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Abstract

Purpose The underling pathophysiological mechanisms that cause the formation of colonic diverticula (diverticulosis) remain
unclear. Connective tissue changes due to ageing that cause changes in collagen structure of the colonic wall is one theory. Alpha-
1-antitrypsin (A1AT) is a protease inhibitor known to protect connective tissue in other organs. Associations between (carriers of)
A1AT deficiency and the development of colonic diverticula will be the main focus of this study.

Methods A multicentre prospective case-controlled study. In total, 230 patients > 60 years with acute abdominal pain undergoing
an abdominal computed tomography (CT) will be included. The research group consists of patients with diverticulosis and/or
diverticulitis; controls are patients without diverticula (0 to <5 diverticula). Genotype analysis for A1AT deficiency will be
performed.

Rationale Hypothetically, connective tissue changes, in particular related to (carriers of) A1AT deficiency, can contribute
to the development of diverticula and diverticulitis. We expect to find a higher prevalence of A1AT carriers in patients
with diverticulosis compared to patients without diverticulosis. Having diverticulosis does not affect the general health of
these individuals per se, when asymptomatic. Once an association is found, present findings can be the basis for a second
study to assess the risk of developing acute diverticulitis and its disease course in carriers of A1AT deficiency. Because a
large cohort is needed in the latter, we shall first perform a pilot study to investigate the likelihood of the primary
hypothesis.

Trial registration Netherlands Trial register, NTR6251, NL55016.094.15
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expel the stool, an increased intraluminal pressure is formed.
This increased pressure leads to the formation of diverticula at
the weakest anatomical locations in the wall. These
predestined weak spots in the colonic wall are formed due to
the entering of terminal branches of the colonic arteries and
are referred to as vasa recta [3, 8]. Other theories are based on
the antimicrobial content of the colon, the microbiome theory
[9].

Recently, a new hypothesis has emerged which can help us
understand the aetiology of diverticulosis. This hypothesis is
based on the fact that diverticulosis is an age-related disorder.
Ageing eventually leads to the altering of colonic epithelia and
it induces a declining colonic wall mechanical strength, which
can be partly attributed to changes in collagen structure [10,
11]. One study has investigated how the collagen structure
changes in colonic diverticulosis. Results indicated that colon-
ic collagen from subjects affected by colonic diverticulosis had
a higher number of cross-links than subjects with unaffected
colonic tissue. This illustrates that the structural changes to
tissue collagen affected by colonic diverticulosis have a greater
impact than the changes that occur as part of the natural ageing
process [12]. Not only a change in the number of cross-links
but also a shift from stable collagen type 1 towards the less
stable collagen type 3 and increased concentrations of tissue-
degrading matrix metalloproteinases (MMPs) (for example
MMP-1, MMP-2) and their inhibitor (TIMP-1) involved in
connective tissue metabolism is observed in patients with
(complicated) diverticular disease [13—15]. Consequently, co-
lonic diverticulosis could be the result of an exaggerated and
premature ageing process and intrinsic changes in collagen
structure.

Alpha-1-antitrypsin (A1AT) deficiency is one of the most
common hereditary disorders. It is assumed that there are at
least 116 million carriers (such as PiMS and PiMZ) and 3.4
million deficiency allele combinations (PiSS, PiSZ and PiZZ)
worldwide. It affects individuals from all racial subgroups
worldwide [16]. A1AT is a protease inhibitor of the proteolytic
enzyme elastase that normally protects the connective tissue
of the lungs when the leukocytes release elastase [17, 18].
Most patients with A1AT deficiency develop pulmonary em-
physema and bronchitis [19]. One widely accepted theory
about the pathophysiological mechanism that causes lung em-
physema is the theory about an imbalance of protease and
anti-protease, specifically elastase-anti elastase activities
[20-22]. The interstitium of lung parenchyma consists mostly
out of collagen type I and III, giving the alveolar wall its
structural form [23]. Matrix metalloproteases (MMPs), which
are proteolytic enzymes involved in tissue remodelling and
repair associated with inflammation, are involved in maintain-
ing the good structure of this wall [22, 24]. Some of the MMPs
involved in connective tissue metabolism are altered in pa-
tients with (complicated) diverticular disease. Those same
MMPs (for example MMP-1 and MMP-2) are also altered in
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patients with lung emphysema [22, 25]. In some cases of true
A1AT deficiency, the emphysema is severe and a lung trans-
plantation is necessary to improve long-term survival [26]. In
the field of lung transplant surgery, the correlation between
A1AT deficiency and gastrointestinal complications has been
highlighted. Gastrointestinal complications after lung trans-
plantation variate from 3 to 51%, and underlying mechanisms
are poorly understood [27-29]. In A1AT deficiency, mortality
in individuals with severe A1AT deficiency (type PiZZ) was
increased due to respiratory and hepatic disease and pulmo-
nary embolism, when compared to the age- and sex-matched
Swedish population without this pathological allele for A1AT.
Also, PiZZ individuals died more often due to complicated
colonic diverticulitis [30]. These findings support our hypoth-
esis that A1AT could be associated with the development of
colonic diverticula.

