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Introduction
The prevalence of diabetes mellitus (DM) is developing rapidly and 
expected to double globally from 171 million in 2000 to 366 million 
in 2030 with a maximum rise in India. It is expected that DM may 
affect up to 79.4 million individuals in India by 2030 [1]. At present 
India is the capital of DM disease in the world [2]. 

Biochemical cause of DM in type 1 and type 2 is decreased or lack 
of insulin secretion and resistance to insulin action respectively. 
Insulin resistance is defined as decreased sensitivity of target 
organ to the biochemical effects of insulin [3]. Insulin is secreted 
by islets cell of the pancreas. Pancreas is both an endocrine and 
an exocrine gland with clusters of endocrinal islet cells dispersed 
among exocrinal acinar cells [4]. 

Anatomical structure of pancreas is made up of 84% exocrine 
component, 2% endocrine part, 10% extracellular matrix and 4% 
ductal cells and blood vessels. Acinar cells and islet cells are in 
close proximity with each other. Defect in islet cells observed in 
diabetes may disturb neighbouring acinar cells of the pancreas [5]. 
Defects in insulin secretion and function leads to hyperglycaemia 
and may affect the enzyme synthesis and release from exocrine 
pancreas. Enzymes which are released from pancreas are amylase, 
lipase and proteases [6].

Several clinical research studies have shown that low serum 
amylase was associated with diffuse pancreatic destruction 



because of advanced pancreatic diseases, such as chronic 
pancreatitis [7,8]. Recently some studies showed that low serum 
amylase values are associated with metabolic syndrome and 
diabetes [9,10]. High value of amylase and lipase enzyme is seen 
in pancreatitis, pancreatic cancer and pancreatic duct obstruction 
[11].

Even though exocrine-endocrine relationship in the pancreas has 
been a center of attention in animal and cellular studies, in the 
human diabetic research, very little concern on pancreatic exocrine 
function has been paid. Most of the studies are targeted on 
metabolic derangement induced by persistent hyperglycaemia due 
to decreased insulin levels. There are number of studies regarding 
high values of serum amylase and lipase in acute pancreatitis 
[12,13] but very few studies are seen regarding significance of low 
serum amylase and lipase levels in clinical condition like DM. 

Animal and cellular studies showing the relationship between the 
endocrine and the exocrine pancreas have persistently observed 
that insulin affects amylase secretion via islet acinar cell axis. Insulin 
binds with its receptor on acinar cells and stimulates amylase 
secretion through number of ways [14]. There are confusing results 
regarding serum lipase levels in DM.

We found very few studies in India regarding serum amylase, 
serum lipase and its association with DM. So the present study 
was conducted to estimate serum amylase along with serum 
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ABSTRACT
Introduction: Diabetes mellitus (DM), a metabolic disorder 
characterized by hyperglycaemia, associated with deficiency 
or resistance to insulin indicates endocrinal abnormality of 
the pancreas. Amylase and lipase are enzymes secreted by 
the exocrine portion of the pancreas. Endocrinal derangement 
observed in diabetes may interfere with the exocrine function of 
the pancreas. 

Aim: To estimate the levels of fasting blood sugar, serum lipase, 
serum amylase in patients of type 1 and type 2 DM. Than 
comparing them with healthy controls and to study the effect 
of type 1 and type 2 DM on pancreatic exocrine function using 
serum levels of amylase and lipase as biochemical marker. 

Materials and Methods: This study was conducted at GMERS 
Medical College and Hospital from Dec 2015 to July 2016. 
Thirty patients of type 1 DM and 30 patients of type 2 DM, who 
were already diagnosed and taking treatment, were included in 
this study. A total number of 30 apparently healthy individuals 
were recruited as the control group in our study. Fasting venous 

blood samples were collected from the cases as well as the 
controls and they were analysed by using semi auto analyser 
for blood glucose, serum amylase and serum lipase. The results 
were analysed statistically by using SPSS software. Values were 
expressed as means ± SD.

Results: We found statistically significant (p<0.01) low values 
for serum amylase and serum lipase in patients with type 1 
and type 2 DM as compared to healthy controls. Fasting blood 
sugar was significantly higher in cases as compared to controls. 
We found negative correlation of fasting blood sugar level with 
serum amylase and serum lipase and positive correlation of 
serum amylase with serum lipase in both type 1 and type 2 
DM.

