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A B S T R A C T

Background: The prevalence of pancreatic exocrine insufficiency (PEI) in diabetes mellitus (DM) varies widely
between studies, which may be explained by methodological problems. We aimed to establish the prevalence of
PEI in DM using the faecal elastase-1 (FE-1) assay as a screening test, and to further investigate these patients by
the mixed 13C-triglyceride (13C-MTG) breath test.
Methods: One hundred and thirty-three consecutive type 1 or type 2 DM patients without known exocrine
pancreatic disorders were recruited. Demographic parameters, stool consistency, stool frequency, routine la-
boratory tests, and the presence of DM complications were registered. An FE-1 value< 200 μg/g was used as the
screening cut-off for PEI, and patients with FE-1 values below this level were referred for a 13C-MTG breath test.
Results: One hundred and two patients returned faecal samples. The prevalence of PEI as measured by low FE-1
was 13%. Insulin usage, type 1 DM, and DM duration were associated with low FE-1. Stool habits were un-
affected by low FE-1. Twelve out of 13 patients with low FE-1 performed the breath test, which was normal in all
cases.
Conclusions: The prevalence of PEI defined by FE-1 was low in our mixed cohort of type 1 and 2 DM patients.
Furthermore, there was a discrepancy between FE-1 and the breath test. Hence, the role of FE-1 in evaluating
pancreatic exocrine function in DM should be evaluated in larger studies in order to clarify the association
between low FE-1 and clinically relevant PEI.

1. Introduction

Diabetes mellitus (DM) is a chronic condition in which the insulin-
secreting capacity of the endocrine pancreas is inadequate compared to
metabolic demands, leading to hyperglycaemia. Some DM aetiologies,
such as diabetes of the exocrine pancreas or several types of MODY
(Maturity Onset Diabetes of the Young), are strongly associated with
combined exo- and endocrine pancreatic dysfunction [1–3]. In type 1

and 2 DM, on the other hand, the degree of association with pancreatic
exocrine insufficiency (PEI) is a topic of considerable ambiguity, with
reported prevalences of PEI varying between 14 and 74% [4,5].

Most previous studies used the faecal elastase-1 concentration (FE-
1) for assessment of PEI. FE-1 has the advantage of being easy to per-
form, affordable, and widely available. Levels of FE-1 above 200 μg/g
exclude PEI with a high negative predictive value, however, FE-1 levels
below this cut-off are associated with false-positive rates as high as 11%
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[6]. Consequently, there is a lack of consensus in terms of the appro-
priate FE-1 cut-off levels, with<15, 50, 100, and 200 μg/g all cur-
rently in use [7].

FE-1 is a marker of pancreatic enzyme secretion and not PEI per se.
It does not allow differentiation of primary from secondary PEI (i.e. to
differentiate pancreatic acinar cell dysfunction from exocrine pan-
creatic dysfunction secondary to other conditions) [8,9]. Examples of
such conditions include any small bowel damage or villous atrophy due
to coeliac disease, cow milk protein enteropathy, or even transient in-
testinal damage resulting from enteric pathogens or small intestinal
bacterial overgrowth [8,10,11]. In DM, autonomic neuropathy may
lead to the impaired activation of the otherwise intact exocrine pan-
creas [12]. Finally, other extra-pancreatic parameters such as the di-
lution factor due to watery stool is highly associated with false low FE-1
[6]. Therefore, the FE-1 assay has limitations in terms of specificity [6].

Another method to evaluate pancreatic exocrine function is to
measure intraduodenal lipase activity using the mixed 13C-triglyceride
(13C-MTG) breath test. Exocrine pancreatic secretion is stimulated by
way of a test meal (bread and butter), with added 13C-labelled trigly-
cerides. The amount of exhaled 13C-labelled carbon dioxide is an in-
direct measure of lipolysis due to the activity of pancreatic lipase within
the small intestine [13,14]. Although the test has limitations in terms of
specificity (such as false positive results in non-pancreatic fat malab-
sorption), it is considered reliable and valid [14]. When using the se-
cretin-pancreazymin test as gold standard on patients with a variety of
pancreatic diseases, the sensitivity was reported at 63% and specificity
85% [13].

Hence, we aimed to establish the prevalence of PEI in type 1 and
type 2 DM patients by using the FE-1 test as a screening test, and
subsequently to further investigate the pancreatic exocrine function
further using the 13C-MTG breath test.

