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ABSTRACT

Introduction: Gastrointestinal (Gl)-related symptoms, complications, and comorbidities in cystic fibrosis
(CF) are common and research to reduce their burden is a priority for the CF community. To enable
future research, this review aimed to summarize the range of Gl symptoms, complications and
comorbidities seen in CF, the underlying pathophysiology, and treatments.

Areas covered: This was a rapid systematic review undertaken using the recommendations from the
Cochrane Rapid Reviews Methods Group. We searched databases including PubMed, Embase, Medline
and the Cochrane database and identified those studies reporting Gl-related symptoms, complications,
or comorbidities in CF or their treatment. Our searches identified 2,930 studies and a total 119 studies
met our inclusion criteria. Where a prevalence could be determined, Gl symptoms were reported in
33.7% of study participants. The range of symptoms reported was broad and the highest median
prevalence included flatulence (43.5%), bloating and abdominal distension (36%), and fatty stool (36%).
Meconium ileus was reported in 12% and distal intestinal obstruction syndrome in 8.5%

Expert opinion: Gl-related symptoms, complications, and comorbidities in CF are common. More
consistent characterization and recording of these symptoms in clinical studies may help achieve the
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priority of reducing the burden of Gl disease in CF.

1. Introduction

Cystic fibrosis (CF) is the most common life limiting, autosomal
recessive inherited disease affecting people of North European
decent [1]. As of 2021, in the United Kingdom CF affects
10,908 people with just over 6,000 of the population aged
16 years or older [2]. CF is a multisystem disease that is caused
by mutations in the gene coding for the Cystic Fibrosis
Transmembrane Conductance Regulator (CFTR) which is
located on the long arm of chromosome 7. CFTR is an anion
channel which is responsible for chloride and bicarbonate
transport across the apical membrane of cells.

Early reports of cystic fibrosis describe: intestinal obstruc-
tion in the newborn period; pancreatic insufficiency causing
steatorrhea; deficiency of fat soluble vitamins; and early onset
of purulent bronchitis [3]. In the early years of CF care, diag-
nosis was made through examination of duodenal fluid for
evidence of pancreatic insufficiency [4]. Seventy years ago,
most children with CF did not reach their fifth birthday [5].

The effects of CFTR mutation are best understood within
the respiratory system, but less is known about the pathophy-
siology of CF in the gut. Through animal models, it is under-
stood that abnormal chloride and bicarbonate secretion
causes an acidic, dehydrated environment and increased

mucus viscosity [6,7]. The thickened chyme resulting from
the abnormal environment and thick mucus may then cause
obstruction within the terminal ileum. Throughout this review,
the theories explaining gastrointestinal (Gl) dysfunction in CF
will be explored.

Reducing the burden of Gl symptoms and complications is
important to the patient and clinical communities in CF. Work
done through a James Lind Alliance Priority Setting
Partnership asked people with CF (pwCF), families, and health-
care professionals to determine areas of research in CF which
should be prioritized. This work was undertaken in 2017 and
refreshed in 2022 and at both times ‘how can we relieve
gastro-intestinal (Gl) symptoms, such as stomach pain, bloat-
ing, and nausea in people with cystic fibrosis’ has placed
within the top 3 priorities [8,9]. From the 2022 refresh, there
is also a new priority asking for research to determine the
extra-pulmonary effects of modulators including their effects
on the Gl system [9].

The development of CFTR modulators has revolutio-
nized the landscape of treatment in CF, working through
both correcting defective trafficking of CFTR to the cell
surface and potentiating the function of CFTR on the cell
surface. The first CFTR modulator to be developed and
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Article highlights

¢ Gl symptoms, complications, and comorbidities are commonly experi-
enced by pwCF.

¢ Improving the burden of Gl disease in CF is a priority for research
according to the CF community.

e The symptoms that are most commonly experienced by pwCF are
flatulence, bloating and abdominal distension, fatty stool, anorexia,
vomiting, diarrhea, abdominal pain, nausea, and constipation.

o The reporting of symptoms in the literature and their classification is
inconsistent. To help address this, the creation of a core outcome set
would be beneficial alongside the increased use of CF specific patient
reported outcome measures.

e Gut dysfunction in CF differs in the upper and lower Gl tract.

e In CF, wide intrathoracic pressure excursions (due to lung disease),
impaired lower esophageal sphincter function, and dysmotility all
contribute to upper Gl tract dysfunction.

e Gut dysmotility, gut dysbiosis, and inflammation all contribute to
lower Gl tract dysfunction. Further research is required to determine
the mechanism behind symptoms and hence to make a rational
choice of new and repurposed treatment interventions to evaluate
in clinical trials.

used clinically, ivacaftor, was shown in trials to significantly
improve respiratory function, as assessed by FEV,, reduce
pulmonary exacerbations and improve body mass index
(BMI) [10]. With the development of the triple combination
therapy elexacaftor/tezacaftor/ivacaftor (ETI) 90% of pwCF
have genotypes eligible for treatment with modulators,
although access to modulators varies across healthcare
systems [11].

