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Neutrophil-lymphocyte ratio, gamma-glutamyl
transpeptidase, lipase, high-density lipoprotein as
a panel of factors to predict acute pancreatitis in
pregnancy
Lichun Zhang, MDa,∗, Yu Wang, MDa, Jun Han, MDa, Haitao Shen, MDa, Min Zhao, MDa, Shijie Cai, MSb

Abstract
Acute pancreatitis in pregnancy (APIP) is a rare but dangerous complication. APIP has common symptoms with acute abdomen.
Assessment of an acute abdomen is more complicated during pregnancy because the gravid uterus could mask most of
symptomatic signs. It has been a challenge to diagnose APIP by physical examination or diagnostic imaging. Case studies on APIP
are also limited for analysis on the risk factors associated with the disease. This retrospective study evaluated a series of risk factors
from a relatively substantial number of APIP cases to determine early predictors or prognosis markers for APIP.
Fifty-nine APIP patients together with 179 random normal pregnant women in Shengjing Affiliated Hospital of China Medical

University were included for this retrospective study. Medical parameters of blood test in biochemistry and hematology were
compared between 2 groups using t test. Multivariate logistic regression analysis was performed to investigate the relationship
between various factors and APIP using Statistical Applied Software (SAS student version).
Compared with normal pregnant women, APIP patients have elevated values in alanine aminotransferase (ALT), aspartate

aminotransferase (AST), blood urea nitrogen, creatinine, C-reactive protein, direct bilirubin, fibrin degradation products, gamma-
glutamyl transpeptidase (GGT), glucose, lipase, pH and decreased values in albumin, fibrinogen, high-density lipoprotein (HDL),
hemoglobin, low-density lipoprotein cholesterol (LDL-D), and total proteins from their blood tests. In addition, APIP patients have
decreased numbers in red cells but increased numbers in white blood cells and increased ratio of neutrophil/lymphocyte (N/L).
Among these factors, N/LR, GGT, lipase, and HDL are significantly associated with APIP. This study suggests that the combination of
those factors serve as a panel of indicators for early-onset prognosis of APIP.
GGT, lipase, HDL, and N/LR can serve as a panel of factors to predict APIP. More case studies are important to further evaluate the

predicting power of this panel factors in APIP.

Abbreviations: ALT = alanine aminotransferase, APIP = acute pancreatitis in pregnancy, AST = aspartate aminotransferase,
GGT = gamma-glutamyl transpeptidase, HDL = high-density lipoprotein, LDL-D = low-density lipoprotein cholesterol, MCMC =
Markov chain Monte Carlo, N/L ration = neutrophil/lymphocyte ratio, ROC = receiver operating characteristic, SAS = Statistical
Applied Software.

Keywords: acute pancreatitis in pregnancy (APIP), gamma-glutamyl transpeptidase (GGT), high-density lipoprotein (HDL), logistic
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1. Introduction early postpartum period. Its incidence varies approximately from
Acute pancreatitis in pregnancy (APIP) is a rare but dangerous
disease.[1] APIP usually occurs during the third trimester or the
Editor: Raffaele Pezzilli.

Funding/support: The work was supported internally by Shengjing Affiliated
Hospital of China Medical University.

All authors have no conflict of interest or relationship to industry to disclose.
Supplemental Digital Content is available for this article.
a Department of Emergency, Shengjing Affiliated Hospital of China Medical
University, Shenyang, Liaoning Province, bCellWay Bio, ChangSha, Hunan,
China.
∗
Correspondence: Lichun Zhang, China Medical University, Shenyang, Liaoning

Province 110004, China (e-mail: lichunzhangcmu@163.com).

Copyright © 2018 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial License 4.0 (CCBY-NC), where it is
permissible to download, share, remix, transform, and buildup the work provided
it is properly cited. The work cannot be used commercially without permission
from the journal.

