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Abstract

Background Obesity substantially contributes to the onset of acute pancreatitis (AP) and influences its progression
to severe AP. Although body mass index (BMI) is a widely used anthropometric parameter, it fails to delineate the dis-
tribution pattern of adipose tissue. To circumvent this shortcoming, the predictive efficacies of novel anthropometric
indicators of visceral obesity, such as lipid accumulation products (LAP), cardiometabolic index (CMI), body roundness
index (BRI), visceral adiposity index (VAI), A Body Shape Index (ABSI), and Chinese visceral adiposity index (CVAI) were
examined to assess the severity of AP,

Method The body parameters and laboratory indices of 283 patients with hyperlipidemic acute pancreatitis
(HLAP) were retrospectively analysed, and the six novel anthropometric indicators of visceral obesity were calcu-
lated. The severity of HLAP was determined using the revised Atlanta classification. The correlation between the six
indicators and HLAP severity was evaluated, and the predictive efficacy of the indicators was assessed using

area under the curve (AUC). The differences in diagnostic values of the six indicators were also compared using
the Delong test.

Results Patients with moderate to severe AP had higher VAI, CMI, and LAP than patients with mild AP (all P<0.001).
The highest AUC in predicting HLAP severity was observed for VAI, with a value of 0.733 and 95% confidence interval
of 0.678-0.784.

Conclusions This study demonstrated significant correlations between HLAP severity and VAI, CMI, and LAP indica-
tors. These indicators, particularly VAI, which displayed the highest predictive power, were instrumental in forecasting
and evaluating the severity of HLAP.
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advanced in recent years, the mortality rate remains vir-
tually unchanged [6].

The severity and prognosis of AP appear to vary by
aetiology; however, most studies did not categorise
aetiological patterns. Gallstone pancreatitis is caused
by obstruction of the pancreatic duct by gallstones, and
the resulting ductal hypertension and release of autono-
mously activated digestive enzymes lead to pancreati-
tis [7]. The underlying pathogenesis of hyperlipidemic
acute pancreatitis (HLAP) is not fully understood and is
not due to a single mechanism. Obstruction of pancre-
atic capillaries by large celiac particles is generally rec-
ognised to lead to hydrolysis of lipoproteins and release
of free fatty acids (FFA), which are bound to serum albu-
min. The two polymers have detergent properties that
increase intra-pancreatic blood viscosity and trigger
an imbalance of intra-pancreatic acids and bases, lead-
ing to acidosis and subsequent transformation of inac-
tive intra-alveolar trypsinogen into active trypsin, which
results in pancreatic auto-digestion [8, 9]. The release of
inflammatory mediators, such as IL-10, is increased in
the pancreatic inflammatory response generated by FFA.
These cytokines are critical in the development of HLAP.
Although triglycerides themselves do not cause pancrea-
titis, pancreatic lipase has the ability to convert triglycer-
ides into FFA, which can cause lipotoxicity [10, 11]. With
improved living conditions and people placing greater
importance on healthier lifestyles and better nutrition,
HLAP now accounts for 10% of pancreatitis episodes
[8] and is currently the third most common cause of
AP worldwide [12]. Compared with AP caused by other
aetiologies, HLAP exhibits higher severity, complication
rates, and recurrence rates [13, 14]. Therefore, identify-
ing the aetiology and assessing the severity of HLAP is
important. Early prevention of SAP and related disorders
enables patients to undergo more aggressive tests and
treatments, including early fluid resuscitation and nutri-
tional support, which are crucial for reducing the burden
of care.

Abdominal obesity plays a critical role in the pro-
gression from AP to SAP [15]. According to a pop-
ulation-based study of more than 68,000 adults,
abdominal obesity increased the risk of AP [16]. There-
fore, it is worthwhile to study the use of common anthro-
pometric indices, such as body mass index (BMI), to
predict AP severity [17]. One drawback of this method
is that it does not differentiate between muscle and
fat accumulation [18-20]. The gold-standard imaging
assessments of visceral adipose tissue (VAT), such as
CT and MRI, have drawbacks including the high costs,
radiation exposure, and time required. There is a grow-
ing trend towards the use of simple methods to assess
visceral fat. Lipid accumulation products (LAP) [21],
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cardiometabolic index (CMI) [22], body roundness index
(BRI) [23], visceral adiposity index (VAI) [12], A Body
Shape Index (ABSI) [24], and Chinese visceral adiposity
index (CVAI) [25] are relatively new and effective anthro-
pometric indicators that have been studied to assess vis-
ceral obesity and compensate for the limitations of other
methods. Most of these indicators have been primarily
utilised and examined within the framework of meta-
bolic syndrome (MetS), and their efficacy in predicting
the severity of HLAP remains unexplored. This research
aimed to explore the association between novel anthro-
pometric indicators and HLAP severity and the prognos-
tic role of these indicators in HLAP.

Materials and methods

Study population

Patients diagnosed with AP who were admitted to our
hospital between July 2017 and April 2021 were included.
Of the reviewed patients, 283 met the HLAP criteria
below.