Conclusion: Our study clearly demonstrated that in type 1 
and type 2 DM, there was increase in fasting blood sugar with 
decrease in serum amylase and serum lipase which signifies 
the derangement of endocrine-exocrine axis of the pancreas. 
Serum amylase and serum lipase can be used as biochemical 
markers for assessment of pancreatic exocrine function.
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Variable Control
(n= 30)

Type 1 DM 
(n= 30)

Type 2 DM 
(n= 30)

‘F’ 
Ratio

p- 
value

Signi-
ficance

FBS 
(mg/dl)

89.83 ± 8.72 212.93 ± 51.96 172.33 ± 32.59 92.28 <0.001 Signi-
ficant

Sr. 
amylase 
(u/L)

80.40 ± 20.26 32.33 ± 19.99 56.37 ± 23.43 37.78 <0.001 Signi-
ficant

Sr. 
lipase 
(u/L)

38.67 ± 12.42 18.90 ± 10.3 26.13 ± 13.23 20.67 <0.001 Signi-
ficant

[Table/Fig-1]: Comparison of mean of variables in all three groups.

lipase in patients of type 1 and type 2 DM and to assess the role 
of amylase and lipase as a biochemical markers for pancreatic 
exocrine function.

Materials and Methods
The study was conducted in clinical Biochemistry Department of 
GMERS Medical College and Hospital, Valsad, Gujarat, India.

An excel based software was used to calculate the sample size. 

The following formula was used to estimate sample size.

n= [((Z1+Z2)/Cr)] ^2 

Where Cr = ½ {LOGe (1+r)/(1-r)} 

Correlation coefficient = 0.712 (as estimated in pilot study). 

Cr (Fisher’s Arctanh transformation) = 0.891

Level of confidence = 99%, Z1 (Z-value associated with alpha) = 
2.57 

Power of test = 90%, Z2 (Z-value associated with beta) = 1.28)

Putting these value in the above formula we got sample size (n) 
= 19

It was a case control study of 90 subjects divided into three 
groups including 30 apparently healthy controls, 30 cases of type 
1 DM and 30 cases of type 2 DM. All the participants gave written 
informed consent and this study design was approved by the 
institutional research and ethics committee. The study was carried 
out for a period of 8 months from December 2015 to July 2016. 
Exclusion criteria’s for both cases and controls were patients with 
history of hypertension, hypercholesterolemia, cardiovascular 
disease, hepatic disorders, chronic renal insufficiency and alcohol 
abuse. Fasting blood samples were collected after overnight fast 
by venipuncture in plain vaccutainer and sodium fluoride bulb. 
Grossly haemolysed and lipemic samples were excluded. All the 
samples were analysed by Microlab RX 50 diagnostic equipment. 
The estimation of Fasting Blood Sugar (FBS) was done by the 
glucose oxidase-peroxidase method on the blood samples 
collected in sodium fluoride bulb. The amylase was estimated by 
a colorimetric enzymatic method (CNPG2 method). Serum lipase 
was measured by advanced homogenous micelle technology 
method.

Statistical Analysis
The data was analysed by SPSS (Statistical Package for the Social 
sciences) software version 17. Data was analysed by using Analysis 
Of Variance (ANOVA) and Tukey’s post-hoc test was applied for the 
comparison of variables in all three groups. Pearson’s correlation 
co-efficient (r) were calculated to study the correlation of variables 
in type 1 and type 2 DM. The p-value <0.05 was considered as 
statistically significant.

Results
The study was conducted on 30 normal healthy volunteers (18 
males, 12 females) with average age of 35.73 ± 4.53years, 30 
type 1 diabetic patients (17 males, 13 females) with average age 
of 30.37 ± 3.92years and 30 type 2 diabetic patients (15 males, 15 
females) with average age of 54.33 ± 3.50years. 

[Table/Fig-1] shows mean± SD values, F-ratio and p-values of 
fasting blood sugar, serum amylase and serum lipase in controls, 
type 1 DM and type 2 DM patients. 