Medicine (2018) 97:26(e11189)

Received: 12 June 2017 / Accepted: 28 May 2018

http://dx.doi.org/10.1097/MD.0000000000011189

1

1 per 1000 to 12,000 pregnancies depending on medical history.
The common cause of the disease is related with gallstones,
hyperlipidemia,[2] or alcohol consumption.[3,4] Although the
incidence of APIP has increased for undetermined conditions
during the past 2 decades,[5] the reported case studies are still
limited.
APIP causes a high incidence of maternal morbidity and

neonatal death after premature birth. It has a rapid onset and
progression.[6] The prompt diagnosis and treatment is critical for
APIP patients. APIP is one of the diseases associated with the
acute abdomen. Examination of an acute abdomen could be
complicated during pregnancy because the enlarged uterus may
mask diagnostic indicators. Thus, misdiagnosis for APIP patients
is a serious issue for both maternal and fetal safety.[7] It remains a
challenge to diagnose APIP by physical examination or diagnostic
imaging.[8,9]

In China, APIP is also a challenging complication in terms of
diagnosis and treatment. Clinical characteristics of APIP,
including symptoms, mortality, and necessity of gestation
termination were summarized based on 121 cases from the First
Affiliated Hospital of Nanchang University.[10] Another study
from 36 cases of APIP reported that hypertriglyceridemia was
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associated with poor outcomes of the disease. The most recent
study identified a correlation between fetal distress and fetal loss
with APIP severity.[12] These studies reiterate the importance of
precise diagnosis and treatment to decrease maternal and fetal
mortality for APIP.
This retrospective study aimed to identify multiple risk factors

associated with APIP based on 59 clinical cases of APIP from
Shengjing Affiliated Hospital of China Medical University. This
study compared medical parameters of blood test in biochemistry
and hematology between normal pregnant women and APIP
patients using t test. This study further conducted multivariate
logistic regression analysis to investigate the relationship between
numerous factors and APIP using Statistical Applied Software.
Taken together, the present study applied the powerful statistical
tool to the available case studies and identified a panel of
indicators for early onset prognosis of APIP. These efforts could
facilitate the development of prompt diagnosis and suitable
treatment for APIP in China.
Table 1

Factors are significantly associated with APIP from blood test in
biochemistry.

Factors

Case
(n=59, APIP)
Mean±S.D

Control
(n=183)
Mean±S.D

Albumin, g/L 31.7±3.7 34.8±3.7
Alkaline phosphatase, m/L 111.5±46.3 160.5±81
Alanine aminotransferase (ALT), m/L 22.7±24.5 10.8±13.4
Aspartate aminotransferase (AST), m/L 25.8±17.6 16.3±6.4
Blood urea nitrogen, mmol/L 4.4±3.6 3.4±3.3
Creatinine, mmol/L 62.3±47.1 46.1±44.5
C-reactive protein, mg/L 62.6±65.1 12.8±18.1
Bilirubin, mg/dL 10.7±24.7 2.8±3.9
D-Dimer, mg/L 2181.8±2029.0 1082.7±1100.5
Fibrin degradation products, mg/dL 19.4±11.7 14.5±1.2
Fibrinogen, mg/dL 3.67±1.0 4.5±0.6
Gamma-glutamyl transpeptidase (GGT), U/L 37.6±40.5 13.2±8.2
Glucose, mg/dL 5.97±3.7 4.6±0.8
Hemoglobin, g/L 108.2±18.4 124.1±16.0
2. Methods

Patients with APIP admitted to emergency center of Shengjing
Affiliated Hospital of China Medical University from 2013 to
2015 were studied retrospectively. A total of 59 APIP patients
were monitored during the study period and 179 age-matched
pregnant women were randomly selected as control. All patients
in this study had data of blood test assessments in the record
(Supplement Table 1, http://links.lww.com/MD/C306). Patients
who had missing blood test assessments in the record were
excluded. As it was hard to obtain the laboratory assessment
before patients were admitted to the hospital, case samples were
only examined on the first days of hospitalization and follow-up
samples were further measured to monitor the changes during the
hospitalization. Pancreatitis was diagnosed by elevated pancre-
atic enzymes, correlated with clinical assessment and examina-
tions. Serum levels of proteins or enzymes were measured using
commercial medical assay kits.
Missing value was inputted by Markov chain Monte Carlo

(MCMC) methods.[13] Analyses were 2-sided and a P value of
<.05 was considered significant. Descriptive and univariate
analyses were used to test each individual laboratory result and
multivariable statistical analysis was used to identify predictors
associated with APIP. Statistic LASSO selection was used to select
significant risk factors.[14] Logistic regression analyses were
performed to predict the relationship between different factors
and APIP incidence using Statistical Applied Software (SAS
student version).[15,16] A receiver operating characteristic (ROC)
curve was constructed in order to assess the performance of the
model.[17] The predicted model was then applied to the test
samples to do cross-validation. The study was approved by the
Committee on Ethics of Shengjing Affiliated Hospital of China
Medical University. The informed consent was given by the
patients who were enrolled in this study.
High-density lipoprotein (HDL), mmol/L 1.21±0.5 1.8±0.4
Low-density lipoprotein
cholesterol (LDL), mmol/L

