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Summary

Cholelithiasis is more common in patients with Crohn’s disease
(CD) than in the healthy population. The aim here was to
examine risk factors for cholelithiasis in a cohort of CD patients
and to compare the prevalence of cholelithiasis in a cohort of
CD patients with that in a control group. This was a single-center
retrospective case-control study. The cohort comprised all
consecutive CD patients who underwent abdominal ultrasound
from January 2007 to January 2018. The control group
comprised age- and gender-matched non-CD patients referred
for upper gastrointestinal tract dyspepsia. The study included
238 CD patients and 238 controls. The prevalence of
cholelithiasis in the CD and control groups was 12.6 % and
9.2 %, respectively (risk ratio (RR), 1.36; p=0.24). Univariate
analysis revealed that cholelithiasis was associated with multiple
risk factors. Multivariate analysis identified age (OR, 1.077; 95 %
CI, 1.043-1.112; p<0.001) and receipt of parenteral nutrition
(OR, 1.812; 95 % CI, 1.131-2.903; p=0.013) as independent risk
factors for cholelithiasis in CD patients. The prevalence of
cholelithiasis in CD patients was higher than that in the control
group; however, the difference was not statistically significant.
Age and receipt of parenteral nutrition were independent risk
factors for cholelithiasis in CD patients.
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Introduction

Over the last 50 years, several studies (Heaton

and Read 1969, Cohen et al. 1971, Baker et al. 1974, Hill
et al. 1975, Whorwell et al. 1984, Andersson et al. 1987,
Kangas et al. 1990, Lorusso et al. 1990, Hutchinson ef al.
1994, Lapidus et al. 1999, Fraquelli et al. 2001,
Bargiggia et al. 2003, Kratzer et al. 2005, Parente et al.
2007, Fagagnini and Heinrich 2017) and two meta-
analyses (Gizard et al. 2014, Zhang et al. 2015) have
reported increased prevalence of cholelithiasis in patients
with inflammatory bowel disease (IBD). Reviews of
cholecystography and abdominal ultrasound studies show
that the prevalence of cholelithiasis in patients with
Crohn’s disease (CD) is between 11 % and 46 %.
Unfortunately, some of these studies did not have control
groups. In the general population the prevalence of
cholelithiasis is between 10 % and 15 %, it varies
considerably depending on the presence or the absence of
risk factors. Case-control studies of cholelithiasis in IBD
suggest that the relative risk of developing cholelithiasis
is 2- to 4-fold higher than that in the general population
(Baker et al. 1974, Whorwell et al. 1984, Lorusso et al.
1990, Lapidus et al. 1999, Fraquelli et al 2001,
Bargiggia et al. 2003, Parente et al. 2007). These results
were confirmed by the most recently published meta-
analysis of five studies, which showed that the prevalence
of cholelithiasis is significantly higher in CD patients
than in the healthy population (odds ratio (OR), 2.05;
95 % confidence interval (CI), 1.61-2.63; p<0.0001)
(Zhang et al. 2015). Lapidus et al. showed that 26 % of
CD patients had cholelithiasis, with no differences in
prevalence due to age, gender, or extent of ileal resection
(Lapidus et al. 1999). Other authors point out that
localization of CD to the ileum or ileocolon, but not the
colon, of cholelithiasis

predetermines development
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(Baker et al. 1974, Hill et al. 1975, Whorwell et al. 1984,
Andersson et al. 1987, Lorusso et al. 1990).

At present, knowledge about the prevalence of
cholelithiasis in CD patients is somewhat limited because
most published studies are old and there have been
marked changes in clinical practice over the past
20 years; therefore, it is unclear which risk factors for
cholelithiasis are specific to CD patients.

The aim of this study was to assess the risk
factors for cholelithiasis in patients with CD and identify
complications. We then examined the characteristics and
prevalence of cholelithiasis in CD patients and compared
them with those of a healthy control group.

Methods

Study design

This was a single-center retrospective case-con-
trol study conducted at the IBD Center, 5th Department
of Internal Medicine, Bratislava. The study included
all consecutive CD patients followed up at the IBD
Center or admitted to the 5th Department of Internal
Medicine. All patients underwent abdominal ultrasound
between January 2007 and January 2018.

