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ABSTRACT

Objectives: Pancreatic exocrine insufficiency (PEIl) is prevalent in diabetes. Pathophysiological theories
imply autoimmune destruction, lack of trophic effects of insulin or impaired neuronal stimulation, but
the relationship between PEl and autonomic dysfunction is largely unknown. In a pilot study, we
aimed to investigate if patients with diabetes and PEl had impaired autonomic function.

Methods: We measured faecal elastase in 59 patients with type 1 or 2 diabetes, using a cut-off-value
<200 ug/g to define PEI. Based on faecal elastase results, patients were stratified into matched case
(n=28) and control groups (n=13). We used heart rate variability, baroreflex sensitivity and orthostatic
hypotension tests to assess autonomic dysfunction.

Results: All baroreflex sensitivity parameters were reduced in cases with PEl compared with controls
(all p<.05). The heart rate variability parameters root mean square of successive RR interval differen-
ces (p=.05) and high frequency (p=.04) were also reduced. We found no difference in orthostatic
hypotension between the groups.

Conclusions: In this first-of-its-kind study, we found that diabetes patients with PEl had reduced auto-
nomic function compared with matched controls. Although numbers are small, results support the
hypothesis that autonomic dysfunction could be a contributor to PEIl in diabetes.

Abbreviations: ELISA: enzyme-linked immunosorbent assay; FE-1: faecal elastase-1; HF: high frequency;
HRV: heart-rate-variability; PEl: pancreatic exocrine insufficiency; RMSSD: root mean square of the
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Introduction

Diabetes mellitus is characterized by elevated blood glucose
levels, attributable to dysfunction of the endocrine pancreas.
Pancreatic exocrine insufficiency (PEl) is defined as insuffi-
cient secretion of pancreatic exocrine enzymes and bicarbon-
ate-rich fluid, and may lead to clinical consequences such as
fat malabsorption, steatorrhea, and malnutrition [1]. This con-
dition may appear as a late diabetes complication, where the
latest studies estimate a PEl prevalence at 5%-17% of
patients with type 1 or type 2 diabetes [2-5].

There are several theories for the pathophysiological
mechanisms leading to PEl in diabetes (Figure 1). It is still
unclear if the exocrine dysfunction is a primary event caused
by pancreatic atrophy or glandular damage, or a secondary
event, where the exocrine tissue is intact, but improperly
activated by digestive reflexes [6]. The autonomic nervous
system is involved in both the cephalic, gastric and intestinal
phases of exocrine pancreatic secretion through different
vagus-mediated reflexes [7-9]. Studies have suggested that
enteropancreatic signaling may be responsible for as much
as 50% of all post-prandial pancreatic secretion [10]. Given

that the pancreas is mainly innervated by small, unmyeli-
nated nerve fibers, this autonomic neural regulation could
be vulnerable for diabetes-induced damage [11,12]. Indeed,
autonomic neuropathy is a common late complication of dia-
betes, yet the impact of autonomic neuronal dysfunction on
the exocrine pancreas is scarcely studied in diabetes
patients [13,14].

Thus, in this case-control pilot study we investigated the
autonomic function by state-of-the-art methods in patients
with type 1 and type 2 diabetes and PEI, comparing them to
a matched control group. We hypothesised that cases with
PEI had impaired autonomic function, compared to diabetes
patients without PEL.

Materials and methods

The study was part of a collaborative research project
between Aalborg University Hospital, Aalborg, Denmark, and
Haukeland University Hospital, Bergen, Norway. Main proto-
col and findings are presented elsewhere [2]. Here, we pre-
sent the analysis of autonomic nerve dysfunction in the
subset of patients recruited in Bergen.
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Figure 1. The main theories for pathophysiological mechanisms leading to pancreatic exocrine insufficiency in diabetes. The illustration is modified after Zséri et

al. [1].

Study population

We recruited patients from the outpatient clinic at the
Department of Medicine, Haukeland University Hospital.
Inclusion criteria were type 1 or type 2 diabetes and age
18-75 years. Exclusion criteria were chronic pancreatitis, coel-
iac disease, known cardiac arrhythmias, previous upper
gastrointestinal surgery, alcoholism, drug abuse and intake of
orlistat or acarbose.