2.8±1.2 3.5±0.99

pH 6.6±0.6 6.1±0.5
Lipase, U/L 382.2±476.5 203.3±69.3
Protein (total), g/L 56.9±5.4 62±6.2

ALT= alanine aminotransferase, APIP= acute pancreatitis in pregnancy, AST= aspartate amino-
transferase, GGT=gamma-glutamyl transpeptidase, HDL=high-density lipoprotein, LDL-D= low-
density lipoprotein cholesterol.
3. Results

3.1. Indicators associated with APIP

Pancreatitis was diagnosed by elevated circulating pancreatic
enzymes.[3] Levels of enzymes or proteins were compared among
all cases based on their blood tests (total 59 APIP patients and
179 normal pregnant women). According to the statistical
analyses, values from APIP patients are significantly elevated in
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alanine aminotransferase (ALT), aspartate aminotransferase
(AST), blood urea nitrogen, creatinine, C-reactive protein, direct
bilirubin, D-dimer, fibrin degradation products, gamma-glu-
tamyl transpeptidase (GGT), glucose, lipase, pH. Values from
APIP patients are significantly dropped in albumin, fibrinogen,
high-density lipoprotein (HDL), hemoglobin, low-density lipo-
protein cholesterol (LDL-C), and total proteins (Table 1). In
addition, values in hematology are also compared among all
cases from their blood tests. Interestingly, APIP patients have
significantly decreased numbers in red blood cells but increased
neutrophil/lymphocyte (N/L) ratio and white blood cells
(Table 2). Among those factors, some of them such as lipase,
ALT, AST, and bilirubin have been considered as prognostic
markers of AP by practicing physicians.[18] Serum C-reactive
protein was known as a predictor for risk of vascular and
gastrointestinal complications.[19,20] D-dimer was also consid-
ered as a marker of severity in patients with AP.[21]
3.2. Risk factors predicting APIP

To determine the predictive role of above variables listed in
Tables 1 and 2, we performed LASSO (least absolute shrinkage
and selection operator) selection and regularization to enhance
the prediction accuracy of our statistical model. On the basis of
the results from the LASSO selection, N/LR ratio, GGT, lipase,
and HDL are significant predictors of APIP with odds ratio of
1.285, 1.075, 1.003, and 0.081, respectively. This can be
interpreted as such: under any circumstances, if other
factors keep same, for each 1-unit increase of N/LR, the
likelihood of having APIP increases by relative 28.5%. Similarly,
for each 1-unit increase of GGT, the likelihood of having APIP
increases by relative 7.5%; for each 1-unit increase of lipase, the
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Table 2

Factors are significantly associated with APIP from blood test in
hematology.

Factors Case (n=59, APIP)
Mean±S.D

Control (n=183)
Mean±S.D

Neutrophil (%) 75.2±12.2 70.8±7.7
Neutrophil/ lymphocyte ratio 7.4±4.4 4.9±2.2
Red blood cell count, M/mL 3.2±0.67 3.59±7.5
White blood cell count, M/mL 15.1±10.4 11.29±8.0
Prothrombin time, s 12.3±1.99 10.2±0.6
Partial thromboplastin time, s 16.9±6.1 14.7±0.7

N/L ratio=Neutrophil/lymphocyte ratio.
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likelihood of having APIP increases by relative 0.3%; for each 1-
unit decrease of HDL, the likelihood of having APIP increases by
relative 91% (1/0.081).
In order to determine the predicted response of these factors

while one of them is held constant, we constructed effect plots
using the EFFECTPLOT statement through SAS.[15,16] Effect
plots display the predicted response of those factors as a function
of one of them is set as a constant. The plot in Fig. 1A shows that
under a condition that N/LR is set constant as 5.396, if lipase is
more than 500, GGT is less than 53.5, and HDL is less than 1.44,
igure 1. Effect plots of predicted probabilities of APIP upon continuous changes of 3 other variables if N/LR is fixed at 5.396 (A); if lipase levels are fixed at 251.3
); if GGT levels are fixed at 19.47 (C); if HDL was fixed at 1.639 (D).
F
(B
3