Study cohort

The study enrolled patients with CD confirmed
by standard clinical, endoscopic, radiologic (X-ray), and
histopathological criteria. Exclusion criteria were as
follows: age <18 years and a diagnosis of liver cirrhosis
confirmed by prior liver biopsy or by clinical,
biochemical, and ultrasound examination. The following
demographic and clinical data were obtained for each
enrolled patient: age at the time of the last ultrasound,
sex, body mass index (BMI), CD Montreal classification,
CD duration, cholecystectomy, type and number of
abdominal resections, extent of ileal resection, number of
clinical relapses before a diagnosis of gallstones or the
last negative ultrasound, number of corticosteroid
therapies, number of hospitalizations for CD relapse or
disease complications, total number of days in hospital,
and number of times that a patient received parenteral

nutrition during hospitalization.

Control group

The control group comprised all non-CD patients
who underwent abdominal ultrasound for dyspepsia from
2007 to 2018. All ultrasound examinations (for patients
and controls) were conducted by the same sonographer.
The ultrasound characteristics noted were the same as for

CD patients. Each CD patient was matched to a non-CD
patient by age (£ 5 years) and gender.

Ultrasound examination

Patients underwent abdominal ultrasound after
overnight fasting. All examinations were performed by
a single experienced sonographist using an Aloka machine
(ProSound Alpha 7). Cholelithiasis was defined as the
presence of echogenic structures with acoustic shadows
within  the gallbladder
hepatocholedochus duct; one or more echogenic structures

visible lumen or the
in the gallbladder without a dorsal shadow (which could be
confidently distinguished from gallbladder, Heister plica
gallbladder  polyps
visualization); or a structure with echogenicity and a dorsal

spiralis, or by  multiplanar
acoustic shadow in a gallbladder whose lumen was not
sufficiently visualized. The following information was
obtained from ultrasound records: the date of the last
negative examination or the first time gallstones were
visualized, the presence of cholelithiasis, the number of
gallstones, the size of the largest stone, history of
gallstones/clinical manifestations, and follow-up treatment
after detection of cholelithiasis. Any complications related
to bile stones after the primary diagnosis were noted
(number of days since the ultrasound diagnosis of bile
stones and treatment of complications).

Statistical analyses

Statistical tests were performed using SPSS 21.0
software. The distribution of individual characteristics was
evaluated using simple descriptive statistics. Univariate
analyses of risk factors were performed. The chi-square
test was used to assess categorical variables (clinical
characteristics of CD; BMI category; abdominal resection
and type, number, and extent; number of disease relapses;
corticoid courses; hospitalization; and number of times that
a patient received parenteral nutrition). The Kolmogorov-
Smirnov test was used to assess normal distribution of
continuous data (age, CD duration, and BMI).
Consequently, Student’s t-test and the Mann-Whitney
U test (nonparametric) were used to assess continuous

variables. The 95% CI and the level of statistical
significance (p) were calculated for all results.
Apvalue<0.05 was considered significant. Finally,

multivariate analysis was performed using forward logistic
regression analysis (cholelithiasis as a dependent variable).

Results

In total, data from 331 CD patients were
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analyzed; of these, 238 patients underwent at least one ~ matched to 238 non-CD controls. Demographic and

abdominal ultrasound. The 238 CD patients were  clinical characteristics are shown in Table 1.

Table 1. Demographic and clinical characteristics

Characteristics CD (N =238) Controls (N = 238)
Female (%) 114 (48) 114 (48)
Age (vears, mean £ SD) 40.0+12.5 399+ 124
CD duration (months, mean = SD) 102.8 £ 80.3
CD location (%) L1 86 (36)
L2 30 (13)
L3 122 (51)
L4 15 (6)
CD behavior (%) B1 103 (43)
B2 75 (32)
B3 60 (25)
p 59 (25)
Age at CD diagnosis (%) Al 30 (12)
A2 180 (76)
A3 28 (12)
Inflammatory vs. aggressive CD (%) 103 vs. 135 (43 vs. 57)
Abdominal surgery (%) 97 (41)
Number of surgeries (%) 1 64 (27)
2 17 (7)
>3 16 (7)
Type of surgery (%) ileal 15 (6)
ileocecal/right-sided 72 (30)
hemicolectomy
total colectomy 10 (4)
lleal resection (%) <30 cm 62 (26)
30-100 cm 27 (11)
> 100 cm 703)
Clinical relapses (%) 0 106 (45)
1-2 93 (39)
>3 39 (16)
Corticosteroid treatment (%) 0-2 209 (88)
>3 29 (12)
Number of hospitalizations (%) <2 191 (80)
2 20 (9)
>2 27 (11)
Number of hospitalization days <20 189 (79)
(%) 20-39 27 (11)
>40 22 (10)
Number of times that a patient 0 156 (66)
received parenteral nutrition (%) 1 42 (17)
>2 40 (17)

