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Introduction
Ehlers–Danlos syndrome (EDS) is a non- 
inflammatory heritable connective tissue disorder 
resulting from defects in collagen structure, syn-
thesis or processing. Its manifestations frequently 
involve the cutaneous and musculoskeletal sys-
tems such as skin laxity and joint hypermobility 
(JHM).1 The combined prevalence of all types of 
EDS appears to be at least 1 in 5000 individuals 

worldwide2 but good quality epidemiological data 
are lacking. The hypermobility type (hEDS) is 
the most common (80–90%); type 4 (vascular 
EDS) accounts for 3–6% of all EDS and is con-
sidered the most serious because it is associated 
with vascular rupture. A key defining feature of 
EDS is JHM, which refers to the characteristic of 
being able to move joints, actively and/or pas-
sively, beyond normal limits. JHM can vary in 
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Abstract
Background: Patient perception of colonoscopy varies greatly. Young slender women and 
patients with irritable bowel syndrome (IBS) appear to be at risk for periprocedural pain. 
Recent evidence suggests a high prevalence of joint hypermobility related connective tissue 
disorders in this population. Therefore, we aimed to investigate whether hypermobility 
spectrum disorder (HSD) is associated with increased pain during colonoscopy.
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assessed for HSD using the 2017 criteria, and IBS and functional dyspepsia using the Rome 
III criteria. After colonoscopy and recovery from sedation, patients were asked to report pain 
scores on a 100-mm visual analogue scale (VAS). In addition, caecal intubation time was 
measured, endoscopists scored the difficulty of the procedure (100-mm VAS) and procedure-
related adverse events were registered.
Results: Of 200 included patients, 22 (11%) met criteria for HSD. A female predominance 
was observed in patients with HSD (86.4% versus 49.4%, p < 0.001). A crude linear regression 
model demonstrated that pain scores were 13.30 mm higher in patients with HSD versus 
non-HSD patients (95% CI 0.07 – 26.53, p = 0.049). When subsequently correcting for possible 
confounding factors, however, this difference in pain scores could be explained by a 
confounding effect of female gender. Caecal intubation time, perceived procedural difficulty 
and complication rate did not differ significantly between groups.
Conclusion: HSD does not seem to be a predictor of painful colonoscopy, probably due to 
female gender as a confounding factor. In addition, performing colonoscopy is not more 
complicated in patients with HSD versus non-HSD patients, nor is it associated with more 
adverse events.
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intensity as well as in location, ranging from local-
ised hyperflexibility (i.e. involving fewer than five 
joints) to generalised JHM (G-JHM), in which at 
least five different joints are affected.

As far as gastroenterology practice is concerned, 
evidence suggests that EDS may pose particular 
risk for spontaneous or instrumentation-related 
intestinal rupture.3–8 A recent retrospective study 
showed, however, that this increased risk was 
entirely accounted for by patients having vascular 
EDS but not other EDS subtypes, such as hEDS.9 
Another anecdotal but yet scientifically unproven 
concern is related to colonoscopy being more 
painful or difficult for the endoscopist in patients 
with EDS. This is assumed to be the result of  
the technical difficulty of the colonoscopy by 
increased tissue laxity, causing the colon to stretch 
relatively easily upon intubation thus hindering 
the negotiation of tortuous curves.

In the current study therefore, we aimed to 
explore in a pilot study whether hypermobile 

patients presenting for a colonoscopy had more 
painful experiences or had an increased risk for 
adverse events. JHM was assessed according to 
the novel 2017 criteria for ‘hypermobility spec-
trum disorder’ (HSD). There is a fairly broad 
continuum of JHM and related symptoms, rang-
ing between, at one end, asymptomatic G-JHM, 
i.e. someone who has no symptoms apart from 
their joints’ capacity to move beyond normal lim-
its, through to hEDS, at the other end. Within 
this spectrum, the category of HSD represents 
patients with symptoms related to their JHM  
but who do not meet the full (new and stricter) 
criteria for hEDS (see Figure 1). By definition, 
patients presenting with symptoms and G-JHM 
would be classified as HSD. HSD will therefore 
include most people who have been previously 
diagnosed with joint hypermobility syndrome 
(JHS) or benign joint hypermobility syndrome, 
and some people who previously had the diagno-
sis of EDS type 3. Patients with JHS have previ-
ously been shown to have increased risk of chronic 
pain syndromes, functional gut disorders, for 

