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ABSTRACT

Both serum Amylase and Lipase are very useful in the diagnosis of Acute Pancreatitis. Its clinical usefulness in
Diabetic Mellitus as well as liver and kidney diseases are being explored and many experimental studies have been
done in this direction. This review article highlights the research findings done during the last two decades on the
role of Amylase and Lipase in the laboratory diagnosis of digestive, gastro duodenal, Diabetes Mellitus, liver and
kidney diseases. More studies are required in this area for the diagnosis and treatment modalities for the above
organs and to recommend the routine use of these two enzymes when other laboratory findings are inconclusive.
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INTRODUCTION

The starch splitting enzyme amylase is secreted in two
organs, mouth called ptyalin and pancrease (pancreatic
a-amylase).Lipase is produced by pancreas. Both
together complete the process of carbohydrate and lipid
digestions. Their role is to digest fats and globules
substances. For a total diagnosis involving digestion and
organ functions such as pancreas, liver and kidney,
measurement of both these enzymes will be
diagnostically useful. This review article highlights their
role in the above organs functions.

Lipase and Amylase in Acute Pancreatitis

Receiver operator characteristic (ROC) analysis of the
initial sample received from patients in the emergency
department showed improved diagnostic accuracy for
serum pancreatic lipase. A clinically useful cut-off point
would be at the diagnostic threshold; 208 U/L (normal
<190 U/L) for serum pancreatic lipase and 114 U/L
(normal 27-100 U/L) for serum amylase where the
sensitivity was 90.3 and 76.8% and the specificity was
93 and 92.6%. 18.8% of the acute pancreatitis patients
did not have elevated serum amylase while only 2.9%
did not have elevated serum pancreatic lipase on the first
emergency department measurement, suggesting that

serum pancreatic lipase is a more accurate biomarker of
acute pancreatitis than serum amylase.!!!

Compared with the placebo group, liraglutide-treated
patients had increased serum lipase and amylase of
28.0% and 7.0%, respectively. Levels were increased at
6 months and then remained stable 2. In a population
with Type 2 diabetes (T2DM) at high cardiovascular
risk, there were numerically fewer events
of acute pancreatitis among liraglutide-treated patients
(regardless of previous history of pancreatitis) compared
with the placebo group. Liraglutide was associated with
increases in serum lipase and amylase, which were not
predictive of an event of subsequent acute pancreatitis 2.
Pancreatitis is one of the commonest diseases of the
gastrointestinal tract, characterized by epigastric pain of
moderate to severe intensity, which radiates to the back,
elevation of pancreatic lipase and amylase enzymes, and
changes in pancreatic parenchyma in imaging methods.
The most common etiologies vary, generally the most
frequent being biliary lithiasis and alcohol, followed by
hypertriglyceridemia and among the less frequent causes
is drug-induced pancreatitis.!

Significant risk factors for developing more severe acute
pancreatitis (MSAP) or severe acute pancreatitis (SAP)
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in patients admitted with mild acute pancreatitis (MAP)
included BMI (=25 kg/m?), APACHE-II (=5) a scoring
system used to measure the severity of diseases in
patients admitted to Intensive care units, and plasma
glucose level on admission (>200 mg/L ). These factors
should be used in the prediction of more severe
pancreatitis in patients admitted with MAP.®! Pancreatic
enzymes were significantly elevated in all the patients
with a mean serum lipase level of 1795 U/L (normal
value: <190 U/L) and a mean serum amylase level of 584
U/L (normal value: <100 U/L). Ultrasonography
evidence of Acute pancreatitis (AP) (bulky pancreas)
was seen in some patients, and few patients had minimal
left-sided pleural effusion. Thrombocytopenia (platelet
count <100,000/cumm), renal dysfunction (serum
creatinine >1.4 mg/dl), and hyperbilirubinemia were seen
in all the patients. AP is a very rare complication of
malaria, and a high index of suspicion is required in
patients presenting with severe malaria and abdominal
pain.!