Diagnostic criteria for HLAP

The diagnosis of AP adhered to the criteria established
by the Atlanta International Symposium and revised
Atlanta classification. These criteria include a) abdomi-
nal pain that was consistent with AP, characterised by
a sudden onset of severe and persistent epigastric pain
that may radiate to the back; b) serum lipase or amylase
greater than three times the upper bound of the standard
range; and c) presence of radiological findings that did
not indicate cholelithiasis. The diagnosis of HLAP was
confirmed when patients had a serum triglyceride (TG)
level of 11.3mmol/L or higher, or 5.65-11.3mmol/L in
the presence of celiac disease. The exclusion criteria for
this study were as follows: a) individuals who consumed
excessive alcohol prior to the onset of the condition or
who had daily alcohol consumption exceeding 50g for at
least 5 years [26]; b) evidence of cholelithiasis detected by
CT, MR], or abdominal ultrasound; and c) patients aged
<18years.

Data collection

Sociodemographic characteristics, medical histories,
and laboratory test results were collected from medical
records. Professional researchers adhered to a stand-
ard protocol to measure the participants’ body height,
waist circumference (WC), blood pressure, and weight.
Baseline assessments involved collecting venous blood
samples from all participants after a > 8-hour all-night
fast (no food or alcohol consumption, but water intake
was allowed). Measurements included fasting blood
glucose (FBQG), creatinine (Cr), lactate dehydrogenase
(LDH), total cholesterol (TC), total bilirubin (TBIL),



Zhu et al. Lipids in Health and Disease (2024) 23:120

high-density lipoprotein cholesterol (HDL-C), TG,
low-density lipoprotein cholesterol (LDL-C), amylase,
blood urea nitrogen (BUN), lipase, calcium (Ca), phos-
phorus (P), sodium (Na), potassium (K), and other
biochemical parameters. A hepatobiliary and pancre-
atic surgeon with over 10years of experience collected
international rating scores such as Ranson, APACHE
II, Marshall, and BISAP.
The formulae that were used are as follows:
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Results

Characteristics of participants

The data of 283 patients were retrospectively reviewed
in this study. Patients diagnosed with moderately severe
acute pancreatitis (MSAP) and SAP were grouped
together. Participants were categorised based on AP
severity as follows: 152 patients exhibited mild acute pan-
creatitis (MAP), 102 had MSAP, and 29 developed SAP.
As shown in Table 1, there were 62 women (21.9%) and

VAl(males) = {WC(cm)/(39.68 + [1.88 x BMI])} x (TG/1.03) x (1.31/HDL)

VAI (females) = {WC(CM)/(36.58 + [1.89 x BMI])} x (TG/0.81) x (1.52/HDL)

LAP (males) = (WC (cm) — 65) x TG

LAP (females) = (WC (cm) — 58) x TG

221 men (78.1%). The average BMI was 25.71kg/m?, the
average WC was 88.73cm, and the mean lipid level was
14.21. Participants were, on average, 40.7 + 9.3 years old.
The “MSAP to SAP” group had higher levels of LDH (373

CVAl(males) = —267.934-0.68 x year+0.03 x BMI44.00x WC(cm)+22.0x1ogTG—16.32x HDL—C

CVAI (females) = —187.32+1.71 xyear+4.23x BMI+1.12x WC(cm)+39.76 x1ogTG—11.66 x HDL—C

CMI = TG/HDL — C x Waist — to — Height Ratio (WHtR)
ABSI = WC (m)/(BMID2/3) x height (m)X(1/2))

BRI = 364.2 — 365.5 x sqrt (1 — (WC(cm)/(2m))XR2/ (0.5 X height)OZ)

Statistical analysis

IBM SPSS Statistics 18.0 was used for statistical analy-
sis. The distribution of the data was checked for nor-
malcy using the Kolmogorov—Smirnov test, and one-way
ANOVA or Levene’s test was used to assess homogene-
ity of variance. For normally distributed continuous data,
mean and standard deviation were measured; for skewed
data, median and interquartile range were used. Cate-
gorical variables are expressed as percentages. Student’s
t-test and non-parametric Mann—Whitney U-test were
used to compare continuous data. Spearman’s rank corre-
lation coefficients were used to examine the relationship
between two continuous variables that were not nor-
mally distributed. Area under the curve (AUC) analysis
was conducted to evaluate the diagnostic performance of
novel anthropometric indicators in assessing the severity
of AP. P <0.05 was considered significant.

vs. 234, P <0.001), amylase (198 vs. 90, P <0.001), and
lipase (334 vs 130, P <0.001) than the MAP group. Sta-
tistical analyses demonstrated that the severity of HLAP
was associated with Ca, P, Na, lipase, amylase and LDH
levels (Fig. 1).

Correlation between novel anthropometric indicators

and laboratory parameters

Figure 2 shows a significant positive correlation between

TG and VAI, CMI, and LAP. Similarly, both BRI and

CVAI showed a significant positive correlation with

WC. A Statistically significant differences were observed

between the increases in LAP and CMI (r=0.783, P <
0.001), VAI and CMI (r =0.978, P <0.001), and VAI and

LAP (r=0.764, P <0.001) (Fig. 3).