Figure 1. Visualisation of the spectrum of hypermobility disorders. On the left asymptomatic generalised joint 
hypermobility, on the right hEDS, with HSD covering the range from right to left. The top of the figure displays 
extra-articular manifestations.
EDS, Ehlers–Danlos syndrome; hEDS, hypermobility type Ehlers–Danlos syndrome; FGDs, functional gastrointestinal 
disorders; G-HSD, generalised hypermobility spectrum disorder; GJH, generalised joint hypermobility; H-HSD, historical 
hypermobility spectrum disorder; JH, joint hypermobility; L-HSD, localised hypermobility spectrum disorder; P-HSD, 
peripheral hypermobility spectrum disorder; POTS, postural orthostatic tachycardia syndrome. (Reprint from Castori et al.13) 
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example, functional dyspepsia (FD) and irritable 
bowel syndrome (IBS), and visceral hypersensi-
tivity.10,11 These factors are known to be associ-
ated with increased pain/decreased tolerability 
during colonoscopy.10,12 We therefore hypothe-
sised that patients with HSD have higher pain 
scores during colonoscopy than non-HSD 
patients. In addition, we also assessed the rate of 
adverse events and other technical details related 
to colonoscopy to ascertain potential differences 
related to the patients’ HSD status. 

Methods

Study design
This study was performed at the endoscopy depart-
ment of the Maastricht University Medical Center 
(Maastricht UMC) in Maastricht, the Netherlands, 
a secondary/tertiary referral hospital. The study 
protocol has been approved by the Maastricht 
UMC Committee of Ethics (IRB identifier 15-4-
258) and was executed according to the revised 
Declaration of Helsinki (64th World Medical 
Association General Assembly, Fortaleza, Brazil, 
October 2013).

Participants
All patients aged between 18 years and 75 years 
undergoing a colonoscopy with regular sedation 
were considered eligible for inclusion. Patients 
were excluded when undergoing a colonoscopy in 
the context of the national screening programme 
for colorectal cancer (due to age bias, JHM is 
strongly influenced by age14), a follow-up colonos-
copy for inflammatory bowel disease or colorectal 
cancer, or with a history of previous extended 
abdominal surgery due to bias towards more pain-
ful colonoscopy. Patients with a history of uncom-
plicated cholecystectomy, appendectomy and/or 
hysterectomy were considered eligible. Procedures 
under propofol-based sedation were excluded 
from the study due to the presumed better tolera-
bility of this method. All participants gave their 
written informed consent prior to inclusion.

Study procedures
Clinical assessments. All subjects were assessed 
for HSD using the 2017 criteria by a trained clini-
cal researcher.13 HSD is defined by G-JHM (as 
assessed using physical examination according to 
the Beighton score, in addition to the presence of 

certain clinical features which do not fit the  
diagnosis of hEDS on the 2017 classification for 
hEDS, that is, joint trauma, chronic pain, ortho-
paedic manifestations (pes planus, valgus defor-
mity), etc., as a result of JHM (see https://www.
ehlers-danlos.com/heds-diagnostic-checklist/). 
None of the patients investigated had a diagnosis 
of HSD, hEDS or JHS prior to inclusion.

In addition, participants were assessed for IBS 
and FD using the Rome III criteria15 as potential 
confounders.

Colonoscopy. Colonoscopies were performed either 
by a consultant gastroenterologist (n = 10) or 
trainee (n = 21). The endoscopists were blinded to 
the HSD status of the patient. Pentax HD+ colo-
noscopes (HOYA Corporation, Tokyo, Japan) 
with carbon dioxide insufflation were used in all 
procedures. Furthermore, all colonoscopies were 
performed under conscious sedation with the use 
of midazolam, with the addition of an opiate 
(either pethidine or fentanyl). Standard dosage 
applied was 2.5 mg for midazolam, 25 µg for fen-
tanyl and 25 mg for pethidine. An additional dose 
was administered as needed, using a maximum 
total dosage of 5.0 mg for midazolam, 50 µg for 
fentanyl and 50 mg for pethidine (considered 
‘high dose’). The level of sedation was noted on 
an ordinal scale from 1 (awake) to 5 (unrespon-
sive) after the endoscopy was completed. There 
was a minimum of one endoscopist and two 
assisting nurses present during all procedures. 
The nurses were present to monitor the patient 
during the procedure and in addition, all patients 
were monitored by pulse oximetry and blood 
pressure measurement every 5 min.