Lipase and Amylase in Liver Diseases

Twenty four months of follow-up showed asymptomatic
patients on a free diet, with a mild deranged Liver
Functional Tests (LFT) and a normal Amylase and
Lipase. The recurrence of AP has not been observed until
the present day. Recurrent episodes of AP in young
adults, without a history of alcohol abuse or evidence of
gallstones, might be an atypical presentation of midgut
malrotation and it should be in the differential
diagnosis,and in such cases, a Ladd's operation is
beneficial and an endoscopic procedure does not obtain
advantages.®

Abnormally high serum pancreatic isoamylase activity
was present in 34.4% of patients with mucinous cystic
lesions, in 40% of patients with chronic pancreatitis
(CP), and none in patients with pancreatic ductal
adenocarcinoma (PDAC); whereas serum lipase activity
was abnormally high in 25% of patients with mucinous
cystic lesion, in 48.6% of patients with CP, and in 12.5%
of patients with PDAC. In some patients with mucinous
cystic lesions and histologically confirmed severe
dysplasia, abnormally high levels of both serum
pancreatic amylase and lipase were present in patients.
High serum concentrations of pancreatic amylase and
lipase were found in no more than half of the patients
with mucinous cystic lesions. High levels of pancreatic
enzymes were not associated with a greater risk of
malignancy.t’)

The mean values + SD of the control group were
compared with those of the patient group for
serum amylase level and serum lipase level. On the ROC
analysis for amylase level, AUC was 0.740, and
sensitivity and specificity were 38.7% and 94.1%,
respectively, with a cutoff value of 27.5 U/L. On the
ROC analysis for lipase level, AUC was 0.748, and
sensitivity and specificity were 33.3% and 95.9%,
respectively, with a cutoff value of 10.5 U/L, suggesting

that low serum pancreatic enzyme levels can be used to
aid in detection of CP.[®

Pancreaticopericardial fistula (PPF) is an extremely rare
clinical problem encountered in patients with CP. The
diagnosis should be suspected if a patient presents with
pericardial effusion on a background of CP. Significantly
raised amylase in the pericardial fluid offers an important
clue for the diagnosis. Computerised Tomography (CT)
is the initial imaging modality to look for pancreatic and
pericardial changes. The therapeutic options include
medical, endoscopic or surgical interventions. Medical
and endoscopic therapies are the preferred modes of
treatment while surgery is reserved for those who fail
these measures.")

After adjusting for all the metabolic risk factors in the
multivariate  regression  analysis (MVRA) with
the amylase levels as the dependent variable, Insulin
secretion sensitivity index (ISSI-2) was the major
independent contributor to the serum amylase levels.
Meanwhile, in a comparison of the groups with the
highest and lowest quartiles of serum amylase levels, the
mean difference in loglSSI-2 was 0.902 (95% CI 0.823
to 0.982), and after adjusting for metabolic risk factors,
the mean difference in loglSSI-2 was 0.610 (0.537 to
0.683). Serum amylase levels in the normal range are
positively associated with integrated islet B cell function
in patients with early T2DM, as assessed by 1SS1-2.11%

In a study involving the diagnostic criteria of gestational
diabetes mellitus (GDM), they had significantly lower
levels of serum amylase than those without GDM. The
prevalence rate of GDM decreased across serum amylase
increasing tertiles. Correlation analysis showed that
serum amylase level was negatively correlated with
fasting plasma glucose (FPG), 1hPG, 2hPG, HOMA-IR,
triglyceride, free fatty acid, and thyroid stimulating
hormone. Multiple logistic regression analysis (MLRA)
showed that low serum amylase level predicted increased
risk of GDM. These findings suggest that low
serum amylase level is significantly associated with
increased risk of GDM.!*!

Serum amylase levels were significantly lower in non-
alcoholic fatty liver disease (NAFLD) patients with
metabolic syndrome (MetS) compared with NAFLD
patients without MetS and healthy controls (42, 45, and
53 IU/L, respectively). The serum amylase levels of
patients with elevated glucose, elevated triglycerides,
and low high density lipoprotein cholesterol (HDL-c)
patients were significantly lower than in case of normal
parameters. MLRA showed that a relative serum amylase
level increase was an independent factor predicting
advanced fibrosis (FIB-4 >1.3) in NAFLD participants
compared with NAFLD patients without MetS and
healthy controls, serum amylase levels were significantly
lower in NAFLD patients with MetS. Moreover, a
relative serum amylase increase may be an independent
factor of more advanced hepatic fibrosis.[*?
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The prevalence of NAFLD increased significantly from
22.5% to 42.4% (all grades) and from 9.2% to 24.0%
(moderate or severe grade) from the highest to the lowest
quartile of serum amylase. MLRA showed that,
compared with the highest quartile of serum amylase, the
lowest quartile of serum amylase was significantly
associated with any-grade NAFLD and with moderate-
to-severe  NAFLD, even after adjusting for MetS
or diabetes. The association between low serum amylase
(LSA) and any-grade NAFLD disappeared after further
adjustment for body mass index or waist circumference,
whereas the association between LSA and moderate or
severe NAFLD remained statistically significant
respectively. The results suggest that LSA may be
associated with moderate or severe NAFLD in
asymptomatic adults independent of MetS, diabetes and
obesity. These results warrant confirmation in further
studies.™!

