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Introduction
Irritable bowel syndrome (IBS) is a chronic, 
relapsing gastrointestinal (GI) condition charac-
terized by abdominal pain related to defecation, 
bloating, and changes in stool frequency or form.1 

IBS is the most commonly recognized disorder of 
gut–brain interaction (DGBI) (previously termed 
functional gastrointestinal disorder)2 and is 
reported by patients in all age groups, although it 
more commonly develops in patients before the 
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Abstract
Introduction: Linaclotide is approved for adults with moderate-to-severe irritable bowel 
syndrome (IBS) with constipation (IBS-C). Linaclotide is not indicated for weight loss or 
for patients with inflammatory bowel disease (IBD); it is contraindicated in patients with 
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use linaclotide off-label for weight loss or as a laxative.
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Methods: Post-authorization safety study conducted in three databases from the linaclotide 
launch date to 2017: the Clinical Practice Research Datalink in the United Kingdom (UK), the 
Information System for Research in Primary Care database in Spain and the linked Patient, 
Prescription and Causes of Death Registries in Sweden. Cohorts of patients were identified 
as having IBS using diagnostic and treatment codes; IBS subtypes were identified using 
symptoms and treatment codes; patients with obesity, ED, MBO, and IBD were identified using 
diagnostic codes or body mass index.
Results: There were 1319, 1981, and 5081 linaclotide users from the United Kingdom, Spain, 
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the United Kingdom, Spain, and Sweden, respectively: 59.0%, 60.3%, and 31.3% of linaclotide 
users had an IBS diagnosis recorded, and among those, 68.8%, 61.3%, and 92.7% were 
classified as IBS-C. The proportions of linaclotide users considered at risk for potential off-
label use for weight loss or as a laxative were 17.1%, 29.7%, and 1.7%, and the proportions of 
users considered at risk of misuse due to a history of MBO or IBD were 3.5%, 4.6%, and 5.7% 
in the United Kingdom, Spain, and Sweden, respectively.
Conclusions: Potential linaclotide off-label use and misuse appears limited, as evidenced by 
the small sizes of the patient subgroups at risk for off-label use and misuse.
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age of 50 years.3 Typically, women are diagnosed 
with IBS more often than men.4,5 The pooled 
prevalence of IBS in 53 studies that used the 
Rome III criteria, from 38 countries, was 9.2%, 
while that among six studies that used the Rome 
IV criteria, from 34 countries, was 3.8%.5 In the 
United Kingdom (UK), the prevalence of IBS was 
previously estimated to lie somewhere between 
9.5% and 22%,6 with more recent estimates using 
Rome IV criteria ranging between 4% (95% 
Confidence Interval  [CI]: 3.1–4.8%)7 and 4.6% 
(95% CI: 3.7–5.5%).8 In Spain and Sweden, the 
prevalence of IBS reported using Rome IV criteria 
is 4.2% and 4.0%, respectively.7 The differences 
in prevalence rates are thought to reflect the more 
strict criteria of Rome IV compared to Rome III.2

IBS can be classified according to Rome IV crite-
ria into four subtypes, based on stool form, as IBS 
predominantly with diarrhea (IBS-D), IBS pre-
dominantly with constipation (IBS-C), IBS with 
mixed bowel habits (IBS-M), and IBS unsub-
typed (IBS-U). IBS-U is used only when there is 
insufficient abnormality of stool consistency to 
meet the criteria for any of the other above sub-
types.9,10 It is not uncommon for patients to tran-
sition from one subgroup to another, and 
frequently, IBS overlaps with other DGBI.2 The 
estimated prevalence of IBS-C is 1.3%.5,7

Traditionally, treatment for IBS includes lifestyle 
modifications including dietary changes, psycho-
logical interventions, and symptomatic treat-
ments (e.g., laxatives, and anti-diarrheal and 
anti-spasmodic agents). The American College of 
Gastroenterology (ACG) recommends the use of 
guanylate cyclase activators and chloride channel 
activators to treat global IBS-C symptoms.11 A 
systematic and network literature review of thera-
pies for IBS-C including linaclotide, plecanatide, 
tenapanor, and tegaserod found all treatments 
were significantly more effective compared with 
placebo, but linaclotide 290 µg once daily was 
ranked most effective.12

Linaclotide (Constella©), a guanylate cyclase-C 
receptor agonist with visceral analgesic and secre-
tory activities, is approved for the symptomatic 
treatment of moderate-to-severe IBS-C in adults 
in the European Union (EU) and in the United 
States (US). Linaclotide is classified as a secreta-
gogue. These agents stimulate intestinal transit 
by increasing intestinal secretion into the gastro-
intestinal tract.13 Evaluating the use of linaclotide 

in routine clinical care is important due to the 
potential for off-label use and misuse and to assess 
outcomes in specific patient groups who were not 
included in the clinical development program.