Patient-reported outcomes. After the colonos-
copy, when patients had recovered adequately 
from sedation, they were asked to report peripro-
cedural pain scores on a 100-mm visual analogue 
scale (VAS) (primary outcome measure). In addi-
tion, the patient was asked to score perceived dis-
comfort using the same scale.

Endoscopist-reported outcomes. Endoscopists 
were requested to report the degree of technical 
difficulty of the colonoscopy on a 100-mm VAS 
directly after the colonoscopy. In addition, endos-
copists were asked to provide an indication of 
their experience level (i.e. the number of colonos-
copies performed). Experience level was divided 
into 5 categories, i.e. having performed 0–200 
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colonoscopies, 200–500 colonoscopies, 500–1500 
colonoscopies, 1500–5000 colonoscopies or more 
than 5000 colonoscopies.

Assisting nurse-reported outcomes. Nurses 
assisting the colonoscopy were asked to report the 
level of discomfort of the patient using the Modi-
fied Gloucester Discomfort Scale, ranging from 1 
(meaning no discomfort) to 5 (meaning severe 
discomfort).16

Procedure-related outcomes. Sedative and anal-
gesic dose administered before and during  
endoscopy were registered immediately. During 
colonoscopy, caecal intubation time (from anal 
insertion to caecum) was recorded. Patients in 
whom the caecum was not reached were excluded 
from the analyses of mean intubation time. 
Macroscopic diagnoses were registered to correct 
for possible confounding (e.g. inflammation, diver-
ticulosis). The adequacy of bowel preparation was 
described using the Boston Bowel Preparation 
Scale.17 Finally, the occurrence of adverse events 
was strictly monitored and registered.

Sample size calculation
Sample size calculation was based on the primary 
outcome measure, patient-reported pain scores 
during colonoscopy, using a VAS. Mean VAS 
scores during regular colonoscopy have been 
reported as 32 mm with a standard deviation 
(SD) of 21.6 mm.18 A difference in VAS scores of 
15 mm was considered clinically relevant, based 
on earlier studies investigating pain scores during 
colonoscopy.18,19 To be confident of finding dif-
ferences in reported discomfort scores of at least 
15 mm with a power of 80% and two-sided alpha 
of 0.05, a sample size of 33 subjects was required 
in the smallest group. Since we initially expected 
to find a prevalence of JHM as a trait of about 
30%,20 a total sample size of 110 subjects was 
required. As the prevalence of JHM was found to 
be substantially less after inclusion of 110 patients, 
we included additional patients up to a total of 
200 patients. This did not, however, result in a 
change in the prevalence of hypermobility or the 
diagnosis of HSD. Considering this unaltered 
prevalence, a sample size of 330 patients would 
have been necessary to detect a difference of 15 
mm in VAS scores. Consequently, we did not 
have sufficient power to detect a 15 mm differ-
ence in VAS scores.

Statistical analysis
Study participants fulfilling 2017 criteria for HSD 
or not are referred to as ‘HSD’ and ‘non-HSD,’ 
respectively. Data are presented as mean ± SD 
for normally distributed continuous variables and 
proportions for categorical outcomes. Univariate 
comparison of patient characteristics between 
HSD and non-HSD was performed using an 
independent samples t test for continuous varia-
bles and χ2 test via cross-tabulation for dichoto-
mous variables. Significance level was corrected 
for multiple comparisons according to Bonferroni 
(p < 0.0033 for 15 comparisons).

Subsequently, a crude (unadjusted) linear regres-
sion analysis was performed using the primary 
outcome measure (patient-reported pain scores) 
as the dependent variable while introducing HSD 
status as the sole covariate. In addition, multivari-
able linear regression analysis was performed, 
adjusting for sex, age, BMI, previous abdominal 
surgery, FD, IBS, active inflammation, diverticu-
losis, bowel cleanliness, sedative and analgesic 
dose, and endoscopist training level. Variance 
inflation factors revealed no multicollinearity 
issues. As a result of a suspected non-normal dis-
tribution, a sensitivity analysis was performed 
after a two-step data transformation of patient-
reported pain scores.21 After transformation, data 
were visually confirmed to be normally distrib-
uted. As linear analysis with the transformed data 
yielded similar results, the results of linear regres-
sion reported below are based on the original 
data.

