
Background
The prevalence of diabetes mellitus (DM) is rising 
exponentially as per the World Health Organization, the 
prevalence has increased to 830 million in 2022 (1). DM 
impacts nearly every organ in the body. Gastrointestinal 
(GI) affection is manifested as dyspepsia. The American 
College of Gastroenterology defines dyspepsia as 
predominant epigastric discomfort lasting at least one 
month, accompanied by other upper GI symptoms such 
as heartburn, epigastric fullness, nausea, or vomiting (2). 
GI complications of DM include pancreatopathy, small 
intestinal bacterial overgrowth, gastroesophageal reflux, 
gastroparesis, neuropathy, and non-alcoholic fatty liver 
disease. According to a population-based survey by Bytzer 
et al, the prevalence of upper and lower GI symptoms 

was higher in DM patients, and the effect was linked to 
poor glycaemic control but not duration of diabetes 
(3). Constipation, indigestion, abdominal discomfort, 
gastroesophageal reflux, nausea, heartburn, and vomiting 
are among the chronic GI symptoms that affect almost 
75% of patients in diabetes outpatient clinics (4).

Pancreatic dysfunction has been observed in 50% of 
individuals with diabetes. Pancreatic exocrine cells in 
type I diabetes suffer damage due to (a) the absence of 
insulin’s trophic effect on acinar cells, (b) autoimmune 
destruction of islet cells, (c) autonomic diabetic 
neuropathy causing impairment of enteropancreatic 
reflexes, and (d) microvascular damage, leading to 
hypoxic injury to exocrine tissue. In type 2 DM (T2DM), 
autonomic neuropathy and microvascular damage are 
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Abstract
Background: Diabetes mellitus (DM) virtually affects the gastrointestinal (GI) tract in protean 
ways, including but not limited to small intestinal bacterial overgrowth, GI reflux disease, 
gastroparesis, neuropathy, pancreatopathy, and non-alcoholic fatty liver disease. The primary 
aim of the present study was to assess exocrine pancreatic insufficiency (EPI) in dyspeptic type 2 
diabetes mellitus (T2DM) patients. 
Objectives: The secondary objectives were to assess the correlation between the severity of EPI 
and the severity of dyspepsia and to evaluate the correlation between glycaemic control and the 
extent of EPI.
Methods: T2DM patients presenting with dyspepsia to the General Medicine and Gastroenterology 
Department of AIIMS Rishikesh, India, were screened for the inclusion and exclusion criteria, 
and the enrolled participants were subjected to glycated hemoglobin (HbA1c), the Short 
Form Leeds Dyspepsia Questionnaire, and pancreatic faecal elastase (PFE) by enzyme-linked 
immunosorbent assay.
Results: In 41 subjects, 36.6% (15) had EPI. Among the participants, 22.0% and 14.6% had mild-
to-moderate and severe EPI, respectively. There was a significant correlation between glycaemic 
control (HbA1c%) and faecal elastase concentration (r = -0.51, P < 0.001). No statistically 
significant correlation was found between the severity of dyspepsia (SF-LDQ) and pancreatic 
fecal elastase (µg; r = -0.01, P = 0.957).
Conclusion: Overall, a large number of T2DM patients with dyspepsia had EPI, and a significant 
correlation was observed between glycaemic control and EPI. Further studies are needed to 
determine if pancreatic enzyme supplementation can alleviate dyspeptic symptoms. 
Keywords: Type 2 diabetes mellitus, Dyspepsia, Pancreatic exocrine insufficiency, Pancreatic 
faecal elastase, Gastrointestinal, HbA1c
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major contributors to exocrine insufficiency (5). Exocrine 
pancreatic insufficiency (EPI) can be evaluated through 
various methods, including direct tests such as the secretin 
test, Lundh meal test, and indirect tests, such as faecal 
fat, faecal chymotrypsin, serum chymotrypsinogen, and 
pancreatic faecal elastase (PFE) test (6). Enzyme-linked 
immunosorbent assay (ELISA) was used to measure 
PEI, which is a low-cost, non-invasive method that has 
high sensitivity and specificity (7). The present study 
primarily aims to assess EPI in dyspeptic T2DM patients. 
The secondary objectives are to evaluate the correlation 
between the severity of EPI and severity of dyspepsia and 
to assess the correlation between glycaemic control and 
the extent of EPI.