The objective of this study was to describe the use 
of linaclotide in three European countries with a 
focus on two specific subgroups of interest: those 
not sufficiently documented in the clinical pro-
gram [elderly population, pregnant or breastfeed-
ing women, males, patients with hepatic or renal 
impairment, cardiovascular disease (CVD), 
hypertension, or diabetes] and those with the 
potential for off-label use [patients with obesity, 
eating disorders (ED), low body mass index 
(BMI)], or misuse11,14 [patients with mechanical 
bowel obstruction (MBO) or inflammatory bowel 
disease (IBD)]. In addition, this study also inves-
tigated the time until linaclotide treatment dis-
continuation in a real-world setting.

Materials and methods

Study design
This was an observational drug utilization study 
of linaclotide new users in the United Kingdom, 
Spain, and Sweden using existing, administrative, 
and secondary data sources. The study protocol 
was reviewed and approved by the Pharma-
covigilance Risk Assessment Committee (PRAC) 
of the European Medicines Agency (EMA) (EU 
PAS Register Number: EUPAS12839). The 
study period was from the launch date of linaclo-
tide in each country (May 2013 in United 
Kingdom, September 2014 in Spain, and 
February 2013 in Sweden) until the end of 2017, 
when the target sample size was met. Data analy-
sis commenced in 2019, when all data sets were 
available. Patients were followed from the date of 
the first linaclotide use (i.e., prescription or dis-
pensation) [index date] until the end of the study 
period or disenrollment from the databases where 
applicable or death.

Data sources
Included data sources were the Clinical Practice 
Research Datalink (CPRD-GOLD) in the United 
Kingdom, the Information System for Research 
in Primary Care (SIDIAP) in Spain, and the 
Swedish National Patient Registry (NPR) linked 
with the Swedish Prescription Drug Registry 
(PDR) and the cause of death registry. The use of 
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anonymized data from secondary data sources 
does not require informed consent.

CPRD is a primary care database that contains 
information recorded by general practitioners 
(GPs) as part of their routine clinical practice in 
the United Kingdom. At the time of study con-
duct, the database covered approximately 3.7% 
of the UK population and had about 2.5 million 
active users. Patients are representative of the 
whole UK population in terms of age and gender. 
Medical data are coded using the Read system, 
and drugs are classified following the British 
National Formulary (BNF).15

SIDIAP is a primary care database that collects 
longitudinal data electronic health records from 
274 primary care centers in Catalonia since 2006. 
SIDIAP covers 5.8 million patients representing 
approximately 12% of the Spanish population. 
GP diagnoses are coded following the International 
Classification of Diseases, 10th revision (ICD-
10), and drugs are classified following the 
Anatomical Therapeutic Chemical (ATC).16

NPR covers all public inpatient care in Sweden, 
and all specialist outpatient visits for the 10 million 
Swedish population. Diagnoses are coded using 
ICD-10 codes. Primary care is not yet covered in 
the NPR. Information about treatment use was 
obtained from the PDR, which covers close to 
100% of all prescribed medicines issued both in 
primary healthcare centers and outpatient special-
ists dispensed in community pharmacies.17–19

Study population
The study population includes all new users of lina-
clotide from the launch date in each country until 
the end of 2017, when the target sample size was 
reached. In the United Kingdom and Spain, patients 
are required to have at least 12 months of computer-
ized records prior to the first use. As all Swedish citi-
zens are included from birth to death, there was no 
requirement for minimum historical data.

IBS subtypes
It was not possible to directly identify IBS subtypes 
using the diagnostic codes in each country, since 
subtype-specific codes, as per Rome III or Rome 
IV criteria, were not included in the ICD-10 cod-
ing system (Spain and Sweden) during the study 
period, and a limited number of Read codes 

