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Summary

The aim of the present study was to evaluate exocrine pancreatic function in children with type 1 diabetes mellitus during 
the course of the disease.

Fecal elastase varied between 24.4 and 169.6 μg /g (median 134.5 μg /g) in children with type 1 DM and concomitant PEI. 
Number of children with diarrhea was not signifi cantly diff erent between children with low pancreatic elastase levels and 
those with normal levels (43.0% versus 35.5%, p=0.359). The remainder of the children with type 1 DM had fecal elastase-1 
levels between 201.4 and 810.5 μg /g stool (median 650.7 μg /g). Diff erences between the type 1 DM patients without PEI 
and the comparison group were not signifi cant (p=0.112).

Median daily fecal fat excretion in type 1 DM patients with PEI was 8.31 g/day (min-mах 7.81–9.21 g/day), which was 
signifi cantly higher than in type 1 DM children without PEI (3.87 g/day; min-mах 2.97–6.33 g/day; р= 0.0003). There was no 
signifi cant diff erence in daily fecal fat excretion between children with type 1 DM without signs of PEI and children in the 
control group (2.91 g/d; min-max: 2.31–5.74 g/d; р= 0.091).

The results of this study demonstrate PEI in children with long-standing type 1 DM.
Fecal elastase-1 concentration signifi cantly correlates with duodenal exocrine elastase output. Fecal elastase-1 levels have 

a good correlation with fecal fat excretion, which was measured by employing the acid steatocrit test.
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Резюме

Целью настоящего исследования явилась оценка экзокринной функции поджелудочной железы у детей с сахарным 
диабетом (СД) 1 типа в динамике течения заболевания.

Уровень фекальной эластазы варьировал от 24,4 до 169,6 мкг/г (медиана 134,5 мкг/г) у детей с СД 1 типа и сопутству-
ющей экзокринной недостаточностью (ЭН). Количество детей с диареей достоверно не различалось между детьми 
с низким уровнем панкреатической эластазы и детьми с нормальным уровнем (43,0% против 35,5%, р=0,359). У остальных 
детей с СД 1 типа уровень фекальной эластазы-1 находился в пределах от 201,4 до 810,5 мкг/г стула (медиана 650,7 мкг/г). 
Различия между больными СД 1 типа без ЭН и группой сравнения были недостоверны (р=0,112).

Медиана суточной фекальной экскреции жира у больных СД 1 типа с ЭН составила 8,31 г/сут (min-mах 7,81–9,21 г/
сут), что достоверно выше, чем у детей с СД 1 типа без ЭН (3,87 г/сут; min-mах 2,97–6,33 г/сут; р= 0,0003). Достоверной 
разницы в суточной экскреции жира с калом между детьми с СД 1 типа без признаков ЭН и детьми контрольной группы 
не было (2,91 г/сут; min-max: 2,31–5,74 г/сут; р=0,091).

Результаты настоящего исследования демонстрируют ЭН у детей с длительно текущим СД 1-го типа.
Концентрация эластазы-1 в кале достоверно коррелирует с уровнем экзокринной эластазы двенадцатиперстной 

кишки. Уровень фекальной эластазы-1 имеет сильную корреляцию с экскрецией жира с калом, который измеряли 
с помощью кислотного стеатокритного теста.
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Introduction

Diabetes mellitus (DM) is a group of metabolic disorders 
caused by abnormal insulin secretion and chronic hy-
perglycemia. Th e 8th edition (2017) of the IDF Diabetes 
Atlas reported that the number of young people (<20 
years old) living with type 1 DM worldwide was estimat-
ed to be 1,106,500 million (this is 1 billion as appears 
to be too high) [1]. Insulin- dependent, type 1 DM is 
caused by autoimmunedestruction of insulin- producing 
β-cells of pancreatic islets and subsequent absolute in-
sulin defi ciency [2]. Th e pancreas is a multifunctional 

