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Background: This study aimed to assess whether the amylase day 2/amylase

day 1 ratio was associated with severe acute pancreatitis (SAP).

Methods: We retrospectively enrolled 464 patients with acute pancreatitis.

Serum amylase was measured on admission (day 1) and 24 h later (day 2).

Univariable logistic regression with restricted cubic spline analysis,

multivariable logistic analysis, and receiver operating characteristic curve

analysis was used to evaluate the relationship between the amylase day 2/

amylase day 1 ratio and SAP.

Results: A non-linear association between the amylase day 2/amylase day 1

ratio and SAP was observed. The multivariable logistic analysis confirmed that a

high amylase day 2/amylase day 1 ratio (≥0.3) was independently associated

with the development of SAP (OR: 6.62). The area under the receiver operating

characteristic curve (AUC) of the amylase day 2/amylase day 1 ratio, as a

predictive factor for SAP, was 0.65. When amylase ratio ≥0.3 was counted as 1

point and added to the BISAP score to build a new model named the BISAPA

(BISAP plus Amylase ratio) score (AUC = 0.86), it improved the diagnostic

power of the original BISAP score (AUC = 0.83) for SAP. With a cut-off value of

3, the BISAPA score achieved a sensitivity of 66.0%, a specificity of 86.7%, and

diagnostic accuracy of 84.48%.
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Conclusions: There is a non-linear correlation between the amylase day 2/

amylase day 1 ratio and the incidence of SAP. BISAPA score might also be a

useful tool for the same purpose.
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Highlights

① There is a nonlinear relationship between the amylase day

2/amylase day 1 ratio and the incidence of SAP.

② With a cut-off value of 0.3, amylase ratio achieved a

sensitivity of 92.0% and a specificity of 33.8% for the prediction

of SAP.

③ The advantages of amylase estimation are its technical

simplicity, easy availability, and high sensitivity.

④ When amylase ratio ≥0.3 is counted as 1 point and added

to the BISAP score, it significantly improves diagnostic power

compared to the original BISAP score (AUC, 0.86 versus 0.83).
Introduction

Acute pancreatitis (AP) is a common gastrointestinal

disorder with marked variation in severity. In most patients,

AP has a self-limiting and mild course. However, a subset of

10%–20% of patients might progress to SAP with high mortality

(Hong et al., 2019).

Early identification of high-risk patients on admission may

help physicians to stratify the patients who would benefit the

most from close surveillance or aggressive intervention (2). Early

risk assessment of patients with AP through reliable methods is

necessary to potentially improve the clinical outcome, while

reduce the treatment cost and length of hospitalization. A great

deal of effort has focused on the development of approaches for

early risk stratification of AP. However, existing scoring systems,

such as the Bedside index of severity in acute pancreatitis

(BISAP), have only moderate diagnostic accuracy in the

prediction of SAP (Mounzer et al., 2012). More recently,

attention has also focused on assessing the association between

SAP and individual laboratory parameters, such as admission

albumin, blood urea nitrogen (BUN), high-density lipoprotein
g characteristic curve;

MI, body mass index;

l; ERCP, endoscopic

R, interquartile range;

ic curve; SAP, severe

02
cholesterol level, and total cholesterol level on admission

(Koutroumpakis et al., 2015; Hong et al., 2017b; Hong et al.,

2017c; Hong et al., 2020).