All analyses were performed using IBM SPSS 
Statistics, version 23 (IBM Statistics for 
Macintosh, Chicago, IL, USA).

Results

Study participants
During the study period, 348 eligible patients 
were contacted for participation. A total of 200 
patients gave informed consent and were included 
in the study (mean age 56.4 ± 13.4 years; 52.7% 
women). A total of 22 patients (11%) met criteria 
for HSD and were predominantly women (see 
Table 1). One patient had G-JHM not meeting 
the criteria for HSD and was therefore included 
in the control group. The prevalence of G-JHM 
was therefore 11.5%.
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FD was more common in HSD compared with 
non-HSD (50.0% versus 14.0%, p < 0.001). 
When corrected for age and gender in a logis-   
tic regression model, this failed to reach the  

predefined statistical significance level, although 
a positive trend remained (ORadj 3.62, 95%  
CI 1.35–9.72, p = 0.01). IBS prevalence rates 
demonstrated a similar trend, with a higher rate 

Table 1. Patient characteristics.

Non-HSD (n = 178) HSD (n = 22) p value

Age, years (mean ± SD) 57.1 ± 13.3 50.3 ± 13.5 0.026

Women, n (%) 87 (49.4%) 19 (86.4%) 0.001

Body mass index (mean ± SD) 26.7 ± 4.3 27.0 ± 4.7 0.746

Irritable bowel syndrome, n (%) 46 (25.8%) 10 (45.5%) 0.056

Functional dyspepsia, n (%) 25 (14.0%) 11 (50.0%) <0.001

Macroscopic inflammation, n (%) 20 (11.2%) 1 (4.5%) 0.331

Diverticulosis, (%) 70 (39.3%) 8 (36.4%) 0.773

Presence of one or
more polyps, n (%)

73 (41.0%) 6 (27.3%) 0.207

Boston Bowel Preparation Scale 
(mean ± SD)

8.0 ± 1.2 7.9 ± 1.6 0.855

High-dose midazolam, n (%) 43 (24.2%) 12 (54.5%) 0.003

High-dose opiate,* n (%) 116 (65.1%) 18 (81.8%) 0.117

Level of sedation,$ n (%) Awake: 39 (45.3%)
Drowsy: 36 (41.9%)
Sleeping, responsive to 
speech: 11 (12.8%)

Awake: 5 (71.4%)
Drowsy: 1 (14.3%)
Sleeping, responsive to 
speech: 1 (14.3%)

n.a.

Adverse events

Mild desaturation, n (%) 18 (10.1%) 3 (13.6%) 0.618

Vasovagal episode, n (%) 8 (4.5%) 0 (0%) 0.309

Previous uncomplicated 
abdominal surgery, n (%)

35 (19.7%) 7 (31.8%) 0.187

First-time colonoscopy, n (%) 93 (52.2%) 11 (50%) 0.842

Indication for colonoscopy 0.494

Adenoma follow up 33 (18.5%) 3 (13.6%)  

Abdominal pain/discomfort 55 (30.9%) 9 (40.9%)  

Altered stool pattern 41 (23.0%) 7 (31.8%)  

Rectal blood loss 42 (23.6%) 2 (9.1%)  

Familial colon cancer 7 (3.9%) 1 (4.5%)  

*Either high dose of fentanyl (50 µg) or high dose of pethidine (50 mg).
$Incomplete data; level of sedation was not registered for all patients. p values not calculated.
Significance level corrected for multiple comparisons (Bonferroni): p < 0.0033.
HSD, hypermobility spectrum disorder; n.a., not applicable; SD, standard deviation.
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in patients with HSD. No differences were found 
in macroscopic diagnoses (i.e. diverticulosis, 
macroscopic inflammation, presence of polyps) 
(see Table 1).

