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Abstract
Background: Diabetes mellitus is an endocrine disorder of the pancreas, due to inadequate synthesis of insulin and /or resistance to the action
of it. There is a close anatomical and functional relationship between its endocrine and exocrine portions both directly and in directly. So we are
studying the Serum amylase in Type2 Diabetes mellitus (DM). The aims and objective is to study the Serum Amylase levels in patients of Type-2
Diabetes Mellitus and to correlate Serum Amylase level with the HbA1c level in patients with type-2 DM. Subjects and Methods: Patients with
Type-2 Diabetes Mellitus aged more than 30 years were taken for the study. After obtaining consent from patient, a detailed history was taken
and a proper clinical examination was done. Relevant clinical investigations were done. Serum Amylase was measured. Then Serum Amylase
level was compared with the HbA1c level. Results: In this study, serum amylase level was statistically significantly lower in Type 2 DM group
compared to non diabetics group with p value <0.01. Conclusion: The study revealed that patients with Type 2 DM the exocrine functions of
pancreas are also affected. Patients of Type 2 DM have low serum amylase levels. Serum amylase levels was negatively correlated with HbA1c
levels in patients with type 2 DM, indicating the exocrine dysfunction which needs further evaluation to rule out chronic exocrine pancreatic
insufficiency in type 2 DM patients .
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Introduction

Diabetes Mellitus (DM) is a metabolic disease occurring
either due to absolute insulin deficiency or reduced sensitivity
of tissues to insulin. [1] Diagnostic criteria for Diabetes
Mellitus are Fasting blood Sugar level (FBS)≥126mg/dl,
Postprandial blood sugar (PPBS) ≥200mg/dl, Glycosylated
Haemoglobin (HbA1C)≥6.5% or Random blood sugar (RBS)
≥200mg/dl. [2]

Diabetes is a danger to global health and will remain so. In
the United Kingdom, at least 2% of the population (over 1
million) is diabetic and 5 to 10% of the overall health budget
is consumed by the disease. [3] Given the high prevalence of
diabetes among Indians with over 20 million diabetics, and the
number projected to grow to 57 million by 2025, this could put
a huge burden on the country’s health budget. [4]

The pancreas is a mixed gland, with 84% of the gland made
up of exocrine portion while the endocrine part comprises 2%

and remaining portion is connective tissue. [5] Since there is a
near anatomical and functional association between these two
sections of the pancreas, one portion of the disease can affect
the other. [6,7] The exocrine acinar cells are exposed to high islet
hormone concentrations as they receive blood passes from the
surrounding islets. [8]

Several types of enzymes, including amylase and lipase, are
produced by the pancreatic exocrine acinar cells that aid in the
digestion of specific food particles. In the digestion process,
amylase is the main enzyme responsible for cleaving starch
into maltose, maltriose, and alpha-limit dextrin. Lipase comes
predominantly from the pancreas, moves to the intestine all
the way down, and facilitates triglyceride breakdown into fatty
acids and monoglycerides. Foods are not properly digested
due to deficiency of pancreatic enzymes and the effects
are maldigestion and malnutrition. [9] For many years, it has
been thought that low serum amylase levels due to advanced
pancreatic disease reflect diffuse pancreatic harm. But several
studies have now shown that this low serum amylase level
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is also associated with metabolic syndrome and diabetes
mellitus. [10]

Research investigating the impact of hyperglycaemia on
pancreatic exocrine functions in type 2 diabetic patients
reported a substantial increase in serum amylase and lipase
levels with glycemic control regulation, but still lower than
control levels. A strong negative association between serum
amylase and lipase and basal FBS and HbA1c was found. [11]

Insulin resistance results in increased activity of anti-insulin
hormones and atrophy of exocrine acinar cells in diabetic
patients. Thus the synthesis and secretion of the exocrine
pancreatic enzyme is reduced. [12] With the onset of type 2
diabetes mellitus, coordination between the endocrine islets
and the exocrine acinar cells was also lost. The exocrine
pancreas displays a reaction to hormonal stimulation in
the form of fibrotic changes on long term exposure. [13] In
diabetesmellitus, insulin inactivity and/or hyperglycaemia due
to insulin resistance or low insulin may induce pancreatic
exocrine dysfunction and the development of pancreatic-
exocrine insufficiency. [14]