Repeating serum amylase tests is thought to have no value in

assessing the clinical progress of the patients or the ultimate

prognosis once the diagnosis of AP has been made (Yadav et al.,

2002). However, recently, Kumaravel et al. suggest a 10%

decrease in the percentage of amylase during the first 2 days

after admission was associated with a significantly decreased

odds of SAP (Odds ratio, 0.93, 95% CI 0.87–0.98) (Kumaravel

et al., 2015). However, it is not clear whether an increase in

amylase from day 1 to day 2 would be associated with an increase

in the incidence of SAP. On the other hand, the amylase increase

is usually first detected 2–12 h after the onset of symptoms in

AP. The level then peaks at 12–72 h and usually normalizes

within 5 days (Frank and Gottlieb, 1999; Hong et al., 2017a). In

clinical practice, serum amylase may increase or decrease during

the first 2 days after admission. In our opinion, evaluation of the

amylase day 2/amylase day 1 ratio may be more appropriate and

comprehensive rather than that of an increase or decrease of

amylase from day 1 to day 2 after admission as a potential

predictor of severe acute pancreatitis. In addition, Fallah et al.

suggested that nonlinear modeling procedures can prevent

model misspecification and can provide information between

prognostic factors and disease risk that is not revealed by the use

of standard modeling techniques (Fallah et al., 2009). To the best

of our knowledge, the non-linear correlation between the

amylase day 2/amylase day 1 ratio and SAP has not been

evaluated in the literature. Therefore, the current study aimed

to assess the relationship between the amylase day 2/amylase day

1 ratio and SAP.
Methods

Inclusion and exclusion criteria

Patients with AP admitted to our hospital within 72 h of the

onset of symptoms from 1 January 2012 to 31 December 2015

were retrospectively enrolled in the study. The AP diagnosis was

based on the presence of two of the three features (pancreatic

pain, amylase, and/or lipase ≥three times the upper limit of
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normal and characteristic findings on abdominal imaging)

(Hong et al., 2011). The disease severity was stratified into

mild, moderately severe, and severe according to the revised

Atlanta classification (Banks et al., 2013). SAP consists of

persistent organ failure (at least one of the three organs

involved: cardiovascular failure, respiratory failure, and renal

failure) for more than 48 h (Hong et al., 2017c). Exclusion

criteria were: previous pancreatic surgery, pancreatitis due to

endoscopic retrograde cholangiopancreatography (ERCP) or

trauma, chronic pancreatitis, pancreatic cancer, patients

receiving surgery or therapeutic ERCP during hospitalization,

chronic renal disease, previous albuminuria, hepatitis, liver

cirrhosis, and incomplete data records.
Data collection

Age, gender, body mass index (BMI), and time from

symptom onset to patient admission were recorded within

12 h of hospitalization. Serum amylase was measured on

admission (day 1) and 24 h later (day 2) (Banks et al., 2013;

Hong et al., 2017a). The amylase ratio was calculated as amylase

day 2/amylase day 1. In addition, the BISAP score was calculated

according to the laboratory and clinical data (Wu et al., 2008).

This study protocol was approved by the Ethics Committee

of our hospital (date: 18-10-2016; number: 2016-211). This

study was performed according to the principles expressed in

the Declaration of Helsinki and written informed consent was

obtained from all the subjects.
Sample size

The sample size was calculated based on the identification of

an independent dichotomous predictor in multivariable logistic

regression analysis for SAP (Hong et al., 2020). With an a risk of

0.05 and b risk of 0.1, the prevalence of SAP was estimated to be

10% with a bilateral test, assuming a low correlation between the

predictor and other covariates (R2 = 0.20). A sample of 309

patients was predicted to provide 80% power of detecting of an

adjusted odds ratio (OR) of 3.0 for a dichotomous predictor with

an overall prevalence of 70%.
Statistical analysis

Categorical values were described by count and proportions

and compared by Pearson’s c2 test or Fisher’s exact test if there
were few observations. A Shapiro–Wilk test was used to evaluate

whether the continuous data had a normal distribution (Hong

et al., 2017b). According to the results of the Shapiro–Wilk test,

continuous values were expressed using mean ± standard
Frontiers in Cellular and Infection Microbiology 03
deviation (SD), or median and interquartile range (IQR).