Materials and Methods
The sample size of this cross-sectional observational 
study included 41 patients. The study followed the 
Helsinki Declaration of 1975, as amended in 2013, and 
was approved by the Institutional Ethics Committee on 
December 23, 2022, via letter No. AIIMS/1EC/22/597, 
dated December 23, 2022. The study adheres to the 
Indian Council of Medical Research guidelines on 
biomedical research in human beings and Good Clinical 
Practices as advised by the institutional ethics committee. 
The recruitment duration was from December 2022 to 
September 2023. Informed written consent was obtained 
from participants for participation and use of data for 
research and educational purposes. Patients with T2DM 
presenting with dyspepsia at more than 18 years of 
age and less than 60 years of age were included in this 
study. However, patients with acute and known chronic 
pancreatitis, patients with T1DM, and pregnant females 
were excluded from the investigation. The sample size 
was based on the study by Osipenko et al, who reported 
the prevalence of 71% of examined patients with T2DM, 
with 42.3% due to organic GI causes and 57.7% due to 
non-organic pathology (8). The sample size was 41, with a 
95% confidence level, a prevalence of 71%, and a relative 
precision of 20%. 

All the participants were explained in detail about the 
purpose of the study. Informed consent was obtained, 
and participants were subjected to several tests, including 
glycated hemoglobin (HbA1c), PFE test by ELISA, and 
stool routine microscopy. The severity of dyspepsia was 
assessed by the Short Form Leeds Dyspepsia Questionnaire 
(SF-LDQ), which consists of four components, including 
indigestion, heartburn, regurgitation, and nausea. A score 
of zero on the SF-LDQ denotes no dyspepsia, and a score 
between 1 and 8 represents mild dyspepsia. In addition, a 
score between 9 and 15 demonstrates moderate dyspepsia, 
and a score greater than 15 indicates severe dyspepsia. 
Pancreatic fecal elastase was measured by ELISA, which is 
a low-cost, non-invasive method that has high sensitivity 
and specificity. This method has a sensitivity of 63% and 
100% for mild and moderate-to-severe cases, respectively, 
and 93% overall for patients with EPI, with a specificity 

of 93%. A fecal elastase 1 activity level above 200 µg/g 
is deemed normal, while levels in the range of 100–200 
µg/g indicate mild PEI, and below 100 µg/g suggest severe 
insufficiency (7). The data were coded and recorded in the 
MS Excel spreadsheet program. SPSS (version 23, IBM 
Corp.) was used for data analysis. Means, medians, and 
modes were calculated, and data were presented based 
on means ± standard deviations (SD). The normality of 
data was determined using the Shapiro-Wilk test. Non-
parametric tests, such as Spearman correlation, were 
employed for the non-normal data. A P value of < 0.05 
was considered statistically significant.

Results
Overall, 41 participants were included in the study. The 
mean age of participants was 53.39 ± 7.94 years. Among the 
total sample, 42.5% (17) were male, and the remaining cases 
were female. Associated comorbidities were evaluated, 
and the results revealed that 57.5% (23) of participants had 
no comorbidities. Based on the obtained data, 37.5% (15) 
of participants had associated hypertension, while 2.5% 
(1) of them had decompensated chronic liver disease. The 
most predominant symptom was indigestion, observed in 
63.4% (26) of participants, while heartburn was present 
in 24.3% (10). Further, nausea and regurgitation were 
present in 7.3% and 4.8% of participants, respectively. 
The mean SF-LDQ score and the mean HbA1c (%) were 
7.68 ± 2.30 and 8.52 ± 1.52, respectively. HbA1c was ≤ 7% 
in 22% (9) of participants and > 7% in the remaining. 
Non-parametric tests (Spearman correlation) were used 
to explore the correlation between HbA1c and SF-LDQ 
(degree of dyspepsia) as at least one of the variables 
was not normally distributed. There was no statistically 
significant correlation between HbA1c (%) and SF-LDQ 
(rho = 0.18, P = 0.247). Baseline characteristics of the study 
population are provided in Table 1. The stool routine exam 
was normal in 100% of participants. PFE was performed 
to rule out PEI. EPI was present in 36.6% (15), the rest 
had normal PFE (Table 2). About 22.0% (9) of participants 
had mild-to-moderate PEI, while 14.6% (6) of them had 
severe PEI (Table 3). Non-parametric tests (Spearman 
correlation) were employed to explore the correlation 
between HbA1c (%) and PFE, and this correlation 
was statistically significant (rho = -0.51, P = < 0.001, 
Table 4). Non-parametric tests (Spearman correlation) 
were utilized to examine the correlation between the 
severity of dyspepsia (SF-LDQ) and PFE (µg), and there 
was no statistically significant correlation between these 
two parameters (rho = -0.01, P = 0.957).

