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Summary
Background and Aims: To evaluate symptom presentation and underlying patho-
physiology of colonic/anorectal dysfunction in females with functional constipation 
(FC) and hypermobile Ehlers– Danlos syndrome (hEDS)/hypermobility spectrum dis-
order (HSD)
Methods: Case– control study of 67 consecutive female patients with an established 
diagnosis of hEDS/HSD referred to a specialist centre for investigation of FC (Rome III  
criteria), age- matched (1:2 ratio) to 134 female controls with FC scoring 0 on the vali-
dated 5- point joint hypermobility questionnaire. Symptoms and results of colonic/
anorectal physiology testing were compared. An independent series of 72 consecu-
tive females with hEDS/HSD, referred to a separate hospital for investigation of FC, 
was used to validate physiological findings.
Results: Females with hEDS/HSD were more likely to report constipation for  
≥ 5 years (76.1% vs. 61.2%, p = 0.035), and a greater proportion had a high Cleveland 
Clinic constipation score (≥12: 97.0% vs. 87.3%; p = 0.027). The proportions with de-
layed whole- gut transit were similar between groups (35.3% vs. 41.7%; p = 0.462), 
as were the proportions with functional or structural abnormalities on defaecogra-
phy (functional: 47.8% vs. 36.6%; p = 0.127; structural: 65.7% vs. 66.4%; p = 0.916). 
However, rectal hyposensitivity was more common in those with hEDS/HSD (43.3% 
vs. 20.1%; p = 0.0006); this was confirmed in the validation cohort (rectal hyposen-
sitivity: 45.8%).
Conclusions: Rectal hyposensitivity is a common pathophysiological factor in females 
with FC and hEDS/HSD as confirmed in two separate cohorts. The rectal hyposen-
sitivity may be due to altered rectal biomechanics/neuronal pathway dysfunction. 
Management may be better focused on enhancement of sensory perception (e.g., 
sensory biofeedback).
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1  | INTRODUC TION

The Ehlers– Danlos syndromes (EDS) are a group of 13 inherited 
connective tissue disorders characterised by varying degrees of skin 
hyper- extensibility, tissue fragility and joint hypermobility.1 They 
are caused by mutations in collagen or extracellular matrix proteins 
which result in abnormalities in collagen structure and function.1 
Hypermobile Ehlers– Danlos syndrome (hypermobile EDS, or hEDS) 
is the most common subtype of EDS, with a prevalence ranging from 
0.02% to 2% in the general population.1

Unlike the other subtypes, the genetic defect underlying hEDS 
has not yet been elucidated and so diagnosis is made using the (re-
vised) International EDS Classification published in 2017.1 Previous 
terms for the constellation of features found in hEDS include joint 
hypermobility syndrome (JHS), benign joint hypermobility syndrome 
(BJHS), EDS Type III or EDS hypermobility subtype (EDS- HT), but 
these are all now considered to be part of the same spectrum of dis-
orders.2 Patients with those historical diagnoses meeting some, but 
not all of the criteria for hEDS are labelled as hypermobility spectrum 
disorder (HSD), which much like hEDS is a multisystemic disorder as-
sociated with multiple comorbidities, including postural orthostatic 
tachycardia syndrome (PoTS), fibromyalgia and functional somatic 
syndromes.2 Screening for hEDS/HSD can be performed using a 
validated 5- point questionnaire which has 84% sensitivity and 80% 
specificity.3

Several studies have consistently shown a high prevalence 
of gastrointestinal (GI) symptoms in hEDS/HSD patients,4– 7 and 
demonstrated that this is higher than the prevalence of GI symptoms 
in the general population,5 or in patients presenting to general gas-
troenterology clinics.4 Functional bowel disorders, or ‘disorders of 
gut- brain interaction’ are particularly prevalent in hEDS/HSD, with 
90% of 603 patients recruited through an EDS charity found to fulfil 
at least one disorder as defined by the Rome IV criteria.5 One of the 
predominant symptoms reported by hEDS/HSD patients is constipa-
tion, occurring in 12– 39% of subjects.5– 7

The principal pathophysiological mechanisms underlying consti-
pation are considered to be an overlap between delayed gut transit, 
evacuation disorders (structural and/or functional) and impaired rectal 
sensation (rectal hyposensitivity).8– 11 Although some studies have at-
tempted to determine the pathophysiology of constipation in patients 
with hEDS/HSD, the value of these studies has been limited by their small 
sample size, the absence of control groups and a lack of standardised 
definitions for hEDS/HSD.6,12,13 Accordingly, the pathophysiology of 
constipation in hEDS/HSD patients remains inadequately explored. 
Identification of distinct pathophysiological mechanisms of constipation 
in these patients may have important treatment implications.