A deficiency of exocrine pancreatic enzymes resulting in an
inability to maintain normal digestion is known as pancreatic
exocrine insufficiency (PEI). [15] Themost common etiology of
PEI is chronic pancreatitis. Prevalence of Pancreatic Exocrine
Insufficiency (PEI) in Diabetes Mellitus: In recent decades,
there have been several studies on PEI in patients with
diabetes mellitus. Pancreatic exocrine function was tested in
early studies with the gold-standard direct pancreatic function
test tool (pancreozymin-secretin test). In 52.4 percent of
the cases. [16–21] However since direct pancreatic function
tests are invasive, time-consuming and costly, these trials
have only been limited to a small number of patients. This
exocrine insufficiency in diabetes mellitus can also lead to
a deficiency of macronutrients, steatorrhoea and consequent
malnutrition. [8]

In the human diabetic research of our country very small
concern has been given to pancreatic exocrine function, as less
published data is available regarding this topic. Majority of the
studies focus on the metabolic derangement due to impaired
insulin action and persistent hyperglycaemia. Therefore, the
current study has been designed for evaluating pancreatic
exocrine function by checking serum amylase and lipase in
Type 2 DM.

Aims

Study the Serum Amylase level in patients of Type-2 Diabetes
mellitus and Compared with non diabetics control group and
to study the correlation of Serum Amylase with HbA1c level
of Type 2 Diabetes mellitus.

Subjects andMethods

This prospective observational study was done on Type 2
DM patients admitted from November 2018 to October 2020
in the Department of Medicine at Karnataka Institute of
Medical Sciences, Hubballi. Total of 100 cases and 100 control
patients were included in the study. The inclusion criteria for
cases: Type 2 Diabetes Mellitus cases above the age of 30
years admitted to KIMS Hospital in Department of General
Medicine and for control: non-Diabetics subjects of similar
age and sex matching for cases coming to KIMS hospital.
The exclusion criteria were patients with Acute and Chronic
pancreatitis, any case of Acute Abdomen, Type-1DMpatients,
patients with Liver diseases, patients with deranged renal
function, patients with parotid related problem and patients
who did not give consent for the study.

The study was carried out in patients with type 2 diabetes
mellitus aged more than 30 years. Detailed history and
clinical review was conducted after taking authorisation from
the patient. The levels of serum amylase were assessed.
The levels of serum amylase in the diabetic group were
then compared with that of the non-diabetic control group.
The following investigations were done: Complete blood
count (CBC), rental function tests, liver function tests,
Glycosylated haemoglobin (HbA1c), Fasting blood sugar
(FBS), Postprandial blood sugar (PPBS), Serum Amylase and
USG abdomen and pelvis. CT abdomen and C Peptide if
needed.

Statistical analysis:
A statistical analysis of the serum amylase levels and their
correlation to HbA1c levels to assess significance in the
values obtained. The data was represented in Microsoft Excel
and word were used to obtain various types of graphs such
as Pie diagram, bar diagram and Scatter plots. A ‘p’ value
(Probability that the result is true) of <0.05 was considered as
statistically significant after assuming all the rules of statistical
tests. Data was analysed by using MS Excel, SPSS version 22
(IBM SPSS Statistics, Somers NY, USA).