CD, Crohn’s disease; N, absolute number; SD, standard deviation; Location L1: ileum; L2: colon; L3: ileocolon; L4: upper
gastrointestinal tract; Behavior B1: inflammation; B2: stenosing; B3: penetrating; p, perianal disease; Age at diagnosis Al: < 17 years;
A2: 17-40 years; A3: > 40 years.
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Fig. 1. Cholelithiasis in patients with Crohn’s disease and
controls. p = 0.24, m Cholelithiasis, @ Noncholelithiasis

Prevalence of cholelithiasis and its characteristics

Cholelithiasis was present in 30/238 CD patients
(12.6 %); of these, 26 had cholecystolithiasis, three had
choledocholithiasis, and one had cholecystolithiasis and
choledocholithiasis. In the control group, 22/238 patients
(9.2%) had cholelithiasis; of these, 21 had chole-
cystolithiasis choledocholithiasis. The
difference between the groups was not significant (p=0.24)
(Fig. 1).

Almost half (14/30) of CD patients had a solitary
stone, 26 % (8/30) had two to five confirmed stones, and
26 % (8/30) of patients had multiple small stones.
Two-thirds (20/30) of patients were asymptomatic; the
ten (33 %) had clinical
cholelithiasis. Of these, eight had uncomplicated biliary

and one had

remaining symptoms of
colic with no signs of cholestasis or inflammation and
two had cholestasis and inflammation. Overall, 17 %
(5/30) of patients required cholecystectomy, three with
repeated biliary counts, one asymptomatic patient, and
one with cholestasis. Endoscopic retrograde cholangio-
pancreatography (ERCP) was performed in one patient
with cholangitis and obstructive jaundice. Only this
patient experienced complications with respect to
recurrence of cholestasis and inflammation; therefore, the
patient underwent further ERCP sessions and an elective
cholecystectomy is planned.

Analyses of risk factors for cholelithiasis

Univariate analysis revealed that age, age at the
time of CD diagnosis, inflammatory versus aggressive
(stricturing or perforating) CD, CD duration, abdominal
resection, number of intestinal resections, length of the
resected ileum, number of corticoid courses,
hospitalization, and number of times that a patient

received parenteral nutrition were significantly associated

with cholelithiasis in CD patients; therefore, these factors
were entered into multivariate analysis (Table 2).
Multivariate forward regression analysis identified two
independent risk factors that increase the likelihood of
cholelithiasis in CD patients: age (OR, 1.077; 95 % CI,
1.043-1.112; p<0.001) and number of times that a patient
received parenteral nutrition (OR, 1.812; 95 % CI, 1.131—
2.903; p=0.013).

Discussion

Several studies (Heaton and Read 1969, Cohen
et al. 1971, Baker et al. 1974, Hill et al. 1975, Whorwell
et al. 1984, Andersson et al. 1987, Kangas et al. 1990,
Lorusso et al. 1990, Hutchinson et al. 1994, Lapidus
et al. 1999, Fraquelli et al. 2001, Bargiggia et al. 2003,
Kratzer et al. 2005, Parente et al. 2007, Fagagnini and
Heinrich 2017) and two meta-analyses (Gizard et al.
2014, Zhang et al. 2015) published since the 1970s show
that CD patients have an increased prevalence of
cholelithiasis. The prevalence reported by these studies
was between 8 % and 46 %; 8 of the 15 studies examined
patients” cohorts. Meta-analyses and studies with control
groups reveal that the risk of cholelithiasis in CD patients
is 2- to 4-fold higher than that in the general population.
Here, we found that the prevalence of cholelithiasis in
CD patients and controls was 12.6 % and 9.2 %,
Although
CD patients with cholelithiasis was higher, the difference

respectively (Table 3). the number of
between the groups did not reach statistical significance
(p=0.24). The possible explanation for this is that the
control group was made up of non-CD patients with
dyspepsia, who underwent abdominal ultrasound;
therefore, it was not a completely “healthy” population
and the prevalence of cholelithiasis could have been
higher in this group than in a truly “healthy” group.