The effects that modulators have on the Gl tract is less
clear. With ivacaftor, there is limited evidence from case
reports and case series suggesting a restoration in exocrine
pancreatic function after starting ivacaftor, particularly within
the pediatric population [12-17]. During the KIWI and KLIMB
studies, both open-label phase 3 studies in children aged 2-5
years, fecal elastase was found to improve after 24 weeks and
84 weeks of ivacaftor, respectively, suggesting some recovery
of pancreatic exocrine function [18,19]. For ETI, a large, multi-
center trial used the CFAbd-score (a CF-specific patient
reported outcome measure) to measure abdominal symp-
toms and associated quality of life before and after starting
ETI. This study found significant improvements in all domains
after 24 weeks of ETI treatment, compared to baseline [20].
However, there are a limited number of trials and other well-
designed studies, leaving many gaps in the evidence for
treatments to reduce the Gl symptoms and complications in
CF [21].

Closing these evidence gaps relating to Gl disease in CF
has become particularly important as the life expectancy of
pwCF continues to increase and respiratory disease has
a less damaging effect on quality of life. To enable this,
an up-to-date, objective review of the range and causes of
Gl symptoms, complications, and comorbidities experienced
by pwCF is needed.

Therefore, the aim of this review was to;

e Provide an overview of the pathophysiology underlying
Gl dysfunction in CF

e Present the range and prevalence of Gl symptoms, com-
plications, and comorbidities associated with CF

e Describe the evidence for treating Gl symptoms, compli-
cations, and comorbidities in CF.

2. Methods

This review was conducted using the guidance from the
Cochrane Rapid Reviews Methods Group [22]. This approach
was adopted to allow for the expected large number of
studies.

The full review protocol can be found on the Open Science
Framework (DOl 10.17605/0OSF.I0/2SVPX). We searched
Medline, Embase, PubMed, and the Cochrane Library for key-
words related to cystic fibrosis and Gl symptoms and compli-
cations from January 2012 to December 2022 (see supplement
S1 for full search strategy). Searches were also conducted on
clinicaltrials.gov and clinical trials registries to identify the
protocols for ongoing studies.

We aimed to capture data from a broad range of study
designs. To do this, we included systematic reviews, rando-
mized control trials, cohort studies, case-control studies,
prospective observational studies, retrospective observa-
tional studies, case series of =10 participants and registry
studies. We excluded case reports, case series with <10
patients, conference abstracts, and Phase | and Il clinical
trials.

The rapid review was undertaken by two reviewers (AY
and DS). To aid with screening, both reviewers created and
piloted screening forms used during the title and abstract
and full-text review stages. At each stage, a portion of the
studies would be screened using the screening forms (20%
in title and abstract and 10% full text). Only after both
reviewers were satisfied with the studies selected for inclu-
sion using the screening forms were the remaining studies
screened by the first reviewer. As a check, the second
reviewer reviewed every study that was excluded by the
first reviewer to ensure accuracy.

A data extraction collection form was created by the
reviewers and the first reviewer extracted data using the
agreed data extraction form. The second reviewer indepen-
dently used the form to extract data from 10% of the included
studies to ensure correctness and completeness. If the two
reviewers also agreed that in this 10% the data collected was
in keeping with what had been agreed during trialing, then
the data extraction of the remaining 90% continued and
completed by the first reviewer.

We aimed to create an estimate of the percentage pre-
valence for each symptom, complication, or comorbidity
identified. To do this, for each individual study, the number
of patients reported to have a symptom, complication, or
comorbidity was determined. This number was then divided
by the total number of participants reported in the same
study. Then, in those studies where a prevalence could be
determined, the calculated prevalence from each study
would be grouped together by symptom, complication, or
comorbidity, and a median and interquartile range



calculated. If a prevalence for a symptom, complication, or
comorbidity was reported in one of the systematic reviews,
these data were not included in the median prevalence and
analysis to avoid accidental duplication of data. Instead,
they have been used to provide context and aid with nar-
rative synthesis.

3. Results

The searches identified 2,930 articles, of which 119 articles met
our criteria for inclusion (see supplementary table S1 for full
list of the references included). We excluded 2,438 articles
during title and abstract screening. During the full-text review,
we excluded 380 articles and the reason for exclusion
recorded, as outlined in Figure 1:

A total of 119 articles were included after 6 studies and 1
systematic review, not identified by the search, were added by
the reviewers [18,19,23-27].

Within the included articles (excluding systematic reviews)
there were a total of 60,192 participants reported within the
included articles. It is possible that the same individual may
have taken part in more than one study. The focus and aims of
the studies included were varied, ranging from determining
the prevalence of symptoms and complications within a set
population, using ultrasonography to measure pancreatic fluid
flow to reviewing previous abdominal surgeries performed at
a center [28-30]. Studies included were published around the

2,930 articles identified using
searches
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world including in North America, Europe, Iran, India, China,
and Brazil.

In total, 12 systematic reviews met our inclusion criteria
[24,31-41]. Within the included reviews, there were a total of
124 studies and 105,610 participants with CF (with one review
contributing 99,925 [39]). Of the systematic reviews, two were
Cochrane Reviews. The included systematic reviews covered
a wide variety of areas: four assessing the effects of probiotics,
one assessing the risk of Gl cancers in CF, two looking at CF-
related reflux disease and treatment, one focusing on the
incidence of celiac disease in CF, one focusing on the preva-
lence of constipation in CF, one on the treatment of distal
intestinal obstruction syndrome (DIOS), one on CF-related gut
dysbiosis, and one on neonatal fecal peritonitis.