Discussion
This study investigated how diabetes affects the GI tract, 
with a particular emphasis on dyspepsia and PEI. The 
results highlight that PEI may be present in many dyspeptic 
diabetics. To treat both organic and inorganic causes 
of dyspepsia in diabetics and achieve better glycaemic 
control, medication adherence, and symptom relief, a 
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methodical approach is essential. EPI is largely caused 
by autonomic neuropathy and microvascular damage 
in diabetes. Malabsorption resulting from inadequate 
digestion of nutrients, particularly lipids, is known as EPI 
(9,10). It shows up clinically as excess flatulence, weight 
loss, steatorrhea, pain in the abdomen, and vitamin 
deficiencies (10-12). Insulin inhibits its receptor in acinar 
cells and increases the production of digesting enzymes, 
causing trophic effects on acinar cells. In addition to 
insulin, endocrine pancreatic islets also generate ghrelin, 
glucagon, somatostatin, and pancreatic polypeptide. It 
is believed that diabetes-related hormone dysregulation 
plays a role in exocrine pancreatic dysfunction (13). 
Patients with T1DM were shown to have a considerably 
smaller pancreas on average (14). According to Phillipe 
et al, PEI is linked to smaller pancreatic sizes in patients 
with T1DM or T2DM (15). In addition to a change in size, 
research using animal models indicates that there is an 
increase in angiogenesis and a loss of extracellular matrix 
remodelling at the islet acinar interface (16). According to 
a meta-analysis by Mohapatra et al, histological evidence 
of exocrine pancreatic fibrosis was found in 59.4% of 
individuals with either T1DM or T2DM (17). EPI is 
also associated with pancreatic inflammation. In people 
with T1DM, the exocrine pancreas contained CD8 + T, 
CD4 + T, and CD11c + cells. In T2DM, there was also a 
greater infiltration of immune cells (18,19). ELISA was 

employed to assess PFE out of the numerous tests that 
were available. EPI, defined as PFE < 200 ug/g of stool, was 
present in 37.5% of T2DM patients with dyspepsia in our 
study. A cross-sectional study by Shashank et al revealed 
that patients with T1DM and T2DM had a 22.9% and 
23.9% PEI prevalence, respectively (20). Faecal elastase 
concentrations were normal ( > 200 μg/g) in 59.3% of type 
1 and type 2 diabetic patients and severely reduced ( < 100 
μg/g) in 22.9%, according to a multi-center cross-sectional 
study conducted by Hardt et al (21). Shivaprasad et al 
recruited 90 healthy controls, 95 type 2 diabetes patients, 
and 89 type 1 diabetic patients in a cross-sectional study. 
ELISA was used to measure the levels of faecal elastase 
(FEC). Patients were diagnosed with EPI if their FEC was 
less than 200 μg/g. T1DM, T2DM, and controls had a 
prevalence of PEI of 31.4%, 29.4%, and 4.4%, respectively 
(P < 0.01). A significant negative correlation was observed 
between FEC levels and both FBS and HbA1c in diabetic 
patients (22). A study conducted by Larger et al analyzed 
667 diabetic patients, with 195 having T1DM and 472 
having T2DM. In 23% of patients, the concentration of 
elastase-1 was below 200 μg/g (23). These findings, along 
with those of other studies, demonstrate the prevalence 
of EPI in many diabetic patients. The present study 
also confirms the existence of this condition in diabetic 
patients with dyspepsia. Rathmann et al performed a 
study on 544 type 2 diabetic patients and 544 controls, and 
PFE was found significantly lower in cases than controls 
(median: 308 mg/g and 418 mg/g for cases and controls, 
respectively, P < 0.01). In diabetics, poor glycaemic 
control (HbA1c > 7%) was associated with a higher risk 
of low elastase 1 level (odds ratio: 5.6) (24). The results 
of the present study also showed a significant correlation 
between HbA1C (%) and PFE (rho = -0.51, P = < 0.001). 

