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Abstract 
Background: Metabolic syndrome (MetS) and Diabetes mellitus (type I and type II) are emerging as epidemics among non 

communicable diseases. A lot of research has been done on hyperglycemia in Diabetes mellitus and Metabolic syndrome, but 

very few studies on pancreatic exocrine function have been conducted in these conditions. Therefore, the present study is an 

attempt to link endocrine and exocrine parts of the pancreas by investigating the association of serum amylase with insufficient 

insulin action in clinical settings. 

Objectives: To estimate and compare serum amylase and insulin levels in Metabolic syndrome and in type I Diabetes mellitus 

and type II Diabetes mellitus 

Materials and Methods: The subjects included in this study were divided into 3 groups. Group I consisted of 30 Diabetes 

mellitus Type I patients aged ≤ 25 yrs. Group II consisted of 30 patients of Diabetes mellitus Type II aged ≥ 40 yrs and Group III 

consisted of 30 Metabolic syndrome patients aged ≥ 40 yrs. Serum insulin, Serum amylase, Fasting blood sugar (FBS) and lipid 

profile were measured using autoanalyser. Statistical package for social science software version 15 was used for statistical 

analysis. 

Results: Serum amylase was significantly less in DM Type I (40.53±16.58) compared to both DM Type II (75.13±44.81) and 

Metabolic syndrome (58.77±17.45). The insulin levels were lowest in DM Type I compared to both DM Type II and MetS. In 

DM Type I, there was a positive correlation between insulin & amylase levels. In DM Type II and MetS there was a positive 

correlation between insulin & amylase levels at low insulin levels of ≤10 µIU/ ml and negative correlation with insulin résistance 

i.e. the serum amylase was lower with higher insulin résistance than with moderate insulin resistance. 

Conclusion: Our results suggest a significant association between serum amylase levels and insufficient insulin action either due 

to inadequate insulin secretion and/or insulin resistance in Type I DM, Type II DM and MetS. This indicates a possible exocrine-

endocrine relationship in these clinical conditions. Low serum amylase is associated with decreased basal insulin levels and 

insulin secretion, as well as high insulin resistance than with moderate resistance. Low serum amylase suggests exocrine 

pancreatic insufficiency and if pancreatic amylase replacement therapy is given to these patients it may improve the nutritional 

status and also analysis of serum amylase could provide valuable information regarding prognosis of the illness. 
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Introduction 
Diabetes mellitus (DM) and Metabolic syndrome 

(MetS) are among the most challenging health 

problems in the 21st century. Diabetes mellitus (DM) is 

a metabolic disease in which there is high blood sugar 

due to the body's failure to produce enough insulin 

(Type I DM) or insulin resistance (Type II DM). 

Metabolic syndrome (MetS) is a collection of 

cardiometabolic risk factors that includes obesity, 

insulin resistance, hypertension and dyslipidemia. This 

clustering of risk factors predisposes to an increased 

risk of developing Type II diabetes and cardiovascular 

disease. 

Several pathogenic processes are involved in the 

development of diabetes. These range from 

autoimmune destruction of the beta cells of the 

pancreas (Type-I DM) with consequent insulin 

deficiency to abnormalities that result in resistance to 

insulin action (Type- II DM). Deficient action of insulin 

on target tissues affects carbohydrate, fat, and protein 

metabolism in diabetes. Deficient insulin action results 

from inadequate insulin secretion and/or diminished 

tissue responses to insulin at one or more points in the 

complex pathways of hormone action1. Type- II DM is 

characterized by insulin resistance where there is 

impaired ability of hormone to suppress hepatic glucose 

output and to promote peripheral glucose utilization and 

compromised function of pancreatic β-cells such that 

insulin secretion is insufficient to match the degree of 

insulin resistance13. 

The pancreas has dual functions. It acts as a 

digestive organ by secreting digestive enzymes such as 

amylase and as an endocrine organ secreting insulin24. 