the predicted probability of APIP is more than 91%. Likewise, the
plot in Fig. 1B shows that under a condition that lipase is set
constant as 251.3, if GGT is more than 103, N/LR is more than
5.6, and HDL is less than 2.0, the predicted probability of APIP is
more than 91%; the plot in Fig. 1C shows that under a condition
that GGT is set constant as 19.47, if lipase is more than 473.1, N/
LR is more than 5.6, and HDL is less than 0.5, the predicted
probability of APIP is more than 91%; The plot in Fig. 1D shows
that under a condition that HDL is set constant as 1.639, if GGT
ismore than 53.5, lipase is more than 500, andN/LR is more than
5.6, the predicted probability of APIP is more than 91%. This
series of effect plots display curves of probability versus a
continuous variable of predicted risk factors (HDL, Lipase, GTT,
and N/LR) to create indicator values for risk factors (HDL,
Lipase, GTT, and N/LR) and predict APIP.
The ROC curve was further computed to illustrate the

performance of our model (Fig. 2). According to the ROC curve
for the above 4-factor model, the value of AUC (area under the
curve 0.914) is more than 90%, indicating that a combination of
HDL, lipase, GTT, and N/LR can serve as a panel of predictors of
APIP. The ROC curve for these individual factors, HDL, lipase,
GTT, and N/LR has an AUC of 0.87, 0.51, 0.83, and 0.69,
respectively. The comparison of those ROC curves indicates that
HDL, lipase, GTT, and N/LR can be a panel of factors to predict
APIP, which were superior to any individual factors.
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Figure 2. ROC curves of N/LR, lipase, GGT, HDL versus combining them as a
panel to predict APIP.

Zhang et al. Medicine (2018) 97:26 Medicine
4. Discussion

This retrospective study analyzed a relatively substantial number
of APIP cases using statistical tools. A group of factors were
found to be significantly associated APIP, including ALT, AST,
blood urea nitrogen, creatinine, C-reactive protein, bilirubin,
GGT, albumin, fibrinogen, HDL, and N/LR. Some of these
factors were also reported in other AP or APIP cases. For
example, hypoalbuminemia has been consistently observed in
130 patients with AP.[22] Levels of serum HDL cholesterol and
LDL cholesterol are significantly lower in patients with severe
AP.[23] Although our analysis could be far from exhaustive, it
provides a relatively comprehensive array of biochemical
diagnostic parameters to test APIP or AP from blood samples.
In addition, our statistical model predicts that among those
factors, N/LR ratio, GGT, lipase, and HDL as a panel could serve
a predictive role for APIP.
The clinical diagnosis of APIP is based on 3 features: elevated

serum amylase and lipase levels; severe abdominal pain; typical
imaging features by computed tomography (CT) scan or
magnetic resonance imaging (MRI).[24] Serum amylase levels
were not included in our comparative studies because its levels
were not available in normal pregnant women. That should not
affect our analysis because it was reported before that amylase
levels do not correlate with overall prognosis of AP.[1,25] Our
model indicates that lipase is indeed one of factors in the
predictive panel, which is aligned with the standard of the clinical
diagnosis for APIP. However, lipase levels from blood test are not
powerful enough to predict APIP. Addition of N/LR, GGT, and
HDL to the panel including lipase significantly increases the
power to predicate APIP. A recent study indicates that serum
calcium level was negatively correlated with the severity of APIP.
Unfortunately, serum calcium level was not considered as a
parameter in our blood tests. Although our model is derived from
APIP, given the similarity in the clinical diagnosis between AP and
APIP, this panel of predicting factors could be also applied to AP.
GGT and N/LR have already been considered as a predictor of
adverse outcomes of AP and APIP.[25–28]
4

So far, there is no single blood test to predict APIP or AP in
clinical practice.[29] On the basis of our model, this panel of
factors from blood test could predict APIP with relatively high
confidence. CT andMRI are essential for the clinical diagnosis of
APIP, but the cost limits the accessibility of MRI in rural areas,
especially in China.[30] Thus, a panel of parameters from blood
test is more cost-effective for early diagnosis and classification of
AP or APIP for clinical practice. This panel of factors are
computed from 59 case studies to predict APIP. Due to the limited
number of cases, it is important to further evaluate the predicting
power of this panel factors in APIP with more case studies.
5. Conclusion

Taken together, we applied statistical modeling to 59 APIP case
studies and found that GGT, lipase, HDL, and N/LR can serve as
a panel of factors to predict APIP or AP. The predictive role of
these factors in APIP or AP diagnosis needs to be further
evaluated by practicing physicians in more clinical cases.
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