gland composed of three structurally and functionally 
associated groups of cells: endocrine, exocrine acinar 
and exocrine ductal. Seventy-fi ve percent of islet tis-
sue is closely associated with pancreatic ductal cells 
refl ecting functional interaction between the exocrine 
and endocrine pancreatic element. Balance within this 
complex system is maintained by insulin and pancreatic 
polypeptide secreted by acinar cells, which regulate 
exocrine pancreatic secretion [3]. When insulin se-
cretion decreases due to endocrine cells autoimmune 
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destruction, the resulting disturbance in hormonal 
equilibrium leads to a predominance of glucagon and 
somatostatin eff ects, including suppression of lipase and 
chymotrypsin secretion and atrophic changes in the 
acinar tissue of the exocrine pancreas [4]. With long-
term uncontrolled disease, diabetic microangiopathy 
can disturb perfusion and cause ischemia of the pancreas 
leading to pancreatic tissue fi brosis and atrophy [5]. 
With marked exocrine pancreas involvement, there is 
a progressive maldigestion of nutrients, including fat 
malabsorption [6]. Pancreatic steatorrhea is caused by 
disruptions of the normal process in which pancreatic 
enzymes are either inactivated or are otherwise unavail-
able (e. g., blockage of the pancreatic duct, or resection or 
destruction of the glandular pancreas) [7]. Pathological 
mechanisms determining the development of pancre-
atic exocrine insuffi  ciency (PEI) in type 1 DM are not 
fully elucidated, although circulating auto-antibodies 
against exocrine pancreatic enzymes are reported to 
mediate exocrine pancreas dysfunction [8, 9]. In an 
experimental model of DM an important mechanism 
of PEI is associated with an imbalance in the system of 
elastases and their inhibitors (eg. α2-macroglobulin) 
[10]. Elastase defi ciency in children and adolescents with 
insulin- dependent DM has been reported previously [11, 
12]. We have found only two publications about PEI in 
diabetic children and adolescents [11, 12]. Th ere is an 

evidence of lower elastase-1 levels in stools in patients 
with DM duration more than 15 years [13]. Pancreatic 
elastase-1 is a carboxyendopeptidase with a molecular 
weight of 26, which catalyzes the hydrolysis of elastin 
and accounts for roughly 6% of all secreted exocrine 
pancreas enzymes. Fecal elastase-1 (FE-1) measurement 
is currently considered the best non-invasive test for 
determining PEI [13, 14]. Pancreatic elastase-1(PE-1) 
can be directly measured in stool samples, because the 
enzyme is not aff ected by bacterial degradation or pan-
creatic enzyme supplementation [14]. Th e test is accurate 
in pediatric practice, demonstrating 100% sensitivity 
and 96% specifi city. One caveat is that the concentra-
tion is measured such that in the presence of watery 
diarrhea false positive results may occur [15]. According 
to the data of some authors, this test emphasizes lower 
sensitivity and specifi city in mild/moderate PEI cases. 
Th e sensitivity of the FE-1 test was found to be 41.7%, 
whereas the specifi city was 49.2%. Th e positive predictive 
value of the FE-1 test was only 14%. Although elastase 
can be used as a fi rst step in diagnosis [16]. Steatorrhea 
is considered present when the fecal elastase-1 level is 
less than 200 μg/g stool [17]. Th is study also used the 
steatocrit which is a direct assessment of the proportion 
of stool that is fat. Th e aim of the present study was to 
evaluate exocrine pancreatic function in children with 
type 1 diabetes mellitus during the course of the disease.

Methods

Patients with type 1 DM were recruited to participate 
in the study. Th e control group was comprised of 89 
children (11.9 ± 1.7 years, male/female: 33:56) who 
had no gastrointestinal disorder or DM. All diabetic 
children were recruited in the Outpatient Department 
of the Children’s Republican Hospital in Ufa, Russia. 
Healthy children for control group were recruited in 
accordance with the National program of total medical 
pediatric observation. As shown in Table 1, there were 
no diff erences in gender (p=0.775) and age (p=0.07) 
between two study groups. Written informed consent 
was obtained from all children or their parents who 
were enrolled into the study. Th e study protocol was 
reviewed and approved by the Ethics Committee of 
the hospital.

All study participants underwent clinical blood 
analysis and urinalysis, including tests for glucosuria 
and acetonuria, and glycated hemoglobin measure-
ment. Other tests included: determination of exocrine 
pancreatic enzyme activities (amylase, lipase), lipid 
profi le levels of aminotransferases, bilirubin, total 
protein, gamma- glutamyl transpeptidase and alkaline 
phosphatase. Measurement of fecal elastase-1 levels 
(ELISA-test with monoclonal antibodies, “Bioserv 
diagnostics”, Germany) was performed as a single 
random determination [18]. Criteria used for the 
stratifi cation of exocrine pancreatic function were: 
normal >200 μg elastase-1/g stool; mild/moderate 
PEI; 100–200 μg elastase-1/g stool; and severe < 100 
μg elastase-1/g stool [15]. To assess fecal fat excretion 
the steatocrit test was used [19]. A 500 mg sample of 
blended stool was diluted 1:3 times (by weight) with 
double distilled water in a 12 ml test tube. It was then 
mixed well by vortex action and homogenized for 2 