Connective tissue diseases, in particular (carriers of) A1AT
deficiency, may contribute to the development of diverticula
and its complication diverticulitis. Expectations are to find a
higher prevalence of A1AT carriers in patients with diverticu-
losis compared to patients without diverticulosis. The
ALADDIN study aims to determine additional causes for de-
veloping colonic diverticulosis. An interesting hypothesis is
that connective tissue diseases, in particular (carriers of)
A1AT deficiency, contribute to the development of diverticu-
losis and its complication diverticulitis.

Methods

Study objective The aim of this study is to determine the
prevalence of A1AT deficiency (carriers) in patients with
and without colonic diverticula.

Study design This is a multi-centre prospective case-
controlled study. Patients who undergo an abdominal CT will
be recruited at the emergency department (ED) of each partic-
ipating medical centre. The CT will be reviewed by a radiol-
ogist who will report the diagnosis, the number of diverticula
and the location of diverticula, and in case of diverticulitis, the
Hinchey classification will be scored. Patients undergoing on-
ly other diagnostic methods, such as ultrasound or colonosco-
py, will be excluded as will be unable to give this additional
information and were therefore excluded. Blood samples will
be collected in order to determine the concentration of A1AT
in serum by immunoassay and genotype analysis will be per-
formed. Genotyping will reveal whether an individual has a
normal variant (PIMM), is carrier of A1AT deficiency (for
example PIMS, PIMZ or PiMF) or has A1AT deficiency
(PiSS, PiSZ and PiZZ). Genotype analysis uses allele-
specific amplification that allows variables to be identified.
Although the optimum formula for A1AT deficiency testing
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has not been formulated, serum level measurement combined
with genotype analysis is often used in clinical setting.

Outcome measures Outcome measures will be (a) prevalence
of A1AT deficiency or carriers in patients with and without
colonic diverticula, (b) the number of episodes of diverticulitis
in patients with and without (carrier alleles for) A1AT defi-
ciency and (c) the number of diverticulitis-related hospital
admissions in patients with and without (carrier alleles for)
A1AT deficiency. Evaluation of known risk factors for devel-
oping diverticulosis, e.g. genetic factors, environmental fac-
tors and epidemiological factors, will be collected using a
questionnaire and medical records.

Study population All patients >60 years, presenting at
the ED with acute abdominal pain and undergoing an
abdominal CT, will be included consecutively. Acute
abdominal pain is defined as non-traumatic abdominal
pain with symptom duration of more than 2 h and less
than 5 days [31]. Patients are eligible for the research
group when the abdominal CT reveals diverticula.
Patients without diverticula defined as 0 to <5 divertic-
ula on abdominal CT will be included in the control
group (Figs. 1 and 2). All patients eligible for this study
will be screened by the attending emergency physician
for mentally competence; patients have to be able to
give informed consent and fill out a questionnaire. The
questionnaire aims to identify known risk factors for
developing diverticula or acute diverticulitis, such as
diet focusing on fibre rich or poor, BMI, smoking and
pack years, use of medication such as NSAIDs or cor-
ticosteroids, ethnicity, family history of diverticulitis,
previous episodes of diverticulitis and previously under-
gone treatment for acute episodes of diverticulitis.