The aims of this case- matched study were to: (1) evaluate symp-
tom presentation in female patients with a diagnosis of hEDS/HSD 
referred to a tertiary centre for investigation of their constipation; 
(2) assess underlying pathophysiology of colonic/anorectal dysfunc-
tion; (3) compare findings in 1 and 2 to those in female patients with 
constipation but no hEDS/HSD; and (4) validate aim 2 in an indepen-
dent cohort of hEDS/HSD patients.

2  | METHODS

2.1 | Study design

We performed a non- blinded nested case– control study of patients 
referred for physiological evaluation of constipation (±faecal incon-
tinence) and compared findings in those with and without hEDS/
HSD. An additional cohort of patients with hEDS/HSD at a separate 
site was used to validate physiological findings in the main cohort.

2.2 | Study population

For the purposes of this study, hEDS refers to patients who satisfied 
the 2017 International EDS diagnostic classification.1 HSD refers to 
patients with a previous diagnosis of EDS III, EDS- HT or JHS made 
by the Brighton or Villefranche criteria.14

2.3 | Cohort 1

Consecutive female patients (aged 18– 80 years), referred to the 
Royal London Hospital GI Physiology Unit between July 2009 and 
March 2019 for investigation of their refractory symptoms of consti-
pation (±faecal incontinence; these symptoms frequently co- exist)15 
and with a diagnosis of hEDS/HSD, were considered for inclusion. 
hEDS/HSD had been previously established by clinicians (e.g., rheu-
matologists) qualified in making diagnoses of hypermobility and 
hypermobility- related disorders. Prior to lower GI physiological test-
ing, all patients completed a comprehensive bowel questionnaire 
and underwent a structured medical history (Appendix S1).

Validated diagnoses and symptom severity scores related to 
constipation and faecal incontinence were derived from the bowel 
questionnaire. These included: the Rome III criteria for functional 
constipation,16 Cleveland Clinic constipation score (range 0– 30),17 
Rome III criteria for faecal incontinence18 and St Mark's incontinence 
score (range 0– 24).19

Patients were included in the study if they: (1) met the Rome III 
criteria for functional constipation;16 (2) had complete questionnaire 
data; and (3) had a minimum set of investigations for constipation 
(i.e., defaecography, rectal sensory function testing and whole- gut 
transit study [if defaecation was infrequent]).

2.4 | Controls

The control group comprised of consecutive female patients 
(aged 18– 80 years) also referred to the Royal London Hospital GI 
Physiology Unit between July 2009 and April 2016, for investigation 
of refractory constipation ± faecal incontinence. Patients were con-
sidered for enrolment in the control group provided they scored 0 on 
the validated 5- point joint hypermobility screening questionnaire, 
had no prior history of hEDS/HSD,1 and met the Rome III criteria for 
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functional constipation16 derived from the clinical questionnaire. All 
controls completed the same comprehensive bowel questionnaire 
and underwent the same structured medical history and lower GI 
physiology tests as the hEDS/HSD cohort. Controls were excluded if 
they did not have complete data on clinical history, the bowel ques-
tionnaire or lower GI physiological testing (as above).

2.5 | Case– control matching

All controls fulfilling the inclusion criteria were assigned a random 
number. Consecutive cases were age- matched (±5 years) to the con-
trol with the lowest random number (1:2 ratio). This was done as the 
controls had a much broader range of ages.