Upon signed inclusion, a detailed anamnesis was ascer-
tained. Stool frequency was recorded and stool characteris-
tics assessed using The Bristol Stool Scale. The scale
describes seven types of stool, ranging from constipation
(type 1 and 2) to diarrhoea (type 6 and 7) [15]. Participants
also delivered blood and stool samples for the measurement
of glycosylated haemoglobin (HbA1c) and faecal elastase,
respectively. To analyse faecal elastase, we used ScheBo®
Pancreatic  Elastase 1 Stool Test (Biotech AG,
Giessen, Germany).

Faecal elastase values were then used to group partici-
pants into cases (faecal elastase <200 pg/g) or controls (fae-
cal elastase >200 pg/g). Cases and a similar-sized control
group drawn from the cohort with normal faecal elastase,
were examined with cardiac autonomic function tests, as
described below. Controls were invited manually by attempt-
ing to match the following characteristics: sex, age, diabetes
type and duration. As per clinical practice, computer tomog-
raphy and/or abdominal ultrasound was performed to

exclude structural changes indicative of chronic pancreatitis
in patients with faecal elastase <200 pg/g.

Autonomic function tests

Cardiac autonomic function was investigated using the Heart
Rhythm Scanner PE and the Biocom 5000® Bluetooth
Electrocardiogram Recorder (Biocom Technologies, Poulsbo,
USA). The test battery is in line with the American
Association of Clinical Endocrinologists’ Position Statement of
2018, and includes both heart rate variability as well as car-
diac autonomic reflex tests and orthostatic hypotension
[16,17]. The protocol has been previously described in detail
[18]. All tests were performed in a fasting and relaxed state.
First, we recorded resting heart rate variability with the par-
ticipants in a semi-reclined position for five minutes. Results
were manually edited off-line, in order to remove artefacts or
erroneously detected heart beats. The software subsequently
calculated the standard heart rate variability parameters as
well as spectral frequency analyses. Next, we used the same
equipment to investigate baroreflex sensitivity. The partici-
pants were instructed to breathe deeply at a rate of five
breaths per minute. Changes in heart rate variability, as well
as the expiration-inspiration ratio of the RR-intervals were
calculated. Finally, we conducted orthostatic blood pressure
testing, using the Welch Allyn ProBP 3400 (Welch Allyn Inc.,
Skaneateles Falls, USA). The blood pressure was measured
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while participants were lying on a couch, then after zero,
one and three minutes of standing. Orthostatic hypotension
was defined as a drop of >20mmHg in systolic blood pres-
sure or >10mmHg in diastolic blood pressure from recum-
bent to standing posture [19].

Ethical considerations

The study was approved by the Western Norway Regional
Committee for Medical and Health Research Ethics (2013/
2333). It was conducted in accordance with the Declaration
of Helsinki. Prior to any study-related procedures, patients
were provided with information about the project and even-
tual risks related to the examinations. Participants signed
informed consents.

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics
(Ver. 26, IBM Corporation, USA). We defined p< .05 as the
level of significance. Due to low numbers, we did not
employ the Shapiro-Wilks test for normality. To maximize
conservatism, we used non-parametrical testing throughout
the study. Results are stated as median (interquartile range,
IQR) or n (percentage, %). To investigate differences between
categorical variables, we used Pearson’s chi-square test, while
differences between continuous variables were determined
using Mann-Whitney U-test.

Results

Fifty-nine patients were included in the study: 32 (54%)
women, 31 (53%) type 1 diabetes with a median age of 53
(15) years. Clinical characteristics are given in Table 1. We
identified 12 cases with faecal elastase <200 ng/g (five of

Table 1. Clinical characteristics.

these were <100 pg/g), giving a 20% point prevalence of
PEI. Two cases withdrew from the study prior to autonomic
testing, which were performed on 10 cases and 13 controls.
Subsequently, two of the cases had to be excluded due to
previously unknown cardiac arrhythmias: One due to fre-
quent (>10%) premature ventricular activities, making heart
rate variability analysis by our device impossible. The other
due to sinus arrhythmia, with heart rate variability values in
the extreme outlier range. A detailed inclusion flow chart is
presented in Figure 2. Use of medications was comparable in
the two groups: three cases and two controls were on anti-
platelets and three cases and four controls on statins.
Further, one participant in each group used beta-blockers,
whereas four cases and four controls were on other
antihypertensives.

Group comparisons

As shown in Table 1, PEI was more frequent in patients with
type 1 diabetes (p=.02). Those with PEl also trended
towards having a longer diabetes duration (p=.08) and a
lower Bristol Stool Scale score (p=.09). There were no differ-
ences between the groups in stool frequency, age, body
mass index (BMI) and HbA1c levels. Neither did PEl patients
have increased number of late complications (microangiopa-
thies). As intended by the group stratification, there were no
significant difference in clinical characteristics between the
case and control groups. Plasma glucose levels at autonomic
function test start did not differ between the two
groups, p = .47.

