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Objective: Bile acid diarrhea (BAD) is a socially debilitating disease with frequent bowel movements, urgency, and fecal incon-
tinence as the main symptoms. It is caused by excessive bile acid levels in the colon and is most commonly treated with bile acid
sequestrants. It is estimated that 1-2% of the population suffers from the disease, but only a fraction of these are properly diagnosed
with the gold standard "®selenium-homotaurocholic acid (SeHCAT) test. Here, we use nationwide registries to describe the demo-
graphic characteristics of individuals suffering from BAD in Denmark.

Methods: Since the International Classification of Diseases diagnosis code for BAD was not used until 2021, we identified the BAD
population by referral to SeHCAT testing followed by a prescription of a bile acid sequestrant (colestyramine, colestipol or
colesevelam) within 365 days. The study period was from 2003 to 2021.

Results: During the study period, a total of 5264 individuals with BAD were identified with large differences between the five regions in
Denmark. The number of prescriptions of colestyramine and colesevelam, the number of SeHCAT tests, and the number of individuals
diagnosed with BAD increased during the study period. The BAD population had more co-morbidities and more health care contacts as
well as lower levels of education and income compared with age- and sex-matched controls from the general population.
Conclusion: Using the Danish registries, we identified a BAD population, which seems to be inferior in health care and socio-
economic parameters compared with the Danish general population.
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Introduction

Bile acid diarrhea (BAD) is a gastrointestinal disease with an estimated prevalence of 1-2% in the general population.' The main
symptoms are loose stools, frequent bowel movements, and urgency, making it a socially debilitating disease.? The symptoms are
caused by a larger spillover of bile acids to the colon than in healthy individuals.** BAD can occur without known underlying
pathophysiology or be secondary to other conditions such as inflammatory bowel diseases, cholecystectomy, celiac disease,
intestinal resection, or damage after radiotherapy.'~ In Denmark, the disease is diagnosed with the gold standard "selenium-
homotaurocholic acid (SeHCAT) test, where the 7-day retention of orally administered SeHCAT is measured. Even though the
SeHCAT test is a well-known and accepted diagnostic tool,®®
Classification of Diseases Version 10 (ICD10) before 2021. Thus, before this, BAD was registered under, eg, irritable bowel

syndrome with diarrthea or unspecified intestinal malabsorption, and other unspecified gastrointestinal diseases. Due to the

BAD was not registered as a diagnosis in WHO’s International

missing diagnosis code, individuals suffering from BAD are difficult to follow in registries, and epidemiological characterization
of this rather large but not well-known patient group is presently lacking. Individuals with BAD may, nevertheless, be identified
based on referral to SeHCAT testing and the prescription of bile acid sequestrants, which are widely accepted as the first-line
treatment of BAD.”'? Bile acid sequestrants bind the bile acids in the gut lumen leading to alleviation of the symptoms.

In this nationwide registry-based study, we identify individuals suffering from BAD in Denmark to describe their

demographics.
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Methods

Data Sources

We used the national Danish registries to collect information on a cohort of individuals with presumed bile acid diarrhea
(BAD) in Denmark between 2003 and 2021. All Danish residents are assigned a unique personal ID number at birth or
immigration via the Civil Registration System.'' This number is used in all contacts with the health care system and other
authorities. We used this ID to link information across all registers. Thus, age, birthdate, and date of death, if deceased,
were identified using the Civil Registration System."’

Information on diagnoses, procedures, and treatments was retrieved from the Danish National Patient Register,'?
which contains diagnoses and dates of all hospital contacts since 1977. Treatments and surgical procedures have been
registered since 1995. Since 1995, diagnoses have been coded using the ICD10 system.'?

Using the Populations Education Register, we could assess educational status,'* while the Income Statistics Register
made it possible to divide the population into income groups.'?

The Register of Medicinal Products Statistics contains all redeemed prescriptions on an individual level since 1995
and was used to identify BAD-relevant prescriptions.'® Prescriptions are coded using Anatomical Therapeutic Chemical
Classification (ATC) codes.'” All prescriptions in Denmark are handled by community pharmacies, ensuring that the
register contains all redeemed prescriptions.

Contacts with primary health care (general practitioners, practicing specialists) have been registered in the Health
Service Register since 1990.'® The reason for contact is not registered, but it is possible to assess the number of contacts

based on different providers, eg, general practitioners, physiotherapists, dentists, etc.