[Table/Fig-1a] shows that FBS level was significantly increased in 
type 1 and type 2 diabetes patients as compared to control group. 
It also shows that FBS level was significantly elevated in type 1 DM 
as compared to type 2 DM.

[Table/Fig-1b] shows that serum amylase was significantly 
decreased in type 1 and type 2 diabetes as compared to control 
group. Decrease in serum amylase was statistically more significant 
in type 1 DM as compared to type 2 DM.

[Table/Fig-1c] shows that that serum lipase was significantly 
decreased in type 1 diabetes as compared to control group. 
Decrease in serum lipase was also statistically significant in type 1 
DM as compared to type 2 DM. Decrease in serum lipase in type 2 
DM was statistically not significant as compared to controls.

[Table/Fig-2] shows correlation of variables in type 1 DM. There 
was negative correlation of FBS with amylase and lipase. 
Correlation between serum amylase and serum lipase in type 1 
DM was positive.

[Table/Fig-3] shows that there was negative correlation of FBS with 
serum amylase and lipase in type 2 DM. It was also observed that 
decreased values of serum amylase were associated with reduced 
levels of serum lipase in type 2 diabetes patients. 

Sr. No. Comparision of Mean FBS p-value Significance

1. Control Vs Type 1 DM <0.001 Significant

2. Control Vs Type 2 DM <0.001 Significant

3. Type 1 DM Vs Type 2 DM <0.001 Significant

[Table/Fig-1(a)]: Comparison of mean FBS in all three groups with tukey’s post-hoc 
test.

Sr. No. Comparision of Mean Serum 
Amylase

p-value Significance

1. Control Vs Type 1 DM <0.001 Significant

2. Control Vs Type 2 DM <0.001 Significant

3. Type 1 DM Vs Type 2 DM <0.001 Significant

[Table/Fig-1(b)]: Comparison of mean serum amylase in all three groups with tukey’s 
post-hoc test.

Sr. No. Comparision of Mean Serum 
Lipase

p-value Significance

1. Control Vs Type 1 DM <0.001 Significant

2. Control Vs Type 2 DM 0.06 Not Significant

3. Type 1 DM Vs Type 2 DM <0.001 Significant

[Table/Fig-1(c)]: Comparison of mean serum lipase in all three groups with tukey’s 
post-hoc test.

Sr. 
No.

Correlation between Pearson’s correlation 
co-efficient (r)

p-value Significance

1. FBS and Serum Amylase -0.734* <0.001 Significant

2. FBS and Serum Lipase -0.891* <0.001 Significant

3. Serum amylase and 
Serum lipase

0.78** <0.001 Significant

[Table/Fig-2]: Correlation of variables in Type 1 Diabetes patients.
* Negative Correlation; ** Positive correlation

Sr. 
No.

Correlation between Pearson’s correlation 
co-efficient (r)

p-value Significance

1. FBS and Serum Amylase -0.895* <0.001 Significant

2. FBS and Serum Lipase -0.803* <0.001 Significant

3. Serum amylase and 
Serum lipase

0.716** <0.001 Significant

[Table/Fig-3]: Correlation of variables in Type 2 Diabetes patients.
* Negative Correlation; ** Positive correlation

Discussion
There are many animal studies and very few human studies 
which tried to probe the biochemical features and the underlying 
mechanisms to link the endocrine islet cells and the exocrine acinar 
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cells. Accordingly we also studied serum amylase, serum lipase 
and fasting blood sugar to correlate islet and acinar cell linkage. 
We found significantly low amylase and lipase level in type 1 DM 
and significantly low amylase level in type 2 diabetic groups as 
compared to that of healthy controls. We also found significantly 
higher FBS in type 1 and type 2 DM as compared to controls. 
Similar results were found by Aughsteen A et al., who observed 
decreased values of serum amylase 20.4±8.8u/l and lipase 
19.8±5.6u/l in type 1 DM and reduced amylase 35.3±17.8u/l and 
lipase 26.5±7.8u/l in type 2 DM [10]. Kei Nakajima, Swislocki A et 
al., Snehankar K et al., also observed decreased serum amylase 
in DM [15-17].

In one study, we found streptozotocin-diabetic rats showed a 
reduction of 66% in amylase and 43% in lipase in pancreatic tissue 
homogenates. The amylase and lipase levels were returned nearly 
to control values after in-vivo insulin administration [18]. 