Autonomic function tests

Results from the resting heart rate variability and baroreflex
sensitivity tests are presented in Table 2 and in Figures 3

Pancreatic exocrine function

Cases / controls

Reduced Normal
Variables All patients (FE-1 < 200) (FE-1 > 200) p Value Cases Controls p Value
General demographics
n 59 12 47 - 8 13
Women, n 32 (54%) 6 (50%) 26 (55%) 74 4 (50%) 4 (31%) 0.38
Age, yrs. 53 (15) 55 (9) 51 (16) 52 57 (7) 49 (20) 0.11
Height, cm 171 (13) 170 (13) 172 (12) 37 168 (20) 171 (8) 0.64
Weight, kg 84 (23) 79 (23) 85 (25) 57 77 (28) 73 (12) 0.51
BMI, kg/m? 27.2 (9.0) 26.4 (6.4) 28.1 (9.7) .56 26.3 (6.4) 24.2 (2.6) 0.61
Diabetes status
Type 1 diabetes, n 31 (53%) 10 (83%) 21 (45%) .02 7 (88%) 10 (77%) 0.55
Diabetes duration, yrs. 11 (20) 22 (33) 1 (17) .08 22 (35) 23 (23) 0.83
HbA1c, % / mmol/mol 7.3 (1.4)/56 (15) 8.0 (1.7)/64 (18) 7.2 (1.1)/55 (12) .79 7.2 (1.4)/55 (15) 7.5 (0.8)/58 (0.9) 0.55
Any late complications, n (%) 16 (27%) 4 (33 %) 12 (25%) .59 2 (25%) 5 (39%) 0.53
Retinopathy, n (%) 12 (20%) 3 (25%) 9 (19%) 65 1 (13%) 4 (31%) 0.34
Nephropathy, n (%) 8 (14%) 2 (17%) 6 (13%) 73 1 (13%) 2 (15%) 0.85
Polyneuropathy, n (%) 8 (14%) 2 (17%) 6 (13%) 73 1 (13%) 2 (15%) 0.85
Cardiovascular disease, n (%) 2 3%) 1 (8.3%) 1(2.1%) .29 0 1 (8%) 0.42
Other parameters
Bristol stool scale, number 4 (1) 3(1) 4 (2) .09 3 (1) 4 (1) 0.58
Daily stool frequency, number 1.0 (0.5) 1.0 (0.8) 1.0 (0.5) .19 1.0 (1.6) 1.0 (0.5) 0.68
Faecal Elastase-1, mg/g 449 (283) 125 (125) 491 (128) <.001 79 (83) 444 (203) <0.001
P-Glucose at test start, mmol/L - - - - 8.6 (2.0) 9.8 (3.5) 0.47

Data are given as median (IQR) unless otherwise indicated. Cases were defined as FE-1<200. Controls were recruited from participants with FE-1> 200.
Abbreviations: IQR: Interquartile range; FE-1: Faecal Elastase-1; BMI: Body Mass Index; HbA1c: Glycosylated haemoglobin.
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Figure 2. Inclusion flow chart.

Table 2. Autonomic function tests.

Cases Controls
Variables (n=28) (n=13) p Value
HRV (time-domain measures)
Mean HR, bpm 59.2 (11.7) 65.7 (14.6) .39
Mean NN, ms 1015.4 (209.0) 913.9 (239.7) .39
SDNN, ms 31.1 (8.2) 49.3 (43.0) 15
RMSSD, ms 16.9 (10.3) 25.8 (27.1) .05
HRV (frequency-domain measures)
Total power, ms? 298.8 (217.8) 427.1 (1709.4) 13
VLF, ms? 156.9 (103.2) 157.0 (456.2) 77
LF, ms? 72.0 (83.7) 231.1 (427.1) A7
HF, ms? 31.3 (43.0) 83.6 (176.4) .04
LF norm, nu 74.7 (25.2) 66.6 (39.6) .36
HF norm, nu 25.4 (25.2) 38 8 (38.4) 28
LF/HF ratio 3.0 (4.4) 6 (4.6) .26
Baroreflex sensitivity
SD of HR 2.3 (2.3) 1(3.6) .03
Maximal variance of HR 5.9 (7.3) 166 (11.2) .01
Mean variance of HR 5.0 (6.5) 10.4 (11.1) .03
E/I ratio 1.09 (0.08) 1.19 (0.21) .02