(United Kingdom) were specific to IBS-C. 
Therefore, an algorithm was developed based on a 
pilot study surveying UK primary care physicians 
about which codes they would use to classify 
patients with IBS. The algorithm used a combina-
tion of diagnostic codes and drug prescriptions, 
and it was applied in the three countries. IBS-C 
patients were identified using IBS-C codes, when 
available, and a combination of IBS diagnostic 
codes, constipation diagnostic codes, and laxative 
prescriptions. In addition, taking advantage of the 
higher level of granularity in Read codes in the 
United Kingdom, codes for abdominal pain and 
non-specific IBS symptoms were also used to iden-
tify IBS patients (Figure 1). A similar algorithm 
using a combination of codes for IBS-D, when 
available, IBS, diarrhea, and anti-diarrheal pre-
scriptions identified IBS-D patients. If patients 
showed evidence of both IBS-C and IBS-D, the 
number of diagnostic and treatment codes indicat-
ing either constipation or diarrhea was counted in 
the United Kingdom and Sweden. If more than 
2/3 of the diagnostic or treatment codes, or both, 
indicated constipation, patients were classified as 
IBS-C. If more than 2/3 of the codes indicated 
diarrhea, patients were classified as IBS-D. The 
counting of diagnostic and symptom codes allowed 
capturing patients who were ‘predominantly’ 
showing a given gastrointestinal IBS subtype. In all 
three countries, patients who showed evidence of 
both IBS-C and IBS-D, with neither symptom 
predominating, were classified as IBS-M (mixed 
habits). Patients who had a generic diagnostic code 
for IBS but no definitive evidence of either consti-
pation or diarrhea were classified as IBS-U (unsub-
typed). The remaining patients were classified as 
‘unknown diagnosis’. There was no expert adjudi-
cation of patients who could be misclassified in 
their IBS subtype by their treating physician.

Subgroups not sufficiently documented in the 
clinical program
Subgroups of patients that were not sufficiently 
evaluated in the clinical program include the elderly 
(⩾65 years old), pregnant or breastfeeding women, 
males, patients with hepatic or renal impairment, 
CVD, hypertension, or diabetes. Pregnant women 
were identified at the start of linaclotide treatment 
(index date). Patients with hepatic or renal impair-
ment were those who had a clinical record of 
hepatic or renal impairment at any time up to index 
date. In addition, chronic kidney disease (CKD) 
was also identified by an estimated glomerular 
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filtration rate (eGFR) value  less than 60 ml/min 
during 1 year before index date, or 2 albumin/cre-
atinine ratio (ACR) values greater than 3 mg/mmol 
and at least 3 months apart during 1 year before 
index date. Patients with CVD were those with a 
diagnosis of cerebrovascular disease, coronary 
artery disease (CAD), angina, myocardial infarc-
tion (MI), heart failure, arrhythmia, or hyperlipi-
demia at any time prior to index date, and those 
who used antiarrhythmic/lipid-lowering drugs 
within 1 year prior to index date. Patients with 
hypertension were those with a diagnosis of hyper-
tension and those who used antihypertensive drugs 
within 1 year prior to index date. Patients with dia-
betes were those with a diagnosis of diabetes any 
time prior to index date.

Potential off-label use and misuse
Groups of patients with potential for off-label use 
include patients with characteristics potentially 
related to use of linaclotide for weight loss or as a 
laxative (defined as patients with a diagnosis of 
obesity, ED or a record of BMI  less than 20 kg/m2 
within 1 year prior to index date). In the United 
Kingdom and Spain, obesity was identified 
through either diagnostic codes or BMI ⩾ 30 kg/m2; 
in Sweden, obesity was identified through 

diagnostic codes only as BMI information was 
not available from the contributing databases. ED 
were identified using diagnostic codes for ED, 
anorexia, or bulimia. Groups of patients with 
potential misuse include patients with codes for 
MBO in the year up to and including index date 
or IBD any time up to and including index date.

Patient’s characteristics
Patient’s characteristics were described at index 
date, including age, gender, time from IBS diagno-
sis to the first linaclotide prescription, comorbidities 
(e.g., CVD, hypertension or use of antihypertensive 
drugs, diabetes, hepatic impairment, CKD or 
chronic renal failure, inflammatory bowel condi-
tions, mechanical GI obstruction, psychiatric disor-
der, food intolerance, celiac disease, colon cancer, 
obesity, and ED), and medication use during 1 year 
prior to index date [e.g., laxatives, antispasmodics, 
prokinetic drugs, antidepressants, antibiotics, ant-
acids, histamine type-2-receptor blockers, proton 
pump inhibitors (PPI), and analgesics].