2.6 | Cohort 2 (validation cohort)

To validate the findings of diagnostic physiological testing in the 
hEDS/HSD patients (cohort 1), an independent group of consecu-
tive female patients, referred to a second hospital (Princess Grace 
Hospital) for investigation of their intractable symptoms of consti-
pation ± faecal incontinence between 2010 and 2019, and also with 
an established diagnosis of hEDS/HSD, were identified. Again, di-
agnosis of hEDS/HSD had been made by clinicians with experience 
of hypermobility-  and hypermobility- related disorders. All hEDS/
HSD patients in the validation cohort underwent a structured clini-
cal history and lower GI physiological testing according to the same 
protocols used at the Royal London Hospital GI Physiology Unit, as 
this was part of standard clinical assessment of patients at both sites. 
However, these patients did not complete the same comprehensive 
bowel questionnaire as cohort 1 and therefore full symptomatic data 
for this cohort were unavailable. After adjustment for age, the vali-
dation cohort was also compared to the control group.

2.7 | Lower GI physiological measurements

Whole- gut transit (radio- opaque marker) studies, defaecography, 
rectal sensation testing, anorectal manometry and endoanal ultra-
sonography were performed according to previously published proto-
cols, which are described in detail in the Supplementary Document. 
Whole- gut transit time was considered delayed if >20% of markers 
were retained at 100 h after ingestion. A rectal evacuation disorder 
on defaecography was defined as 'functional', 'structural' (significant 
intussusception, rectocoele, enterocoele, megarectum, external rec-
tal prolapse) or both. For rectal sensation testing, three sensations 
were reported: first constant sensation volume (FCSV), desire to de-
faecate volume (DDV) and maximum tolerable volume (MTV). Rectal 
hyposensitivity was diagnosed when ≥1 sensory threshold was above 
the 97.5% centile based on unit normal values (FCSV: >100 ml; DDV: 
>200 ml; MTV: >280 ml).11 Rectal hypersensitivity was defined by the 
MTV below the 2.5% centile (<65 ml).11

2.8 | Statistical analysis

Categorical variables were described as proportions and were 
compared using Chi- square test and logistic regression analyses 
adjusted for age and opioid use (odds ratio [OR], 95% confidence 
interval [95%- CI]). Continuous variables were described by me-
dian values and interquartile range (IQR) and were compared using 
Mann– Whitney U test. A value of p < 0.05 was considered statisti-
cally significant for comparisons. Bonferroni correction was applied 
for multiple comparisons. Statistical analysis was performed using 
SPSS v21 (IBM Corp) and GraphPad Prism v8 (GraphPad Software). 
Logistic regression analyses were performed to ensure that any as-
sociations found between hEDS/HSD (independent variable) and 
physiology findings (dependent variable) were independent of de-
mographic type factors and opioid usage (covariates).

3  | RESULTS

3.1 | Study population

Cases: from a total of 92 female hEDS/HSD patients referred for 
lower GI physiology testing with refractory symptoms of constipa-
tion ± faecal incontinence, 70 had complete data on the bowel ques-
tionnaire and lower GI physiology testing, of which 67 fulfilled the 
Rome III criteria for functional constipation and were included in the 
study as cases— 'hEDS/HSD cohort 1' (Figure 1A).

Controls: from a total of 3825 other female patients with refrac-
tory symptoms of constipation ± faecal incontinence referred for 
lower GI physiology diagnostic testing, 1735 had complete data on 
bowel questionnaire and results of lower GI physiology investiga-
tions. Of these 1462 fulfilled the Rome III core criteria for functional 
constipation. From this group, 571 patients scored 0 on the validated 
5- point joint hypermobility questionnaire,3 and 134 of these patients 
were then age- matched to the cases and acted as controls (Figure 1B).

Validation cohort: from a total of 76 female hEDS/HSD patients, re-
ferred to the Princess Grace Hospital for investigation of symptoms of 
constipation ± faecal incontinence, 72 had complete data on lower GI phys-
iology investigations, and this comprised ‘hEDS/HSD cohort 2’ (Figure 1A).

3.2 | hEDS/HSD cohort 1 versus controls

3.2.1 | Demographics (Table 1)

Patients in cohort 1 were a median of 2 years younger than controls 
(median age 40 years [IQR 25– 47] vs. median age 42 [IQR 31– 51]); there 
was no significant difference between the median ages in each of the 
age brackets (Table 1). There were significantly more nulliparous fe-
males in the hEDS/HSD group compared to the control group (59.7% 
vs. 29.9%; p < 0.0001). Among parous individuals, there were no sig-
nificant differences in the number or mode of deliveries, and propor-
tions of traumatic/instrumental deliveries, nor were there significant 
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differences in the prevalence of relevant surgical procedures. Details 
on previously performed pelvic and rectal surgery are listed in Table S1. 
Current opioid use was significantly more often reported in hEDS/
HSD cohort 1 compared to controls (n = 23 (34.3%) vs. n = 24 (17.9%); 
p = 0.008).