Continuous data were compared using Student’s t-test or one-

way analysis of variance if normality and homogeneity of

variance. Conversely, the nonparametric Mann–Whitney test

or Kruskal–Wallis non-parametric test was used if there was no

normality and homogeneity of variance for continuous data

(Hong et al., 2020). Nonlinearity in the relationship between the

amylase ratio and SAP was assessed by univariable logistic

regression with restricted cubic spline analysis (Hong et al.,

2020). We used the default (5 knots) number of knots when

performing restricted cubic spline analysis (knot points for

amylase ratio levels: 0.096, 0.261, 0.432, 0.681, and 1.445). The

cutoff of amylase ratio levels used to differentiate SAP from non-

SAP was determined according to expected incidences of SAP

predicted by restricted cubic spline analysis (Hong et al., 2020).

Multivariable logistic analysis was also used to evaluate the

relationship between the amylase ratio and SAP adjusted for

potential confounders. We used our clinical experience,

knowledge and previous study to select possible confounders

for their potential association with amylase levels as follows: age,

gender, body mass index, biliary etiology, and time interval

before admission (Hong et al., 2017a). Odds ratios (OR) were

calculated with 95% confidence intervals (CI). In order to

evaluate the clinical usefulness of amylase ratio as an early

predictor of SAP, the area under the receiver operating

characteristic (ROC) curve (AUC) was used to evaluate the

performance of predictions. Differences were assessed as being

relevant when the two-tailed P-value <0.05 was reached.
Results

Clinical characteristics

A total of 464 patients, of whom 281 (60.6%) were male with

a median age of 48 (37–63) years old, were included in the study

(Table 1). The interval between the onset and admission was 1.8

± 0.8 days. There was no significant difference with respect to the

interval between the onset and admission among patients with

different severity of disease (P = 0.73). It was 1.8 ± 0.8 days, 1.9 ±

0.8 days, and 1.9 ± 0.8 days for patients with mild, moderate

severe, and severe AP, respectively. The median amylase levels

on day 1 and day 2 were 743 (IQR 273–1,660) IU/L and 268

(IQR 119.5–587) IU/L, respectively. The most common cause of

AP was the involvement of the biliary system (42.5%). Of all 464

patients, 348 (75.0%), 66 (14.2%), and 50 (10.8%) patients

developed mild, moderately severe, and severe AP,

respectively. Eight (1.72%) died during hospitalization.

Patients with SAP had higher median serum amylase levels

(941 IU/L, IQR 536–2,098 IU/L) on admission (day 1) compared

to patients without SAP (666 IU/L, IQR 262–1,619 IU/L)

(P = 0.0237).
frontiersin.org

https://doi.org/10.3389/fcimb.2022.910760
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org


Hong et al. 10.3389/fcimb.2022.910760
Non-linear correlation between amylase
day 2 to day 1 ratio and incidence of SAP

Based on univariable logistic regression with restricted cubic

spline analysis, a non-linear association between the amylase

ratio and SAP was observed (Figure 1). In patients with an

amylase ratio of <0.3, the expected incidence of SAP was low and

did not significantly change with amylase ratio. While in patients

with an amylase ratio of ≥0.3, the expected incidence of SAP

increased rapidly with amylase ratio and reached a peak in

patients with an amylase ratio of 0.6. Therefore, 0.3 was used as

the cutoff of the amylase ratio to divide patients into different

study groups.
Amylase ratio was independently
associated with SAP

When 0.3 was used as the cut-off of amylase ratio, as shown

in Figure 2, 14.4% (46/320) patients developed SAP with a high

amylase ratio (≥0.3) as compared to 2.8% (4/144) with a low

amylase ratio (<0.3) (P <0.001). Similarly, patients with a

high amylase ratio (≥0.3) had a trend towards higher

mortality (7/320, 2.2%) than patients with a low amylase
Frontiers in Cellular and Infection Microbiology 04
ratio (<0.3) (1/144, 0.7%) during hospitalization, although it

did not reach statistical significance (P = 0.445) (Figure 2).