Treatment discontinuation
Discontinuation of linaclotide was defined as no 
prescription for linaclotide in the period of 1.5 

Specific Read code of IBS-C

Read code/ ICD 10 code of IBS

Read code/ ICD 10  for Constipation OR a 
laxative prescription

Read code for Abdominal Pain

Read code for non-specific symptoms 

36 months

36 months

Diagnostic/Treatment Codes Symptom Codes 

I

II

III

Figure 1. Study Schematic* of the algorithm to identify patients with IBS-C using diagnostic codes, symptom 
codes, and treatment information.
*Three scenarios that would classify a patient as having IBS-C: Scenarios I and III relate to the United Kingdom only due to 
the granularity that can be provided by Read codes. Scenario II also applies to Spain and Sweden, where ICD-10 codes are 
used, which refer more to specific diagnoses than associated symptoms as the Read system provides.
ICD-10, International Classification of Diseases, 10th revision.

https://journals.sagepub.com/home/tag


J Cid-Ruzafa, BE Lacy et al.

journals.sagepub.com/home/tag 5

times the number of days of supply of the last 
linaclotide prescription following its expiration 
date (allowable gap), (e.g., for a 28-day prescrip-
tion, no new prescription in the 42 days after the 
expiry date of the last prescription supply.).20,21 
The date of discontinuation was the day after the 
date of expiration of the last linaclotide prescrip-
tion (i.e. expiry date + 1 day). Patients who 
entered the cohort near the end of available data 
might not have had enough follow-up to be able 
to be assessed for linaclotide discontinuation. 
Therefore, patients whose first linaclotide pre-
scription occurred in the 70 days prior to the end 
of study period were excluded from the analyses 
of treatment discontinuation (i.e., the duration of 
the prescription of a single pack and the corre-
sponding allowable gap for assessing discontinua-
tion extend beyond the end of study period). Side 
effects will be the focus of another study.

Statistical methods
A total of approximately 6600 patients would 
allow the detection of a hazard ratio of 1.2 or 
greater for patient characteristics, assuming lina-
clotide discontinuation or linaclotide switching 
occurred in about 10% the observed sample 
(users with a specific characteristic) with a prob-
ability of 40%, with 80% power and a 2-sided 
type I error rate (alpha) of 5%.22

Baseline characteristics were described using 
summary statistics [mean, standard deviation 
(SD), minimum, maximum, median, 25th per-
centile (p25), 75th percentile (p75), and inter-
quartile range (IQR) for continuous variables and 
number and percentage for categorical variables] 
in all linaclotide users and in patient subgroups as 
defined above.

The numbers and proportions of patients who 
discontinued linaclotide were described. Kaplan–
Meier (KM) methods were used to estimate the 
mean (SD) and median (IQR) time to first 
discontinuation.

Statistical analysis was conducted using SAS® 
(version 9.4) statistical software for the United 
Kingdom and Sweden and R (version 3.6.0) for 
Spain.

The reporting of this study conforms to the 
STROBE statement.23

Results
A total of 8381 new users of linaclotide were 
entered into the study [1319 (15.7%), 1981 
(23.6%), and 5081 (60.7%) patients in the 
United Kingdom, Spain, and Sweden, respec-
tively]. Table 1 shows the baseline characteristics 
of linaclotide users in these three countries.

The mean (SD) age at treatment initiation was 
46.7 (16.7), 56.6 (16.6), and 50.6 (17.9) years in 
the United Kingdom, Spain, and Sweden, respec-
tively; 17.7%, 36.3%, and 23.5% of the linaclotide 
users were 65 years old or older, and the propor-
tion of patients under 18 years old was 0.9%,  close 
to 0%, and 1%, respectively. The majority of lina-
clotide users in all three countries were female 
(86.3%, 85.7%, and 81.1%, respectively). Patients 
were followed up for a median (IQR) of 1.7 (2), 
1.0 (2), and 2.4 (2) years. The number of pregnant 
women was very low—under five patients in the 
United Kingdom and Spain and 15 (0.3%) in 
Sweden. There were 9.6%, 19.0%, and 3.4% of 
patients with hepatic or renal impairment at the 
start of linaclotide treatment in the United 
Kingdom, Spain, and Sweden, respectively. 
Diabetes was present in 11.0%, 11.7%, and 4.0% 
of linaclotide users in the United Kingdom, Spain, 
and Sweden, respectively. Linaclotide users with 
hypertension were common in all three countries 
(25.2%, 28.8%, and 26.5% in the United 
Kingdom, Spain, and Sweden, respectively).

The proportion of patients with IBS-C (per study 
definition) ranged from 29.0% in Sweden to 
37.0% in Spain and 40.6% in the United 
Kingdom (Table 1, Figure 2). There were 52 
(3.9%) patients with a diagnosis of IBS-D in the 
United Kingdom, while the proportions were 
under 0.5% in Spain and Sweden. Among those 
with IBS diagnosis, 68.8%, 61.3%, and 92.7% 
were classified as having IBS-C, respectively.