Within the section below we will discuss our findings start-
ing with pathophysiology followed by symptoms, complica-
tions, and comorbidities and finally treatments.

3.1. Pathophysiology

In CF, symptoms and comorbidities are experienced in both
the upper and lower Gl tract as the result of Gl tract dysfunc-
tion. However, analysis of the included studies suggests that
how this dysfunction occurs is different between the upper
and lower Gl tract.

For the upper Gl tract, there is a combination of factors that
may have an impact on upper Gl tract function. These include

2,438 articles excluded based on

l

492 articles moved to full text
review

\4

abstract

380 articles excluded:
329 conference abstracts

32 wrong study design

\4

112 articles passed though full text
screening

‘A;

8 wrong outcome
7 wrong population
2 Unable to find full text

2 foreign language

7 articles added:
6 identified by authors for inclusion

119 articles underwent data
extraction

Figure 1. PRISMA flow diagram of included and excluded studies.

but missed during searches
1 published post searches
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both respiratory factors and esophageal dysfunction. Using
high-resolution manometry impedance, pwCF have been
found to generate greater negative inspiratory intrathoracic
pressures by comparison to healthy controls [42]. This differ-
ence in pressure may contribute to an increased gastro-
esophageal pressure gradient and result in reflux of stomach
contents up into the esophagus [42]. Compounding this is
a combination of other areas of dysfunction within the eso-
phagus and stomach. Studies have identified that the lower
esophageal sphincter in pwCF generates less pressure than
healthy controls, and is more likely to relax during inspiration
[42]. For the stomach, studies have suggested that gastric
emptying may be delayed in pwCF [43,44], although not all
data support this [45].

This dysfunction means that pwCF are more likely to
experience a greater degree of reflux up to the proximal
esophagus, leading to prolonged acid exposure within the
esophagus [42,43]. This results in an increased incidence of
symptoms of gastroesophageal reflux disease (GERD) and may
contribute to exacerbations of pulmonary symptoms
[35,43,46].

In the lower GI tract, there are also multiple important
factors impacting upon Gl dysfunction, chiefly amongst these
a triad of Gl dysmotility, dysbiosis, and increased
inflammation.

Using both wireless pH motility capsules and Magnetic
Resonance Imaging (MRI), the orocecal transit time (OCTT),
which is the time taken for food to pass from the mouth to
the cecum, can be measured. In CF, the OCTT has been found
to be significantly prolonged, taking around 360 minutes
[45,47,48] vs. healthy controls (median time 210 minutes)
[45,49]. The causes for the prolonged OCTT seen in pwCF
remain to be determined. One contributor may be the
impaired and sometimes incomplete neutralization of the
acidic stomach content seen within the proximal duodenum
in CF [47]. Acidic stomach content should be neutralized by
bicarbonate secreted by the pancreas, which enables a more
optimal pH for pancreatic lipases to function (although gastric
lipases function better in a more acidic environment). Both
pancreatic lipase and bicarbonate secretion are deficient in CF.
A high fat content within the lumen of the ileum delays transit
in the jejunum through a reflex mechanism, termed the “ileal
brake” [50], mediated in part by the release of peptide YY
(PYY) [51]. Another reason for the delayed OCTT may be
dysfunction at the terminal ileum, a recognized site of pathol-
ogy in CF. This is the result of a combination of factors
including inflammation and partial physical or functional
blockage [45,52]. In response to a meal, the terminal ileum
contracts and expels contents into the cecum, this reflex is
called the ‘gastro-ileal reflex’ [53,54]. Using MRI, it has been
found that pwCF have a significant reduction in the volume of
ileal content that is expelled from the terminal ileum into the
cecum, in response to a meal [45]. These delays in transit have
been linked with bacterial dysbiosis within the Gl tract in CF
through correlating microbiota findings and MRI measure-
ments of intestinal motility [55].

CF-related gut dysbiosis is common and is characterized by
reduced gut bacterial diversity, an increase in the number of
pro-inflammatory bacteria and a reduction in anti-

inflammatory bacteria [24]. It is thought that this dysbiosis is
linked to extensive antibiotic use. In CF, studies have found an
increase in antibiotic resistant E. coli in children with CF com-
pared to controls and an increase in the carriage of Clostridium
difficile [56-58]. The dysbiosis is also linked to increased
inflammation (both locally and systemically), which, in turn,
leads to further impairment of intestinal motility. The compo-
sition of bacteria in the gut in CF has been described as being
similar to that seen in people with inflammatory bowel dis-
ease, particularly Crohn’s disease [59]. In CF, it has also been
found that there is a high prevalence of small intestinal bac-
terial overgrowth [60]. However, in a recent systematic review,
there are few studies linking gut dysbiosis to both systemic
and lung inflammation. Further research is needed to deter-
mine whether CFTR modulator treatment results in changes to
the microbiome [24,61].

Increases in inflammatory markers, particularly fecal calpro-
tectin (FC), have been seen repeatedly in pwCF compared to
healthy controls [26,62-65]. FC levels in CF, however, are not
as high as levels expected in inflammatory bowel disease,
which may indicate less severe inflammation [66]. FC has
also been shown to be increased in those with CF who are
pancreatic insufficient, which could be linked to the absence
of exocrine pancreatic function resulting in dysmotility, gut
dysbiosis, and inflammation [64,67,68]. In studies investigating
the concurrent use of probiotics and ivacaftor, FC has been
used as a measure of inflammation in studies [31,69]. These
have suggested that FC may be reduced in those taking
probiotics and ivacaftor [31,69].

