT would greatly affect circulating TBA levels.

In this study, the circulating TBA values were determined by the enzymatic cycling assay, and the results
were directly read by the Hitachi 7600 automatic biochemical analyzer. We collected circulating TBA
values on different days within 1 week to observe sequential changes in this indicator after admission.
The highest TBA value during the �rst 1,2,3,5,7 days after admission was determined as D1, D2, D3, D5,
D7 TBAmax. In addition, other laboratory test results on the same day as D7 TBAmax were also collected
for further analysis. And then we divided all patients into the HTBA group and the NTBA group according
to whether the circulating TBAmax value was ≥10 μmol/L. All data on patients were collected from the
database of Pancreatitis Treatment Center including demographics, etiologies, comorbidities, laboratory
test results, diagnosis, and clinical outcomes.

Study outcomes

The primary outcome was organ failure, which is a very important factor that have a causal association
with the severity of AP patients. In our study, organ failure was de�ned for 3 organ systems
(cardiovascular, renal, and respiratory) on the basis of the worst measurement over a 24-hour period. In
patients without pre-existing organ dysfunction, organ failure was de�ned as either a score of 2 or more
in the assessed organ system using the SOFA (Sepsis-related Organ Failure Assessment) score or when
the relevant threshold was breached, as shown: 1. (Shock) Cardiovascular: need for inotropic agent; 2.
(AKI) Renal: creatinine ≥ 171 μmol/L (≥2.0 mg/dL); 3. (ARDS) Respiratory: PaO2/FiO2 ≤ 300 mmHg (40
kPa). Persistent organ failure is the evidence of organ failure in the same organ system for 48 hours or
more, while transient organ failure is less than 48 hours [21].

The secondary outcomes included AP classi�cation, pancreatic or peripancreatic necrosis, percutaneous
catheter drainage, laparotomy and death. AP classi�cation was divided into mild, moderate, severe and
critical according to the DBC classi�cation [21]. Mild AP is characterized by the absence of both
(peri)pancreatic necrosis and organ failure, whereas moderate AP is de�ned by the presence of sterile
(peri)pancreatic necrosis and/or transient organ failure. Severe AP refers to the existence of either
infected (peri)pancreatic necrosis or persistent organ failure. Finally, patients with critical AP are those
who have both infected (peri)pancreatic necrosis and persistent organ failure.

Statistical analysis

Data involving demographics, AP etiologies, comorbidities, smoking and drinking, and clinical outcomes
were compared between patients in the HTBA and the NTBA groups. The categorical variables were
described using frequency and percentage. Continuous

variables were described using mean ± standard deviation (SD) or median ± interquartile range (IQR),
depending on the distribution of the variables. We used the t test to compare the continuous variables of
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the normal distribution, and the Wilcoxon signed-rank tests compare the non-normally distributed
variables. For categorical variables, a chi-square test or Fisher exact test was used.

Univariate logistic regression was used to explore the potential association between several factors and
OF. Then, we employed multivariate logistic regression model to determine whether elevated circulating
TBA values were independently associated with OF. The multivariate logistic regression model was
adjusted for potential confounders (P < 0.1 in univariate analysis) and several related variables.

Area Under the Curve of the Receiving Operating Characteristic Curve (AUCROC) analysis was used to
de�ne the optimal cutoff point of some important factors to predict the development of OF. All analyses
were performed using SPSS, version 20 (SPSS, Chicago, IL, USA). A bilateral p-value less than 0.05 was
considered to be a statistically signi�cant.

Results
Patient demographics and clinical characteristics

In our study, 1097 AP patients admitted to the Pancreatitis Treatment Center of Jinling Hospital from 01
January 2014 to 31 December 2016 were screened. As show in Figure 1, a total of 293 patients were
eligible for further study (Figure 1). Demographics and baseline characteristics of patients between the
HTBA group and the NTBA group are presented in Table 1. According to different time points, we
separately calculated the rate of elevated TBAmax. As shown in Table 1, from the �rst day to the seventh
day after admission, the rate of elevated TBAmax increased from 6.09% to 18.43%. Through strati�ed
analysis of each time period, these patients in the HTBA group were more commonly male when
compared with patients in the NTBA group. Notably, patients with HTBA were more likely to be drinking.
Whereas, there was no signi�cant differences observed in demographics including age and the etiology
of AP between the HTBA group and the NTBA group. Similarly, comorbidities including hypertension,
diabetes mellitus (DM), biliary tract disease and fatty liver between both groups did not differ (Table 1).