Obesity in the United Kingdom was mainly iden-
tified using a BMI value ⩾ 30 kg/m2 while in Spain 
was identified from both the clinical records and 
the BMI values. There were no BMI data from 
Sweden, which explains the lower proportion of 
obesity compared with the other two countries 
(0.4% versus 12.1% in the United Kingdom and 
22.6% in Spain). The frequency of an ED record 
among linaclotide users was uncommon in all 
countries (0.6%, 2.5%, and 1.2% in the United 
Kingdom, Spain, and Sweden, respectively). In 
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Table 1. Characteristics of linaclotide users in the United Kingdom, Spain, and Sweden.

United Kingdom Spain Sweden

Total patients (N, %) 1319 (100) 1981 (100) 5081 (100)

Age in years at index date

 Mean (SD) 46.7 (16.7) 56.6 (16.6) 50.6 (17.9)

 ⩾65 years old (n, %) 233 (17.7) 719 (36.3) 1195 (23.5)

 18–65 years old (n, %) 1074 (81.4) 1259 (63.6) 3835 (75.5)

 <18 years old (n, %) 12 (0.9) <5 (NA)a 51 (1.0)

Gender (n, %)

 Female 1138 (86.3) 1697 (85.7) 4119 (81.1)

Year of index date (n, %)

 2013 126 (9.6) 0 (0) 332 (6.5)

 2014 386 (29.3) 135 (6.8) 1461 (28.8)

 2015 331 (25.1) 706 (35.6) 1293 (25.4)

 2016 280 (21.2) 512 (25.8) 1104 (21.7)

 2017 196 (14.9) 628 (31.7) 891 (17.5)

Follow-up time in years (n, %)

 Mean, SD 1.8 (1.2) 1.1 (1) 2.3 (1.2)

 Median, IQR 1.7 (2) 1.0 (2) 2.4 (2)

IBS diagnosis (n, %)

 IBS-C 535 (40.6) 732 (37.0) 1476 (29.0)

 IBS-D 52 (3.9) <5 (NA)a 19 (0.4)

 IBS-M 50 (3.8) 11 (0.6) 31 (0.6)

 IBS-U 141 (10.7) 449 (22.7) 66 (1.3)

 Unknown diagnosis 541 (41.0) 787 (39.7) 3489 (68.7)

Subgroups not sufficiently documented in the clinical program

 Elderly (⩾65 years old) 233 (17.7) 719 (36.3) 1195 (23.5)

 Pregnant womenb <5a (NA) <5a (NA) 15 (0.3)

 Males 181 (13.7) 284 (14.3) 962 (18.9)

 Hepatic or renal impairment 126 (9.6) 377 (19.0) 172 (3.4)

  Renal impairment 87 (6.6) 253 (12.8) 68 (1.3)

  Hepatic impairment 45 (3.4) 209 (10.6) 109 (2.1)

(Continued)
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United Kingdom Spain Sweden

 Cardiovascular disease 253 (19.2) 820 (41.4) 1051 (20.7)

 Hypertension 333 (25.2) 570 (28.8) 1349 (26.5)

 Diabetes 145 (11.0) 231 (11.7) 204 (4.0)

Potential misuse and off-label use

  Mechanical bowel obstruction (MBO)  
or inflammatory bowel disease (IBD)

46 (3.5) 91 (4.6) 290 (5.7)

  MBO <5 (NA)a 48 (2.4) 58 (1.1)

  IBD >41 (NA) 44 (2.2) 234 (4.6)

 Potential off-label use 225 (17.1) 589 (29.7) 84 (1.7)

  Obesity 160 (12.1) 448 (22.6) 21 (0.4)

  Identified from BMI value ⩾ 30 kg/m2 158 (12.0) 330 (16.7) NA

  Identified from clinical record 11 (0.8) 414 (20.9) 21 (0.4)

  Eating disorder 8 (0.6) 50 (2.5) 63 (1.2)

  Anorexia nervosa 7 (0.5) 22 (1.1) 19 (0.4)

  Bulimia 0 (0) 14 (0.7) <5 (NA)a

 BMI < 20 kg/m2 63 (4.8) 135 (6.8) NA

Other comorbidities (n, %)

 Psychiatric disorders 115 (8.7) 1263 (63.8) 718 (14.1)

  Depression 98 (7.4) 481 (24.3) 277 (5.5)

  Anxiety 72 (5.5) 774 (39.1) 320 (6.3)

 Coeliac disease 22 (1.7) 32 (1.6) 100 (2.0)

 Food intolerance 7 (0.5) 45 (2.3) 66 (1.3)

 Colon cancer 5 (0.4) 32 (1.6) 7 (0.1)

Comedications (n, %)