3.2. Symptoms

Among the studies included, Gl-related symptoms were com-
monly reported in 2,439 out of 7,245 participants (33.7%).
A broad variety of symptoms were identified in these studies
(32 symptoms in total). Of these symptoms, 13 were attribu-
table to the upper Gl tract, 9 to lower Gl tract, 2 were symp-
toms related to the respiratory tract (wheezing and cough), 6
were related to weight and appetite, and 2 were more general
including embarrassment and sleeping difficulties and their
impact on a patient’s quality of life. Supplementary table S2
shows the number of studies in which each symptom was
reported. The systematic reviews that reached our inclusion
criteria have not been included in the results below to avoid
duplication of studies.

The most frequently reported symptoms were abdominal
pain (550 participants) [23,30,63,67,68,70-82], constipation
(311 participants) [23,30,68,70,71,73-76,79-85] bloating and
abdominal distension (272 participants) [23,71,75,76,80] diar-
rhea (265 participants) [23,68,70,71,74,75,80-82] and flatu-
lence (225 participants) [23,75,77,80]. Figure 2 shows a box
and whisker plot that summarizes the median percentage
prevalence we have calculated for the 10 most common
symptoms and further details can be found in supplementary
table S3. It is likely that pwCF experience a combination of
these symptoms. Although the percentage prevalence of
weight loss was high (62%), it is likely that this may have
been over-represented in our results due to the small number
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Prevalence of Gl Symptoms in CF
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Figure 2. Box and whisker chart demonstrating the percentage prevalence expressed as a median (horizontal line within the box) and interquartile range (whiskers).

Dots represent outliers within an individual gastrointestinal symptom.

of studies reporting it (2 studies), one of which reported
weight loss as a presenting feature in DIOS [78].

Within the studies reviewed, we identified an inconsistency
with terms used to describe symptoms, particularly those
related to symptoms in the upper GI tract. In two studies,
the broad category of ‘gastrointestinal symptoms’ was used
and in one study the category ‘digestive symptoms’ used [86-
88]. Between reports multiple synonyms would be used for
example, symptoms of dysphagia were described as dyspha-
gia, difficulty swallowing, gagging, and choking.

In addition to the inconsistent use of synonyms, there
was inconsistency with the definitions used to classify
functional Gl disorders, such as constipation. In those stu-
dies that reported participants having constipation, diar-
rhea, and bloating (58 studies) we reviewed the studies
again to identify whether they contained a definition for
those symptoms using a diagnostic criteria such as the
ROME |V criteria [89]. Of the 58, 1 study made reference
to the use of the ROME Ill criteria for characterizing func-
tional constipation [73]. In this study, the authors discussed
that of the 15 participants who were reported to have
constipation, when the ROME Il criteria were applied,
only 4 of the 15 would be defined as having constipation
[73,90]. This would result in a possible over reporting of
constipation in studies.

Further study is also needed to better understand the
mechanisms behind Gl dysfunction in CF, such as constipation,
as the mechanisms underlying the dysfunction may differ in
CF. One possibility is that, as well as dysmotility, abnormal
stool viscosity may contribute to constipation in CF (as sug-
gested by MRI data) [91].

3.3. Complications and comorbidities

A total of 16 Gl-related complications and comorbidities of CF
were reported in the included studies. Out of the 16,096
participants include in studies where a prevalence of compli-
cations and comorbidities could be calculated (excluding sys-
tematic reviews), 3,347 participants (20.8%) were reported to
be experiencing a Gl-related complication or comorbidity.

Meconium ileus was reported in 1,694 infants with CF in 25
studies [30,44,47,70,73,78,79,82,83,92-107] and DIOS was
reported in 254 pwCF in 17 studies [73,76,78-
80,83,85,94,99,101,102,105,108-112]. The box and whisker
chart in Figure 3 summarizes the calculated median preva-
lence of DIOS and meconium ileus.

The Gl comorbidities that were reported in the highest
number of studies were raised intestinal inflammatory markers
(16 studies) [59,61-65,67,69,84,101,113-117], GERD (12 stu-
dies) [42-44,46,71,72,80,95,118-121], pancreatic insufficiency
(12 studies) [34,61,69,73,80,82,97,104,105,111,121,122], and Gl
tract malignancy (4 studies) [29,123-125]. The number of stu-
dies that each comorbidity was reported are shown in the
supplementary table S4. The three comorbidities that were
reported the most were pancreatic insufficiency (627 partici-
pants) [73,80,82,97,104,105,111,121,122], raised intestinal
inflammatory markers (266 participants) [64,65,67,68,84], and
Gl tract malignancy (162 participants) [29,123,125]. The calcu-
lated median percentage prevalence values for the comorbid-
ities reported are shown in the box and whisker plot found in
Figure 4. Pancreatic insufficiency had the highest median pre-
valence (89%) followed by raised inflammatory markers at 61%
and GERD at 50%. There are two complications where our
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Prevalence of Gl complications exclusive to CF
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Figure 3. Box and whisker chart showing the percentage prevalence of the complications associated specifically with CF: DIOS and meconium ileus. The percentage
prevalence is expressed as a median (horizontal line within the box) and interquartile range (whiskers). Dots represent outliers.