Serum amylase levels were abnormally elevated in 35%
liver cirrhosis and chronic active hepatitis (CAH),
whereas serum lipase levels were elevated in 21% liver
cirrhosis and CAH. In 33% hyperamylasemic patients,
the hyperamylasemia was of pancreatic type.
Macroamylasemic complexes were not detected in
hyperamylasemic sera. Patients with liver cirrhosis had
serum levels of amylase and lipase significantly higher
than both the healthy subjects and the patients with
CAH, while no significant differences were found in
serum levels of these enzymes in patients with CAH as
compared to the healthy subjects. A decreased liver
metabolism of serum amylase and lipase in patients with
chronic infective liver disease, especially in those
having liver cirrhosis, may lead to an accumulation of
these enzymes in the blood.*

Lipase and Amylase in Diabetes Mellitus

Plasma adipose triglyceride lipase (ATGL) levels
significantly increased in patients with T2DM and
hypertension compared with normal group. No gender
differences were found among plasma ATGL levels.
Furthermore, plasma ATGL level was  positively
correlated with total cholesterol and HDL-c in simple
regression analysis of pooled data, whereas, in multiple
stepwise regression analysis, diastolic blood pressure,
total cholesterol and HOMA-IR were independently
related factors with plasma ATGL levels. Which
indicates the potential link of ATGL with the
pathogenesis of insulin resistance and T2DM.!

FPG and HbAlc estimates were consistently higher in
T1 and T2 DM patients, while no significant changes
were observed in the estimates of serum insulin between
the normal and diabetic patients. The reduction in serum
pancreatic amylase was recorded in both types of
diabetes, which amounted to 71% for T1DM and 49%
for T2DM. On the other hand, reduction in serum lipase
was only detected in T1DM amounting to 31%.
Correlation of the reduction in serum amylase and lipase
levels with the duration of disease revealed a remarkable

decrease in both enzymes in patients with long-standing
disease (76% and 39%) in T1DM patients. Whereas,
patients with very low serum insulin estimates, the
reduction in serum amylase was 77% while serum lipase
level was reduced by 42%. Similarly, the reduction in
serum amylase in T2DM was higher in patients with
longer duration of illness (59%) and in patients with low
serum insulin value (79%), while reduction in serum
lipase was only detected in patients with very low serum
insulin (34%). No differences in all measured parameters
between males and females were recorded in T1 and T2
DM patiens. Although most of diabetic research has been
focused on dyslipidemia as a major risk factor for
cardiac, cerebral and renal complications, the studies
clearly illustrates an impairment of pancreatic exocrine
function in T1 and T2DM and hence the analysis of
serum pancreatic enzymes could be an additional
informative parameter for the assessment of chronicity
and progress of the illness as well as the response to
therapy.!*®

Elevation of pancreatic enzymes is common in children
with  diabetic ketoacidosis (DKA), but clinical
pancreatitis is rare. Pancreatic enzyme levels reach a
peak 12-24 hrs after initiation of treatment for DKA.
Pancreatic enzyme elevation is associated with increased
blood urea nitrogen (BUN) concentrations at
presentation but is not associated with abdominal pain
7] Either or both enzymes were above the upper limit of
normal in 22.7% of subjects; 16.6% had an elevated
lipase level (including 1.2% >3-fold elevated), and
11.8% (n = 1094) had an elevated amylase level
(including 0.2% >3-fold elevated). In MLRA, severely
reduced kidney function was associated with the largest
effect on increasing activity of both. However, even
among subjects with normal kidney function, 12.2% and
7.7% had elevated lipase and amylase levels. In a study
of T2DM patients, nearly 25% had elevated lipase or
amylase levels without symptoms of AP. The clinician
must take these data into account when evaluating
abdominal symptoms in T2 DM patients.[*®!

Lipase and Amylase in Renal Diseases

Serum levels of amylase and lipase are  frequently
increased in patients Chronic Kidney Disease (CKD).
Relatively low serum pancreatic enzyme levels in CKD
may represent a state of pancreatic insufficiency and may
contribute to protein-energy wasting (PEW).[*! Serum
amylase activity was found to be an independent
predictor of mortality in End-Stage Renal Disease
(ESRD) patients. Relatively low serum pancreatic
enzyme levels in CKD may be regarded as a novel
component  of  the  malnutrition-inflammation-
atherosclerosis syndrome.