3.2.2 | Lower GI symptoms (Table 2)

Compared to controls, hEDS/HSD patients were more likely to re-
port constipation for ≥5 years (76.1% vs. 61.2%; p = 0.035). Almost all 
hEDS/HSD patients had a Cleveland Clinic constipation score of ≥12, 
and this proportion was significantly greater than in controls (97.0% 

vs. 87.3%; p = 0.027), although median constipation score and other 
individual symptoms were similar in both groups. There was a similar 
prevalence of faecal urgency and incontinence in hEDS/HSD patients 
and controls (faecal urgency: 47.8% vs. 45.5%, p = 0.764; faecal incon-
tinence: 33.8% vs. 34.3%, p = 0.934).

3.2.3 | Lower GI physiological investigations 
(Table 3)

Whole- gut transit studies
Delayed whole- gut transit was present in 35.3% hEDS/HSD patients 
and this was comparable to controls (41.7%; p = 0.462).

F I G U R E  1   Flowchart showing the selection of hEDS/HSD patients (cases) and control population. (A) cases; (B) controls.
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Defaecography
In total, 47.8% of hEDS/HSD patients had a ‘functional’ abnormality 
impacting evacuation, and 65.7% had a structural abnormality, most 
commonly a large rectocoele (23.9%) and a recto- anal intussuscep-
tion (22.4%). However, the prevalence of these functional/structural 
abnormalities was not significantly different to controls (functional 
36.6%; p = 0.127; structural 66.4%; p = 0.916).

Rectal sensation to balloon distension
hEDS/HSD patients were over two times more likely to be diagnosed 
with rectal hyposensitivity to mechanical distension in comparison to 
controls (43.3% vs. 20.1%; p = 0.0006). Specifically, hEDS/HSD pa-
tients were diagnosed with three abnormal sensory thresholds almost 
four times as often compared to controls (23.9% vs. 6.0%; p = 0.0002). 
There was no difference in the incidence of rectal hypersensitivity.

3.3 | hEDS/HSD cohort 2 (validation cohort)

3.3.1 | Demographics (Table S2)

Median age in cohort 2 was 34 years (IQR 27– 48) and they were sig-
nificantly younger than cohort 1 and the controls. Subsequently all 
comparisons were adjusted for age. Overall, 67.6% of females in the 
hEDS/HSD (validation) cohort 2 were nulliparous. Parous hEDS/HSD 
patients were more likely to have had a Caesarean section compared 
to controls (43.5% vs. 16.0%). hEDS/HSD cohort 2 patients were 
less likely to report a history of pelvic or rectal surgery compared 
to controls (pelvic: 19.4% vs. 33.6%; rectal: 0% vs. 6.7%). Details on 
previously performed pelvic and rectal surgical procedures are listed 
in Table S1.

TA B L E  1   Demographics and clinical 
characteristics in 67 hEDS/HSD patients 
(cases; cohort 1) versus 134 control 
patients

Variable

hEDS/HSD cohort 1 Controls

p- value

n = 67 n = 134

n (%) n (%)

Age (median, IQR) 40 (25– 47) 42 (31– 51)

Age (years, %)

18– 34 29 (43.3) 45 (33.6) 0.179

35– 44 13 (19.4) 24 (17.9) 0.800

45– 54 21 (31.3) 44 (32.8) 0.831

55– 64 3 (4.5) 17 (12.7) 0.067

65– 74 1 (1.5) 4 (3.0) 0.522

Parity (%)

Nulliparous 40 (59.7) 40 (29.9)

Parous 27 (40.3) 94 (70.1) <0.0001

Number of deliveriesa

1 8 (29.6) 16 (17.0) 0.148

2 6 (22.2) 43 (45.7) 0.028b

3 10 (37.0) 23 (24.5) 0.196

≥4 3 (11.1) 12 (12.8) 0.818

Traumatic vaginal 
deliverya

18 (66.7) 70 (74.5) 0.422

Instrumental deliverya 2 (7.4) 23 (24.5) 0.054

Caesarean sectiona 5 (18.5) 15 (16.0) 0.752

Surgical history (%)