Prevalence of Gl Comorbidities in CF
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Figure 4. Box and whisker chart demonstrating the percentage prevalence expressed as a median (horizontal line within the box) and interquartile range (whiskers).
Whiskers are missing where there are < 3 studies contributing to the calculated prevalence due to the lower and upper quartile value being the same as minimum

and maximum value.

methods for calculating prevalence have resulted in a higher
prevalence than what is seen in practice. Jejunoileal atresia
had a median prevalence of 32.5% but was only reported in
two studies and the prevalence is likely raised due to the
study design [126,127]. GI tract malignancy was calculated to

have a median prevalence of 27% which is likely due to
a selection bias (as a result of the study objectives) within
the studies we have used to calculate this prevalence
[29,123,125]. A large systematic review including 99,925
pwCF (that was identified by our searches) reported the risk



of GI tract malignancy to be significantly higher in pwCF
compared to controls with a standardized incidence ratio of
8.13 [39]. One comorbidity was reported in only one systema-
tic review. This was meconium peritonitis which occurred in 11
neonates over a 10-year period [40]. Two studies investigated
whether pwCF had an increased risk of carrying Clostridium
difficile [57,58]. Both studies determined that pwCF were more
likely to carry Clostridium difficile and were more likely to have
toxigenic strains [57,58]. A study from Brazil investigated
whether the carriage of Helicobacter pylori was increased in
CF, however the prevalence found was in keeping with the
general population in Brazil [75].

Studies have researched whether there is an increased
prevalence of celiac disease in pwCF with a median percen-
tage prevalence of 2% [81,128]. In these studies, the preva-
lence of celiac disease in CF was reported as either being
similar to or significantly higher compared to the general
population [81,128]. However, the prevalence may be higher
than that reported due to only the small number of partici-
pants undergoing endoscopy with a higher number having
raised antigliadin antibodies and anti-transglutaminase IgA
(tTGA) [81].

There are three complications that are unique to either CF
or its treatment: meconium ileus, DIOS, and fibrosing colono-
pathy. Meconium ileus and DIOS are caused by the dysfunc-
tion of the bowel in CF leading to complete or incomplete
small bowel obstruction. Meconium ileus occurs within the
neonatal period and is also seen antenatally. It is often the
first presenting feature of CF. DIOS presents later in childhood
or in adult life. Fibrosing colonopathy was in the early 1990s
thought to be associated with high-dose preparations of pan-
creatic enzyme replacement therapy (PERT), resulting in the
progressive accumulation of submucosal fibrosis and damage
within the colon, usually beginning in the ascending colon
[129-135]. The mechanism behind the development of fibros-
ing colonopathy is controversial [136], with several factors
implicated, including the enteric coating of PERT [132]. Since
this mechanism was described [131,132], an upper limit of
10,000 lipase units/kg/day has been recommended for pwCF.
Today, fibrosing colonopathy is now rarely seen [137]. From
our searches, we did not identify any participants with fibros-
ing colonopathy within the studies reviewed despite fibrosing
colonopathy being contained within our search strategy. This
is likely due to the rarity of the disease following the recom-
mendation on maximum PERT dosage and our search
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timeframe being nearly 20 years after the first reports of fibros-
ing colonopathy in 1994 and 1995 [131,132]. In the 2021
annual patient registry data reports, in the US and the UK
the incidence for fibrosing colonopathy was <0.1% and 0%,
respectively [2,138].

Both the US and UK national CF registries report the annual
incidence of Gl complications and comorbidities. The compli-
cations and comorbidities common to both annual reports are
DIOS, GERD, meconium ileus, peptic ulcer, fibrosing colono-
pathy and rectal prolapse. However, how the data on the
numbers of people who suffer from these Gl complications
and comorbidities are reported vary between the registries.
For example, in the CF Trust annual registry report the inci-
dence of DIOS in the preceding 12 months is reported,
whereas meconium ileus is reported as the number of pwCF
who present with meconium ileus when those who were
diagnosed with CF through newborn screening are excluded
[2]. This leads to challenges in directly comparing the data
found in this review to both registry reports.

In Table 1 we compare the prevalence of complications and
comorbidities found in the studies we have reviewed against
the prevalence or incidence reported in the UK CF Trust and U.
S. CF Foundation registry annual data report 2021 [2,138]. The
prevalence we have calculated is higher than the incidence in
both registries for DIOS, GERD, rectal prolapse, pancreatitis,
and Gl malignancy. However, the prevalence of meconium
ileus is harder to compare due to the differences in how the
data are presented between the annual registry reports
[2,138].

Another contributing factor that may result in the preva-
lence we have determined being higher is due to a possible
selection bias among the studies included.