Data are given as median (IQR). Abbreviations: IQR: Interquartile range; HRV:
Heart rate variability; HR: Heart rate; Bpm: Beats per minute; SDNN: Standard
deviation of NN intervals (inter-beat intervals where artefacts are removed);
RMSSD: Root mean square of successive RR interval differences; VLF: Very low
frequency; LF: Low frequency; HF: High frequency; LF norm: Low frequency
normalized units; HF norm: High frequency normalized units; LF/HF ratio: Low
frequency/high frequency ratio; SD of HR: Standard deviation of heart rate; E/I
ratio: Expiration/inspiration ratio.

and 4, respectively. Cases had reduced values in all barore-
flex sensitivity variables: Standard deviation of heart rate
(p =.03), maximal variance of heart rate (p =.01), mean vari-
ance of heart rate (p=.03) and expiration/inspiration ratio
(p=.02). The resting heart rate variability parameters root
mean square of successive RR interval differences (p=.05)
and high frequency (p=.04) were also reduced in the
PEI group.

Resting systolic blood pressure was 130 (23) mmHg in
cases and 129 (28) mmHg in controls, p=.37. Resting dia-
stolic blood pressure was 80 (6) mmHg in cases and 77 (9)
mmHg in controls, p=.16. Resting pulse was 59 (11) beats
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per minute in cases and 65 (19) in controls, p=.41. The two
groups showed no difference in orthostatic blood pressure
or pulse values at any time point, all p> .16. Two cases
(25%) and three controls (23%) had orthostatic hypotension,
x? (1)=0.10, p = .92.

Discussion

In a case-control pilot study, we tested the hypothesis that
diabetes patients with pancreatic exocrine insufficiency (PEI)
had reduced autonomic function compared to patients with
normal exocrine function. Measuring faecal elastase in 59
patients with type 1 and type 2 diabetes, we identified 12
(20%) with PEL In eight of these patients and a matched
control group, we investigated cardiac autonomic function.
We found that patients with PEl had reduced baroreflex sen-
sitivity and heart rate variability, but not increased frequency
of orthostatic hypotension. Although cross-sectional, our
findings are not contrary to the hypothesis that autonomic
dysfunction is a causal factor in the development of PEI
in diabetes.

Autonomic dysfunction has been referred to for decades
as a potential explanation for PEIl in diabetes, but surprisingly
little research has looked into this association [14]. So far,
the 1987 study by El Newihi and colleagues, is the most
noteworthy investigating this issue. They assessed pancreatic
exocrine function by measuring duodenal aspirate in 8
healthy volunteers and 10 patients with type 2 diabetes,
chronic diarrhoea and peripheral neuropathy. Both groups
had similar basal pancreatic secretion, but after administra-
tion of intrajejunal amino acids and intravenous secretin-
cholecystokinin, the diabetes patients had reduced output of
amylase and bicarbonate [10]. As an explanation for their
results, the authors proposed impairment of enteropancreatic
reflexes as a likely pathophysiological mechanism [10]. A few
studies have also examined plasma pancreatic polypeptide
responses following a meal, finding reduced levels in dia-
betes patients with autonomic neuropathy [20-22]. However,
postprandial pancreatic polypeptide has an unsatisfactory
correlation with pancreatic exocrine function [23].

As the first study finding an association between auto-
nomic dysfunction and PEI in diabetes using state-of-the-art
technology, our results are both novel and biologically plaus-
ible [1]. Secretion of pancreatic digestive enzymes is mainly
mediated by cholecystokinin, which is released upon duo-
denal exposure to peptides, amino acids and fatty acids [7].
The presence and physiological importance of cholecysto-
kinin A-receptors in human pancreatic acinar cells have been
debated, with completely disparate findings [8,24,25].
Instead, cholecystokinin is thought to mediate most of its
stimulatory effect indirectly through vagal neurons [7]. Since
the vagus nerve plays such a central role in the regulation of
digestive enzyme secretion, it is likely to make the pancreas
susceptible to autonomic neuropathy. If vagal signalling is
impaired, there might be insufficient stimulation of acinar
cells, contributing to decreased enzyme secretion and the
reduced faecal elastase levels seen in our case group [8,9].
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Our findings should be investigated further in a larger fol-
low-up study using different measures of pancreatic exocrine
function. While faecal elastase is an indirect test for digestive
enzyme secretion, the secretin stimulation test directly

measures bicarbonate secretion into the duodenum after an
intravenous secretin-infusion [23,26]. In contrast to chole-
cystokinin, secretin has a direct stimulatory effect on pancre-
atic ductal cells [9]. If enteropancreatic signalling is impaired



due to autonomic neuropathy, but pancreatic tissue other-
wise remains intact, we would hypothesise to find reduced
faecal elastase, but normal or near-normal bicarbonate levels
in duodenal aspirates after direct stimulation by intraven-
ous secretin.