The study of Skrha J et al., on insulin dependent diabetic patients 
demonstrated a lowered serum lipase and isoamylase levels. This 
observation may be due to decreased acinar cell function in the 
vicinity of insulin depleted islets [19]. Similarly reduction in the other 
pancreatic enzymes like elastase, trypsin and chymotrypsin has 
been reported by other studies [20,21]. Analysis of pure pancreatic 
secretions aspirated from the pancreatic duct demonstrated 
a significant decrease in amylase level with minimal changes in 
bicarbonate and lipase concentrations in diabetic patients with 
uncontrolled hyperglycaemia [22].

However, in contrast to our results, Hattf BF et al., found significant 
increase in serum amylase level in diabetic group (175.35 ± 21.74 
u/l) as compared to the control group (40.19 ± 10.50u/l) [23]. Few 
other studies also recorded conflicting results regarding amylase 
and lipase in diabetes presented with ketoacidosis [24-26].

It was observed that the hormones like insulin and glucagon 
secreted by pancreas, influence the enzyme synthesis and 
its release from the exocrine pancreas. Insulin has a trophic/
stimulatory effect on the acinar cells, whereas glucagon has 
an inhibitory influence on the exocrine secretions. Which leads 
to 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. It 
leads to decrease in the total volume, the amylase secretions and 
the lipase content of its exocrine secretions [5,27].

Similarly diabetic neuropathy may lead to impaired entero-
pancreatic reflexes and exocrine dysfunction [28]. Few studies in 
recent time observed that cytokines such as TNF-alpha (tumour 
necrosis factor), TGF-alpha, TGF-beta 1 (transforming growth 
factors), gastrin and low regulatory gene functions may interact 
and impair the exocrine and endocrine functions [29-31].

Patel R et al., in their study explained that reduced amylase 
secretion in the diabetic pancreas may be due to reduced cytosolic 
free calcium concentration (Ca2

+) and gene expression for amylase 
and not to the gene expression of cholecystokinin (CCK) a receptor 
in pancreatic acinar cells [32].

We observed that the low serum amylase and lipase levels in 
diabetes were associated with increased blood glucose level 
(negative correlation) due to impaired insulin action either because 
of insulin resistance and/or inadequate insulin secretion. Decrease 
in amylase level associated with decreased level of lipase in both 
type 1 and type 2 DM (positive correlation) was due to insufficiency 
of pancreatic exocrine acinar cells. Majority of the diabetics have 
been found to have pancreatic fibrosis and other findings such as 
atrophy, fatty infiltration and loss of the exocrine acinar cells. 

Limitation
Age and sex matching of controls could not be possible with type 
1 and type 2 DM due to occurrence of disease in different age 
groups.

Facility for the HbA1C estimation (instrument) is not available in 
our set up that’s why we did not include HbA1C in our study.

Conclusion
Our study demonstrated that serum amylase and serum lipase 
levels were decreased significantly in type 1 and type 2 DM. These 
parameters whether to be accepted as a reliable biochemical 
markers of pancreatic exocrine function and its insufficiency in 
other clinical conditions should be validated by extensive, large 
scale research and clinical studies. The role of Serum amylase 
and serum lipase as biochemical markers of pancreatic exocrine 
function in the treatment and progress of the DM should be 
investigated further in detail.

Acknowledgements
We are thankful to the teaching staff and non-teaching staff of 
Medicine department for their support and co-operation in the 
study.

References
	 Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of diabetes-[1]

estimates for the year 2000 and projections for 2030. Diabetes Care. 
2004;27(3):1047-53. 

	 Kaveeshwar SA, Cornwall J. The current state of diabetes mellitus in India. [2] AMJ. 
2014;7(1):45-8. 

	 Xu H, Huang X, Arnlov J, Cederholm T, Stenvinkel P, Lindholm B, et al. Clinical [3]
correlates of insulin sensitivity and its association with mortality among men with 
CKD stage 3 and 4. Clin J Am Soc Nephrol. 2014;9:1–8.

	 Henderson JR, Daniel PM, Fraser PA. The pancreas as a single organ: the [4]
influence of the endocrine upon the exocrine part of the gland. Gut. 1981;22:158-
67.