In the post-CFTR modulator era, the life expectancy for
a person with CF is set to continue to increase. This will
change the landscape of how pwCF will be treated. The
types of comorbidities are likely to change as disease asso-
ciated with adult and older age groups may become more
prevalent in the CF population. This is particularly likely with
Gl-tract-related malignancies. A large systematic review with
a population of a 99,925 pwCF compared the risk of develop-
ing GI tract malignancy between pwCF and the general popu-
lation [39]. Through meta-analysis they reported that pwCF
were at significantly higher risk of developing a Gl tract cancer
by comparison to the general population. Small bowel cancer
had the highest increase with a risk nearly 20 times higher

Table 1. Comparison of reported data on the incidence and prevalence of Gl complications and comorbidities in CF. The first column reports the median percentage
prevalence calculated from the studies included in the review. The second column shows the incidence reported in the CF Foundation registry report 2021. The third
column shows the incidence reported in the CF Trust registry report 2021. *Likely much higher due to selection bias.

Complication/ Median percentage prevalence from

Incidence in CF Foundation 2021

Comorbidity this review (%) [138] (%) Incidence in CF Trust 2021 [2] (%)

DIOS 8.5 1.8 4.8

Meconium ileus 12 11.2 18.6 (mode of presentation of those diagnosed with CF excluding
newborn screening)

GERD 51.5 36.8 173

Pancreatitis 5 0.9 0.7

Gl malignancy 27* 0.2 0.4

Rectal prolapse 1.2 0.3 0.1

Fibrosing 0 <0.1 0

colonopathy
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than the general population and colon cancer had a risk 10
times higher [39]. A pooled incidence rate was also described
with small bowel cancer of 0.13 per 1000 person-years and
colon cancer 0.39 per 1000 person-years [39]. Another large
retrospective registry study (41,188 pwCF) found that the risk
of Gl tract malignancy increased in those with a severe geno-
type, a previous history of DIOS and in those post-organ
transplant [124]. In the coming decades, it should become
clear whether modulators reverse the abnormalities in Gl func-
tion seen in pwCF and if this will decrease the risk of Gl cancer
in pwCF.

3.4. Treatments

Treatments for Gl symptoms found within the articles
reviewed included: CFTR modulators, pancreatic enzyme
replacement therapy (PERT), laxatives, proton pump inhibitors
(PPI), H, receptor antagonists, and probiotic supplementation.
Grading of the certainty of evidence has been performed
where possible and a summary of the results can be found
in supplementary table S5.

The use of gastric acid reducing medication was reported
in 16 studies. One study reported that up to 76% of the pwCF
in their study population were taking regular antacids or
gastric acid suppressing medications [139]. One systematic
review recommends that in those participants with uncompli-
cated GERD a trial of an empiric medication such as a PPI for 8
weeks to assess for improvement of symptoms [35]. The same
review states that in those with severe, complicated GERD,
medical therapies will often be insufficient and surgical inter-
vention such as a Nissen fundoplication may be needed to
improve pulmonary and nutritional status [35]. In one small
study investigating rates of Barrett's esophagus, five pwCF
who were started on a PPl for 2 months were found to have
a significant improvement in total acid exposure index and
DeMeester score [120]. Some caution however should be con-
sidered when using PPIs to improve respiratory outcomes, as
their use has been linked with increased pulmonary exacerba-
tions and may increase airway inflammation [25,27]. Another
reason for the use of gastric acid suppressing medications is to
improve the effectiveness of PERT by increasing the pH of
gastric contents before they pass into the duodenum
[140,141]. The certainty of evidence for the use of gastric
acid suppressing medication is very low due to study design
and indirectness.

The use of laxatives was reported in five studies, but no
assessment of their effectiveness was undertaken. The use of
laxatives ranged from 20% to 52% [44,74].

In the studies included in this review, the median preva-
lence of pancreatic exocrine insufficiency was 89%. This would
suggest that in 89% of pwCF, PERT would need to be used
with meals and snacks. This medication replaces absent pan-
creatic enzymes, allowing for the breakdown of fat in the small
bowel. PERT dose may vary between individuals and depend-
ing on the fat content of a meal. One study we reviewed
suggested that men were more likely to take higher doses of
PERT with meals than women and that higher doses were
associated with participants reporting more normal stool

consistency [74]. A randomized control trial looked at whether
altering the timing of when PERT is taken at mealtime (before
or after eating) altered symptoms or stool frequency [77].
Results found that overall, there was no difference in abdom-
inal pain, bowel habit, and quality of life when compared to
taking PERT before or after meals [77]. However, some con-
sideration may be taken on an individual or case by case basis.
A Cochrane review tried to bring together multiple studies to
provide guidance on when PERT should be given, but no
studies met the Cochrane review's inclusion criteria of being
a randomized control trial (RCT) or randomized cross over trial
[142]. Overall, the grading of the certainty of evidence around
timing of PERT was low due to the risk of bias and imprecision
(see supplementary table S5).

As well as the timing of PERT, there have been questions
about the correct dosage. This question was particularly
important following the emergence of fibrosing colonopathy
in the early 1990s around the time of high strength PERT
preparation roll out [129-135]. Current ECFS and Cystic
Fibrosis Foundation recommendations suggest dosing per
gram of fat ingested, starting at 500 units lipase/kg/meal and
titrating up to a maximum of 10,000 units lipase/kg/day in
children aged 4 years and above and in adults [143,144]. One
study compared the difference in the coefficient of fat absorp-
tion when PERT doses had high variability to when there was
low variability and found that with low variability there was
a greater coefficient of fat absorption [122]. Previous work has
been conducted to develop an app (MyCyFapp) to aid patients
with the correct dosing and timings of PERT which showed
encouraging data on improving abdominal symptom scores,
however this app is unfortunately no longer being developed
at the time of writing [145].