Abdominal/bowel surgery 18 (26.9) 35 (26.1) 0.910

Pelvic surgery, including 
hysterectomy

26 (38.8) 45 (33.6) 0.465

Rectal surgery 4 (6.0) 9 (6.7) 0.839

Anal/perineal surgery 4 (6.0) 18 (13.4) 0.110

Opioid use (n, %) 23 (34.3) 24 (17.9) 0.008

aIn parous women.
bNot statistically significant after Bonferroni correction.
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3.3.2 | Lower GI physiological investigations 
(Table 4)

Whole- gut transit studies
The proportion of patients with delayed whole- gut transit did not 
differ between hEDS/HSD cohort 2 and controls (42.6% vs. 41.7%; 
ORadj 0.97 [0.46– 2.02]; p = 0.930).

Defaecography
hEDS/HSD patients in cohort 2 had significantly fewer small but 
symptomatic rectocoeles compared to controls (8.3% vs. 26.1%; 
ORadj 0.29 [0.11– 0.74]; p = 0.009).

Rectal sensation to balloon distension
Similar to the main finding in cohort 1, hEDS/HSD patients in cohort 
2 were >2 times more likely to be diagnosed with rectal hyposen-
sitivity compared to controls (45.8% vs. 20.1%; ORadj 3.32 [1.76– 
6.27]; p = 0.0002).

3.4 | Opioid use in hEDS/HSD cases (cohort 1) 
versus controls

To further investigate the striking association between rectal hy-
posensitivity and hEDS/HSD, a logistic regression model was per-
formed adjusting for the effects of opioid use. There is a known 

TA B L E  2   Symptoms of constipation 
and faecal incontinence in 67 hEDS/HSD 
patients (cases; cohort 1) versus 134 
control patients

Variable

hEDS/HSD 
cohort 1 Controls

p- value

n = 67 n = 134

n (%) n (%)

Constipation

Cleveland clinic constipation score (%)a

Bowel movements (≤ once per week) 25 (37.3) 42 (31.3) 0.716

Painful evacuation effort (≥sometimes) 56 (83.6) 101 (75.4) 0.185

Feeling incomplete evacuation 
(≥sometimes)

64 (95.5) 128 (95.5) 0.999

Abdominal pain (≥sometimes) 61 (91.0) 112 (82.4) 0.101

Minutes in lavatory per attempt 
(≥10 min)

41 (61.2) 77 (57.5) 0.613

Assistance for defaecation (digital 
assistance or enema)

40 (59.7) 90 (67.2) 0.297

Unsuccessful attempts per 24 h (≥ 3 
attempts)

53 (79.1) 112 (83.6) 0.435

Duration of constipation (≥5 years) 51 (76.1) 82 (61.2) 0.035

Total score (median, interquartile range) 19 (15– 22) 17 (14– 21) 0.074

Score ≥ 12 (%) 65 (97.0) 117 (87.3) 0.027

Rome III criteria functional constipation (%)

Straining (≥25%) 62 (92.5) 124 (92.5) 0.999

Lumpy or hard stool (≥25%) 19 (28.4) 41 (30.6) 0.744

Feeling incomplete evacuation (≥25%) 64 (95.5) 128 (95.5) 0.999

Feeling anorectal obstruction (≥25%) 60 (89.6) 117 (87.3) 0.645

Manual manoeuvres (≥25%) 31 (46.3) 65 (48.5) 0.765

<3 defaecations per week 37 (55.2) 72 (53.7) 0.841

Faecal incontinence

St Marks incontinence score

Median, (interquartile range) 6 (3– 12) 6 (2– 12) 0.661

Faecal urgency (%) 32 (47.8) 61 (45.5) 0.764

Rome III criteria for faecal incontinence (≥ 
monthly, %)

26 (33.8) 46 (34.3) 0.934

aProportion of patients with a score of ≥2 per symptom category, the description of these cut 
offs is provided in brackets.
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TA B L E  3   Lower GI physiological investigations in 67 hEDS/HSD patients (cases; cohort 1) versus 134 control patients

Variable

hEDS/HSD cohort 1 Controls

P- value

n = 67 n = 134

n (%) n (%)