Ten studies discussed risk factors for
cholelithiasis in patients with CD (Baker et al. 1974,
Whorwell et al. 1984, Lorusso et al. 1990, Hutchinson
et al. 1994, Lapidus et al. 1999, Fraquelli et al. 2001,
Bargiggia et al. 2003, Kratzer et al. 2005, Parente et al.
2007, Fagagnini and Heinrich 2017). The most common
risk factor for gallstones was previous intestinal
resection, which was evaluated by seven studies. Parente
et al. showed that resection of > 30 cm of ileum was
associated with cholelithiasis (OR, 7.03; 95 % CI, 2.56—
19.3). Lapidus ef al. showed that 48 % (10/21) of patients
who underwent at least three intestinal resections
developed cholelithiasis compared with 20.7 % (6/29) of

those that did not have surgery (p<0.005). We also found
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Table 2. Analysis of cholelithiasis risk factors in patients with Crohn’s disease

Characteristics Lithiasis No Lithiasis OR p
N=30 N =208
Female (%) 15 (50) 99 (48) 0.61 0.805
Age (vears, mean + SD) 51.5+15.0 384+11.2 3.121 0.0001
BMI 25.6+5.8 23.9+49 0.395 0.075
CD duration (months, mean £ SD) 95.4 + 88.7 10.9 +£79.2 1.54 0.604
CD location (%) L1 10 (33) 76 (37) 0.455 0.796
L2 3 (10) 27 (13)
L3 17 (57) 105 (50)
L4 0 15(7)
CD behavior (%) B1 7 (23) 96 (46) 5.727 0.057
B2 12 (40) 63 (30)
B3 11 (37) 49 (24)
p 4(13) 55 (26)
Age at CD diagnosis (%) Al 0 30 (14) 18.265 0.0001
A2 20 (67) 160 (77)
A3 10 (33) 18 (9)
Inflammatory vs. aggressive CD (%) 7 vs. 23 96 vs. 112 5.562 0.018
(23 vs. 77) (46 vs. 4)
Abdominal surgery (%) 18 (60) 79 (38) 5.265 0.022
Number of surgeries 1 9 (30) 55 (26) 7.528 0.001
(%) 2 6 (20) 11(5)
>3 3(10) 13 (6)
Type of surgery (%) ileal 2(7) 13 (6) 6.640 0.084
ileocecal/right-sided 15 (50) 57 (27)
hemicolectomy
total colectomy 1(3) 9(4)
lleal resection (%) <30 cm 9 (30) 53 (26) 8.399 0.038
30-100 cm 7(23) 20 (10)
> 100 cm 2(7) 5()
Clinical relapses (%) 0 11 (37) 95 (46) 2.742 0.254
1-2 11 (37) 82 (40)
>3 8 (26) 31 (14)
Corticosteroid 0-2 22 (73) 187 (90) 6.728 0.009
treatments (%) >3 8 (27) 21 (10)
Number of <2 18 (60) 173 (83) 8.893 0.012
hospitalizations (%) 2 507 15 (7)
>2 7 (23) 20 (10)
Number of <20 20 (67) 169 (81) 5.118 0.077
hospitalization days 20-39 4 (13) 23 (11)
(%) >40 6 (20) 16 (8)
Number of times that 0 13 (43) 143 (69) 8.792 0.012
a patient received 1 7 (23) 35(17)
parenteral nutrition (%) >2 10 (34) 30 (14)

CD, Crohn’s disease; N, absolute number; SD, standard deviation; Location L1: ileum; L2: colon; L3: ileocolon; L4: upper
gastrointestinal tract; Behavior B1: inflammation; B2: stenosing; B3: penetrating; p, perianal disease; Age at diagnosis Al: < 17 years;

A2: 17-40 years; A3: > 40 years.
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that previous intestinal resection, absolute number of

resections, and the extent of ileal resection were
associated with a higher prevalence of cholelithiasis in
those with CD.