Comparison of novel anthropometric indicator
characteristics between MAP group and “MSAP to SAP”
group

As presented in Table 2, the “MSAP to SAP” group dem-
onstrated a higher CMI (21.06 vs. 10.04, P=0.002), VAI
(52.46 vs. 26.50, P<0.001), and LAP (444.41 vs. 318.33,
P<0.001) than the MAP group. No statistically signifi-
cant difference was observed in other indicators (CVAI,
BRI, and ABSI) between the two groups.
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Table 1 Basic characteristics of the participants

Variable Total MAP MSAP to SAP Pvalue
Age (years) 40.73+9.33 4131+851 40.05+10.19 0.651
Gender (male) 221 (78.1%) 96 (43.4%) 125 (46.6%) 0.069
Hypertension 59 (20.8%) 31 (52.5%) 28 (47.5%) 0.840
Drinking 129 (45.6%) 67 (51.9%) 62 (48.1%) 0.584
WC (cm) 88.73 (83.27-96.06) 89.04 (83.86-95.17) 88.19 (82.18-97.16) 0372
BMI (kg/m?) 25.71 (23.53-28.40) 25.90 (24.03-28.70) 25.53(23.24-28.34) 0.204
TG (mmol/L) 14.21 (9.58-26.64) 12.26 (8.68-20.27) 18.96 (12.09-31.92) <0.001
HDL-C (mmol/L) 061 (0.48-0.78) 0.68 (0.57-0.84) 0.52 (0.40-0.66) <0.001
Diabetes 62 (39.5%) 29 (46.8%) 33(53.2%) 0.402
LDH (mmol/L) 276 (209-388) 234.0 (186.0-282.0) 373.0 (278.0-489.0) <0.001
TBIL (mmol/L) 15(11-22) 14.0 (12.0-19.0) 16.0 (11.0-29.0) 0.528
ALT (mmol/L) 25 (17-44) 28.0(18.0-46.0) 22.0(16.0-44.0) 0.127
Amylase (mmol/L) 123 (70-295) 90 (57-201) 198 (92-500) <0.001
Lipase (mmol/L) 203.5 (532.0-80.8) 130 (53-285) 334 (126-856) <0.001
Creatinine (mmol/L) 61 (46-73) 62.0 (48.0-73.0) 58.0 (44.0-78.0) 0.594
BUN (mmol/L) 44(3.2-5.8) 4.1(3.2-53) 4.7 (3.2-64) 0.054
FBG (mmol/L) 8.6 (6.6-12.8) 85 (6.5-12.1) 9.0 (6.6-13.6) 0.090
K (mmol/L) 4.0(3.6-4.3) 4.0 (3.7-4.2) 3.9(3.5-44) 0.269
Na (mmol/L) 135(132-138) 136.0 (134.0-138.0) 135.0(131.0-138.0) 0.027
Ca (mmol/L) 2.1(1.9-23) 22(21-23) 20(1.8-2.2) <0.001
P (mmol/L) 08+03 09+03 0.7+£04 <0.001

WC waist circumference, BMI body mass index, TG triglyceride, HDL-C high-density lipoprotein cholesterol, LDH lactate dehydrogenase, TBIL total bilirubin, ALT alanine

aminotransferase, BUN blood urea nitrogen, FBG fasting blood glucose

Ability of novel anthropometric indicators

and international rating scale to predict HLAP severity

The predictive performances of LAP, CMI, VAI, Mar-
shall, APACHE II, Ranson, and BISAP scores for HLAP
severity were compared using receiver operating char-
acteristic (ROC) curves, as summarised in Table 3. The
present study indicated that VAI achieved the best pre-
dictive performance with an AUC of 0.733 (95% con-
fidence interval (CI): 0.678-0.784) among the three
anthropometric indicators, closely followed by CMI at
0.724 (95% CI: 0.668-0.775) and LAP at 0.605 (95% CI:
0.548-0.665). Meanwhile, Ranson scores were associated
with the intensity of HLAP (P <0.001), and APACHE II
demonstrated the highest AUC at 0.882 (95% CI: 0.797—
0.941). Furthermore, the predictive probabilities of VAI
(AUC=0.733) and CMI (AUC=0.724) closely parallelled
the predictive power of BISAP (AUC =0.737), attesting to
the potential of novel anthropometric indicators in pre-
dicting the severity of HLAP, as shown in Fig. 4.

Discussion

This study examined the correlation between anthropo-
metric markers of visceral obesity and HLAP severity.
We identified a significant association between these
anthropometric indicators and the severity of AP, and

demonstrated that VAI was the most accurate anthro-
pometric predictor of HLAP. Notably, the number of
patients with MSAP approached the number of patients
with only MAP in this retrospective study. This may be
because the study hospital is a large tertiary referral cen-
tre with a dedicated pancreatitis centre that accepts many
patients with moderate to severe AP referred from out-
side institutions. Therefore, patients treated at the study
hospital may present with higher disease severity than
those in population-based studies. For the treatment of
AD, the first principles of managing patients with mild
AP include restriction of oral intake, enzyme inhibition,
and intravenous rehydration with the use of lipid-modi-
fying drugs such as fenofibrate capsules. In patients with
MSAP and SAP, the primary goal of treatment is to pre-
serve organ function by inhibiting pancreatic enzymes
through the use of inhibitors to stabilise the internal
environment, inhibit inflammatory damage, improve gas-
trointestinal motility, and reduce mortality by decreasing
the incidence of early organ failure; in the later stages of
disease, the main goals are to restore organ function and
control infections and local complications [27]. Patients
discharged from the hospital should receive long-term
fibrate treatment to lower blood lipids and recommended
lifestyle modifications to exercise more, control body
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Fig. 1 Correlation of laboratory tests with severity of HLAP. Abbreviations: ALT, alanine aminotransferase; BUN, blood urea nitrogen; MAP, mild acute
pancreatitis, MSAP, moderately severe acute pancreatitis; SAP, severe acute pancreatitis; TBIL, total bilirubin

weight, limit intake of fats and carbohydrates, and avoid
alcohol consumption [28, 29].