Table 1. Baseline Characteristics of Population

Characteristics Mean ± SD, Median (IQR), Min-Max OR N(%) 

Age (years) 53.39 ± 7.94

Age

21-30 years 1 (2.4%)

31-40 years 2 (4.9%)

41-50 years 9 (22.0%)

51-60 years 29 (70.7%)

Gender 

Male 17 (41.5%)

Female 24 (58.5%)

Comorbidities 

Nil 25 (61%)

HTN 5 (36.6%)

DCLD 1 (2.4%)

Predominant symptom

Indigestion 26 (63.4%)

Heartburn 10 (24.4%)

Nausea 3 (7.3%)

Regurgitation 2 (4.9%)

SF-LDQ 7.68 ± 2.30 

HbA1c (%) 8.52 ± 1.52

HbA1c ≤ 7 % 9 (22.0%)

HbA1c > 7 % 32 (78.0%)

Note. DCLD: Decompensated chronic liver disease; HbA1c: Glycated 
haemoglobin; HTN: Hypertension; SF-LDQ: Short Form Leeds Dyspepsia 
Questionnaire.

Table 2. Distribution of Participants in Terms of the Presence of ‘Pancreatic 
Exocrine Insufficiency’

Pancreatic Exocrine 
Insufficiency

Frequency (%) 95% CI

Present 15 (36.6) 22.6-53.1%

Absent 26 (63.4) 46.9-77.4%

Note. CI: Confidence interval.

Table 3. Distribution of Participants in Terms of ‘Extent of Pancreatic Exocrine 
Insufficiency’

Extent of Pancreatic 
Exocrine Insufficiency

Frequency (%) 95% CI

Absent 26 (63.4) 46.9-77.4%

Mild-moderate 9 (22) 11.1-38.0%

Severe 6 (14.6) 6.1-29.9%

Note. CI: Confidence interval.

Table 4. Correlation Between Pancreatic Faecal Elastase and HbA1c (%)

Correlation
Spearman Correlation 

Coefficient
P Value

Pancreatic faecal elastase 
(µg) vs. HbA1c (%)

-0.5  < 0.001

Note. HbA1C: Glycated haemoglobin.
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In contrast to the present study, in a study conducted 
by Yilmaztepe et al, there was no significant correlation 
between pancreatic elastase levels and glycaemic control, 
though exocrine function was decreased in 28% of type 
2 diabetic patients, with no decrease in control subjects 
(25). Although many studies have demonstrated the 
high occurrence of EPI in individuals with T2DM, only a 
small number have investigated the impact of pancreatic 
enzyme supplementation in these groups. Heymann et al 
performed a similar study. In their retrospective study, 
individuals with both EPI and diabetes were compared 
after receiving pancreatic enzyme replacement therapy 
(PERT). PERT was performed on diabetes patients 
who were tested for faecal elastase 1 concentration 
but did not end up receiving the treatment. The focus 
was on determining how PERT affected the frequency 
and severity of hypoglycaemia, while secondary goals 
included examining its impact on GI issues, HbA1c 
levels, and body mass index. Approximately 80% of 
individuals who received PERT experienced a reduction 
in GI symptoms, including diarrhea, steatorrhea, nausea, 
and abdominal pain, compared to only 20% in the control 
group (P = 0.02) (26). Therefore, there is a need for more 
extensive multicentric studies to determine the precise 
prevalence of EPI in T2DM patients with indigestion and 
studies that investigate the impact of PERT on exocrine 
pancreatic dysfunction caused by diabetes.

Conclusion
The findings revealed that a large proportion of T2DM 
patients with dyspepsia had EPI, and a significant 
correlation was observed between glycaemic control and 
EPI. Further studies are needed to determine if pancreatic 
enzyme supplementation can alleviate dyspeptic 
symptoms. In general, EPI can be an important cause 
of dyspepsia in T2DM patients, and further studies are 
needed to confirm its causative role.
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