The acinar tissue in the pancreas is in the close vicinity 

of the islets. Because of this close morphological 

relationship, functional interactions are likely to occur 

between the exocrine and endocrine pancreas in any 

diseases affecting the pancreas20. The pancreatic 

endocrine hormones influence pancreatic exocrine 

function. Insulin has a trophic effect on the exocrine 

pancreas. Insulin binds to its own receptor on the acinar 

cell14, leading to stimulation and potentiation of 

amylase secretion by various mechanisms including 

regulation of amylase gene transcription11; stimulation 
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of DNA, RNA, and acinar protein synthesis15; and 

increase in glucose uptake. 

In DM Type I, the pancreatic acinar cells become 

fibrosed and show a reduced response to the hormonal 

stimulation5. The autoimmune mediated damage of islet 

cells leads to reduction of insulin levels resulting in a 

decreased trophic action on the amylase secreting 

exocrine cells19. In DM Type II and MetS, autonomic 

neuropathy and microvascular damage may play a key 

role in inducing pancreatic atrophy and fibrosis. In 

these conditions, the increased oxidative stress activates 

islet-exocrine-interface (IEI) matrix degrading 

proteases such as matrix metalloproteinases (MMPs) 

resulting in enzymatic degradation of the desmosomes 

and adherens junctions between the islet and acinar 

cells. Thus, communication between the exocrine and 

endocrine cell types is lost. Loss of cellular paracrine 

communication and fibrosis of the IEI, the endoacinar 

and the interlobular periacinar interstitium results in a 

dysfunctional insulino-acinar hormone axis9. As a 

result, action of islet hormone -insulin’s trophic effects 

on acinar cells may be impaired or lost leading to 

decreased serum amylase. Besides these mechanisms, 

there are multiple defects in insulin secretion and 

signaling in Type II DM2, which might be associated 

with the low amylase secretion from the pancreas. 

`Elevation of serum amylase levels is seen in acute 

pancreatitis.  Decreased serum amylase has been 

observed in diffuse pancreatic destruction due to 

advanced chronic pancreatitis or alcoholic disease7,12. A 

recent study by Zhao Y et al25 observed an association 

between low serum amylase levels and an increased 

prevalence of metabolic syndrome and diabetes in 

Chinese asymptomatic population. Rakhee Yadav et 

al23 found a significantly low amylase activity in the 

Type II DM patients compared to that in healthy 

subjects. Nakajima et al17 has shown an increased risk 

for Metabolic Syndrome and Diabetes in Japanese 

population with low serum amylase levels. 

However there is a lack of studies on serum 

amylase and insulin levels in the clinical settings of 

MetS, Type I DM and Type II DM in Indian 

population. InType I DM there is insulin deficiency. In 

Type II DM and MetS there is impaired insulin action. 

Hence this study was conducted to put an insight into 

the possible endocrine-exocrine relationship of the 

pancreas in patients of MetS, Type I DM and Type II 

DM by investigating the association of serum amylase 

with insufficient insulin action. 

 

Materials and Methods 
This study was conducted on 30 patients of DM 

Type I (Group I) aged  ≤ 25 yrs, 30 patients of  DM 

Type  II (Group II)  aged ≥40 yrs and 30 patients of 

MetS (Group III) aged  ≥40 yrs, both males and females 

visiting  Departments of Medicine and Endocrinology 

at Vydehi Institute of Medical Sciences & Research 

Centre, Bengaluru. The study was approved by the 

ethical committee of the institution. Cases of DM Type 

I and DM Type II according to the American Diabetes 

Association diagnostic criteria2, defined as Fasting 

Plasma Glucose ≥126 mg/dl or HbA1c ≥6.5%, or being 

treated with oral hypoglycemic drugs or insulin were 

included in the study. The diagnosis of MetS was based 

on the Adult Treatment Panel (ATP) III criteria8 with 

the following cutoff limits: 1) systolic blood pressure ≥ 

130 mmHg or diastolic blood pressure ≥85 mmHg 2) 