Fig. 1 The ALADDIN study
flowchart, study design

Ethical considerations The study is conducted in accor-
dance with the principles of the Declaration of
Fortaleza and ‘good clinical practice’ guidelines. The
protocol (version 4, amendment 3, May 2, 2018) has
been approved by the Medical Research Ethics commit-
tees of VU University Medical Center (MREcVUmc).
Consent was also obtained from the participating cen-
tres. Patients will be counselled and written informed
consent will be obtained from all patients if inclusion
criteria have been met.

Laboratory analysis An Amplicon sequencing (Ampliseq)
panel with coding sequences (CDS) was designed for
three known A1AT deficiency—causing genes
(SERPINA1, SERPINA3 and ELA2). This panel will be
used to create amplicons out of the isolated deoxyribonu-
cleic acid (DNA). Ion Chef will be used to create a next-
generation sequencing (NGS) library. These libraries will
be pooled on an Ion chip and sequenced to an ION S5
sequencer (Thermofisher). Variants will be called up on
using an Ion reporter server. Then, reported variants will
be compared to known variants in the Human Gene
Mutation Database (HGMD).

Statistical analysis Nominal and ordinal variables will be de-
scribed as numbers with proportions. Continuous variables
will be described as means with standard deviations (SD) or
medians with interquartile ranges (IQR). Between-group (case
vs controls) differences with respect to primary and secondary
study parameters will be analysed using the chi-square test or
the Fisher exact test in case of nominal and ordinal variables.
Differences with respect to continuous variables will be
analysed using the independent samples ¢ test or the Mann-
Whitney U test depending on the distribution. The strength of

Patients visiting the ED who
undergo an abdominal CT

No Diverticula
(or < 5 diverticula)

CT-confirmed diverticulosis CT-confirmed diverticulitis

Control group

Research group

Alpha-1-antitrypsin
deficiency (carrier)

No Alpha-1-antitrypsin
deficiency (carrier)

Alpha-1-antitrypsin
deficiency (carrier)

No Alpha-1-antitrypsin
deficiency (carrier)
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All patients > 60 who
undergo an abdominal CT in
Northwest Clinics or
Tergooi from 2017 until
2019

Information about
ALADDIN study is given

Exclusion: patients who do
not want to participate

Patient donates blood
samples and fills in a
questionaire

Laboratory performs tests
to determine whether the
patient has A1AT
deficiency (or is carrier)

Fig. 2 The ALADDIN study flowchart, composing study population

the association between exposure of alpha-1-antitrypsin pa-
thology and the occurrence of diverticulosis will be analysed
by means of logistic regression analysis and expressed as an
odds ratio (OR) with a 95% confidence interval (95% CI).
Multivariable logistic regression analysis will be used to cor-
rect this association for confounding effects. All secondary
study parameters (except for alpha-1-antitrypsin concentra-
tion) are potential confounders and are classified as such if
they change the regression coefficient of the primary variable
by more than 10% when added to the regression analysis. All
other study parameters will be analysed in patients with diver-
ticula and compared between patients with and without the
alpha-1-antitrypsin deficiency (carriers). Differences with re-
spect to continuous variables will be analysed using the inde-
pendent samples ¢ test or the Mann-Whitney U test depending
on the distribution. Differences with regard to nominal or or-
dinal variables will be analysed using the chi-square test.

The STROBE guidelines for reporting will be followed
[32]. All analyses will be performed using SPSS, version
24.0 (SPSS Inc., Chicago, IL, USA).
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Sample size calculation It is assumed that there are at least
116 million carriers (PiMS and PiMZ) and 3.4 million de-
ficiency allele combinations (PiSS, PiSZ and PiZZ) world-
wide. The prevalence of A1AT deficiency carriers in
Europe was calculated to be approximately 8% [16]. No
previous information on the prevalence of the A1AT defi-
ciency (carriers) in patients with or without diverticula ex-
ists. Therefore, we can only speculate on the possible dif-
ference in prevalence between these two groups. Assuming
a 10% difference in prevalence and using a significance
level of 5% and a power of 80%, 115 patients per group
would be necessary. Since literature indicates that preva-
lence of diverticulosis is around 50%, inclusion of cases
and controls is expected to progress equally [33, 34].