The use of probiotics was reported in three studies and
their use was assessed in three systematic reviews. Multiple
systematic reviews have been undertaken in order to deter-
mine the effect of probiotics on both respiratory exacerbations
and intestinal inflammation [32,33]. One review identified
three studies where FC reduced with the use of probiotics
for 6 months and one study demonstrated an increase in
microbiota diversity following probiotic use (although this
was not significant) [31]. The second found that in 4 out of 5
of the included studies, there was an improvement in intest-
inal inflammation and a reduction in pulmonary exacerbation
frequency [33]. Another systematic review, however, summar-
ized the evidence for the use of probiotics and determined
that due to a lack of high quality randomized control trials, it
was not possible to support a general recommendation for the
use of probiotics to prevent pulmonary exacerbations and
reduce intestinal inflammation [32].

Our search revealed little information of prebiotics, defined
as a dietary food source (such as fiber) favoring beneficial gut
bacteria. In one systematic review included, prebiotics were
a part of search strategies however no further information was
included [33].

The effects that modulators have on the Gl tract are
under investigation but are yet to be determined. We iden-
tified 11 studies that investigated the effects modulators
have on the GI tract, three measuring the effect of ETI,
four lumacaftor/ivacaftor, three ivacaftor, and one



tezacaftor/ivacaftor [20,61,69,113,117,118,146-150]. We also
identified two phase 3 open-label studies that observed an
improvement in exocrine pancreatic function in 2- to
5-year-olds after 24 and 84 weeks of ivacaftor [18,19]. One
prospective study found that symptoms of GERD, measured
using two reflux symptom scores, improved after 3 and 6
months of ETI [118]. Another prospective study used the Gl
specific CFAbd-score in a large, international study to deter-
mine whether Gl symptom scores improved 24 weeks after
starting ETI [20]. From the cohort from Germany, CFAbd-
scores were found to fall significantly after 24 weeks of ETI,
both overall and in specific domains including pain, GERD,
bowel movement, disorders of appetite, quality of life
impairment [20]. The tolerability of ETI in those who have
received a lung transplant was assessed in a retrospective
study [146]. Four participants found an improvement in Gl
symptoms and three participants reported self-decreased or
self-stopping of PERT. Three of the 13 participants had their
ETl temporarily paused due to abdominal complaints, but
were successfully restarted and four had to stop altogether
due to reduced pulmonary function or mood disturbance
[146]. The certainty of evidence for ETI improving Gl symp-
toms was graded as low.

As well as a small number of studies reporting an improve-
ment in symptoms, one retrospective study identified
a significant reduction in FC after 3 months of lumacaftor/ivacaf-
tor [117]. There is also a growing number of case series, particu-
larly in children, that showed an improvement in exocrine
pancreatic function after starting ivacaftor [12-15]. However,
most of these studies were excluded from our analysis due to
small numbers. The most robust evidence for improvement in
exocrine function was an observation made in children aged 2-5
years taking ivacaftor as part of an open-label phase 3 trial (KIWI
and KLIMB studies). In these studies, fecal elastase was found to
increase after 24 weeks of ivacaftor and this improvement was
sustained after 84 weeks [18,19]. An ongoing registry study, the
CFTR-MAGIC study (NCT05253859), aims to determine the effect
of ivacaftor of GI complications and PERT use in the UK and the
US over a 10-year period [151].

Research has been undertaken to determine treatment
options for both meconium ileus and DIOS. For meconium
ileus, a non-surgical treatment used was a hyperosmolar con-
trast enema, such as diatrizoate (gastrografin®), but in the
majority of cases surgical intervention was needed [99,152].
In a retrospective study, one tertiary center reported that in
the majority of cases DIOS could be managed with conserva-
tive management, such as simple laxatives, enema, or bowel
preparations [76]. In those where DIOS did not resolve, surgi-
cal intervention, particularly laparotomy would be required
[76]. A working group review looked at the treatment of
pancreatitis in children, including those with CF, but this con-
cluded that there is limited evidence on nutrition strategies in
children with pancreatitis [153].

Overall, all the interventions above had either a low or very
low quality of evidence. This is due to several factors including
only a small number of randomized control trials (which were
not blinded), imprecision due to small numbers of participants
and heterogeneity of reported outcomes.
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4. Conclusion

Gl symptoms, complications, and comorbidities are com-
monly experienced by pwCF and reducing their burden is
a priority to the CF community [8,9]. GI symptoms are
caused by dysfunction throughout the Gl tract with pwCF
experiencing symptoms from both the upper and lower Gl
tract. The symptoms with the highest median prevalence
included flatulence, bloating and abdominal distension,
fatty stool, anorexia, vomiting, diarrhea, abdominal pain,
nausea, and constipation. CF specific complications includ-
ing meconium ileus and DIOS were also commonly experi-
enced, with a median prevalence of 12% and 8.5%,
respectively.

Current literature suggests that the underlying mechanisms
for the symptoms, complications, and comorbidities differ for the
upper and lower Gl tract. Upper Gl tract dysfunction may be due
to a combination of a large gastro-esophageal pressure gradient,
lower esophageal sphincter dysfunction and esophageal dysmo-
tility, whereas lower Gl dysfunction is due to a triad of dysmoti-
lity, gut microbiota dysbiosis, and inflammation.