Patient-reported pain scores
A crude linear regression model demonstrated 
that pain scores were 13.30 mm higher (95% CI 
0.07–26.53, p = 0.049) in patients with HSD than 
non-HSD patients. When subsequently correct-
ing for possible confounding factors, however, no 
significant effect on pain scores was found for 
HSD. The effect of HSD in the crude linear 
regression appeared to be primarily related to the 
confounding effect of female gender (see 
Supplemental data). Indeed, female gender was 
the strongest predictor of a higher pain score (B: 
12.15 mm, 95% CI 2.71–21.59, p = 0.012). In 
addition, endoscopist training level appeared to 
have a role in patient pain perception, with lower 
pain scores when the procedure was performed 
by a more experienced endoscopist (B: –4.36, 
95% CI –7.59 to –0.473, p = 0.027, calculated 
with the use of experience categories, see Methods 
section). No other clinically relevant confounders 
were identified in the current study, including 
age, BMI, presence of IBS or FD, active inflam-
mation, diverticulosis, bowel cleanliness, and 
sedative and analgesic dose (see Supplemental 
data). Less than 20% of variability in pain scores 
was explained with the use of the complete regres-
sion model (R2 = 0.197). In addition to the 
above, no significant association was found 
between Beighton score (representing trait JHM) 
and patient-reported pain scores.

Discomfort scores
Neither patient- nor nurse-reported discomfort 
scores differed significantly between patients with 
HSD and non-HSD patients (patient reported: 
35.77 mm ± 27.46 versus 42.59 mm ± 29.84 (on 
a 100-mm VAS), p = 0.278; nurse reported: 2.57 
versus 3.00 (on a 5-point Likert scale), p = 0.132. 
There was a fairly good correlation between 
patient- and nurse-reported scores: 0.64, p < 0.001.

Procedure-related outcomes
Overall caecal intubation rate was 93.0%; there 
was no significant difference between failure  
to reach the caecum (13.6% HSD versus  
6.1% non-HSD, p = 0.193). Endoscopist-reported 

techni cal difficulty scores were comparable 
(39.98 mm ± 28.97 versus 40.73 mm ± 30.97, 
p = 0.910). Similarly, caecal intubation time was 
comparable between both patient groups: mean 
caecal intubation time in patients with HSD was 
10 min and 34 s (SD 7 min and 36 s) versus 12 min 
and 14 s (SD 7 min and 27 s) in non-HSD 
patients, p = 0.358.

A significantly higher proportion of patients with 
HSD were administered high doses of midazolam 
(54.5% versus 24.2%, p = 0.003). However, of all 
patients receiving high-dose midazolam, 83.6% 
were women, hence gender was likely a confound-
ing factor. Indeed, when corrected for gender, 
binary logistic regression showed that the odds of 
high-dose midazolam use were not significantly 
higher in patients with HSD (ORadj 2.29, 95% CI 
0.88–5.98, p = 0.09).

Adverse events
No serious adverse events were reported. Reported 
adverse events included 21 cases of mild oxygen 
desaturation (10.5%), all involving only a minor 
and transient reduction in saturation with a mini-
mum reported oxygen saturation of 80%. In addi-
tion, eight vasovagal episodes (4.0%) were reported, 
which consisted of transient hypotension and/or 
bradycardia or excessive perspiration. Adverse 
event rates were similar between groups receiving 
low- and high-dose midazolam. Similarly, rates did 
not differ between patient groups (see Table 1). 
VAS pain scores did not differ significantly between 
patients who experienced an adverse event and 
those who did not (data not shown).

Sensitivity analysis
Analyses were rerun when defining the groups as 
follows: patients with G-JHM (hence including 
all patients with HSD, n = 23) and patients with-
out G-JHM (n = 177). No differences were 
detected in any of the outcome parameters  
when compared with the initial analyses (data not 
shown).

Discussion
Our results from this exploratory study indicate 
that HSD, which is a disorder clinically closely 
related to hEDS, and largely overlapping with the 
now defunct category of JHS, is not independently 
associated with higher patient-reported pain 
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scores during colonoscopy. Although an initial 
crude linear regression model indicated higher 
pain scores in patients with HSD, subsequent 
analyses revealed a strong confounding effect of 
female gender and endoscopist experience. 
Similarly, there was no association between 
Beighton score and patient-reported pain scores, 
indicating that less severe phenotypes of JHM in 
the general population seem not to be related to 
periprocedural pain. Furthermore, we found no 
significant difference in patient- and nurse-
reported discomfort scores or the occurance of 
adverse events between patients with HSD and 
non-HSD patients. Lastly, endoscopist-reported 
technical difficulty scores and caecal intubation 
time did not differ significantly between patients 
with HSD and non-HSD patients. It therefore 
appears that colonoscopy in patients with HSD is 
neither more painful nor less safe than in non-
HSD patients. This conclusion might be relevant 
for both patients and pracitioners when making 
clinical decisions for colonscopy referral.