Study Population

Since 2021, the ICDI10 diagnosis code K90.8B Bile acid diarrhea has been used in Denmark for confirmed BAD.
However, before 2021, the ICD10 code used to register BAD was not used. Hence, to identify individuals suffering from
BAD we used a combination of procedures and prescriptions. In Denmark, BAD is diagnosed using the SeHCAT test;
however, the result of the test is not registered in an easily retrievable way. Thus, we chose to define an individual as
diagnosed with BAD if this individual had a SeHCAT test registered (Danish procedural code: WGLGSSEXX) in the
National Patient Register followed by redemption of a prescription of bile acid sequestrant (colestipol [ATC code
C10ACO02], colestyramine [ATC code C10ACO1] or colesevelam [ATC code C10AC04]) within 365 days after SSHCAT
test. The window of 365 days after the SeHCAT test for the first prescription of bile acid sequestrant was chosen based on
clinical experience. The date of BAD diagnosis was defined as the date of redemption of the first prescription. We also
investigated redeemed prescriptions within one month, three months, six months, and without a time limit after the
SeHCAT test (Table S1), but these cut-offs were not used in the definition of the BAD population.

To be able to compare the BAD population with a non-BAD population, individuals suffering from BAD were
matched on sex and date of birth (+1 day) 1:10 with individuals from the general population. Matches were required to be
alive on the day of matching. It was possible to be a match to more than one individual suffering from BAD with
different match dates. The date of study entry was the date of BAD diagnosis for individuals suffering from BAD and the

date of matching for matches.

Covariates
Household income five years before entry was extracted and the average was calculated. Income was then divided into
tertiles for comparison.

Educational level was divided into groups based on the highest level of completed education at the time of study
entry, corresponding to the International Standard Classification of Education (ISCED). ISCED 0-2 contains pre-primary,
primary, and lower-secondary education. ISCED 3+5 entails high school/vocational education and short-cycle tertiary
education (no education is consistent with ISCED 4 in Denmark). ISCED 6-8 consists of median-length tertiary
education, bachelor, master, and PhD degrees.
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Co-morbidities were defined according to the Nordic Multimorbidity Index (NMI), which has been found to predict
mortality more accurately than the previously used Charlson comorbidity index.'” The NMI uses hospital diagnoses and
redeemed prescriptions to assess co-morbidity status and assigns weights based on this status. We used diagnoses and
prescriptions 10 years before study entry.

Health care use outside hospitals (general practitioners and practicing specialists) was counted during the 10 years
before the study entry. More than 100 visits were pooled into one category as 100 or more visits. Contacts related to
physiotherapy, chiropractic, dentistry, rehabilitation, foot care, psychology, care for eyes or ears, dieticians, and help
classified as “others” were not included.

Statistical Analysis
Data are presented as mean + SD or median (25"—75™ percentile for continuous data and n (%) for categorical data. No
formal statistical tests were performed.

The percentage of BAD patients in each region was calculated as the number of BAD patients diagnosed in each
region divided by the total number of inhabitants in the region during the study period. Inhabitants in each region were
identified using the Civil Register.

Results

During the study period, a total of 5264 individuals suffering from BAD, defined by a diagnosis of ICD10 K90.8B or
a SeHCAT test followed by a prescription of bile acid sequestrant within 365 days, were identified. Figure 1 shows the
selection process of the BAD population according to the abovementioned definition and the number of SeHCAT tests
and prescriptions during the study period. Only 70 individuals received the ICD10 code K90.8B during the study period.
When identifying individuals suffering from BAD by a SeHCAT test followed by a prescription of colestyramine,
colestipol, or colesevelam within 365 days, 5230 individuals were identified. Only 36 individuals were identified with
both definitions of BAD (Figure 2). Additionally, we investigated redeemed prescriptions within one month, three
months, six months, and without a time limit after the SSHCAT test. The number increased from 2694 after one month to
6379 individuals when no time constraint was used (Table S1).