Clinical outcomes

Results related to circulating TBA levels and prognosis of AP are shown in Table 2. There was a
signi�cant difference between the two groups in the severity of AP by DBC classi�cation (All P<0.05;
Table 2). Most of patients in the HTBA group suffered from severe or critical AP, while in the NTBA groups
mild and moderate AP were in the majority.

Overall, organ failure developed in 73(24.9%) out of 293 patients were available. In these 73 patients,
ARDS was the most common organ failure (76.7%), followed by AKI (68.5%) and Shock (28.8%). The
incidence of organ failure was higher in the HTBA group than those in the NTBA group (All P<0.05; Table
2). It is worth noting that in the HTBA group the incidence of AKI was higher than the NTBA group at each
time point during the �rst 7 days after admission (All P<0.01; Table 2), and this phenomenon was not
observed in ARDS and shock (Table 2).
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A total of 12 patients died, including 8 (14.8%) in the HTBA group and 4 (1.7%) in the NTBA group (Table
2). Most of the 12 deaths were caused by abdominal bleeding or septic shock due to infected pancreatic
necrosis. In terms of (peri)pancreatic necrosis, PCD and mortality, there was no difference between the
two groups in the �rst �ve days, and on the seventh day, the (peri)pancreatic necrosis rate, PCD rate and
mortality of the HTBA group were signi�cantly higher than those of the NTBA group (Table 2).

In order to eliminate the confounding effects of biliary pancreatitis, we compared the incidence of OF
between the HTBA group and the NTBA group after excluding patients with biliary pancreatitis. It was
found that the incidence of OF was still signi�cantly higher in the HTBA group than the NTBA group (D7:
69.6% vs. 21.1%; p<0.001). Similarly, the incidence of ARDS (D7: 43.5% vs. 15.4%; p=0.005) and AKI (D7:
69.6% vs. 14.6%; p<0.001) was also higher in the HTBA group. However, there was no signi�cant
difference in the incidence of shock between the two groups (D7: 17.4% vs. 7.3%; p=0.247) (Additional �le
1: Table S1).

Univariate and multivariate analysis

In order to determine the potential risk factors for OF we applied univariate analysis and the result are
shown in Additional �le 2: Table S2. In the univariate analysis some clinical parameters involving
in�ammation, hepatobiliary diseases and OF were included (Additional �le 2: Table S2). To adjust for
baseline differences we incorporated age, gender, BMI≥28 and some potentially confounding variables
(p<0.1 in the univariate analysis) into a multivariate model. As shown in Table 3, we found that HTBA (D7
TBAmax≥10μmol/L) was an independent risk factor for OF with an odds ratio of 4.894 (95% CI, 1.813-
13.208; p=0.002) (Table 3). However, at other time points (D1, D2, D3 and D5), the results shown that
TBAmax≥10μmol/L was not an independent risk factor for OF (date not shown).

To further validate our results, we performed a multivariate analysis after excluding biliary pancreatitis
and the result are shown in Additional �le 3: Table S3. HTBA (D7 TBAmax≥10μmol/L) was still an
independent risk factor for OF with an odds ratio of 5.946 (95% CI, 1.043-33.894; p = 0.045) (Additional
�le 3: Table S3).