 Laxatives 949 (71.9) 145 (7.3) 3654 (71.9)

 Antibiotics 808 (61.3) 88 (4.4) 2073 (40.8)

 Proton pump inhibitors 680 (51.6) 804 (40.6) 2136 (42.0)

 Antispasmodics 621 (47.1) 75 (3.8) 6 (0.1)

 Opioids 577 (43.7) 273 (13.8) 1469 (28.9)

 Antidepressants 530 (40.2) 742 (37.5) 2007 (39.5)

 Nonsteroidal anti-inflammatory drugs 422 (32.0) 50 (2.5) 625 (12.3)

(Continued)

Table 1. (Continued)
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the United Kingdom and Spain, 4.8% and 6.8% 
patients had a BMI less than 20 kg/m2. The mean 
BMI was similar in these two countries [mean 
BMI: 26.6 kg/m2 (SD: 6.4) in the United Kingdom 
and 26.5 kg/m2 (5.4) in Spain].

MBO or IBD was uncommon among linaclotide 
users (3.5%, 4.6%, and 5.7% in the United 
Kingdom, Spain, and Sweden, respectively). Less 
than five patients had a record of MBO (a con-
traindication for linaclotide use) in the United 
Kingdom, with 48 (2.4%) and 58 (1.1%) patients 
who had this diagnosis recorded in Spain and 
Sweden. The median time between the last epi-
sode of a MBO and the index date was 6.1 months 
in Spain and 5.8 months in Sweden. In the United 
Kingdom, the number of patients with MBO 
prior to the index date was very low (n < 5); there-
fore, additional analyses were not conducted.

In the United Kingdom, Spain, and Sweden, a 
total of 1,246 (94.5%) 1,854 (93.6%), and 4,895 
(96.3%) patients were assessed for linaclotide 
treatment discontinuation. The median time until 
discontinuation was 231 days (approximately 
7.7 months) [p25: 28 days, p75: not reached 
(N/R)] in the United Kingdom, 131 days (approx-
imately 4.4 months) (p25, p75: 60, 615) in Spain, 
and 127 days (approximately 4.2 months) (p25, 
p75: 29, N/R) in Sweden over a median follow-up 
time of 1.7, 1.0, and 2.4 years, respectively. The 
corresponding mean time until discontinuation 
was 496 days (approximately 16.5 months) (SD: 
19.3 days) in the United Kingdom, 363 days 
(approximately 12 months) (SD: 11 days) in 

Spain, and 485 days (approximately 16.2 months) 
(SD: 11.3 days) in Sweden.

By the end of the study period, 36% of patients dis-
continued linaclotide in the United Kingdom. The 
proportion was 69.8% and 46.2% in Spain and 
Sweden, respectively. Among those who discontin-
ued, the median prescription duration was 28, 60, 
and 29 days in the United Kingdom, Spain, and 
Sweden, respectively. The proportion of patients 
who discontinued linaclotide was similar across 
patient subgroups, except among those classified as 
IBS-D, IBS-M, or IBS-U, who experienced dis-
continuation in a larger proportion (Figure 3).

Discussion
This study is the first to report on the utilization 
of linaclotide in a real-world setting using data 
from three large secondary data sources in three 
European countries—the United Kingdom, 
Spain, and Sweden. The novel data presented 
here are important for clinicians as patients with 
common medical problems were not included in 
the large randomized clinical trials leading to lina-
clotide approval and because medications may be 
misused or used off-label. For example, patients 
with renal or hepatic impairment were not stud-
ied in the drug development program. This study 
found that 9.6%, 19.0%, and 3.4% of linaclotide 
users had hepatic or renal impairment at the start 
of treatment in the United Kingdom, Spain, and 
Sweden, respectively, variability attributable to 
clinical practice in these countries and database 
characteristics. These impairments are not 

United Kingdom Spain Sweden

 Other analgesics 282 (21.4) 563 (28.4) 1900 (37.4)

 Prokinetic drugsc 208 (15.8) 161 (8.1) 448 (8.8)

 Histamine type 2-receptor blockers 110 (8.3) 35 (1.8) 154 (3.0)

 Calcium and aluminum-containing antacids 91 (6.9) <5 (NA)a 26 (0.5)

 Magnesium-containing antacids 0 (0) 6 (0.3) 0 (0)

BMI, body mass index; IBS, irritable bowel syndrome; IBS-C, IBS predominantly with constipation; IBS-D, IBS 
predominantly with diarrhea; IBS-M, IBS with mixed bowel habits; IBS-U, IBS unsubtyped; IQR, interquartile range; NA, not 
applicable; SD, standard deviation.
aCells with counts less than 5 are blinded as per policy on data privacy at CPRD and at SIDIAP.
bThese are identified as pregnant at any time during the duration of linaclotide treatment.
cProkinetic drugs include the following: metoclopramide, cisapride, domperidone, bromopride, alizapride, clebopride, 
itopride, cinitapride, and physostigmine.