SeHCAT tests between 2003-2021 Presc_riptions )
By id and date (Colestyramine, colestipol,
n =14,530 colesevelam)
n = 339,854 unique prescriptions

Unique SeHCAT test on different dates* Unique individuals with
n=12,523 prescriptions :
n =30,789
ICD10 K908B (BAD): First SeHCAT test followed by relevant prescription within
n=70 365 days
BAD date is date of first diagnosis n=5,230

BAD date is prescription date

Individuals with either
diagnosis of ICD10 K908B or
with SeHCAT test followed by
prescription within 365 days:

n = 5,264 individuals

Figure | Flowchart of the selection process of the bile acid diarrhea (BAD) population.
Note: *Duplicates on the same individual have been removed, but an individual may have several procedures on different dates.
Abbreviations: ICDI0, International Classification of Diseases Version 10; SeHCAT, "*selenium-homotaurocholic acid.
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SeHCAT test, unique
individuals

B —

5,230 individuals
with BAD defined
by SeHCAT test
and prescriptions
of colestyramine,
colestipol or
colesevelam within
one year after
Prescriptions of colestyramine, SeHCAT test
colestipol or colesevelam, per
unique individual

36

ICD10codeK90.8B
(BAD)

Figure 2 Bile acid diarrhea (BAD) population defined as a SeHCAT test followed by a bile acid sequestrant prescription within one year after SeHCAT test (left side) and
the overlap between this definition and the ICD10 code K90.8B (BAD) (right side).
Abbreviations: ICD 10, International Classification of Diseases Version 10; SeHCAT, ">selenium-homotaurocholic acid.

For comparison of the baseline characteristics, 52,640 age- and sex-matched individuals from the general population

were identified (Table 1). We found regional differences in Denmark for diagnosis of BAD (Table 1 and Figure 3) with

markedly lower numbers in South Denmark (0.01% of the total population in the region) and highest numbers in North

Table | Characteristics of Bile Acid Diarrhea (BAD) Population (Defined by a Diagnosis of ICDI0
Code K90.8B or a SeHCAT Test Followed by a Prescription of Colestyramine, Colestipol, or
Colesevelam Within 365 Days) and Their Age- and Sex-Matched Controls (Matched 1:10)

BAD BAD Match
Total number of individuals, n 5264 52,640
Age, mean years (SD) 51.56 (16.5) 51.56 (16.5)
Female sex, n (%) 3381 (64.2) 33,810 (64.2)
Region of Denmark
Capital Region, n (%) 2255 (42.9) 13,960 (30.8)
Zealand, n (%) 678 (12.9) 6788 (15.0)
Central Denmark Region, n (%) 1315 (25.0) 10,177 (22.4)
South Denmark, n (%) 222 (4.2) 9804 (21.6)
North Denmark, n (%) 783 (14.9) 4662 (10.3)
Median NMI co-morbidity* before BAD (2575 percentile) 2 (1-2) I (0-2)
Number of health care contacts 10 years before BAD or index date®
0 health care contacts, n (%) 2888 (55) 32,291 (61)
1-50 health care contacts, n (%) 942 (18) 10,786 (6)
51-100 health care contacts, n (%) 509 (10) 4882 (9)
100+ health care contacts, n (%) 925 (18) 4681 (9)
Educational level
ISCED 0-2, n (%) 13 (0.2) 298 (0.6)
ISCED 3+5, n (%) 3809 (73.2) 31,472 (66.9)
ISCED 6-8, n (%) 1385 (26.6) 15251 (32.4)
(Continued)
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Table | (Continued).

BAD BAD Match

Household income®?
I* tertile, n (%) 1768 (33.7) 15,463 (33.3)
2" tertile, n (%) 1964 (37.4) 15,266 (32.9)
3" tertile, n (%) 1521 (29.0) 15,709 (33.8)

Notes: *Nordic Multimorbidity Index (NMI).'” The NMI uses hospital diagnoses as well as redeemed prescriptions to assess co-
morbidity status and assigns weights based on this status. We used diagnoses and prescriptions 10 years prior to study entry.
®Health care use outside hospitals (general practitioners, practicing specialists) was counted during the 10 years prior to study
entry. More than 100 visits were pooled into one category as 100 or more visits. “Educational level was divided into groups based
on the highest level of completed education at the time of study entry, corresponding to the International Standard Classification
of Education (ISCED). Group | contains pre-primary, primary, and lower secondary education, agreeing to ISCED 0-2. Group 2
entails high school/vocational education and short-cycle tertiary education, corresponding to ISCED 3+5 (There is no education
consistent with ISCED 4 in Denmark). Group 3 consists of median-length tertiary education, bachelor, master, and PhD degrees,
corresponding to ISCED 6-8. “Household income 5 years before entry was extracted and the average was calculated. Income was
then divided into tertiles for comparison.