AP has progressively become one of the most critical
acute gastrointestinal diseases worldwide [30, 31]. Most
AP cases are mild and do not require specific interven-
tions. However, approximately 20% of patients are likely
to develop SAP [32]. Current scoring systems, such as
the Ranson score and APACHE II, seem to have realised
their maximum potential in forecasting the severity of
AP, but still exhibit low predictive accuracy [33]. No sin-
gle scoring system has high accuracy in predicting differ-
ent severity levels of pancreatitis or mortality in AP [34].
These scores often provide delayed predictive results
(e.g. the Ranson score is standardised to 48hours), are
cumbersome to use (e.g. APACHE II includes more than
13 variables), or lack repeated validation (as is the case
with most existing scores) [35]. Finally, none of the above
scores consider obesity or visceral fat. However, underly-
ing obesity is an important prognostic indicator [36]. As

blood biochemistry tests and anthropometric measure-
ments are routinely conducted in patients with AP, these
parameters could be used to develop simple, dynamic,
fast, and potentially predictive indicators.

HLAP is recognised to typically correlate with meta-
bolic complications, such as obesity, which in turn
increases the likelihood of elevated adipose tissue in
patients with HLAP [37]. An abundance of clinical and
experimental data indicates a robust association between
obesity and AP severity [38, 39]. Current obesity-related
markers aim to correlate body size with body fat and its
distribution using numerical metrics, such as BMI. How-
ever, the discriminatory capability of BMI is suboptimal,
as it fails to differentiate between adipose and fat-free
tissues [18, 40]. Multiple studies have demonstrated that
VAT outperforms BMI as the sole prognostic marker in
patients with AP [15]. Given these observations, it is evi-
dent that a more comprehensive body index, that encom-
passes traditional anthropometric measurements, should
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consider body size. Several studies indicated that visceral
obesity was linked to a poor prognosis of AP [41, 42].
Progress in anthropometrics has led to the development
of new visceral obesity indices, such as LAP, VAI, CM],
CVALI, ABSI, and BRI These were shown to represent the
human body’s visceral fat content with relative accuracy,
and each possesses unique properties for forecasting the
risk of obesity-related diseases (such as MetS) [43—-45]. A
cross-sectional study of participants in the United States
between 2017 and 2020 showed that an increased risk of
developing osteoarthritis was associated with a higher
LAP, showing a threshold effect. LAP that was less than
120.00 cm-mmol/L displayed an independent association
with osteoarthritis [46]. Another retrospective study of
1498 patients found that increased VAL a key indicator of
insulin sensitivity and VAT function, was independently
associated with cardiometabolic disease [47]. Wei et al.

used the data of 5838 adults from the Chinese population
and explored the predictive efficiency of CVAI for diabe-
tes. CVAI showed a positive correlation with incidence of
diabetes, and was found to be more effective when fore-
casting diabetes for Chinese individuals [48]. Liu et al.
collected the anthropometric and biochemical data of
47,683 Chinese adults of normal weight and calculated
CMI indicators; CMI was found to show good efficacy
in recognizing the metabolically obese normal weight
(MONW) phenotype [49]. A population-based cohort
study repeatedly measured BRI, calculated its dynamic
trajectory, and used Cox proportional risk models to ana-
lyse the association between BRI trajectory and cardio-
vascular disease events. BRI trajectory was observed to
significantly correlate with the risk of cardiovascular dis-
ease, and the association was more significant in young
people [50]. A cross-sectional study of 5245 people with
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acentric cerebrovascular disease showed that ABSI was
independently correlated with carotid plaques and was
not affected by sex. As ABSI levels increased, the preva-
lence of atherosclerosis increased linearly [51].