2. Materials and methods

This was a cross-sectional multicentre study, with consecutive re-
cruitment at the diabetes outpatient clinics at Aalborg University
Hospital, Denmark and Haukeland University Hospital, Bergen,
Norway. Inclusion criteria were: age 18–75 years and a diagnosis of
type 1 or 2 DM according to the American Diabetes Association's clas-
sification [15]. Exclusion criteria were: any previous gastrointestinal
disease or surgery that might interfere with the study results, intake of
orlistat or acarbose, excessive alcohol consumption, and a history of
acute or chronic pancreatitis.

2.1. Assessment variables and investigations

Following patient consent, demographic parameters, body mass
index, stool frequency, stool consistency by Bristol Stool Form Scale,
and the most recent level of glycated haemoglobin (HbA1c) were re-
gistered [16]. Furthermore, we recorded the current antidiabetic
therapy, duration of disease, and the presence of DM late complications
in the patient history. Lastly, patients were instructed on how to collect
faeces samples at home. Estimation of FE-1 was performed on ScheBo®
Pancreatic Elastase 1 Stool Test (Biotech AG, Germany), which is an
enzyme-linked immunosorbent assay (ELISA) method. Levels< 200
μg/g were considered abnormal, and these participants were referred
for a 13C-MTG breath test. Upon an overnight fast, the breath test was
performed in accordance with previously published procedures [14]. In
short, 10mg metoclopramide was ingested to ensure optimal gastric
emptying, then a baseline breath sample was taken 20min after in-
gestion of metoclopramide followed by a standardized test meal
(250mg 13C-MTG, 16 g of fat on a piece of toasted bread, and a glass
(200mL) of water). Breath samples were subsequently taken in 30-min
intervals for six hours. The amount of 13C‑carbon dioxide (CO2) and
12CO2 was measured by mass spectrometry on an IRIS-3 breath analyzer
(Wagner Analysen Tecknik GmbH, Bremen, Germany), and the

13CO2/12CO2 quotient was calculated for each breath sample. A cu-
mulative value of< 29% was considered to be abnormal [17].

2.2. Ethics

Prior to enrolment, all participants were informed about the study
orally and in written form. Consent forms were signed ahead of any
study-related procedures. The project was approved by the Ethical
Committee for North Denmark Region (N-20130059) and Haukeland
University Hospital (Western Norway Regional Committee for Medical
and Health Research Ethics – REK Vest 2013/2333).

2.3. Statistical analysis

The data is presented as number of patients (%), means (standard
deviation - SD), or medians (interquartile range – IQR) unless otherwise
indicated. Assumption of normal distribution was tested by the Shapiro-
Wilks test. Comparisons of assessment variables between patients with
a normal and low FE-1 were made using the unpaired Student's t-test or
the Kruskal-Wallis test as appropriate. Linear correlations were esti-
mated by Pearson's r. For testing differences in proportions, we used
Pearson's χ2. The level of statistical significance was set at 5%.

All statistics were performed on STATA version 15.1 (StataCorp
LLC, Texas, USA) or Analyse-it for Microsoft Excel version 5.30
(Analyse-it Software Ltd., United Kingdom).

3. Results

In total, 133 patients were enrolled in the study. Faecal samples
were returned by 102 patients who were included for further analysis.
The median age of enrolled patients was 54 (IQR 15) years and 56 were
males – see Table 1 for clinical characteristics and results. An abnormal
FE-1 value was seen in 13 patients (12.7%), and the distribution of FE-1
levels in this group is depicted in Fig. 1. Further, we found that the
group with an FE-1 below the cut-off value had a significantly longer
DM duration, p= .005.

Linear regression demonstrated a highly significant association be-
tween DM duration and FE-1 concentration, r=−0.27, p= .009
(Fig. 2).

Additionally, type 1 DM patients had a higher likelihood of low FE-1
when compared to patients with type 2 DM, Odds ratio 4.1 (95% CI
1.12–14.7), p= .03. Finally, all patients with low FE-1 were insulin
treated, compared to 73% in the group with FE-1≥200 μg/g, p= .04.

Table 1
Clinical characteristics and results.