Results

In the study both in case and control groups 58% were males
and 42% were females. [Table 1] shows the age distribution
of cases and control group. In the study age and sex matching
controls for the cases were taken. In the case group 8% were
in the age group <40 years, 32% were in the age group 40-
49 years, 29% were in the age group 50-59 years, 23% were
in the age group 60-69 years, 8% were in the age group
≥70 years which was similar for control group also. [Table
2] shows distribution of mean S. Amylase among cases and
control group. In our study mean S. Amylase levels showed
a statistically significant difference between the control and
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Table 1: Age distribution of cases and control group.
Age in yrs Cases Controls In Percentage
<40 8 8 8%
40-49 32 32 32%
50-59 29 29 29%
60-69 23 23 23%
≥70 8 8 8%
Total 100 100 100%

case group with p value <0.001. [Table 3] shows HbA1C
distribution among cases and controls. In our study mean
HbA1c showed a statistically significant difference between
the control and case group with p value <0.001. [Table 4]
shows Mean S. Amylase with respect to HbA1c among case
group. In this study among the case group, patients who
had an HbA1c level below 7 had a mean S. Amylase level
of 41.85±15.45 which was higher compared to the patients
who had an HbA1C level ≥ 7, mean amylase level was
31.87±14.49. The P value 0.004 we obtained, this indicated
that the patients with good glycemic control had a lesser effect
on exocrine function of pancreas, when compared to patients
with uncontrolled glycemic index.

Discussion

In our study 200 subjects were enrolled, out of which 100
who had type 2 DM were included under the case group
and 100 were taken as control group who were non diabetic.
They underwent a detailed history, clinical examination,
hematological investigation, FBS, PPBS, HbA1c and serum
amylase and lipase levels were done. Serum amylase level was
compared between the case and control groups and amylase
was studied with respect toHbA1c levels in the case group.
In our study patients with type 2 DMwere included as the case
group. Age and sexmatching subjects were taken as the control
group. Known cases of parotid disorder, pain abdomen patients
and chronic pain abdomen patients were excluded since these
conditions were known to alter the levels of serum amylase
level. Known cases of nephropathy and liver disease were also
excluded from the study since these conditions are known to
alter the blood sugar and HbA1c levels.
200 patients were enrolled in the study, 100 were in the case
group and 100 were in the control group. In the study the
mean age among case group was 53.84±10.21 and in the
control group was 53.84±10.21. The mean age of patients in
other various studies were Reenajain et al, [22] in case group
53.41±10.4 and control group 50.15±5.5, Tanvi et al, [23]
in case group 47.06±0.65 and in control group 45.64±0.59,
Basavaraj et al, [24] in case group 54.33±3.5 and in control
group 35.73±4.5, Kalitha et al, [25] in case group 45.73±6.13

and in control group 44.54±7.14, Vishwanath et al, [26] in case
group and in control group 55±8.6 56.1±8.3.It was observed
that our study mean age distribution was almost similar to
Reenajain et al, [22] and Vishwanath et al. [26]

In our study among the case group out of 100, 58%were males
and 42%were females. In other various studies sex distribution
in case group was Reenajain et al, [22]70% were males,30%
were females, in Tanvi et al, [23] 56%weremales and 44%were
females, in Basavaraj et al, [24] 50% males and 50% females,
Kalitha et al, [25] 61.33%weremales and 38.66%were females,
in Vishwanath et al, [26] 63.33% were males and 36.66% were
females.

In our study among the control group out of 100, 58% were
males and 42% were females. In other various studies sex
distribution in control group was Reenajain et al, [22] 68%were
males and 32% were females, in Tanvi et al, [23] 52% were
males and 48%were females, in Basavaraj et al, [24] 40%males
and 60% females, Kalitha et al, [25] 58% were males and 42%
were females, in Vishwanath et al 70% were males and 30%
were females.

In our study male patients with T2DM among the case group
were higher compare to females, this difference was also
observed in other studies as seen above except in Basavaraj
et al, [24] and our study sex distribution almost similar to Tanvi
et al, [23] Kalitha et al. [25]

In our study the mean Serum amylase levels (U/L) among
the case and control group respectively was 34.96±17.6 and
71.14±24.57. In other various studies mean Serum amy-
lase(U/L) in case and control group respectively were Reena-
jain et al, [22] 48.13±9.16 and 73.9±23.1, in Tanvi et al, [23] in
33.37±2.36 and 56.37±1.84 Basavaraj et al, [24]56.37±23.48
and 80.83±20.26, in Kalitha et al, [25] 47.95±23.63 and
in 107.1±37.97, in Vishwanath et al. [26] 56.13±40.50 and
98.66±0.93.
Our study showed that there was a significant difference in
the mean amylase levels between the case and control groups
with a p value <0.001 and this was almost similar to Tanvi
et al, [23] and Reenajain et al. [22] This shows that patients with
type 2 DM have significantly reduced serum amylase levels
compared to non diabetic patients, suggesting that diabetes
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Table 2: Distribution of mean S. Amylase among cases and control group
S. Amylase U/L
Value SD