Multivariable logistic regression indicated that a high

amylase ratio (≥0.3) (OR: 6.62; 95% CI: 2.27–19.36; P = 0.001)

was independently associated with the development of SAP after

adjustment for age, gender, BMI, biliary etiology, and time from

pain onset to admission.
Amylase ratio as predictor of SAP

Based on ROC analysis, the AUC for the amylase ratio for

the prediction of SAP was 0.65 ± 0.04 (Figure 3). With a cut-off

value of 0.3, the amylase ratio achieved a sensitivity of 92.0% and

a specificity of 33.8%. Overall, the diagnostic performance of the

amylase ratio was inferior to the BISAP score (AUC = 0.83 ±

0.03) (Figure 3). When amylase ratio ≥0.3 was counted as 1 point

and added to the BISAP score to build a new model named the

BISAPA (BISAP plus Amylase ratio) score (AUC = 0.86 ± 0.02),

it significantly improved diagnostic power compared to the

original BISAP score (Figure 3). With a cut-off value of 3, the

BISAPA score achieved a sensitivity of 66.0%, a specificity of

86.7%, and diagnostic accuracy of 84.48%.
Discussion

Although amylase is useful in the diagnosis of pancreatitis, it

correlates poorly with the severity of the illness (Yadav et al.,

2002). As a result, the level of elevation of amylase is not

included in the major tools used to assess the severity of

illness, such as Ranson’s criteria and BISAP score. The

American College of Gastroenterology guidelines states that

daily measurement of amylase after the initial diagnosis has

limited value in assessing the clinical progress of the illness or

ultimate prognosis (Tenner et al., 2013). However, recently,

Kumaravel et al. (2015) suggested that the percentage change

in amylase from admission to day 2b (which was calculated as

([amylase day 1 − amylase day2]/amylase day 1)) was associated

with the severity of AP (Kumaravel et al., 2015). However, serum

amylase may increase or decrease during the first 2 days after

admission. Therefore, the amylase ratio, in clinical practice,

which was calculated as (amylase day 2/amylase day 1), might

be more suitable than the percentage change in amylase as a

potential predictor of SAP.

Our study suggested that patients with a high amylase day

2/day 1 ratio (≥0.3) had a higher incidence of SAP than patients

with a low amylase day 2/day 1 ratio (<0.3) (14.4% vs. 2.8%,

P <0.001) (Figure 2). These results indicate that 97.2% of patients

would not develop SAP if their amylase on day 2 decreased by

70% compared to amylase on day 1. However, 14.4% of patients

would develop SAP if their amylase on day 2 either decreased by

less than 70% compared to day 1 or increased. Multivariable
TABLE 1 Demographic and Clinical Characteristics of 464 patients.

Characteristic Value

Median age, years 48 (37–63)

Male sex, N (%) 281 (60.6%)

Time from pain onset to admission, days 1.8 ± 0.8

Mean BMI 23.5 (21.2–26.0)

Etiology

Biliary, N (%) 197 (42.5)

Alcohol, N (%) 68 (14.7)

Hypertriglyceridemia, N (%) 27 (5.8)

Idiopathic, N (%) 157 (33.8)

Other, N (%) 15 (3.2)

Amylase at day 1 (IU/L) 743 (273–1,660)

Amylase at day 2 (IU/L) 268 (119.5–587)

Hematocrit 0.43 (0.38–0.46)

BUN, mmol/L 4.8 (3.7–6.4)

Outcomes

Severity of acute pancreatitis

Mild, N (%) 348 (75)

Moderately severe, N (%) 66 (14.2)

Severe, N (%) 50 (10.8)

Mean hospital days 10 (7–14)

Persistent organ failure N (%) 50 (10.8)

Death, N (%) 8 (1.72)
Data are shown either as number of observations, mean ± standard deviation (SD),
percentage, median or interquartile range (IQR).
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logistic regression indicated that a high amylase ratio (≥0.3)