Our hypothesis of higher pain scores in patients 
with HSD was driven by anecdotal evidence in 
addition to the reported higher prevalence of the 
female gender and functional gastrointestinal 
(GI) disorders in patients previously defined as 
having JHS, according to pre-2017 nosology. 
Both the high prevalence of functional GI disor-
ders (in particular FD) and female predominance 
in patients with HSD were corroborated in the 
current study, albeit the higher prevalence of IBS 
failed to reach statistical significance. While FD 
and IBS often coexist as manifestations of visceral 
hypersensitivity,22 the explanations for why HSD 
is more strongly linked with FD than IBS remain 
speculative. It is possible that the upper GI tract 
is more sensitive to the extracellular matrix altera-
tions seen in HSD.23 Certain extracellular matrix 
molecules that have been linked to hypermobility 
are also involved in upper GI sensory function.24 
However, more in-depth studies investigating 
connective tissue alterations in both the upper 
and lower GI tract, and their correlations with 
symptomatology, are required to answer this 
question.

It should be noted that patients with HSD more 
often needed higher doses of midazolam. One 
might speculate that the reason patients did not 
experience more pain was related to the higher 
level of sedation. However, the level of sedation 
did not appear to correlate with patient-reported 

pain scores in the regression model and was not a 
confounder. In addition, we observed that of all 
patients receiving high-dose midazolam, 83.6% 
were women. Therefore, the higher midazolam 
dosages in the HSD group appeared to be mainly 
gender related, as also demonstrated by a binary 
logistic regression analysis.

A strength of the current study is that prospective 
recruitment took place via the general colonoscopy 
programme in a secondary/tertiary clinic, without 
preselection for specific GI diseases. Participants 
included primary (through open-access for GPs), 
secondary and tertiary care patients, resulting in a 
study population that reflects the general hospital 
population. Furthermore, the evaluation of HSD 
status was performed by a trained researcher after 
the colonoscopy in order to reduce bias in the 
patient-, endoscopist- and nurse-reported out-
come measures.

Several limitations of the current exploratory 
study have to be mentioned. First, the rather 
small sample size limits the generalisability of 
the findings. In order to detect a difference in 
VAS scores of 15 mm, we would have needed to 
include 330 patients albeit this would probably 
not have impacted the prevalence and therefore 
the effect size would not have been influenced 
either. Therefore, we assume that no clinically 
relevant effect of HSD on perceived pain dur-
ing colonoscopy is to be expected in a larger 
patient sample. Nevertheless, the lack of a sta-
tistical association between HSD and pain 
scores could be due to a type II error. A possi-
ble explanation for the lower than expected 
prevalence of HSD is the relatively high age of 
the study population, as compared with a previ-
ous study where the prevalence of JHS was 
found to be 33%.20 In addition, the study by 
Fikree et  al. demonstrated that patients with 
JHS were significantly younger than patients 
not fulfilling criteria for JHS. A similar trend 
was observed in the current study, although this 
age difference was not statistically significant 
after Bonferroni correction. In fact, it is well-
known that JHM decreases by age.25

Second, we identified patients with HSD who 
need not necessarily fulfil the 2017 criteria for 
hEDS. Therefore, current results cannot be read-
ily extrapolated to patients with hEDS or any 
other EDS subtype. On the other hand, we believe 
the population with HSD represents a clinical 
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relevant patient group to endoscopists (11% of 
the current overall patient population).

In conclusion, we have not found patients with 
HSD to perceive colonoscopy as more painful, 
when correcting for confounders, in particular 
gender, or for level of sedation. Neither was colo-
noscopy associated with more adverse events in 
this patient group. Gastroenterologists therefore 
do not need to defer from colonoscopy, although 
findings of this current exploratory study should 
be corroborated in larger populations.
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