Cases 34.96 17.60
Controls 71.14 24.83
P-Value <0.001

Table 3: HbA1C distribution among cases and controls
Cases Controls P-Value

Mean HbA1C % 7.52 5.19 <0.001
SD 1.04 0.61

Table 4: Mean S. Amylase with respect to HbA1c among case group
Mean S. Amylase U/L
Value SD

HbA1C<7 41.85 15.45
HbA1C≥7 31.87 14.49
P-Value 0.004

Table 5: Comparison of mean S. Amylase levels of patients
Study S. Amylase of Cases (U/L) S. Amylase of Controls (U/L)
Present study 34.96±17.6 71.14±24.57
Reenajain et al, [22] 48.13±9.16 73.9±23.1
Tanvi et al, [23] 33.37±2.36 56.37±1.84
Basavaraj et al, [24] 56.37±23.48 80.83±20.26
Kalitha et al, [25] 47.95±23.63 107.1±37.97
H.L.Vishwanath, [26] 56.13±40.50 98.66±0.93

affects the exocrine pancreas also.

Our study showed that there were reduced serum amylase and
lipase levels in the case group compared to the control group
with a p value <0.0001 which is statistically significant. The
same observation was also seen in other studies such as Reena
jain et al, [22] where the study showed low serum amylase levels
in the case groups compared to the control group with a p
value of < 0.001, Basavaraj madole et al, [24] studied exocrine
function of the pancreas by measuring the serum amylase and
lipase levels in DM patients, which showed that patients in
both Type 1 and Type 2 DM groups had low serum amylase
and lipase levels compared to the control groups with a p
value <0.001 both for amyalse and lipase levels .Kei nakajima,
Swislocki A et al, Snehankar K et al.,also showed reduced
serum amylase level. [27–29]The same observationwas also seen
in Vishwanath et al, [26]with a p value <0.0001 when serum
amylase levels were compared among the two groups and
<0.006 when serum lipase levels were compared among the

case and control group both the p values being statitically
significant. [26]

It was observed that hormones like insulin and glucagon
secreted by the pancreas influence the synthesis of enzymes
and their release from the exocrine pancreas. Insulin has
a trophic/ stimulatory effect on the acinar cells, whereas
glucagon has an inhibitory influence on the exocrine secre-
tions. These lead to a decrease in the sensitivity of the diabetic
pancreatic acini to secretagogues. So, the deficiency of insulin
and the excess of glucagon in diabetes affect the internal milieu
of the pancreas. This leads to a decrease in the total volume,
the amylase and the lipase secretion in its exocrine sections. [30]
Similarly diabetic neuropathymay lead to impaired enteropan-
creatic reflexes and exocrine dysfunction. [31] A few studies in
recent time have observed that cytokines such as TNF-alpha
(tumor necrosis factor), TGF-alpha, TGF-beta 1 (transforming
growth factors), gastrin and low regulatory gene functionsmay
interact and impair the exocrine and endocrine functions. [32–34]
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We observed low serum amylase level in Type 2 DM group
compared to non diabetic group. This indicates that the
endocrine functions of the pancreas have an influence on the
exocrine functions. We observed from our study that there was
a negative correlation between HbA1c of diabetes and serum
amylase level. However, we need more studies for the same to
know better.

Conclusion

The study revealed that patients with Type 2 DM the exocrine
functions of pancreas are also affected. Patients of Type 2
DM have low serum amylase levels. Serum amylase levels
wasnegatively correlated with HbA1c levels in patients with
type 2 DM, indicating the exocrine dysfunction which needs
further evaluation to rule out chronic exocrine pancreatic
insufficiency in type 2 DM patients.
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