Whole- gut transit studies (%) 51 (76.1) 84 (62.7) 0.056

Delayed 18 (35.3) 35 (41.7) 0.462

Defaecography (%)

Functional abnormality 32 (47.8) 49 (36.6) 0.127

Significant structural abnormality 44 (65.7) 89 (66.4) 0.916

Intussusception

Obstructing recto- rectal 3 (4.5) 13 (9.7) 0.197

Recto- anal 15 (22.4) 24 (17.9) 0.449

Rectocoele

Depth ≥4 cm 16 (23.9) 25 (18.7) 0.386

Depth 2– 4 cm, symptomatic 12 (18.8) 35 (26.1) 0.254

Enterocoele 7 (10.5) 9 (6.7) 0.357

Megarectuma 9/57 (15.8) 14/85 (16.5) 0.914

Prolapse 3 (4.5) 1 (0.8) 0.074

Functional + structural abnormality 15 (22.4) 23 (17.2) 0.373

Rectal sensory testing (%)

Normal rectal sensation 35 (52.2) 97 (72.4) 0.005

Rectal hyposensitivity 29 (43.3) 27 (20.1) 0.0006

One abnormal threshold 7 (10.4) 13 (9.7) 0.868

Two abnormal thresholds 6 (9.0) 6 (4.5) 0.207

Three abnormal thresholds 16 (23.9) 8 (6.0) 0.0002

Rectal hypersensitivity 3 (4.5) 10 (7.5) 0.417

Anorectal manometry (%) 65 (97.0) 134 (100)

Normal 43 (64.2) 82 (61.2) 0.681

Anal hypotension + normal contractility 5 (7.5) 7 (5.2) 0.768

Anal normotension + hypocontractility 16 (23.9) 39 (29.1) 0.434

Anal hypotension + hypocontractility 1 (1.5) 6 (4.5) 0.277

Endoanal ultrasonography (%) 65 (97.0) 134 (100)

Internal anal sphincter

Intact 52 (80.0) 109 (81.3) 0.821

Disrupted 4 (6.2) 11 (8.2) 0.607

Degenerate 6 (9.2) 10 (7.5) 0.667

Abnormal, focal 3 (4.6) 8 (6.0) 0.695

External anal sphincter

Intact 50 (76.9) 95 (70.9) 0.370

Disrupted 7 (10.8) 20 (13.9) 0.534

Degenerate 2 (3.1) 4 (3.0) 0.972

Abnormal, focal 6 (9.2) 16 (11.9) 0.568

aRectal diameter was routinely measured from 2013 onwards, denominators indicate total number of patients who had rectal diameter measured.
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TA B L E  4   Lower GI physiological investigations in 72 hEDS/HSD patients (cohort 2), adjusted for age

Variable

hEDS/HSD cohort 2 Controls

Odds ratio (95% CI)a p- value

n = 72 n = 134

n, (%) n, (%)

Whole- gut transit studies (%) 47 (65.3) 84 (62.7)

Delayed 20 (42.6) 35 (41.7) 0.97 (0.46– 2.02) 0.930

Defaecography (%)

Functional abnormality 23 (31.9) 49 (36.6) 0.56 (0.29– 1.10) 0.092

Significant structural abnormality 41 (56.9) 89 (66.4) 0.70 (0.39– 1.28) 0.248

Intussusception

Obstructing recto- rectal 6 (8.3) 13 (9.7) 0.72 (0.26– 2.04) 0.541

Recto- anal 21 (29.2) 24 (17.9) 1.88 (0.95– 3.72) 0.071

Rectocoele

Depth ≥4 cm 6 (8.3) 25 (18.7) 0.44 (0.17– 1.14) 0.089

Depth 2– 4 cm, symptomatic 6 (8.3) 35 (26.1) 0.29 (0.11– 0.74) 0.009

Enterocoele 5 (6.9) 9 (6.7) 1.01 (0.32– 3.18) 0.990

Megarectum 6 (8.3) 14/85 (16.5) 0.54 (0.19– 1.51) 0.240

Prolapse 2 (2.8) 1 (0.8) 2.98 (0.26– 34.83) 0.384

Functional + structural abnormality 12 (16.7) 23 (17.2) 0.84 (0.38– 1.84) 0.657

Rectal sensory testing (%)