Table 1. (Continued)
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expected to affect linaclotide efficacy or lead to 
increased side effects since linaclotide is metabo-
lized within the gastrointestinal tract.24

In Spain, over 36% of linaclotide users were 
65 years or older, a patient population that should 
be carefully monitored, since, in clinical trials, these 
patients reported diarrhea more frequently than the 
overall IBS-C population.25 Linaclotide is indicated 
for use in adults and this study shows that less than 
1% of linaclotide users were under 18 years old. A 
very low number of women (⩽0.3%) started lina-
clotide during their pregnancy, while others could 
have experienced an unplanned pregnancy while 
on treatment. The very small number of women 
using linaclotide during pregnancy is in accordance 
with the recommendation to avoid linaclotide dur-
ing pregnancy due to insufficient data regarding its 
safety in pregnant women.25 Some women could 
also be misclassified at index date since the date of 
pregnancy-related codes may not accurately reflect 
the exact date of pregnancy periods.

In this study, categorization of patients with IBS 
into IBS-C, IBS-D, IBS-M or IBS-U subtypes or 

an unknown diagnosis was based on an algorithm 
that included non-specific IBS symptoms and 
treatment information. The algorithm classified 
29% to 41% of linaclotide users as patients with 
IBS-C. The proportion of patients with an 
unknown diagnosis remains high (40% to 69%), 
suggesting a high level of ambiguity in IBS-C 
diagnosis and management in clinical practice, 
limitations in the diagnosis coding system used by 
the secondary data sources, limitations in the dis-
criminatory ability of the algorithm itself, and 
possibly the inclusion of patients with chronic idi-
opathic constipation (which is an approved indi-
cation outside the EU). The correct use of 
ICD-11,26 which includes codes specific to the 
IBS subtypes, could improve the classification of 
patients with IBS. In addition, median time to 
discontinuation was longer among patients with 
IBS-C than among patients with other IBS, pos-
sibly driven by use of linaclotide in patients with 
IBS-M during the constipation phase.

This study shows very low proportions of patients 
with IBS-D, MBO, or IBD using linaclotide, 
which is reassuring, indicating that linaclotide is 

Figure 2. Distribution of IBS diagnosis subtypes in patients using linaclotide, by country.
IBS, irritable bowel syndrome; IBS-C, IBS predominantly with constipation; IBS-D, IBS predominantly with diarrhea; IBS-M, 
IBS with mixed bowel habits; IBS-U, IBS unsubtyped. UK, United Kingdom.
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prescribed appropriately. Linaclotide users classi-
fied as IBS-D could most likely result from mis-
classification by the algorithm using diagnostic 
and treatment codes [e.g., possibly corresponding 
to patients with IBS-M who received linaclotide 
prescriptions during a constipation phase, and, 
eventually, predominance of phases with diarrhea 
symptoms and anti-diarrheal prescriptions 
(>2/3)]. Other possibilities include human error 
or miscoding of the diagnosis. Linaclotide users 
with a history of MBO in the year prior to initiat-
ing treatment with linaclotide were infrequent. Of 
those with a positive history of MBO, 66% and 
75% of patients in Sweden and Spain, respec-
tively, had their MBO records three months prior 
to linaclotide prescription or longer. Therefore, it 
is possible that most of the patients with MBO 
had recovered before starting the use of linaclo-
tide, as recommended.

Patients with a diagnosis of ED or a record of 
BMI < 20 kg/m2 within one year prior to index 
date were considered at potential risk to use lina-
clotide off-label, potentially as a laxative for 
weight loss. Laxative use or abuse is common in 

patients with ED. The prevalence of laxative 
abuse has been reported to range from approxi-
mately 18% to 75% among individuals with 
bulimia nervosa.27–29 A study of 39 consecutive 
treatment-seeking patients with bulimia nervosa 
in the United States reported that laxatives had 
been used at some point to control weight or ‘get 
rid of food’ by 67% of patients with this ED.30 
Another study of 2,295 adults seeking treatment 
for ED at four specialty centers observed that 
almost 25% of participants reported misusing 
laxatives during the previous month.31 Laxative 
abuse can result in a number of health complica-
tions and cause life-threatening conditions.29 In 
this study, the proportion of patients with a his-
tory of an ED diagnosis was low (2.5% in Spain, 
1.2% in Sweden, and 0.6% in the United 
Kingdom), suggesting linaclotide off-label use is 
not common in this patient group. Furthermore, 
there is likely an overestimate of linaclotide poten-
tial off-label use as some lean patients (e.g., 
BMI = 18.5 to <20) may have true IBS-C  diag-
nosis and they were prescribed linaclotide in 
accordance with the terms of the marketing 
authorization.