triglyceride (TG) ≥150 mg/dl 3) high-density 

lipoprotein cholesterol (HDL-C) <40 mg/dl for men and 

<50 mg/dl for women 4) fasting plasma glucose ≥100 

mg/dl 5) waist circumference ≥90 cm for men and ≥80 

cm for women.  Subjects meeting three or more of these 

criteria were included in MetS group. If subjects were 

treated for any of these components, they were 

determined to meet that criterion. Patients with 

confirmed or suspected cases of pancreatic pathology, 

diabetic ketoacidosis and renal dysfunction were 

excluded from the study. An informed written consent 

was taken from all patients ≥18 yrs and parent or 

guardian of patients ≤18 yrs. After detailed clinical 

history and physical examination fasting blood samples 

were collected from these patients. Height, weight, 

waist circumference, hip circumference, blood pressure 

were measured as per standard procedures. Body mass 

index (BMI) was calculated by formula [weight (Kg) / 

height (m2)]. Serum insulin level was measured by one-

step immunoenzymatic (“sandwich”) assay and Serum 

amylase levels by an enzymatic rate method. The 

estimation of Fasting blood sugar (FBS) was done by 

Hexokinase method. The serum triglycerides were 

measured by the enzymatic (GPO) method. Total 

cholesterol, LDL and HDL were estimated by 

enzymatic methods.  

Statistical Methods: Results are presented as 

MeanSD. Analysis of variance (ANOVA) was used 

for the comparison of the three groups. Pearson’s 

correlation coefficient was used for the correlation. 

Statistical analysis was performed using the statistical 

package of social sciences (SPSS-15). P values of 

<0.05 were considered as statistically significant. 

 

Results 
The age distribution of patients is shown in Table 

1.  There were 17 males and 13 females in DM type I, 

18 females and 12 males in DM type II and 17 females 

and 13 males in MetS. Waist circumference and hip 

circumference were compared between the groups 

which showed both waist and hip circumference were 

significantly higher (p <0.01) in DM type II than DM 

type I (Table 2). The subjects with MetS had 

significantly higher (p <0.001) waist and hip 

circumference compared to both DM type I and DM 

type II. The systolic BP & diastolic BP was 

significantly higher in MetS (p <0.001) and DM type II 

(p <0.01) compared to DM type I.  BMI was 

significantly increased (p <0.001) in MetS compared to 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24456421
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both the groups and in DM type II (p <0.01) compared 

to DM type 1. There was no significant difference in 

FBS between DM type I and DM type II (Table 3). 

However the FBS was significantly increased (p <0.01) 

in MetS compared to both DM type I and DM type II. 

The lipid profile parameters-Total cholesterol (p 

<0.05), Triglycerides (p <0.001) and VLDL (p <0.001) 

were significantly higher in MetS as compared to DM 

Type I and DM Type II. HDL was significantly lower 

in MetS as compared to DM Type I (p<0.001) and DM 

Type II (p <0.05). When compared to DM Type I, DM 

Type II patients had lower HDL (p <0.05). LDL was 

significantly higher in MetS (P <0.001) and DM Type 

II (P <0.05)  as compared to DM Type I. Serum 

amylase was significantly less in DM Type I 

(40.53±16.58) compared to  DM Type II (75.13±44.81)  

with  P <0.01 and MetS (58.77±17.46) with P <0.001 

(Table 3).  The insulin levels in DM Type I (6.94±1.39) 

is low (P <0.05) due to insulin deficiency and in DM 

type II the insulin levels is high (16.01±3.25) due to 

insulin resistance. In MetS (9.38±1.60) the levels are 

lower than DM type II offering less insulin resistance. 

In DM Type I, there was a positive correlation between 

insulin & amylase levels (Table 4). In DM Type II and 

MetS there was a positive correlation between insulin & 

amylase levels at insulin levels ≤10 µIU/ ml and 

negative correlation with insulin résistance i.e. the 

serum amylase is lower with higher insulin résistance 

than with moderate insulin resistance (Table 4). 