Receiver operating characteristic curve analysis

Receiver operator characteristic analysis revealed that a circulating D7 TBAmax cutoff point of
6.450μmol/L had optimal predictive value for the development of OF in AP patients. The sensitivity of the
cutoff point was 68.5% and the speci�city was 75.9% with an AUCROC of 0.777, which was greater than
BUN (Figure 2). Moreover, we used the D7 TBAmax cutoff point for veri�cation, and found that patients
with D7 TBAmax exceeding 6.450 umol/L did have a higher rate of OF (Additional �le 4: Table S4).
Besides, HTBA (D7 TBAmax≥6.450 μmol/L) was still an independent risk factor for OF with an odds ratio
of 6.261 (95% CI, 2.835-13.830; p<0.001) (Additional �le 5: Table S5).

Discussion
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Organ failure and (peri)pancreatic necrosis are two key factors that are causally associated with the
severity of AP[21]. A large number of investigations demonstrated a statistically signi�cant association
between a wide array of factors and the severity of acute pancreatitis, such as prolonged hospitalization
and need for intervention, but the relationships are non-causal[22, 23]. Therefore, the early and accurate
prediction of organ failure is particularly important in the treatment of SAP patients. The widely adopted
guidelines of the International Association of Pancreatology and the American Pancreatic Association
recommend the persistent (lasting≥48 h) SIRS as early markers to predict the development of organ
failure [24]. However, despite a reasonably good sensitivity of 50-95%, SIRS has a lower speci�city of 75%
[25, 26]. Several clinical scores can also be exploited to predict the development of organ failure in AP,
such as APACHE II, BISAP score and SOFA score[27], which are involved multiple parameters and are
somewhat cumbersome to use. Single laboratory markers (including IL-6, CRP, and procalcitonin) can
also be used as a sensitive marker, but the guidelines emphasize the need for a repeated clinical
assessment [24, 28, 29]. At present, no single laboratory marker can be recommended for the early
prediction of the development of OF in AP. Recent studies showed that angiopoietin-2(a marker of
vascular leak syndrome)[30] or serum urokinase-type plasminogen activator receptor (uPAR)[31] can be
applied as a marker in predicting persistent organ failure. Unfortunately, the detections of these indicators
are not widely used so far and is di�cult to obtain in clinical practice. It is necessary to �nd early and
appropriate markers of organ failure, which can help doctors identify critically ill patients and allow for
the proper allocation of intensive care resources in time.

BAs are physiological detergent molecules synthesized from cholesterol in the liver. Dietary intake
stimulates Bile acids into the intestines and then they can facilitate the absorption of dietary lipids and
vitamins in the intestines[32].Over the past few decades, many studies have suggested that bile acids are
signalling molecules that regulate lipid, glucose and energy metabolism which are predominately
mediated by bile acid-activated FXR and TGR5[8, 9, 14, 33]. When the homeostasis of BAs is broken or the
signaling pathway is impaired, it can lead to a variety of metabolic disorders or in�ammatory diseases
[14, 33]. At present, circulating TBA can be used as a marker for diagnosing hepatobiliary diseases, and
has been widely used in clinical work[16, 34]. Besides, some studies have reported that circulating TBA
can predict the occurrence of colorectal cancer[35, 36] and pancreatic cancer[37]. However, there are few
researches in the �eld of critical illness or AP involving BAs.

The results of our study shown that 54 (18.43%) patients with AP had a D7 TBAmax ≥ 10 μmol/L within 7
days after admission, and the increase of circulating TBA was not only observed in biliary AP, but also in
hypertriglyceridemic and alcoholic AP. Further research revealed that the incidence of OF in the HTBA
group was signi�cantly higher than that in the NTBA group, and the AP severity classi�cation in the HTBA
group was more serious than that in the NTBA group. We performed a strati�ed analysis at multiple time
points, and in addition we repeated the comparative analysis after biliary AP was excluded, thereby
further verifying the reliability of the results. The pancreatic necrosis rate, PCD rate and mortality in the
HTBA group were higher than those in the NTBA group according to the D7 TBAmax values. All of the
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above results indicated that the increase in circulating TBA in AP patients was not related to the etiology,
and the AP patients with HTBA had a worse prognosis.