In this study, the correlations among novel anthro-
pometric indicators of visceral obesity, VAL, LAP, CMI,
ABSI, CVAI BRI, and HLAP severity, were examined.
Consistent with previous studies, Ji et al. discovered
that visceral adipose tissue serves as a beneficial indi-
cator of HLAP severity and prognosis [41]. Similarly,
Natu et al. concluded that amplification in the VAT
area corresponds to an increase in the severity of AP,
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Table 3 Comparison of characteristics in predicting disease
severity in HLAP

Variable AUC P value 95% Cl

LAP 0.605 <0.001 0.548 to 0.665
CMI 0.724 <0.001 0.668 t0 0.775
VAI 0.733 <0.001 0.67810 0.784
Marshall 0.762 <0.001 0.661 to 0.845
APACHE_II 0.882 <0.001 0.797 10 0.941
Ranson 03873 <0.001 0.786 t0 0.934
BISAP 0.737 <0.001 0.633t0 0.824

LAP lipid accumulation products, CMI cardiometabolic index, VAl visceral
adiposity index

as measured by the total cross-sectional area of the
VAT. These measurements were taken using CT at the
lumbar L2-L3 intervertebral disc space in males and
the lumbar L3-L4 intervertebral disc space in females
[52]. However, a drawback of these studies is that the
underlying region of the VAT could be masked by sub-
cutaneous and intra-abdominal oedema, potentially
resulting in underestimation of fat distribution meas-
urements. Despite this, ABSI and BRI, although novel
anthropometric indicators of visceral obesity, failed to
exhibit a significant correlation with HLAP severity,
potentially owing to race variations. These indices were
initially developed in Western countries (specifically in
the United States) [53]. As Asians typically have a con-
siderably lower BMI than their Western counterparts
(the difference is approximately 2—3 kg/m? for age- and
sex-matched individuals) [54], these indices should be
adjusted according to findings from other studies [55,
56] to ensure suitability for application in different pop-
ulations with distinct characteristics.

Table 2 Comparison of rating scales and body parameters for different severities of acute pancreatitis

Baseline variable Total MAP MSAP to SAP P value
SIRS 06+05 082+04 05+05 <0.001
APACHE Il 5.00 (3.00-8.00) 3.00 (1.00-5.00) 8.00 (6.00-10.00) <0.001
BISAP 1.00 (0.00-2.00) 0.50 (0.00-1.00) 1.00 (1.00-2.00) <0.001
Ranson 2.00 (1.00-3.00) 1.00 (1.00-2.00) 3.00 (2.00-4.00) <0.001
Marshall 0.00 (0.00-1.00) 0.00 (0.00-0.00) 1.00 (0.00-2.00) <0.001
LAP 366.82 (228.11-671.34) 318.33 (210.01-497.66) 44141 (261.13-802.05) 0.002
CMI 14.25 (7.69-26.21) 10.04 (5.65-16.73) 21.06 (11.75-35.80) <0.001
BRI 3.88(3.34-4.78) 3.89 (3.40-4.77) 3.88 (3.25-4.78) 0.694
VAI 34.88 (19.67-68.75) 26.50 (14.75-44.73) 5246 (32.19-95.23) <0.001
ABSI 0.08 (0.08-0.08) 0.08 (0.08-0.08) 0.08 (0.08-0.08) 0.682
CVAI 134.14(113.89-157.33) 132.87 (114.51-160.31) 136.15 (111.35-156.86) 0.801

LAP lipid accumulation products, CMI cardiometabolic index, VAI visceral adiposity index, ABSI a body shape index, CVAI Chinese visceral adiposity index, BRI body

roundness index
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Fig.4 ROC curve of novel anthropometric indicators

and international rating scales. Abbreviations: CMI: cardiometabolic
index; LAP: lipid accumulation products; ROC: receiver operating
characteristic; VAI: visceral adiposity index

Study strengths and limitations
In general, this retrospective study revealed that these
novel anthropometric indicators of visceral obesity,
which are fast, simple, and dynamically monitorable
methods, could predict the severity of HLAP. In addition,
this research was the first to compare anthropometric
indicators of visceral obesity with other clinical scoring
systems in AP and to show comparable predictive accu-
racy with traditional scoring systems. When set against
the existing international rating scale, the predictive effi-
cacies of VAI, LAP, and CMI do not match with those
of APACHE II and Ranson, but are roughly equivalent
to those of Marshall and BISAP. In addition, these novel
indicators may serve as a low-cost surrogate method for
early prediction of the severity in specific patients (e.g.,
those for whom clinical scores cannot be obtained due to
physical factors), which can provide better care (e.g., early
enteral nutrition and maintenance of organ function).
This retrospective study has several limitations. First,
only a limited number of patients with HLAP were stud-
ied, which imposed a constraint on the sample size for
analysis. Retrospective study samples from a single insti-
tution may lead to selection bias. Second, it is possible
that some patients experienced persistently increasing TG
levels due to underlying AP, which may further increase
the heterogeneity of the patient population arising from
the retrospective nature of this study. Third, in local
clinical practice, there is an absence of genetic testing to
exclude patients with hereditary pancreatitis and famil-
ial hypercholesterolaemia from the retrospective study,
which may further affect the predictive power of visceral
obesity on HLAP. Finally, as the results were drawn from a
single institution, they should be interpreted with caution,
and a more comprehensive, multi-centre study involving
a larger participant pool should be conducted to examine
the true predictive value of visceral obesity indicators.
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Conclusions

The present study indicates notable associations between
HLAP severity and VAL, CMI, and LAP. Amongst these
anthropometric indicators, VAI demonstrated the high-
est predictive efficacy for HLAP severity. The findings
present a rapid, straightforward, cost-effective, and
dynamically trackable approach for predicting HLAP
severity.