Abbreviations: BAD, bile acid diarrhea; SD, standard deviation.

Denmark (0.10%) and Capital Region (0.09%). Furthermore, individuals suffering from BAD had more co-morbidities
and more health care contacts than the matches from the general population, while individuals suffering from BAD had
a lower level of education and a lower income (Table 1).

The number of prescriptions of colestyramine and colesevelam as well as SeHCAT tests increased over time while
prescriptions of colestipol decreased (Figure 4). The first SeHCAT test was registered in 2003, and the number of
individuals undergoing this test increased to 1319 and 1301 per year in 2020 and 2021, respectively. The number of
annual, unique BAD diagnoses—defined by diagnosis with ICD10 code K90.8B or SeHCAT test followed by
a prescription of bile acid sequestrant within 365 days—increased from 26 in 2003 to 523 in 2021 (Figure 5).

We have recently shown that the glucagon-like peptide 1 (GLP-1) receptor agonist liraglutide is superior in reducing
stool frequency compared with the bile acid sequestrant colesevelam.”’ Consequently, some gastroenterologists have

v
Percentage
0.100
Central Denmark
0.075
0.050
Capital Region
0.025

Zealand

South Denmark

Figure 3 Percentage of individuals with bile acid diarrhea (BAD) in each region in Denmark, as a percentage of total number of individuals living in the region during the
study period 2003—2021. BAD was defined by a diagnosis of ICD10 code K90.8B or a SeHCAT test followed by a prescription of bile acid sequestrant within 365 days.
Abbreviations: ICDI0, International Classification of Diseases Version 10; SeHCAT, "*selenium-homotaurocholic acid.

Clinical Epidemiology 2023:15 hetps: 1177

Dove:


https://www.dovepress.com
https://www.dovepress.com

Karhus et al Dove

A B
Q
c & ®
S 2
= s 8
c g 8«
3 S 5
52 3 8
@ L 5 A
2 6~
8 2g
c S - Z 9
z e g
@ <]
° O g8 |
O g 5 2
R b}
0 - [=]
5 z
2 (HE N
S = T 1 T T g 1 T 1 T T
1995 2000 2005 2010 2015 2020 1995 2000 2005 2010 2015 2020
Year Year
(o D
2 3
S 8 3
oo ]
5 S 84
2 5 -
s g | =
£ @ O
& o T
[ _ v 8
2 9
Qo
o 8+ g
O - =
5 224
o 7 o ®
o bt
g g
£ &1 :
= S
.1 z. U
= T T 1 T 1 = T T
2008 2010 2012 2014 2016 2018 2020 2005 2010 2015 2020
Year Year

Figure 4 Number of unique prescriptions of colestyramine (A), colestipol (B), colesevelam (C), and SeHCAT tests (D) per year during the study period. Prescriptions are
not unique per person, SeHCAT tests are unique per person and date.
Abbreviation: SeHCAT, ">selenium-homotaurocholic acid.

2005 2010 2015 2020

200 300 400 500
1 1 1 1

Number of diagnoses per year

100
1

Year

Figure 5 Unique individual diagnoses with bile acid diarrhea (BAD) defined by a diagnosis with ICD 10 code K90.8B or a SeHCAT test followed by a prescription of bile acid
sequestrant within 365 days.
Abbreviations: ICD 10, International Classification of Diseases Version 10; SeHCAT, "*selenium-homotaurocholic acid.
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started treating individuals suffering from BAD with liraglutide. Since the use of liraglutide in BAD treatment has
received increasing attention in recent years, we investigated the number of liraglutide prescriptions (ATC code:
A10BJ02) after SeHCAT test among individuals in the BAD population (Table S2). In total, 248 individuals suffering
from BAD received a first-time prescription of liraglutide after the SeHCAT test, and 172 individuals received 226
prescriptions with liraglutide after both the SeHCAT test and bile acid sequestrants prescription. However, when
including all registered SeHCAT tests in the total population including non-BAD individuals, 262 individuals received
a first-time prescription of liraglutide after the SeHCAT test (data not shown). The number of liraglutide prescriptions
over time reveals a peak in 2018 (n = 180,439) followed by a rapid decrease (Figure S1).