(OR: 6.62; 95% CI: 2.27–19.36; P = 0.001) was independently

associated with the development of SAP after adjusting age,

gender, BMI, biliary etiology, and time from pain onset

to admission.
Frontiers in Cellular and Infection Microbiology 05
Based on ROC analysis, the AUC for the amylase ratio for

the prediction of SAP was 0.65 (95% CI: 0.58–0.73) (Figure 3),

which means that a serum amylase day 2/amylase day 1 ratio had

moderate diagnostic accuracy for the prediction of SAP. With a

cut-off of 0.3, the serum amylase day 2/amylase day 1 ratio
FIGURE 2

Incidence of SAP and mortality in patients with high and low serum amylase day 2/amylase day 1 ratios.
FIGURE 1

Observed and expected incidence of SAP in patients with different amylase ratio levels. Histograms show the percent distribution of study
patients at different amylase ratio levels (the left-hand y-axis). The red circles give the observed incidence of SAP for each patient (the right-
hand y-axis). The solid curve gives the expected incidence of SAP based on restricted cubic spline analysis (the right-hand y-axis). The dashed
curves represent the 95% confidence intervals for the expected incidence of SAP (the right-hand y-axis). SAP, severe acute pancreatitis.
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achieved a sensitivity of 92.0% and specificity of 33.8%.

Therefore, patients with a serum amylase day 2/amylase day 1

ratio of >0.3 should be transferred to an intensive care unit

setting. The advantages of amylase ratio estimation are its

technical simplicity, easy availability, and high sensitivity.

However, its disadvantage is its low specificity with this cut-off

value. The diagnostic performance of the amylase ratio for the

prediction of SAP was significantly inferior to the BISAP score

(AUC: 0.65 vs.0.83; P <0.001) (Figure 3). Therefore, the serum

amylase day 2/amylase day 1 ratio may be used as an additional

supplement tool but not a substitute when compared to BISAP

score. When amylase ratio ≥0.3 was counted as 1 point and

added to the BISAP score to build a new model named the

BISAPA score (AUC = 0.86), it significantly improved diagnostic

power compared to the original BISAP score (AUC = 0.83)

(Figure 3). With a cut-off value of 3, the BISAPA score achieved

a sensitivity of 66.0%, specificity of 86.7%, and diagnostic

accuracy of 84.48%.

One of the novelties of our study is that we fully investigated

the relationship between amylase day 2/amylase day 1 ratio and

SAP and determined the best cut-off value of serum amylase day

2/amylase day 1 ratio for the prediction of SAP by using a

nonlinear model (restricted cubic spline analysis) (Figure 1).

The restricted cubic spline model can transform an independent

continuous variable and analyze the nonlinear effects of an

independent variable on disease severity (Desquilbet and

Mariotti, 2010). It generally provides a better fit to the data and

also has the effect of reducing the degrees of freedom (Desquilbet

and Mariotti, 2010). The other novelty is that we developed a
Frontiers in Cellular and Infection Microbiology 06
BISAPA score, which incorporated both the serum amylase day 2/

amylase day 1 ratio and the BISAP score. It could help us better

stratify the severity of AP and predict outcomes in AP, as well as

achieve high diagnostic accuracy. Early staging of SAP is critical to

enable adequate triage of these patients to the intensive care unit

and a timely treatment plan (Dar et al., 2021). Recently, Choi et al.

proposed that serum phosphate level after ERCP can be used as a

reliable prognostic marker in predicting the severity of post-ERCP

pancreatitis (Choi et al., 2018). Agarwala et al. identified that

gastrointestinal failure is an independent predictor of mortality in

patients with AP (Agarwala et al., 2020). Trikudanathan et al.

suggested that decreased skeletal muscle density was

independently associated with in-hospital mortality in

necrotizing pancreatitis patients and can be usefully

incorporated into computed tomography-based predictive

scoring models as a prognostic marker (Trikudanathan et al.,

2021). Liu et al. suggested that the volume and mean computed

tomography density of necrosis based on contrast-enhanced

computed tomography can provide early prediction of organ

failure and the need for intervention in patients with acute

necrotizing pancreatitis (Liu et al., 2021). It will be necessary

and interesting to compare the performance of our BISAPA score

with the aforesaid indexes in predicting the disease severity of AP

in the future.