Variables All participants FE-1 < 200 μg/L FE-1≥ 200 μg/L

n 102 (133§) 13 89
Age 54 (15) 54 (12) 57 (13)
Gender (M/F) 56/47 5/8 51/39
BMI 27.3 (8.0) 26.3 (7.1) 27.7 (8.1)
FE-1 level (μg/g) 398 (222) 121 (124)⁎ 433 (188)⁎

Diabetes duration 13.0 (17.0) 27.5 (32.8)⁎ 13.0 (14.1)⁎

Diabetes type (1/2) 49/51% 77/23%⁎ 45/55%⁎

Insulin treatment 76% 100%⁎ 73%⁎

HbA1c (mmol/mol) 61 (15) 60 (15) 61 (15)
Stool frequency (/day) 1.0 (0.5) 1.0 (1.2) 1.0 (0.5)
Bristol score 4.0 (1.0) 3.0 (1.3) 4.0 (1.0)
Neuropathy 24% 8% 26%
Retinopathy 31% 31% 31%
Nephropathy 4% 8% 3%
Microalbuminuria 14% 15% 14%

The data is provided as medians (IQR) or proportions (%).
⁎ p < .05.
§ 31 participants did not return faecal sample, data from these participants

are not included.
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MTG breath tests were performed on 12 patients with low FE-1, all of
which were within the normal range, cumulative 13CO2 values 48 (14)
%.

4. Discussion

In the present study on patients with both type 1 and type 2 diabetes
mellitus, we found a relatively low PEI prevalence of 13% as measured
by FE-1. However, all patients with abnormal FE-1 had normal pan-
creatic exocrine function evaluated by 13C-MTG breath test. Patients
with abnormal FE-1 levels had longer DM duration, and were more
likely to have type 1 DM and be insulin treated. We could not detect any
differences in terms of stool frequency, stool consistency, BMI, or late
diabetic complications between patients with normal and abnormal FE-
1 levels.

The apparent lack of clinical correlate to the low FE-1 is a bit sur-
prising, since studies involving other conditions associated with PEI
seem to indicate a clearer link between low FE-1 and BMI, stool habits,
etc. [18]. Data on DM patients, on the other hand, is limited, and

available studies concur with our results in terms of no impact on BMI
[19].

The low PEI prevalence (by FE-1) in our study was intriguing, and
clearly lower than in most previous studies [4]. This could be because
we included patients prospectively at two tertiary centres in Norway
and Denmark, with careful exclusion of patients with other causes of
PEI, including pancreatitis, alcohol abuse, and other types of pancrea-
togenic DM. Hence, differences in patient populations or selection bias
may explain the discrepancy in PEI prevalence. Moreover, two recent
studies found prevalences more consistent with the present study, with
estimates of 16.8% and 14.4% [20,21]. Finally, another study with si-
milar exclusion criteria but which only included patients with more
than five years duration of DM found an even lower prevalence of 5.4%
[22]. All of these studies used FE-1 levels below 200 μg/g as the sole
diagnostic cut-off, and two of them included pancreatic imaging studies
to exclude post-pancreatitis DM [20,22]. A limitation to our study is
that we did not perform such imaging studies. Consequently, we can not
rule out some cases with low FE-1 due to other diseases of the exocrine
pancreas

Fig. 1. The distribution of individual FE-1 in the cohort with FE-1 < 200 μg/g.

Fig. 2. Negative association between DM duration and FE-1 levels, r=−0.27, p= .009.
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Another – somewhat speculative – explanation of the lower PEI
prevalences in recent studies could be that the finding reflects an actual
decline. Recent decades have witnessed improved control of several risk
factors of DM complications, such as glycaemia and hyperlipidaemia,
which might – in turn – result in less PEI [23].

In line with our findings, DM duration seems to be a risk factor for
low FE-1 level in most studies [19]. The findings may add further
weight to the hypothesis that PEI could be a late DM complication, with
autonomic neuropathy likely being a contributing factor. We could not
detect any statistically significant difference in the prevalence of neu-
ropathy in this cohort, however the study was not designed to evaluate
this question. Presence of neuropathy was defined based on anamnestic
information. In practice, this means the presence of either an impaired
monofilament test or pathological nerve conduction velocity studies.
These tests assess the function of large myelinated nerves, however the
innervation of the exocrine pancreas is primarily by small, un-
myelinated autonomic nerve fibres [24]. Thus, we cannot exclude the
impact of small fibre/autonomic neuropathy in our cohort.