Discussion

Here, we used the Danish national registries to identify individuals suffering from BAD, defined by a diagnosis with
ICD10 code K90.8B or a SeHCAT test followed by a prescription of bile acid sequestrant within 365 days, in Denmark.
With this definition, 5264 individuals were identified. We found large regional differences in diagnosis frequency within
Denmark and that individuals suffering from BAD had lower income and attained lower education levels than age- and
sex-matched controls. To our knowledge, this is the first epidemiological characterization of individuals with BAD.

Based on the fact that the SeHCAT test is specifically used for the diagnosis of BAD and that the bile acid
sequestrants are widely accepted as first-line therapy for BAD, we are confident that the individuals identified with the
abovementioned definition actually have BAD. We acknowledge the reasonable probability that a potentially substantial
number of individuals suffering from BAD are not included in this definition. This includes individuals who have not
undergone a SeHCAT test but are treated with bile acid sequestrants prescribed in a trial-and-error approach and
individuals who are diagnosed with a SeHCAT test but refrain from medical treatment. Furthermore, an unknown
number of individuals suffering from BAD are never diagnosed. As such, our definition does not reflect the true
prevalence of BAD in the Danish population; rather it reflects a subset of the population that suffers from the disease
with a very high probability. Ideally, we would base our definition on the SeHCAT test results. However, the way these
results are registered requires manual extraction of the data, which is not feasible.

The lower level of education and income among individuals suffering from BAD compared with matched controls is
unfortunately not surprising. It is known that individuals suffering from the related disease irritable bowel syndrome have
more health care contacts, lower work productivity, and lower quality of life*' ?°. Assuming that the productivity and
quality of life of individuals suffering from BAD are similarly affected, we find it a plausible explanation of their reduced
educational level and household income reported here. Whether the more frequent health care contacts in the BAD
population are due to their BAD symptoms or are related to other diseases and conditions is hard to discern.

Since 2003, when the first SSHCAT test was performed in Denmark, the number of BAD diagnoses has increased. In
this study, we found large differences in the diagnosis frequency between the regions of Denmark. We speculate that
these differences do not reflect true region-specific differences in prevalence but rather regional differences in clinical
practice and diagnostic traditions since the five regions of Denmark are comparable regarding demographics and health-
related characteristics.?

Interestingly, individuals suffering from BAD have more co-morbidities. Whether this directly relates to BAD or
rather a confounding factor, such as obesity or the higher number of health care contacts, is presently unknown. Further
studies are warranted to investigate if certain types of co-morbidities are overrepresented in the BAD population and
whether there is a pathophysiological connection between these disorders and BAD.

Even though liraglutide is not approved for the treatment of BAD, we saw 262 individuals redeeming a prescription
of liraglutide after the SeHCAT test. This is most likely the result of our published case report and recent clinical proof-of
-concept study showing the superiority of liraglutide in reducing stool frequency compared with the bile acid sequestrant
colesevelam.?*’

The completeness of the Danish registries and the possibility to cross-reference across registries due to the individual
ID numbers are strengths of the study. Furthermore, the specific use of the gold standard SeHCAT test as a diagnostic test
with its unique procedure code ensures that individuals referred to the test are suspected to suffer from BAD. As in all
register studies, we rely on the registration of diagnoses and procedural tests being registered consistently. As the
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diagnosis code for BAD is new, no validity studies exist. With regards to SeHCAT tests, these are likely to be registered
due to financial incentives. This, in combination with the validity of the Register of Medicinal Products, should ensure
that the combination of SeHCAT and redeeming a bile acid sequestrant prescription reflects a conservative, but valid way
of detecting BAD in Danish registers.

Conclusions

In conclusion, by using nationwide registries, we provide the first epidemiological characterization of individuals
suffering from BAD identified based on ICD10 code K90.8B or a SeHCAT test followed by a prescription of bile
acid sequestrant within 365 days showing lower education levels and more health care contacts compared with age- and
sex-matched controls.

Abbreviations

BAD, bile acid diarrhea; ICDI10, the international classification of diseases version 10; SeHCAT, ’>selenium-
homotaurocholic acid; ATC, the anatomical therapeutic chemical classification; ISCED, the international standard
classification of education; NMI, the Nordic multimorbidity index; GLP-1, glucagon-like peptide 1.
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