Abbreviations

HLAP  Hyperlipidemic acute pancreatitis
LAP Lipid accumulation products
(@] Cardiometabolic index

VAI Visceral adiposity index

ABSI A body shape index

CVAI Chinese visceral adiposity index
BRI body roundness index

Acknowledgements
We thank all the authors contributing to this work and the First Affiliated
Hospital of Wenzhou Medical University for its support.

Authors’ contributions

HH and ZY conceived, designed, and directed the study. HY and HS performed
the data analysis. YH and HH performed the statistical analysis. All other co-
authors recruited study subjects and collected clinical data. WX and XS drafted
the manuscript with substantial help from YY. All authors contributed to the
intellectual content with critical revisions and approved the final version of the
manuscript.

Funding

This study was supported by Wenzhou Science and Technology Planning
Project (CN), project number: Y20210229; the Zhejiang Province Medical
and Health Science and Technology Program, project number: 2024642828;
Wenzhou Science and Technology Committee, project number: Y20180077;
Key Laboratory of Novel Nuclide Technologies on Precision Diagnosis and
Treatment & Clinical Transformation of Wenzhou City, project number:
2023HZSY0012.

Availability of data and materials.

The data supporting this study’s findings are available at reasonable request
from the corresponding author.

Declarations

Ethics approval and consent to participate

Written informed consent was obtained from each patient or an appropriate
family member. The local human ethics committee approved the protocol of
this study. All clinical investigations were conducted according to the princi-
ples expressed in the Declaration of Helsinki. Ethical approval was obtained at
in the First Affiliated Hospital of Wenzhou Medical University (date 14.02.2019,
Ethics number KY2019-011, Ethics Committee, the First Affiliated Hospital of
Wenzhou Medical University).

Consent for publication
Not applicable.

Competing interests
The authors of this manuscript declare no relationships with any companies
whose products or services may be related to the article’s subject matter.

Received: 17 December 2023 Accepted: 17 April 2024
Published online: 23 April 2024



Zhu et al. Lipids in Health and Disease

(2024) 23:120

References

1.

20.

21

22.

23.

Singla A, Csikesz NG, Simons JP, Li YF, Ng SC, Tseng JF, et al. National hos-
pital volume in acute pancreatitis: analysis of the Nationwide inpatient
sample 1998-2006. HPB (Oxford). 2009;11(5):391-7.

Pongprasobchai S, Vibhatavata P, Apisarnthanarak P. Severity, treatment,
and outcome of acute pancreatitis in Thailand: the first comprehensive
review using revised Atlanta classification. Gastroenterol Res Pract.
2017;2017:3525349.

Mederos MA, Reber HA, Girgis MD. Acute pancreatitis: a review. JAMA.
2021,325:382-90.

Gapp J, Hall AG, Walters RW, Jahann D, Kassim T, Reddymasu S. Trends
and outcomes of hospitalizations related to acute pancreatitis: epidemi-
ology from 2001 to 2014 in the United States. Pancreas. 2019;48:548-54.
Lankisch PG, Apte M, Banks PA. Acute pancreatitis. Lancet.
2015;386(9988):85-96.

McKay CJ, Imrie CW. The continuing challenge of early mortality in acute
pancreatitis. Br J Surg. 2004;91:1243-4.

Yadav D, Lowenfels AB. Trends in the epidemiology of the first attack of
acute pancreatitis: a systematic review. Pancreas. 2006;33:323-30.
Valdivielso P, Ramfrez-Bueno A, Ewald N. Current knowledge of hypertri-
glyceridemic pancreatitis. Eur J Intern Med. 2014,25:689-94.

Adiamah A, Psaltis E, Crook M, Lobo DN. A systematic review of the epide-
miology, pathophysiology and current management of hyperlipidaemic
pancreatitis. Clin Nutr. 2018;37:1810-22.

Bosques-Padilla FJ, Vazquez-Elizondo G, Gonzélez-Santiago O, Del Follo-
Martinez L, Gonzélez OP, Gonzélez-Gonzélez JA, et al. Hypertriglyceri-
demia-induced pancreatitis and risk of persistent systemic inflammatory
response syndrome. Am J Med Sci. 2015;349:206-11.

. Patel K, Trivedi RN, Durgampudi C, Noel P, Cline RA, Delany JP, et al.

Lipolysis of visceral adipocyte triglyceride by pancreatic lipases converts
mild acute pancreatitis to severe pancreatitis independent of necrosis
and inflammation. Am J Pathol. 2015;185:808-19.

Xia W, Yu H, Huang Y, Yang Y, Shi L. The visceral adiposity index predicts
the severity of hyperlipidaemic acute pancreatitis. Intern Emerg Med.
2022;17:417-22.

Stefanutti C, Labbadia G, Morozzi C. Severe hypertriglyceridemia-related
acute pancreatitis. Ther Apher Dial. 2013;17:130-7.

Premkumar R, Phillips AR, Petrov MS, Windsor JA. The clinical relevance of
obesity in acute pancreatitis: targeted systematic reviews. Pancreatology.
2015;15:25-33.

Kuan LL, Dennison AR, Garcea G. Association of visceral adipose tissue
on the incidence and severity of acute pancreatitis: a systematic review.
Pancreatology. 2020;20:1056-61.