There is a growing body of research on the use of treat-
ments to improve Gl symptoms in pwCF and medications
used include PPIs, H, receptor antagonists, PERT, probiotics,
and CFTR modulators. However, further high-quality studies
are needed to provide recommendations for treatment of
symptoms and to inform guidelines.

A difficulty within this review was combining the results of the
different studies due to the inconsistencies in the reporting of
outcomes and the tools used to measure these differed between
studies. To aid and drive future research, there is a need to
standardize which outcomes are reported when researching Gl
symptoms in CF and how symptoms are classified to allow for
easier comparison between studies. This is due to the heteroge-
neity of data reported within the studies included in this review,
both in terms of what is reported and how symptoms are classi-
fied. This can be addressed through the ongoing development
and increasing use of standardized patient reported outcome
measures (PROMs) for Gl symptoms in CF. Current validated
patient reported outcome measures include the CFAbd-score,
PedsQL-GI, and CFQ-R, with the CFAbd-score being designed
specifically for measuring abdominal symptoms in pwCF [154].
A currently ongoing study called CARDS-CF (NCT05251467) is
developing a new patient reported outcome measure for mon-
itoring abdominal symptoms on a daily basis and uses an app-
based questionnaire [155,156]. However, these patients reported
outcome measures can only be used in prospective studies due to
a limited recall period and therefore cannot be used in all study
designs. In addition to PROMs to promote consistency and stan-
dardization in reporting of outcomes and to allow for the results of
multiple studies to be combined, there is a need for the develop-
ment of a core outcome sets in CF to ensure consistency and
standardization in reporting of outcomes and to allow for the
results of multiple studies to be combined. To improve consis-
tency and comparability of data between studies, greater adop-
tion of criteria for diagnosing functional GI disorders, such as the
ROME criteria could help to ensure that symptoms are not over
reported in studies.
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5. Expert opinion

This review adds to the knowledge that Gl disease in CF is common
and adds to both the symptom burden and burden of treatment in
pwCF. There is a wide range of symptoms, complications, and
comorbidities experienced by pwCF. There is heterogeneity in
reports of these symptoms, complications, and comorbidities in
the literature due to differences in study design. Methodological
improvements in the design of clinical studies of Gl disease in CF
would facilitate the interpretation of study findings and allow
comparisons between studies.

There are a number of strategies that can be employed to
achieve this, but this will require further development and the
building of a consensus. One option is the creation of a core
outcome set, specific to Gl disease in CF. This core outcome
set should identify outcome measures that are both repeata-
ble and correlate to meaningful changes to patients in terms
of the burden from the Gl dysfunction they experience.
Another option would be to have an increase in the use of
CF specific patient reported outcome measures, particularly in
studies using a prospective study design. Finally, to ensure
that all studies have used a consistent definition for symp-
toms, such as constipation, and therefore reduce the likeli-
hood of bias from over reporting, classification systems for
functional bowel disorders, such as the ROME IV criteria could
be used [89]. This would allow for the prevalence of specific
symptoms in CF to be compared with other conditions where
the same definition has been used.

Reducing the burden of Gl disease in CF and understanding
the extrapulmonary effects of CFTR modulators are research
priorities which have been identified by the CF community
[8,9]. Although there is an expanding literature on treatments
for Gl dysfunction in CF, more research needs to be under-
taken to understand the pathophysiology underlying this Gl
dysfunction and what treatments can be used to reduce the
associated symptom burden. CFTR modulators have trans-
formed the landscape for the treatment of CF by improving
respiratory function and BMI. These changes are expected to
result in a rise in life expectancy and have improved quality of
life. However, we do not yet fully understand the effects that
CFTR modulators have on the gut and whether their use will
lead to improvements in Gl symptoms, complications, and
comorbidities.

The expected increase in the age of the CF population due
to CFTR modulators and improved care will likely result in an
increase in age-related complications and comorbidities. From
the perspective of the Gl tract, an important comorbidity is the
increased risk that pwCF have of developing Gl malignancy.
Reducing this will require greater understanding of the under-
lying Gl dysfunction associated with CF, including inflamma-
tion, mucosal barrier dysfunction, dysbiosis, and oncogene
activation (related to CFTR gene mutations).

Reducing the burden of Gl disease in CF is an important area
for future research within CF and will require further high-quality
studies to solve. Areas of research may include the development
of a core outcome set, patient reported outcome measures and
the creation of new or repurposed medications or dietary inter-
ventions that reduce Gl symptoms. Therefore, as stated by the CF

community, reducing the burden of Gl disease is one of the next
and greatest challenges to overcome within CF.

Table of abbreviations

BMI body mass index
CF cystic fibrosis

CFTR cystic fibrosis transmembrane conductance regulator
DIOS distal intestinal obstruction syndrome
ETI elexacaftor/tezacaftor/ivacaftor

FC fecal calprotectin

FEV, forced expiratory volume in one second
Gl gastrointestinal

GERD  gastro-esophageal reflux disease

MI meconium ileus

MRI magnetic resonance imaging

PERT pancreatic enzyme replacement therapy
PROM'’s patient reported outcome measures

PPI proton pump inhibitor

PYY peptide YY

PROM’s  people with cystic fibrosis

RCT randomized control trial

tTGA anti-transglutaminase IgA
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