minutes. 500 pl of homogenized stool was pipetted 
into a 3 ml test tube into which 100 ml of 5M HCIO 
4 was added and then vortexed for a minute. Th e pH 
was confi rmed to be <1. Th is stool acid mixture was 
aspirated into a 75 IJI capillary tube and one end of 
the tube was sealed with wax. Th is tube was then cen-
trifuged at 13,000 rpm for 15 minutes. Th is resulted 
in the separation of the fatty layer from the solid layer. 
Using a focusing magnifi er and scale, the fatty layer 
and the solid layer were measured. Feces samples were 
collected during 24 hours in accordance with authors 
recommendations [19]. Test was performed twice: 
initially to detect PEI and subsequently to evaluate 
the effi  cacy of treatment and determine the severity 
of PEI. With a value of <7 g fat excretion/day taken as 
the normal standard of daily excretion of fecal fat [20]. 
In all study subjects, liver, pancreas and biliary tract 
examination by abdominal ultrasound was performed, 
including measurements of the diameter of both the 
common bile duct and exocrine pancreatic ducts in-
cluding duct of Wirsung. If chronic pancreatitis was 
suspected, magnetic resonance cholangiopancreatog-
raphy was performed [21].

Statistical analysis was used to assess if the data is 
signifi cantly deviated from the normal distribution 
by using the Shapiro- Wilk normality test. For nor-
mal distributions, parametric statistics, the unpaired 
Student’s t-test was employed. For variables without 
a normal distribution, diff erences between groups were 
assessed using the Mann- Whitney U test. Diff erences 
were considered statistically signifi cant at p < 0.05. 
Categorical variables were summarized using pro-
portions and compared using the Fisher’s exact test, 
where appropriate.
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Results

Glycated hemoglobin (HbAlc) level did not exceed 7.5% 
(optimal compensation) in 21 (22%) children. Twenty-
fi ve children (26%) had HbAlc values between 7.5 and 
9% (suboptimal compensation). In 51 (52%) children, 
the level exceeded 9% (decompensation with a high 
risk of complications development). Disease duration 
varied from one to 14 years (mean 5.9 + 2.2 years). PEI 
(fecal elastase-1 of < 200 μg/g feces) was diagnosed in 
21 patients with type 1 DM (21.6%) versus none of 89 
children in the control group (P =0,000001). Fecal elas-
tase varied between 24.4 and 169.6 μg /g (median 134.5 
μg /g) in children with type 1 DM and concomitant PEI. 
All children with reduced fecal elastase levels had a his-
tory of DM of more than 10 years. Number of children 
with diarrhea was not signifi cantly diff erent between 
children with low pancreatic elastase levels and those 
with normal levels (43.0% versus 35.5%, p=0.359). Th e 
remainder of the children with type 1 DM had fecal 
elastase-1 levels between 201.4 and 810.5 μg /g stool 

(median 650.7 μg /g). Diff erences between the type 1 
DM patients without PEI and the comparison group 
were not signifi cant (p=0.112). Th e average fasting level 
of serum amylase (31.7 ± 2.3 U/L) and serum lipase (27.3 
± 1.3 U/L) in children with type 1 DM corresponded to 
age-related norms [22, 24]. But they were signifi cantly 
higher than values in the control group: amylase 28.9 ± 
1.7 U/L (р=0.0003) and lipase levels were 21.3 ± 2.3 U/L 
(р=0.0001). Median values for both lipase and amylase 
in patients with PEI were lower than those in diabetic 
children with normal fecal elastase-1 levels (Table 2).

Median daily fecal fat excretion in type 1 DM pa-
tients with PEI was 8.31 g/day (min-mах 7.81–9.21 g/
day), which was signifi cantly higher than in type 1 DM 
children without PEI (3.87 g/day; min-mах 2.97–6.33 
g/day; р= 0.0003). Th ere was no signifi cant diff erence 
in daily fecal fat excretion between children with type 
1 DM without signs of PEI and children in the control 
group (2.91 g/d; min-max: 2.31–5.74 g/d; р= 0.091).

Diabetes patients 
(n=97)

Control group)
n=89)

P-values

Age, years 12.9 ± 1.3 11.9 ± 1.7 P=0.07*

Male/female gender 39/58 33/56 P=0.775**

Table 1.

Note:

Demographic characheristics 
of patients with type 1 dia-
betes mellitus and patients 
from control group

*- results were calculated 
using Mann- Whitney t-test

**- results were calculated 
using Fisher`s exact test

Variables (normal 
range)

DM1 patients with 
exocrine pancreatic 

insuffi  ciency* 
(n=21)

DM1 patients 
without exocrine 

pancreatic 
insuffi  ciency* (n=76)

P-values, Mann- 
Whitney U-test

Serum pancreatic 
amylase
(22–80 U/L)

7.31 (mix-max: 
4.11–12.5)

27.3 (min-max: 
13.4–48.2) 0.00002

Serum lipase
(5–39 U/L)

5.17 (min-max: 
3.12–11.3)

24.6 (min-max: 
13.7–47.3) 0.000002

Table 2.

Note:

Changes in serum pancre-
atic amylase and lipase in 
diabetic patients with and 
without exocrine pancreatic 
insuffi  ciency

*- Results were calculated as 
a median, minimum – maxi-
mum values.