Sadr-Azodi O, Orsini N, Andrén-Sandberg A, Wolk A. Abdominal and total
adiposity and the risk of acute pancreatitis: a population-based prospec-
tive cohort study. Am J Gastroenterol. 2013;108:133-9.

Yang L, Liu J, Xing Y, Du L, Chen J, Liu X, et al. Correlation of body mass
index and waist-hip ratio with severity and complications of Hyperlipi-
demic acute pancreatitis in Chinese patients. Gastroenterol Res Pract.
2017;2017:6757805.

Nevill AM, Stewart AD, Olds T, Holder R. Relationship between adipos-
ity and body size reveals limitations of BMI. Am J Phys Anthropol.
2006;129:151-6.

Heymsfield SB, Scherzer R, Pietrobelli A, Lewis CE, Grunfeld C. Body

mass index as a phenotypic expression of adiposity: quantitative
contribution of muscularity in a population-based sample. Int J Obes.
2009;33:1363-73.

Gomez-Ambrosi J, Silva C, Galofré JC, Escalada J, Santos S, Millan D,

et al. Body mass index classification misses subjects with increased
cardiometabolic risk factors related to elevated adiposity. Int J Obes.
2012,36:286-94.

Kyrou |, Panagiotakos DB, Kouli GM, Georgousopoulou E, Chrysohoou

C, Tsigos C, et al. Lipid accumulation product in relation to 10-year
cardiovascular disease incidence in Caucasian adults: the ATTICA study.
Atherosclerosis. 2018;279:10-6.

Cai X, Hu J, Wen W, Wang J, Wang M, Liu S, et al. Associations of the
Cardiometabolic index with the risk of cardiovascular disease in patients
with hypertension and obstructive sleep apnea: results of a longitudinal
cohort study. Oxidative Med Cell Longev. 2022;2022:4914791.

Thomas DM, Bredlau C, Bosy-Westphal A, Mueller M, Shen W, Gallagher D,
et al. Relationships between body roundness with body fat and visceral

24,

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Page 9 of 10

adipose tissue emerging from a new geometrical model. Obesity (Silver
Spring). 2013;21:2264-71.

Gomez-Peralta F, Abreu C, Cruz-Bravo M, Alcarria E, Gutierrez-Buey G,
Krakauer NY, et al. Relationship between "a body shape index (ABSI)"
and body composition in obese patients with type 2 diabetes. Diabetol
Metab Syndr. 2018;10:21.

Wu J, Gong L, Li Q, Hu J, Zhang S, Wang Y, et al. A novel visceral adiposity
index for prediction of type 2 diabetes and pre-diabetes in Chinese
adults: a 5-year prospective study. Sci Rep. 2017;7:13784.

ZhuY, Pan X, Zeng H, He W, Xia L, Liu P, et al. A study on the etiology,
severity, and mortality of 3260 patients with acute pancreatitis accord-
ing to the revised Atlanta classification in Jiangxi, China over an 8-year
period. Pancreas. 2017,46:504-9.

Li J, Chen J, Tang W.The consensus of integrative diagnosis and treatment
of acute pancreatitis-2017. J Evid Based Med. 2019;12:76-88.

Ewald N, Hardt PD, Kloer HU. Severe hypertriglyceridemia and pancreati-
tis: presentation and management. Curr Opin Lipidol. 2009;20:497-504.
Scherer J, Singh VP, Pitchumoni CS, Yadav D. Issues in hypertriglyceri-
demic pancreatitis: an update. J Clin Gastroenterol. 2014;48:195-203.
Spanier BW, Dijkgraaf MG, Bruno MJ. Epidemiology, aetiology and
outcome of acute and chronic pancreatitis: an update. Best Pract Res Clin
Gastroenterol. 2008;22:45-63.

. Farthing M, Roberts SE, Samuel DG, Williams JG, Thorne K, Morrison-Rees

S, et al. Survey of digestive health across Europe: final report. Part 1: the
burden of gastrointestinal diseases and the organisation and delivery of
gastroenterology services across Europe. United European. Gastroenterol
1.2014;2:539-43.

Brisinda G, Vanella S, Crocco A, Mazzari A, Tomaiuolo P, Santullo F, et al.
Severe acute pancreatitis: advances and insights in assessment of severity
and management. Eur J Gastroenterol Hepatol. 2011;23:541-51.
Mounzer R, Langmead CJ, Wu BU, Evans AC, Bishehsari F, Muddana V,

et al. Comparison of existing clinical scoring systems to predict persistent
organ failure in patients with acute pancreatitis. Gastroenterology.
2012;142:1476-82.

He WH, Zhu'Y, Zhu'Y, Jin Q, Xu HR, Xion ZJ, et al. Comparison of
multifactor scoring systems and single serum markers for the early
prediction of the severity of acute pancreatitis. J Gastroenterol Hepatol.
2017;32:1895-901.

Di MY, Liu H, Yang ZY, Bonis PA, Tang JL, Lau J. Prediction models of mor-
tality in acute pancreatitis in adults: a systematic review. Ann Intern Med.
2016;165:482-90.

O'Leary DP, O'Neill D, McLaughlin P, O'Neill S, Myers E, et al. Effects of
abdominal fat distribution parameters on severity of acute pancreatitis.
World J Surg. 2012,36:1679-85.