Figure 3. Proportion of patients who discontinued linaclotide use, by subgroups of interest.
IBS, irritable bowel syndrome; IBS-C, IBS predominantly with constipation.
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Obese patients were also considered at potential 
risk to use linaclotide off-label, as laxatives are 
used by some in an attempt to lose weight. The 
proportions of patients with obesity in this study 
were identified as 12% in the United Kingdom 
and 17% in Spain, using recorded diagnosis and 
patients’ BMI records (value ⩾ 30 kg/m2). In 
Sweden, as BMI and primary care diagnoses are 
not available in the databases, the proportion of 
patients with obesity will likely be under-recorded. 
A survey carried out in an outpatient setting in 
Germany between 2011 and 2016 showed that 
59.0% of patients with IBS were in the normal 
weight range, 30.3% were overweight or obese, 
and 10.7% were underweight.32 The proportion 
of obese linaclotide users in the United Kingdom 
and in Spain is consistent with the figures reported 
in Germany. Obese patients who potentially used 
linaclotide to help with weight loss could not be 
distinguished in our study from obese patients 
who used linaclotide to treat IBS-C. Noticeably, 
there are reports of a higher prevalence of IBS 
among patients with obesity than in the general 
population,33 while other studies report an asso-
ciation of IBS with visceral adiposity waist cir-
cumference but not with higher BMI.34 In any 
case, prescribers should be aware of the potential 
for off-label use when prescribing linaclotide to 
patients with obesity.

The results of this study should be interpreted 
with the caveat that data in the healthcare data-
bases from each of the three countries are col-
lected differently. There is a great variation in the 
prevalence of IBS reported by previous studies 
depending on the data sources used.35–37 A review 
in 2014 reported that the estimate ranges from 
6.1% to 21.6% in the United Kingdom, 3.3% to 
14.1% in Spain, and 12.5% to 15% in Sweden.3 
The current study reports many linaclotide users 
who were not labeled as having the IBS-C sub-
type using the algorithm previously described. 
Since IBS tends to be diagnosed by excluding 
other possible diagnoses in primary care daily 
clinical practice,38 and this study used secondary 
data sources and applied an algorithm to classify 
patients into IBS subtypes, it is expected that 
some degree of patient misclassification into IBS 
subtypes and their patient characteristics was pre-
sent. Both SIDIAP (Spain) and CPRD (United 
Kingdom) are primary care databases; in these 
databases, diagnoses from secondary care are 
updated by the GPs, and it is not expected they 
always do so systematically. The Swedish National 

Patient Register only captures secondary care 
diagnoses, and there is no recording of diagnoses 
made in the primary care settings. The lack of pri-
mary care diagnoses in Sweden might explain the 
higher proportion of linaclotide users without an 
IBS diagnosis (69% in Sweden versus 40% in 
Spain and 41% in the United Kingdom. In addi-
tion, many patients may have been appropriately 
prescribed linaclotide for symptoms of chronic 
constipation, a diagnosis with significant overlap 
with IBS-C.10 The prevalence of some comorbid-
ities was similar in the three countries while that 
of other comorbidities showed large variability. 
For example, the prevalence of hypertension or 
the prevalence of coeliac disease was quite simi-
lar, while the prevalence of psychiatric disorders 
or the prevalence of cardiovascular disorders was 
different. Such discrepancies could reflect real 
differences in the prevalence of those conditions, 
and they could also be caused by dissimilar crite-
ria to diagnose and to record data instead of 
actual differences in disease prevalence.39 There 
was also variability on the time to treatment dis-
continuation among the three countries. Patients 
from Spain had the highest proportion of linaclo-
tide discontinuation, the shortest length of fol-
low-up, and the longest median time prescription 
duration among those who discontinued. 
Consistently with other reports, most discontinu-
ations occurred over the first few months of treat-
ment.40 From the available secondary data, it was 
not possible to know the reasons for treatment 
discontinuation.

In summary, potential linaclotide off-label use 
and misuse appears limited, as evidenced by the 
small sizes of the patient subgroups at risk of off-
label use and misuse. This is reassuring as it 
appears that prescribers are following EMA 
guidelines.
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