Data collection and monitoring Data will be collected from
the medical records of the patients. Additional informa-
tion will be gathered using a questionnaire. Patient data
will be coded using a unique study code and stored
electronically on an eCRF using the data management
software Castor EDC.

Rationale for the design

The aim of this study was to assess possible associations
between CTD and the development of diverticula, with
special interest in (carriers of) A1AT deficiency, and also
the association between the amount and severity of epi-
sodes of acute diverticulitis in patients with (carrier alleles
for) A1AT deficiency and those without. Therefore, we
need patients with acute abdominal pain in whom an ab-
dominal CT is performed, since this provides information
regarding the presence of diverticula, the number and lo-
cation of the diverticula and—if applicable—information
about the severity of the diverticulitis episode. With the use
of abdominal CT in the acute stage of diverticulitis, it is
possible to classify these patients according to the Hinchey
classification. The consequence of this design, however, is
that the results of this study will only be applicable to
patients with acute abdominal pain. Nevertheless, the use
of other diagnostic methods to select patients will be ac-
companied with other disadvantages. An alternative would
be to include patients from the national screening pro-
gramme undergoing a colonoscopy, but this will produce
no data for the secondary outcome measures, as colonos-
copy is not performed during an acute episode of divertic-
ulitis. Moreover, the indication for a screening colonosco-
py in the Netherlands is a positive immunochemical faecal
occult blood test (iIFOBT); therefore, the population select-
ed through this programme will not be completely
asymptomatic.



Int J Colorectal Dis (2019) 34:933-938

937

Discussion

Our hypothesis is that connective tissue diseases, in par-
ticular A1AT deficiency or being carrier of this deficiency,
contribute to the development of diverticula. Because the
prevalence of A1AT deficiency is low, approximately
0.24% in Europe, the focus will be on the prevalence of
A1AT deficiency carriers, having a prevalence of 8% [16].
Expectations are to find a higher prevalence of A1AT
deficiency carriers in patients with diverticulosis (cases)
compared to patients without diverticulosis (controls). We
estimate the prevalence to be around 13% in the cases and
less than 3% in the control group. If the association
between A1AT deficiency and diverticula formation is
confirmed, this finding is just a start. Having diverticulosis
does not affect the general health of these individuals per
se, when asymptomatic. However, this study can be the
basis for a second study to see if patients who are carrier
of AIAT deficiency also have a higher risk of developing
acute diverticulitis, and if so, whether disease course is
more severely. Because a large cohort is needed in the
latter, we shall first perform a pilot study to investigate
the likelihood of the primary hypothesis. We realise that
the results of this study will only be applicable on our
selected population, being patients with acute abdominal pain.

Because diverticulitis is a multifactorial disease and
probably a result of complex interactions, it may be
hard to prove that deviations of the A1AT protein play
a role in the actiology of diverticulitis [9]. Little or no
information is available in the current literature. The
focus of this study is mainly on one connective tissue
disease, A1AT deficiency. However, the final goal is to
investigate multiple connective tissue diseases. Because
a large cohort is needed in the latter, the decision was
made to first perform a pilot study to investigate the
likelihood of the hypothesis.

When our theory will be confirmed by performing this
study, this could not only affect treatment standards for
lung transplant patients, but also generate a different the-
oretical context for patients in general diagnosed with
acute diverticulitis. It is a starting point for further inves-
tigations in a large cohort of diverticulitis patients, once an
association is confirmed in present study. When patients
who are carrier for AIAT deficiency have significant more
episodes of diverticulitis and these episodes progress more
severely compared to the patients with a normal type of
A1AT, this information can help a physician to treat a
patient. Furthermore, this information can help to decide
if in a selected group (being patients with A1AT deforma-
tions), hospital admission is necessary or antibiotic treat-
ment should be given. It could also help in the decision
whether early surgical intervention is justified or if a more
conservative treatment (especially in patients with normal

A1AT) is accepted. Better understanding of the association
between A1AT deficiency and diverticula development
could contribute to changes in the treatment of diverticu-
litis. It could also be the foundation of a screening pro-
gramme for patients who have to undergo a lung trans-
plantation because of severe A1AT deficiency.
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