 

Table 1: Age distribution of patients studied 

Age in years 
DM type I DM type II Metabolic Syndrome 

No % No % No % 

13-20 19 63.3 0 0.0 0 0.0 

21-30 10 33.3 0 0.0 0 0.0 

31-40 1 3.3 3 10.0 4 13.3 

41-50 0 0.0 8 26.7 9 30.0 

51-60 0 0.0 9 30.0 9 30.0 

61-70 0 0.0 9 30.0 5 16.7 

>70 0 0.0 1 3.3 3 10.0 

Total 30 100.0 30 100.0 30 100.0 

 

Table 2: Comparison of Anthropometric characteristics of Group I (Diabetes Mellitus type 1), Group II 

(Diabetes Mellitus type 2), Group III (Metabolic syndrome) 

Parameter Group I 

(DM type I) 

p-value 

(I vs II) 

Group II 

(DM type II) 

p-value 

(II vs III) 

Group III 

(Met S) 

p-value 

(I vs III) 

BMI 15.47±4.0 <0.01 21.67±2.9 <0.001 24.37±3.2 <0.001 

BP Systolic  

(mm of Hg) 

104.93±14.2 <0.01 127.53±16.9 - 127.57±15.3 <0.001 

BP Diastolic 

(mm of Hg) 

64.43±9.8 <0.01 77.33±6.4 - 81.47±10.13 <0.001 

Waist  

Circumference 

(cm) 

29.23±2.8 <0.01 32.11±3.29 <0.001 37.35±4.13 <0.001 

Hip  

circumference 

(cm) 

31.48±3.0 <0.01 33.78±3.16 <0.001 39.84±4.41 <0.001 

Statistically significant P values < 0.05 are indicated 

 

Table 3: Comparison of Biochemical parameters of Groups I, II, III (Mean ± SD) 

Parameter Group I 

(DM type 1) 

p-value 

(I vs II) 

Group II 

(DM type II) 

p-value 

(II vs III) 

Group III 

(Metabolic 

syndrome) 

p-value 

(I vs III) 

FBS (mg/dl) 158.27±43.9 - 151.73±55.23 <0.01 212.43±98.68 <0.01 

Total cholesterol 

(mg/dl) 

164.7±16.49 - 156.33±22.68 <0.01 187.82±48.96 <0.05 

TG(mg/dl) 142.53±18.53 - 137.33±30.23 <0.001 211.83±87.27 <0.001 

HDL(mg/dl) 45.83±16.48 <0.05 39.25±7.86 <0.05 34.21±9.05 <0.001 

VLDL(mg/dl) 28.51±3.71 - 27.47±6.05 <0.001 42.03±17.55 <0.001 
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LDL(mg/dl) 94.32±14.63 <0.05 106.28±25.57 - 121.49±42.45 0.001 

Insulin(µIU/ml) 6.94±1.39 <0.05 16.01±3.25 - 9.38±1.60 <0.05 

Amylase(U/L) 40.53±16.58 <0.01 75.13±44.81 - 58.77±17.46 <0.001 

Statistically significant P values < 0.05 are indicated 

 

Table 4: Correlation between serum amylase and serum insulin ± SD 

Insulin (µIU/ ml) 

  ≤10 10-20 ≥20 

Amylase (U/L) DM type I 38.5±16.74 47.5±0.70* 60±1.41 

 DM type II 59.21±35.27 117.25±41.8 74.13±41.67 

 MetS 59.95±18.57 72.6±8.44 55.5±14.67 

SD- standard deviation, *statistically significant at p<0.01 

 

Discussion  
The cardiometabolic conditions such as MetS and 

type 2 diabetes are increasing in incidence worldwide. 

A lot of research has been done on normalization of 

abnormal lipid profile and hyperglycemia but very little 

attention has been paid to pancreatic exocrine function. 

The endocrine and exocrine pancreas has a complex 

anatomical and functional interaction21. For the normal 

functioning of exocrine pancreas, intact islets of 

Langerhans is necessary15,18. The exocrine pancreas is 

influenced both systemically by the islet hormones and 

directly through a islet-acinar portal system10. 