Other identified risk factors were CD location
(Lorusso et al. 1990, Fraquelli et al. 2001, Parente ef al.
2007), CD duration (Baker et al. 1974, Hutchinson et al.
1994, Parente et al. 2007, Fagagnini and Heinrich 2017),
and age at the time of CD diagnosis (Fagagnini and
Heinrich 2017). Patients with CD affecting the ileocecal

or ileocolonic area had a 2-fold greater risk of developing

cholelithiasis than patients with only small intestine
involvement. The incidence of cholelithiasis was almost
20 % when the disease lasted for more than 15 years
(Parente et al. 2007). Studies published to date did not
examine the effect of CD behavior on the prevalence of
cholelithiasis. Here, we found that age at the time
of CD diagnosis was significantly associated with
the prevalence of cholelithiasis. A particular trend of
significance was also seen with respect to CD behavior.
Neither CD location nor CD duration was a risk factor for
gallstones.

Table 3. Table summarizing the prevalence of cholelithiasis reported from previous published studies

Authors of study IBD Type Prevalence of cholelithiasis (%)
IBD Controls
Heaton and Read CD terminal ileum 30
Cohen et al. CD terminal ileum 34
Baker et al. CD
ileocolitis 31 12
terminal ileitis 27 12
colitis 11 12
ucC 8 12
Hill et al. CD ileal resection 25
Whorwell et al. CD terminal ileum 38 8
Andersson et al. CD ileum 17
Lorusso et al. CD 14 10
ucC 9 10
Kangas et al. CD ileitis 24 15
Hutchinson et al. CD ileum 46 5
colon 25 5
Lapidus et al. CD 30 15
Kratzer et al. CD ileum 6
colon 6
Fraquelli et al. CD ileum 18
ileocecal 39
ileum and colon 23
colon 30
Parente et al. CD 10 5
ucC 7 10
Bargiggia et al. CD 13 6
ucC 8 6
Fagagnini et al. CD 8
ucC 4
Sturdik et al. CD 13 9

CD, Crohn'’s disease; UC, ulcerative colitis; IBD, inflammatory bowel disease.
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We also examined hospitalization and number of
times that a patient received parenteral nutrition, as these
parameters affect gallbladder motility and thus development
of cholelithiasis. The number of hospitalizations and the
number of times that a patient received parenteral nutrition
were associated with cholelithiasis; however, multivariate
analysis identified only the number of times that a patient
received parenteral nutrition as an independent risk factor for
cholelithiasis in CD patients. CD patients who received more
than one parenteral nutrition administration had a 3-fold
higher prevalence of cholelithiasis than those who never
received parenteral nutrition (Fig. 2). Parente et al. showed
that patients hospitalized more than three times and those
with a total length of hospital stay of more than 40 days had
a 20-fold
compared with those who were hospitalized less frequently

increased risk of developing cholelithiasis

or for shorter times. No study published to date assessed the
effect of biological therapy on the development of
cholelithiasis in CD patients. It can be assumed that in some
selected CD patients early and optimised biological therapy
can achieve good control of disease, it can prevent
CD complications, clinical relapses, need for abdominal
surgeries, corticosteroid treatments, hospitalizations and so
cholelithiasis is less frequent.

30
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25%

CHOLELITHIASIS PREVALENCE (%)
o

MORE THAN 1

Fig. 2. Prevalence of cholelithiasis in patients with Crohn's
disease according to the number of times a patient received
parenteral nutrition.

Cholesterol gallstones dominate the standard
European population, and age, gender and obesity are the
most critical risk factors underlying development of
cholelithiasis. In the population of CD patients studied
herein, only age was an independent risk factor. We
confirmed that the risk of cholelithiasis increases
significantly with age. The prevalence of cholelithiasis in
CD patients increased gradually from 5.88 % in those
under 30 years to 28.57 % in patients older than 50 years,
representing an almost five times higher prevalence in the

latter group (Fig. 3).
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Fig. 3. Prevalence of cholelithiasis in patients with Crohn’s
disease according to age.