	 Singh J, Yago MD, Adeghate E. The role of insulin, glucagon, somatostatin, [5]
cholecystokinin, acetylcholine and nerve stimulation in the interactions between 
the endocrine and exocrine pancreas in normal and diabetic conditions in rats. 
Int J Diabetes. 1999;7(1):114-19.

	 Adler G, Kern HF. Regulation of exocrine pancreatic secretory process by insulin [6]
in vivo. Horm Metab Res. 1975;7:290-96.

	 Domínguez MJ, Pieramico O, Buchler M, Malfertheiner P. Ratios of different [7]
serum pancreatic enzymes in the diagnosis and staging of chronic pancreatitis. 
Digestion. 1993;54(4):231–36.

	 Ewald N, Hardt PD. Diagnosis and treatment of diabetes mellitus in chronic [8]
pancreatitis. World J Gastroenterol. 2013;19(42):7276–81.

	[9] Kei N, Tohru N, Toshitaka M, Masafumi K, Hiroshi F, Hiromi M. Low serum 
amylase in association with metabolic syndrome and diabetes: A community-
based study. Cardiovascular Diabetology. 2011;10:34.

	 Aughsteen AA, Abu-Umair MS, Mahmoud SA. Biochemical analysis of serum [10]
pancreatic amylase and lipase enzymes in patients with type 1 and type 2 
diabetes mellitus. Saudi Med J. 2005;26:73-77.

	 Muniraj T, Dang S, Pitchumoni CS. Pancreatitis or not?--Elevated lipase and [11]
amylase in ICU patients. J Crit Care. 2015;30(6):1370-75.

	 Keim V, Teich N, Fiedler F, Hartig W, Thiele G, Mössner J. A comparison of lipase [12]
and amylase in the diagnosis of acute pancreatitis in patients with abdominal 
pain. Pancreas. 1998;16(1):45-49.

	 Pacheco RC, Nishioka SA, de Oliveira LC. Validity of serum amylase and lipase in [13]
the differential diagnosis between acute/acutized chronic pancreatitis and other 
causes of acute abdominal pain. Arq Gastroenterol. 2003;40(4):233-38.

	[14] Barreto SG, Carati CJ, Toouli J, Saccone GT. The islet-acinar axis of the pancreas: 
more than just insulin. Am J Physiol Gastrointest Liver Physiol. 2010;299:G10-22.

	 Nakajima K. Low serum amylase and obesity, diabetes and metabolic syndrome: [15]
A novel interpretation. World J Diabetes. 2016;7(6):112–21.

	 Swislocki A, Noth R, Hallstone A, Kyger E, Triadafilopoulos G. Secretin-stimulated [16]
amylase release into blood is impaired in type 1 diabetes mellitus. Horm Metab 
Res. 2005;37(5):326-30.

	 Snehankar K, Rumi D, Risha G, Kailash B. Serum amylase and lipase activities in [17]
newly diagnosed patients with type 2 diabetes mellitus. International Journal of 
Advanced Research. 2016;4(7):1476-83.

	 Aughsteen AA, Mohammed FI. Insulin enhances amylase and lipase activity [18]
in the pancreas of streptozotocin-diabetic rats. An invivo study. Saudi Med J. 
2002;23(7):838-44.

	  Skrha J, Stepan J, Pacovsky V.Serum lipase, isoamylase and pancreatic function [19]
test (PFT) in juvenile-onset insulin-dependent diabetes mellitus. Acta Diabetol 
Lat. 1983;20(4):357-61.

	 Larger E, Philippe MF, Barbot TL, Radu A, Rotariu M, Nobécourt E, et al. Pancreatic [20]
exocrine function in patients with diabetes. Diabet Med. 2012;29(8):1047-54.

	 Lorini R, Cortona L, Scotta MS, Melzi d’Eril GV, Severi F. Exocrine pancreatic [21]
function in children and adolescents with insulin-dependent diabetes mellitus. 
Diabetes Res Clin Pract. 1990;8:263-67.

	 Kawamori R, Katsura M, Ishida S, Yamasaki Y, Tujii M, Kawano S, et al. Subclinical [22]
exocrine pancreatic derangement in human diabetic patients evaluated from 
pure pancreatic juice. J Diabetes Complications. 1995;9:69-73.