In diabetes patients, impaired neural regulation of pancre-
atic exocrine function may have serious clinical consequen-
ces. Despite having a normal diet, patients may develop
malabsorption, steatorrhea, weight loss and various nutri-
tional deficiencies, including reduced levels of fat soluble
vitamins [27]. This may in turn increase the risk of develop-
ing sarcopenia and osteoporosis [28]. Some may also experi-
ence abdominal discomfort, mild pain, flatulence and
increased difficulties with glycaemic control [28]. In our
study, we did not find any difference in glycosylated haemo-
globin (HbA1c) between patients with PEl and those with
normal faecal elastase, nor any difference in BMI (Table 1).
However, we found a higher frequency of PEl in type 1 dia-
betes and a borderline significant longer disease duration in
the PEI group (22 vs. 11 years), supporting conclusions from
previous studies that PEl indeed could be regarded as a dia-
betic late complication [1,2].

In addition to the association with PEl, autonomic dys-
function in diabetes is associated with other gastrointestinal
complications, as well as increased cardiovascular mortality
[16,29-31]. To assess autonomic dysfunction in this study, we
used standardized methods for detecting cardiac autonomic
neuropathy [16]. Heart rate variability at rest is a general
measure of the body’s ability to alter the heart rate to meet
the physiological demand, while the baroreflex sensitivity
test investigates the parasympathetic nerve fibres' ability to
adjust the heart rate in response to changes in respiration-
induced blood pressure fluctuation [16,29]. Whereas reduced
heart rate variability and impaired baroreceptor reflex may
occur early in diabetes, orthostatic hypotension often devel-
ops at a later stage and might also represent sympathetic
dysfunction [16]. This may explain why our PEl patients had
reduced heart rate variability and baroreflex sensitivity com-
pared to controls, while we could not find any differences in
orthostatic blood pressure.

Our study has some limitations. Being a pilot, the main
limitation is the small size of the material, limiting our possi-
bility to perform multivariate analyses. We tried to compen-
sate by matching case and control groups by age, sex,
diabetes type and duration, however, good matching is hard
to achieve when numbers are small. Importantly, the groups
were similar in terms of cardiovascular disease, which might
have an impact on cardiac autonomic function. Despite the
numbers, our results showed a clear difference in all barore-
flex sensitivity parameters and two heart rate variability
parameters, increasing the robustness of our findings. To
determine pancreatic exocrine function, we used faecal elas-
tase instead of direct hormone-stimulated tests, which is
considered gold standard. Faecal elastase has high diagnostic
accuracy for detection of moderate to severe PEI, but per-
forms worse in identifying mild PEI [23,32]. The fact that we
only used one test could lead to overestimation of the true
prevalence of PEI [33]. Faecal elastase is also prone to false
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positive test results in patients with watery diarrhoea [34]. As
both cases and controls had normal stool consistency, this
was most likely not an issue in our study. Since patients
were allowed to continue their regular drugs, we are unable
to rule out an eventual drug influence on autonomic test
results. However, most drugs increase the heart rate variabil-
ity, and resting heart rates were similar in cases and controls,
both supporting the notion that drugs did not impact the
results [35]. Finally, as we did not perform additional radio-
logical testing or had information about antibody status,
some patients may have been misclassified as type 1 or type
2 diabetes instead of pancreatogenic diabetes (type 3c dia-
betes) [36].

Conclusions

In this first-of-its-kind pilot study we found that diabetes
patients with low faecal elastase had signs of impaired auto-
nomic nerve function compared to matched controls.
Although not excluding other factors, these results support
the theory that autonomic dysfunction is a contributor to PEI
in type 1 and type 2 diabetes. There is a paucity of studies
in this field, and we would encourage larger studies, also uti-
lizing direct tests for pancreatic exocrine function and more
extensive autonomic function mapping.
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