Discussion

Th e results of this study demonstrate PEI in children 
with long-standing type 1 DM. Th e information about 
prevalence of exocrine pancreatic disturbance among 
DM patients is contradictory [6]. Among adults, with 
DM, PEI is reported to occur in up to 80% of subjects 
[4, 20]. Pediatricians from Germany reported PEI in 
35% of children with type 1 DM [18]. Conversely, Sierra 
et al. [24] described a lower (4.2%) frequency of PEI 
in type 1 DM children. In both studies levels of fecal 
elastase were used as criteria of PEI. However, Laass et 
al. [18] demonstrated cut-off  point as 200 mg/g stool, 
but Sierra et al. [24] showed the borderline index as 100 
mg/g stool which might be the reason for the diff erent 
results. Regardless of initial localization of pathological 
process (endocrine or exocrine structures), close ana-
tomical and physiological interrelation of pancreatic 
cells converts any type of pancreatic disturbance into 
an integrated pathological process [3, 5, 6]. Exocrine 
atrophy and the lack of insulin are closely associated 

[4, 6, 25]. Th e volume of patients in DM patients was sig-
nifi cantly less than that of healthy subjects. Moreover, 
morphometric study demonstrated severe acinar atro-
phy due to a reduction in size of acinar cells in type 1 
DM adult patients [25]. Insulin modulates acinar chole-
cystokinin receptors, inducing pancreatic regeneration 
and potentiating secretagogue action on the exocrine 
pancreas [5, 26]. Th e hyperglycemia has signifi cantly 
reduced basal and cholecystokininstimulated pancreat-
ic secretion with the pattern of a delayed response [27]. 
Occurrence of PEI is also believed to be associated with 
autoimmune mechanisms. Up to three- quarters of type 
1 DM patients produce antibodies against pancreatic 
bile salt-dependent lipase [8]. Th e presence of alpha-2A 
amylase autoantibodies among patients with DM1 has 
been reported too [9]. Taken together, these diff erent 
pathogenic mechanisms contribute to the occurrence 
of PEI the resulting maldigestion of fat [6]. Semakula 
et al. [28] reported increased lipase/amylase levels in 
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10% of patients with type 1 DM and these enzyme 
activities were associated with higher titers of islet 
cell autoantibodies. Level of lipase/amylase was de-
creased in 18% of patients. Th e authors suggest that 
high levels of pancreatic enzymes may due acute acinar 
cell destruction, whereas decrease of the enzymes 
levels may be associated with reduction of function 
of peri-insular cells.

We think that elevated concentrations of amylase/
lipase in diabetic children (at comparison with the 
children without type 1 DM), probably, are not spe-
cifi c markers of rapid- onset diabetes, because they 
may result from severe ketoacidosis and metabolic 
derangements [27, 29]. Serum pancreatic enzyme 
fl uctuations are common in children with diabetic 
ketoacidosis, but not associated with clinical symp-
tomatology development (including abdominal pain 
etc.) [30]. Th e leading European pancreatologists also 
emphasize the possible role of diabetic acidosis in 
the development of PEI in diabetic patients [6]. Low 
fasting activities of amylase/lipase in our children 
with exocrine pancreatic dysfunction and type 1 DM 
for sure refl ect defi ciency of pancreatic secretion in 
this group of patients. Decreased pancreatic amylase 
secretion has been demonstrated in animal models 
of DM [31] and in clinical surveys [32]. It has been 

hypothesized that insulin defi ciency and subsequent 
decreases in pancreatic amylase output results in 
decreased absorption of carbohydrates from digested 
starch. Th is may be one of the mechanisms of hyper-
glycemia compensation [26].

In our study fecal elastase-1 test was used as a mea-
sure of exocrine pancreas function [33, 34], because of 
high accuracy of the test in children [15] and adults [35]. 
Fecal elastase-1 concentration signifi cantly correlates 
with duodenal exocrine elastase output [14]. In addi-
tion to fecal elastase-1 measurement for the diagnosis 
of PEI in type 1 DM patients, the test also provides an 
indirect assessment of pancreatic islet’ β-cellresidual 
secretion and an indication of disease duration [13, 
36]. Animal studies demonstrate that an imbalance 
in elastase and its inhibitors are involved in the devel-
opment of PEI in DM [10]. Fecal elastase-1 levels have 
a good correlation with fecal fat excretion, which was 
measured by employing the acid steatocrit test [34]. Th e 
steatocrit test used, due to its simple performance and 
noninvasiveness, is used in pediatric practice to mon-
itor dietary fat malabsorption [37]. Th e present study 
has important limitation: there was a relatively small 
sample size. To ensure generalizability, the fi ndings 
should be replicated in other pediatric centers outside 
of the European continent.
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