In this study, we investigated the levels of serum 

amylase in association with insulin in DM Type I, DM 

Type II and MetS patients. It revealed that the amylase 

activity was lowest in DM Type I compared to DM 

Type II and MetS. In DM Type I, the autoimmune 

mediated damage of islet cells leads to reduction of 

insulin levels19. Insulin affects basal and stimulatory 

secretion of amylase via the islet-acinar axis22,4. Insulin 

binds to its receptor on acinar cells and stimulates 

amylase secretion. Hence insulin deficiency results in a 

decreased trophic action on the exocrine cells leading to 

low serum amylase levels. Dandona et al.6 proposed 

that exocrine pancreatic deficit in diabetes closely 

parallels the endocrine β cell deficit in DM Type I and a 

common process is involved in the pathogenesis of 

impaired functioning of endocrine and exocrine 

pancreas. 

Our study showed that the amylase levels are 

significantly higher in DM Type II (75.13±44.81) 

compared to DM Type I (40.53±16.58). Insulin 

influences the enzyme synthesis and release in the 

exocrine pancreas. The insulin levels in DM Type II 

(16.01±3.25) was significantly higher than DM type I 

(6.94±1.39). This explains the higher levels of serum 

amylase in DM Type II compared to DM Type I. 

Similar to our finding Aughsteen et al3 demonstrated 

that serum amylase activity in type II diabetics was 

higher than in type I diabetics. Rakhee Yadav et al23 

found a significantly low amylase activity in the DM 

type II patients as compared to that in the healthy 

subjects. Nakajima et al17 demonstrated that low serum 

amylase was independently associated with MetS and 

diabetes. They suggested that low serum amylase levels 

preceded the overt metabolic abnormalities and may be 

inversely related with many cardiometabolic risk 

factors. As they did not measure blood insulin levels, 

whether low serum amylase levels were truly associated 

with hypoinsulinemia or hyperinsulinemia was unclear 

in their study. 

Our study shows that the serum amylase levels are 

positively correlating with insulin levels in DM type I, 

being lowest (38.5±16.74) with serum insulin levels of 

<10 µIU/ml. In DM Type II, the serum amylase 

(74.13±41.67) is lower with higher insulin levels of ≥20 

µIU/ml than with moderate insulin resistance of 10-20 

µIU/ml. Finally in MetS also the amylase levels 

(55.5±14.67) are low with high insulin resistance. This 

suggests a nonlinear association between serum 

amylase and insulin resistance in cardiometabolic 

diseases- MetS and DM Type II. Thus measurement of 

insulin levels in this study helped us to come to a 

probable conclusion that low serum amylase is 

associated with decreased basal insulin levels and 

insulin secretion as seen in  DM type I and is associated 

with high insulin resistance than with moderate 

resistance in MetS and DM Type II. This is because the 

high insulin secretion in severe insulin resistance state 

downregulates insulin receptor expression in pancreatic 

acinar cells14. This leads to reduced insulinotropic 

action on the acinar cells ultimately resulting in low 

serum amylase22. On the other hand, in light to 

moderate insulin resistance the insulin secretion is 

increased, leading to increased insulinotropic action on 

the acinar cells resulting in increased serum amylase16. 

 

Limitations of the study 
Analysis of additional parameters to link the 

exocrine and endocrine function of the pancreas would 

have added weight to the study. Sample size is small. 

Further studies with larger sample size are required to 

establish association of serum amylase with insufficient 

insulin action in Type I and Type II DM and MetS. 

 

Conclusion   
Our results suggest a significant association 

between serum amylase levels and insufficient insulin 
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action either due to inadequate insulin secretion and/or 

insulin resistance in Type I DM, Type II DM and MetS. 

These findings indicate a relationship between the 

endocrine and the exocrine pancreas and show that 

insulin affects amylase secretion via the islet-acinar 

axis. Insulin plays a major role in the control of 

pancreatic amylase biosynthesis and insulin resistance 

has an impact on the function of the exocrine pancreas. 

In DM Type I due to deficient insulin activity, 

stimulatory effect by insulin in secreting amylase from 

exocrine part of pancreas is less resulting in low serum 

amylase. In Type II DM and MetS, the serum amylase 

is significantly low with higher insulin résistance than 

with moderate insulin resistance. Low serum amylase 

suggests exocrine pancreatic insufficiency and if 

pancreatic amylase replacement therapy is given to 

these patients it may improve the nutritional status and 

also analysis of serum amylase could provide valuable 

information regarding prognosis of the illness. 
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