Consistent with previous studies, we found a higher risk of low FE-1
levels in type 1 vs. 2 DM [19]. The risk was even higher when looking at
patients who were on insulin treatment vs. no insulin treatment. All
patients with low FE-1, including those with type 2 DM, were on in-
sulin. Although the sample size is small, these results support the hy-
pothesis that impaired insulin secretion into the insular-acinar portal
system could be involved in the pathomechanism of PEI (as defined by
FE-1) in DM [19].

In our study, we did not find any association between HbA1c-levels
and FE-1. A limitation of this study is that we did not investigate gly-
caemia in greater detail. PEI has been shown to be associated with the
impaired secretion of the incretin hormones - glucose-dependent in-
sulinotropic polypeptide (GIP) and glucagon-like peptide-1 (GLP-1)
[25,26]. Incretin hormones have a stabilizing effect on post-prandial
glucose excursions, hence we cannot rule out the impact of PEI on
glucose variability in spite of unaffected HbA1c [27]. Future studies,
using continuous glucose monitoring, should evaluate this question.

At least one alternative hypothesis could address the lack of clinical
correlate in the participants with low FE-1. A longer DM disease
duration increases the risk of diabetic enteropathies such as dysregu-
lated and delayed gastric emptying, intestinal dysmotility, and bacterial
overgrowth [28–30] and might contribute to a false positive FE-1. To
investigate this, we performed a second test of pancreatic exocrine
function. Unexpectedly, there was a discrepancy between FE-1 and the
mixed 13C-triglyceride breath test, which was normal in all patients
with abnormal FE-1 levels. Our study was not constructed to differ-
entiate between primary and secondary PEI or to differentiate between
causes of false positive FE-1 results, however, the low concordance
between the two tests may indicate that such alternative explanations
are involved. A larger study, including relevant markers of small bowel
damage, is warranted to further elaborate on this issue. Additionally,
using a lower FE-1 cut-off in a larger cohort could have increased the
concordance between FE-1 and the breath test.

4.1. Methodological considerations

This study has some limitations. We only performed a single FE-1
test, meaning that it was not repeated to avoid water interference (i.e.
samples from a watery part of the stool) nor did we dry the faeces
(lyophilization) to prevent false positives [9,31]. On the other hand,
stool consistency (Bristol score) was identical in patients with normal
vs. low FE-1, so the impact of water interference was likely minimal. By
repeating the test, even fewer instances of low FE-1 could be expected,
meaning that we could have false positives in our cohort. Also, the FE-1
test was validated in patients with existing signs and symptoms of PEI,
and therefore may be poorly suited for population-based screening
studies [32]. This is supported by the confirmatory second test in our
study, the 13C-MTG breath test, which was negative in all the FE-1

positive patients. In our opinion, this could indicate that the pancreatic
acinar cells are responsive after a high-fat meal stimulation, thus ex-
cluding primary PEI.

A relatively small study population, exacerbated by the un-
expectedly low prevalence of subnormal FE-1, also limits the statistical
power of the study. Nevertheless, a clearly significant impact of DM
duration, DM type, and insulin treatment on the risk of low FE-1 was
demonstrated. The biological plausibility of these factors in the pa-
thophysiology of PEI in DM, as well as their biological interaction, in-
creases the robustness of our findings. However, both significant and
non-significant differences in the subgroup analyses should be inter-
preted with caution due to a small subgroup sample size.

5. Conclusion

In a mixed cohort of type 1 and 2 DM, low FE-1 levels were found in
only 13% of participants. Insulin use, type 1 DM, and DM duration were
risk factors for low FE-1. The 13C-MTG breath test was normal in all
patients with low FE-1. Our results indicate that FE-1 might not be an
ideal marker of PEI in DM. We suggest that the discrepancy between FE-
1 and the breath test should be further investigated in prospective in-
terventional studies, in order to ensure pancreatic enzyme replacement
therapy to the right patients. Furthermore, low FE-1 levels in DM pa-
tients may be caused by impaired enteropancreatic signalling induced
by conditions such as neuropathy, dysmotility, or dysbiosis (i.e. “sec-
ondary PEI”). To decide whether detection of low FE-1 is of value in
DM, future studies should include a more detailed investigation of the
extra-pancreatic factors, nutritional and metabolic consequences, as
well as the impact of pancreatic enzyme replacement therapy.
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