In a majority of CKD patients presented to emergency
room with symptoms suggestive of AP, only 17.4% had
more than a threefold increase in serum amylase and/or
lipase levels fulfilling the diagnostic criteria of AP. They
included pre-dialysis in 58.13% CKD patients and in
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41.86% ESRD patients on regular hemodialysis (HD).
Among the pre-dialysis CKD patients, 68% patients
developed acute kidney injury (AKI), 70% of those
patients returned back to their baseline renal functions
after 3-4 weeks. Gallstones were the cause of pancreatitis
in 16.3% patients while no cause was identified in
67.4%. 20.9% of patient developed admission to the
intensive care unit (ICU). Patients with less than
threefold increase in serum amylase and lipase levels
responded well to conservative management and had a
favorable clinical course. In severe AP the mortality rate
can be as high as 40-58% especially in association with
comorbid conditions. In some CKD patients however,
the overall mortality rate was 2.3%, probably due to the
predominance of milder forms of pancreatitis.’?"

Mean values of both amylase and lipase levels in the
patient group was higher than healthy controls. There
was no significant difference in amylase and lipase levels
according to the treatment modality in the patient group.
The correlations between creatinine clearance (CrCl)
and amylase or lipase were found to be inverse only
when the CrCl falls below 50 mL/min. Serum
amylase and lipase levels are about 1.5 times and 2.2
times higher in chronic renal failure patients than healthy
controls regardless of treatment modality. The elevations
of amylase and lipase levels are inversely correlated with
CrCl when it falls below 50 mL/min."

The mean activity of serum pancreatic enzymes was
significantly higher in patients with ESRD compared to
that in the healthy controls. 68.7% of ESRD patients had
serum amylase and lipase levels higher than normal in.
In continuous ambulatory peritoneal dialysis (CAPD)
cases, 66.7% had higher levels of both enzymes.
However, 83.7% and 86.5% HD patients had elevated
levels of serum amylase and lipase, respectively. Only
1.3% and 5.2% out of 77 ESRD cases had threefold
elevated levels of amylase and lipase, respectively.
Serum pancreatic enzymes are often elevated within
threefold normal in ESRD patients. Thus, AP must be
considered if enzyme levels are more than threefold
normal in association with clinical manifestiations.?

Currently, serum total amylase, pancreatic isoamylase
(P-amylase), lipase, trypsin (ogen), phospholipase A2
(PLA2), and elastase | are advocated to be useful in
diagnosing pancreatic diseases. However, the most
useful among the above six enzymes in patients with
impaired renal function has not been fully clarified.
Elastase | was significantly elevated only in patients with
a CrCl of 10 mL/min or less, whereas others were
elevated already in patients with a CrCl below 40
mL/min; in patients with a CrCl between 13 and 39
mL/min, lipase tended to be less frequently raised than
others, except elastase |, although the difference was
statistically insignificant; in patients with a CrCl between
40 and 74 mL/min, lipase was less frequently elevated
than others, except elastase | and phospholipase A2
(PLAZ2); in patients with a CrCl of 10 mL/min or below,

elastase | tended to be less frequently elevated than
others, although the difference was statistically
insignificant; and the degree of elevation was within 2.5
times the upper limits of reference values in all enzymes,
except trypsin(ogen). Elastase | was least vulnerable to
impaired renal function  followed by lipase. Hence
combined assays of elastase | and lipase for detecting
pancreatic diseases in patients with renal insufficiency is
recommended. When cut-off levels are set at 2.5 times
the upper limit of reference values, P-amylase or PLA2
can replace lipase.?*®!

CONCLUSIONS

This review articles has highlighted many research
findings during the last two decades on the clinical and
diagnostic usefulness of measuring both Amylase and
lipase. Measurements of these two digestive enzymes
must be done together to gather clinical informations for
the diagnosis of a variety of disorders/diseases associated
with gastroduodenal, pancreas, liver, cardiac, Kidney,
and DM. According to research findings both the
enzymes were found to be useful to evaluate and
correlate diseases involving liver,kidney, pancreas and
altered carbohydrates & fats metabolism. The contents of
this review article has also highlighted the two enzymes
as additional tests to evaluate & correlate other tests for
diagnosis of the above organs mentioned and such
findings will be very useful to decide at the treatment
modalities. The contents found in the review articles will
be useful for future researchers in this field to do more
work on the clinical usefulness of both Amylase &
Lipase and to set guidelines to recommend its routine use
in certain types of organ malfunctions.
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