The pathophysiological mechanism of AP complicated with OF is that pancreatitis per se (sterile
in�ammation) causes the release of a large number of in�ammatory mediators leading to primary (early)
OF or infected pancreatic necrosis leads to the secondary (late) OF [27]. Cholestasis is a common
complication of sepsis. Hao et al. showed that the ampli�ed plasma levels of BAs are important for the
prediction of sepsis-associated mortality. They proved that bile acids activate the NLRP3 in�ammasome
via promoting calcium in�ux. Their research also depicted that the FXR-bile acid axis involves in the
regulation of cholestasis-associated sepsis, which can be mediated by the negative regulation of NLRP3
in�ammasome via the direct binding of FXR to NLRP3 and caspase 1 in macrophages [38, 39]. Maleszka
et al. reported that circulating TBA on the �rst day of AP could be used to discriminate the biliary AP from
the other etiologies. The cut-off values of 4.7 mol/L, with a diagnostic accuracy of 85%. However,
circulating TBA had nothing to do with the severity of AP [15]. On the contrary, in this present study, we
found that the levels of circulating TBA were closely related to the severity of AP, and logistic analysis
suggested that circulating D7 HTBAmax was an independent risk factor for AP complicated with organ
failure. Our results are somewhat different from those of Maleszka et al. The reasons for the differences
may be in the following aspects: �rst, in their study, the values of circulating TBA were continuously
monitored for three days after AP onset, while the time span of our test was longer; secondly, the sample
sizes of two groups were relatively small in our study, which is prone to bias; �nally, our center is a SAP
tertiary referral center in which our patients are more serious.

In recent years, the pathophysiological mechanisms of BAs and its receptors in diseases were elucidated
in some researches. Iracheta-Vellve A et al. manifested that agonists of FXR and TGR5 (OCA, INT-767 and
INT-777) can reduce the expression of in�ammatory cytokine in animal models of alcoholic liver disease
by inhibiting macrophage in�ammation through activation of protein kinase A induced by cyclic
adenosine monophosphate (cAMP)[40]. This mechanism was con�rmed in TGR5 ligand ameliorating the
immunity of intestinal mucosa in experimental colitis [41]. Moreover, in the pancreas, local accumulation
of BAs molecules could inhibit autophagy of pancreatic acinar cells through FXR, leading to the
increasing of apoptosis and necrotic apoptosis [42]. Our team previously found that the administration of
INT-777 could protect AP in mice and improve pancreatic acinar cell necrosis [43]. Based on the above
studies, we hypothesize that the imbalance of BAs, which may lead to the disorder in BAs metabolism
and in�ammatory response, thus affecting the organ function. Especially after a certain period of
standardized treatment, the circulating TBA levels are still higher than normal during the observation
period, which deserves our attention. However, the speci�c mechanism of increased circulating TBA levels
associated with organ failure remains unclear which needs further study.

Our study reports for the �rst time that circulating TBA levels in the early stage of AP patients are
associated with the development of organ failure. This can help clinicians identify patients whom are at
risk of organ failure in the early stage of AP (within 14 days), so as to treat them promptly and reduce the
mortality rate. In addition, the detection of circulating TBA has been widely used, exerting multiple effects
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of the same indicator. However, our research also has some limitations. First, this is a single-center
retrospective study with a small sample size and further research with larger sample sizes is needed.
Moreover, our observation marker, TBAmax, was the highest value of circulating TBA within 7 days of
admission. Long monitoring time span may cause some bias to the results. Finally, our study cannot
completely rule out the effects of liver injury and drug application on circulating TBA.

Conclusions
Overall, elevation of circulating TBA in the early stage of AP is independently associated with organ
failure, which indicates the adverse prognosis of AP patients.
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Figure 1

Flow chart of the patients with AP in the study. AP, acute pancreatitis; TBA, total bile acid; RRT, renal
replacement therapy; TBAmax, the highest TBA value within 7 days after admission; HTBA, the high TBA
group; NTBA, the normal TBA group.
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Figure 2

ROC analysis for the D7 TBAmax and the development of organ failure in acute pancreatitis. ROC,
receiver operator characteristic; D7 TBAmax, the maximum of serum TBA within 7 days after admission;
AUCROC, area under the curve of the ROC curve.
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