Mahesh Basavaraj Madole et al., Serum Amylase and Serum Lipase for the Assessment of Pancreatic Exocrine Function in DM	 www.jcdr.net

Journal of Clinical and Diagnostic Research. 2016 Nov, Vol-10(11): BC01-BC0444

	 Hattf BF, Ra'id M Hanoon AS, Mohammed NR. Clinical studies to evaluate [23]
pancreatic functions in the patients of type 2 diabetes mellitus. International 
Journal of Innovation and Applied Studies. 2014;7(1):413–20.

	 Yadav D, Nair S, Norkus EP, Pitchimoni CS. Nonspecific hyperamylasemia [24]
and hyperlipasemia in diabetic ketoacidosis: incidence and correlation with 
biochemical abnormalities. Am J Gasteroenterol. 2000;11:3128-28. 

	 Vantyghem MC, Haye S, Balduyck M, Hober C, Degand PM, Lefevre J. Changes [25]
in serum amylase, lipase and leukocyte elastase during diabetic ketoacidosis 
and poorly controlled diabetes. Acta Diabetologica. 1999;36(1-2):39-44.

	 Arie S, Djoko WS, Fatchiyah, Aulanni’am. Relation of elevated serum lipase to [26]
indonesian type 2 diabetes mellitus progression. Biomedical Research. 2015; 26 
(2): 293-298.

	 Rakhee Y, Jaiprakash B, Sunilkumar V, Manojkumar N. The evaluation of serum [27]
amylase in the patients of type 2 diabetes mellitus, with a possible correlation 
with the pancreatic functions. Journal of Clinical and Diagnostic Research. 
2013;7(7):1291-94.

	 Newihi H, Dooley CP, Saad C, Staples J, Zeidler A, Valenzuela JE. Impaired [28]
exocrine pancreatic function in diabetics with diarrhea and peripheral neuropathy. 
Dig Dis Sci. 1988;33:705-10.

	 Sanvito F, Nichols A, Herrera PL, Huarte J, Wohlwend A, Vassalli JD, et al. TGF-[29]
beta 1 overexpression in murine pancreas induces chronic pancreatitis and, 
together with TNF-alpha, triggers insulin-dependent diabetes. Biochem Biophys 
Res Commun. 1995;217:1279-86.

	 Kobayashi T, Nakanishi K, Kajio H, Morinaga S, Sugimoto T, Murase T, et al. [30]
Pancreatic cytokeratin: an antigen of pancreatic exocrine cell autoantibodies in 
type 1 (insulin-dependent) diabetes mellitus. Diabetologia.1990;33:363-70.

	 Perfetti R, Wang Y, Shuldiner AR, Egan JM. Molecular investigation of age-[31]
related changes in mouse endocrine pancreas. J Gerontol A BiolSci Med Sci. 
1996;51:B331-36.

	 Patel R, Shervington A, Pariente JA, Martinez-Burgos MA, Salido GM, Adeghate [32]
E, et al. Mechanism of exocrine pancreatic insufficiency in streptozotocin-induced 
type 1 diabetes mellitus. Ann N Y Acad Sci. 2006;1084:71-88.

		 PARTICULARS OF CONTRIBUTORS:
1.	 Associate Professor, Department of Biochemistry, GMERS, Medical College, Valsad, Gujarat, India.
2.	 Professor, Department of Biochemistry, Indira Gandhi Medical College, Nagpur, Maharashtra, India.
3.	 Senior Resident, Department of Dentistry, GMERS, Medical College, Valsad, Gujarat, India.
4.	 Assistant Professor, Department of Community Medicine, Govt. Medical College Latur, Maharashtra, India.
5.	 Professor, Department of Anatomy, GMERS, Medical College, Valsad, Gujarat, India.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Dr. Mahesh Basavaraj Madole,
Flat no.201. ‘A’ Block GMERS, Medical College Campus, Valsad-396001, Gujarat, India.
E-mail: maheshmadole@gmail.com

Financial OR OTHER COMPETING INTERESTS: None.

Date of Submission: Sep 01, 2016
Date of Peer Review: Sep 14, 2016
 Date of Acceptance: Sep 27, 2016

Date of Publishing: Nov 01, 2016