In addition, univariate analyses identified several
potential risk factors associated with cholelithiasis.
However, multivariate analysis confirmed only age and
the number of times that a patient received parenteral
nutrition as risk factors. This may be because most of the
evaluated variables reflect the severity of the disease and
correlate with each other; therefore, they did not reach
statistical significance in multivariate analysis.
that
due to

Based on our results, we suggest
CD patients

a combination of factors that are partly related to CD

cholelithiasis develops in
itself (disease location, ileal resection), partly related to
CD morbidity (hospitalization, relapse rate, total number
of times that a patient received parenteral nutrition), and
partly CD-independent.

In the past, the pathogenesis of cholelithiasis in
attributed of the
enterohepatic circulation of bile salts (Cohen et al. 1971,
Dowling et al. 1972). It was believed that CD located in
the ileum, or resection of the ileum, resulted in loss of bile

CD patients was to disorders

acids from the intestine, thereby reducing the total bile
supply body; this followed by
supersaturation of the bile with cholesterol. This idea was

acid in the was
accepted as a probable explanation for development of
cholelithiasis; however, recent studies reached other
conclusions. For example, cholesterol saturation of the
bile in CD patients is not increased after ileal resection;
rather, it is reduced or within the normal range (Lapidus
and Einarsson 1998).

In western populations, 90 % of gallstones are
cholesterol-based and 10 % are pigment-based; however,
there is evidence that CD patients develop pigment-based
rather than cholesterol-based gallstones. Brink et al.
performed bile analysis and found that bilirubin levels in
patients with CD localized in the ileum and/or in
CD patients with ileal resection were significantly higher
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than those in patients with colonic CD (Brink et al. 1999).
This suggests that increased amounts of conjugated
bilirubin reach the colon, where intestinal bacterial
glucuronidases hydrolyze it to form unconjugated
bilirubin. Unconjugated bilirubin is absorbed by the liver,
where it is reconjugated and excreted into the bile. This
bilirubin may precipitate as calcium salts, triggering
formation of the gallstones even in the presence of bile
stasis or gallbladder hypomotility (Masclee and Vu 2003,
Vitek and Carey 2003).

Several studies have evaluated the interdigestive
and digestive motility of the gallbladder in IBD patients
(Murray et al. 1992, Salemans et al. 1995, Maurer et al.
1996, Damiao et al. 1997, Damiao et al. 1997, Vu et al.
2000). Gallbladder volume in fasting CD patients was not
significantly different from that in a control group.
However, when Vu et al. (2000) analyzed a subgroup of
CD patients with respect to disease localization and
previous ileal resection, they observed smaller fasting
gallbladder volumes in those with colonic CD and in

those that had undergone ileocecal resection.

Study strengths and limitations

We believe that the main strength of this study is
that we assessed the actual relative risk of cholelithiasis in
patients with mild to severe CD activity. Also, it was
essential to establish a control group that included patients
of similar age, gender, and geographical location to
minimize the impact of demographic, environmental, and
genetic factors that play an essential role in development
of gallstones. One limitation is that the CD group did not
match the control group with respect to BMI, which is
a significant risk factor for development of cholelithiasis
in the general population. Second, although the control
group comprised non-CD patients, they were not wholly
“healthy” individuals because they suffered dyspepsia, for
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which they had undergone an abdominal ultrasound.
Conclusion

Current international and Slovak guidelines do

not include specific precautionary measures for
cholelithiasis. Nevertheless, identification of patients at
high risk of cholelithiasis (e.g., those that have undergone
extensive ileal resection and/or multiple hospitalizations)
appears to be important for primary prevention. Based on
current knowledge, it seems appropriate to ensure that the
number of times a patient receives parenteral nutrition is
kept to a minimum to reduce the risk of cholelithiasis. If it
is necessary to administer parenteral nutrition for a longer
period, cholecystokinin and parenteral amino acid
solutions should be added to the treatment, thereby
reducing the risk of sludge and gallstone formation. There
is the

ursodeoxycholic acid in high-risk CD patients. So far,

potential for long-term administration of

placebo-controlled studies show the benefit of
ursodeoxycholic acid administration with respect to
primary prevention in those that are fasting or

experiencing moderate weight loss (maximum weight loss
of 1.5 kg per week). However, these studies did not
demonstrate the benefit of administering ursodeoxycholic
acid to those with symptomatic or asymptomatic
cholelithiasis, or in situations other than rapid weight loss
(Venneman and van Erpecum 2006).
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