Nevertheless, our study has some limitations. First, the

important limitation is that serum lipase on day 1 and day 2

was not tested in most patients in our study. Therefore, we did

not investigate the relationship between SAP and lipase. As a

result, our results may not be generalized to some countries, such
FIGURE 3

The ROC curves for serum amylase day 2/amylase day 1 ratio, BISAP score, and BISAPA score for SAP prediction. BISAP, bedside index of
severity in AP; SAP, severe acute pancreatitis; BISAPA, bedside index of severity in acute pancreatitis and amylase day 2/amylase day 1 ratio.
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as Germany, where amylase measurements have largely been

substituted for lipase measurements. However, according to the

current international consensus (Banks et al., 2013), an increase

in amylase activity is still one of the primary criteria for the

diagnosis of AP. Amylase testing other than lipase is still

routinely performed at many healthcare institutions in clinical

practice in most countries (such as mainland China in the

world), although lipase is believed to offer superior sensitivity

and specificity compared to amylase for the diagnosis of AP

(Hong et al., 2017a). In addition, Chase et al. suggested that

checking for lipase and amylase simultaneously does not result

in improved diagnostic accuracy because amylase and lipase are

closely correlated (Chase et al., 1996). Second, not all patients

had records of C-reactive protein, serum lipase, and disease

severity scores such as Acute Physiology and Chronic Health

Evaluation (APACHE) II due to the retrospective study design.

This made it difficult for us to further analyze the relationship

between the amylase day 2 to day 1 ratio and these indexes. It

will be necessary and interesting to evaluate these correlations in

the future. Third, in AP, the levels of amylase usually peak at

48 h. Over the period of the next 5–7 days after onset, amylase

levels typically tend to normalize (Hong et al., 2017a). Only

patients who were admitted to the hospital within 72 h of the

onset of symptoms were enrolled in our study. Therefore, our

results may not be generalized to patients with a delay in time

from pain onset to admission. Additionally, previous studies

suggest that hospital volume influences the clinical outcome in

both patients with mild and those with SAP (Singla et al., 2009;

Murata et al., 2011). In our study, there were very few patients

referred from other hospitals. Therefore, the results from our

hospital may not be generalized to other hospitals with a high

proportion of interhospital transfers. Last, similar to the change

in amylase and body mass index (CAB) score (Kumaravel et al.,

2015; Zheng et al., 2019), the new Japanese severity score (Ueda

et al., 2009) and the modified Glasgow score (Mounzer et al.,

2012), our amylase day 2 to day 1 ratio also requires 48 h to

complete, which means it cannot be used at bedside as a

predictor of SAP within 24 h of admission in clinical practice.

However, AP is a dynamic and evolving process that involves

multiple systems and the risk of organ complications

(Papachristou et al., 2010). Therefore, the amylase day 2 to

day 1 ratio could still be useful on day 2 after admission.
Conclusion

In conclusion, there is a non-linear correlation between the

amylase day 2/amylase day 1 ratio and SAP incidence. The

serum amylase day 2/amylase day 1 ratio represents an

additional tool that is easy to perform and could serve as a

cheap marker to stratify patients at risk of SAP without any need

for complex calculations. When the amylase ratio of ≥0.3 was

counted as 1 point and added to the BISAP score to build a new
Frontiers in Cellular and Infection Microbiology 07
model named the BISAPA score, it significantly improved

diagnostic power compared to the original BISAP score.
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