Subramanian S, Chait A. Hypertriglyceridemia secondary to obesity and
diabetes. Biochim Biophys Acta. 2012;1821:819-25.

Hong S, Qiwen B, Ying J, Wei A, Chaoyang T. Body mass index and the risk
and prognosis of acute pancreatitis: a meta-analysis. Eur J Gastroenterol
Hepatol. 2011;23:1136-43.

FeiY, Gao K, Tu J, Wang W, Zong GQ, Li WQ. Predicting and evaluation the
severity in acute pancreatitis using a new modeling built on body mass
index and intra-abdominal pressure. Am J Surg. 2018;216:304-9.
Romero-Corral A, Somers VK, Sierra-Johnson J, Thomas RJ, Collazo-Clavell
ML, Korinek J, et al. Accuracy of body mass index in diagnosing obesity in
the adult general population. Int J Obes. 2008;32:959-66.

JiT, Li X, Zhang X, Hui L, Shang F, Zhu X, et al. Evaluation of the severity of
hyperlipidemia pancreatitis using CT-measured visceral adipose tissue. J
Clin Gastroenterol. 2019;53:e276-83.

Yashima Y, Isayama H, Tsujino T, Nagano R, Yamamoto K, Mizuno S, et al. A
large volume of visceral adipose tissue leads to severe acute pancreatitis.
J Gastroenterol. 2011;46:1213-8.

Duan, Zhang W, Li Z, NiuY, Chen Y, Liu X, et al. Predictive ability of
obesity- and lipid-related indicators for metabolic syndrome in relatively
healthy Chinese adults. Front Endocrinol (Lausanne). 2022;13:1016581.
ChangY, Guo X, ChenY, Guo L, Li Z,Yu S, et al. A body shape index and
body roundness index: two new body indices to identify diabetes mel-
litus among rural populations in Northeast China. BMC Public Health.
2015;15:794.

Han M, Qin P, Li Q, Qie R, Liu L, Zhao Y, et al. Chinese visceral adiposity
index: a reliable indicator of visceral fat function associated with risk of
type 2 diabetes. Diabetes Metab Res Rev. 2021;37:e3370.



Zhu et al. Lipids in Health and Disease (2024) 23:120

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

Huang J, Han J, Rozi R, Fu B, Lu Z, Liu J, et al. Association between

lipid accumulation products and osteoarthritis among adults in the
United States: a cross-sectional study, NHANES 2017-2020. Prev Med.
2024;180:107861.

Amato MC, Giordano C, Galia M, Criscimanna A, Vitabile S, Midiri M, et al.
Visceral adiposity index: a reliable indicator of visceral fat function associ-
ated with cardiometabolic risk. Diabetes Care. 2010;33:920-2.

Wei J, Liu X, Xue H, Wang Y, Shi Z. Comparisons of visceral adiposity index,
body shape index, body mass index and waist circumference and their
associations with diabetes mellitus in adults. Nutrients. 2019;11:1580.
Liu X, Wu Q, Yan G, Duan J, Chen Z, Yang P, et al. Cardiometabolic index:
a new tool for screening the metabolically obese normal weight pheno-
type. J Endocrinol Investig. 2021;44:1253-61.

Wu M, Yu X, Xu L, Wu S, Tian Y. Associations of longitudinal trajectories

in body roundness index with mortality and cardiovascular outcomes: a
cohort study. Am J Clin Nutr. 2022;115:671-8.

Ma X, Chen L, HuW, He L. Association between a body shape index and
subclinical carotid atherosclerosis in population free of cardiovascular
and cerebrovascular diseases. J Atheroscler Thromb. 2022,29:1140-52.
Natu A, Stevens T, Kang L, Yasinow S, Mansoor E, Lopez R, et al.

Visceral adiposity predicts severity of acute pancreatitis. Pancreas.
2017;46:776-81.

Krakauer NY, Krakauer JC. A new body shape index predicts mortality
hazard independently of body mass index. PLoS One. 2012;7:€39504.
Kumar S, Kelly AS. Review of childhood obesity: from epidemiology, etiol-
ogy, and comorbidities to clinical assessment and treatment. Mayo Clin
Proc. 2017,92:251-65.

Fujita M, SatoY, Nagashima K, Takahashi S, Hata A. Predictive power of

a body shape index for development of diabetes, hypertension, and
dyslipidemia in Japanese adults: a retrospective cohort study. PLoS One.
2015;10:e0128972.

Xu'Y,Yan W, Cheung YB. Body shape indices and cardiometabolic risk in
adolescents. Ann Hum Biol. 2015;42:70-5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10



	Novel anthropometric indicators of visceral obesity predict the severity of hyperlipidemic acute pancreatitis
	Abstract 
	Background 
	Method 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study population
	Diagnostic criteria for HLAP

	Data collection
	Statistical analysis

	Results
	Characteristics of participants
	Correlation between novel anthropometric indicators and laboratory parameters
	Comparison of novel anthropometric indicator characteristics between MAP group and “MSAP to SAP” group
	Ability of novel anthropometric indicators and international rating scale to predict HLAP severity

	Discussion
	Study strengths and limitations

	Conclusions
	Acknowledgements
	References