Normal rectal sensation 39 (54.2) 97 (72.4) 0.48 (0.26– 0.89) 0.019

Rectal hyposensitivity 33 (45.8) 27 (20.1) 3.32 (1.76– 6.27) 0.0002

One abnormal threshold 7 (9.7) 13 (9.7) 0.99 (0.37– 2.64) 0.983

Two abnormal thresholds 15 (20.8) 6 (4.4) 5.95 (2.16– 16.41) 0.001

Three abnormal thresholds 11 (15.3) 8 (6.0) 2.65 (1.00– 7.04) 0.050

Rectal hypersensitivity 0 10 (7.5) b 0.018

Anorectal manometry (%) 70 (97.2) 134 (100)

Normal 36 (51.4) 82 (61.2) 0.66 (0.37– 1.20) 0.173

Anal hypotension + normal contractility 3 (4.3) 7 (5.2) 0.88 (0.22– 3.57) 0.859

Anal normotension + hypocontractility 25 (35.7) 39 (29.1) 1.31 (0.70– 2.45) 0.391

Anal hypotension + hypocontractility 6 (8.6) 6 (4.5) 2.21 (0.67– 7.25) 0.191

Endoanal ultrasonography (%) 45 (62.5) 134 (100)

Internal anal sphincter

Intact 37 (82.2) 109 (81.3) 1.05 (0.43– 2.53) 0.922

Disrupted 3 (6.7) 11 (8.2) 0.81 (0.21– 3.05) 0.750

Degenerate 5 (11.1) 10 (7.5) 1.52 (0.49– 4.76) 0.469

Abnormal, focal 0 8 (6.0) b 0.866

External anal sphincter

Intact 38 (84.4) 95 (70.9) 2.01 (0.81– 5.01) 0.133

Disrupted 5 (11.1) 20 (13.9) 0.80 (0.28– 2.31) 0.676

Degenerate 0 4 (3.0) b 0.241

Abnormal, focal 2 (4.4) 16 (11.9) 0.38 (0.08– 1.74) 0.211

aComparisons were adjusted for age, using logistic regression analysis.
bUnable to report due to perfect separation.
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association between opioid usage and rectal hyposensitivity.20 
Despite the adjustment, hEDS/HSD patients were still more likely 
to be diagnosed with rectal hyposensitivity (ORadj 2.77 [1.45– 5.34]; 
p = 0.002).

3.5 | The effect of parity on rectal hyposensitivity 
(cohort 1 vs. controls)

The effect of parity on rectal hyposensitivity was additionally evalu-
ated using a logistic regression model (cohort 1 vs. controls), also 
correcting for age and opioid usage. When rectal hyposensitivity 
was classified as the dependent variable, and hEDS/HSD, age, par-
ity and opioid usage as independent variables, there was only a sig-
nificant association between hEDS/HSD and rectal hyposensitivity 
(ORadj 3.10 [1.55– 6.20]; p = 0.001), and not between age, parity or 
opioid usage and rectal hyposensitivity (Table S3).

4  | DISCUSSION

This is the largest study to date providing comprehensive assess-
ment of symptoms and underlying pathophysiology in hEDS/HSD 
females with functional constipation. We have demonstrated sev-
eral important findings. First, hEDS/HSD females had a longer du-
ration of constipation and more often reported severe symptoms 
compared to female controls, and yet they were more likely to be 
nulliparous. Second, the most common pathophysiological mecha-
nisms underlying functional constipation included evacuation disor-
ders (structural: 66%; functional: 48%), rectal hyposensitivity (43%) 
and then delayed colonic transit (35%). Third, in contrast to other 
studies, delayed whole- gut transit or structural/functional abnor-
malities on defaecography were not more common in hEDS/HSD 
patients compared to controls. In comparison, however, rectal hypo-
sensitivity was considerably more prevalent in hEDS/HSD patients 
(43.3% vs. 20.1%; p = 0.0006), who were significantly more likely to 
have three abnormal rectal sensory thresholds. These results were 
confirmed in an independent cohort of hEDS/HSD patients with 
functional constipation.

The prevalence of delayed whole- gut gut transit in hEDS/HSD 
patients is only described in three other studies to date, all report-
ing on small patient numbers.6,12,13 Nelson et al. reported a smaller 
proportion of patients with delayed gut transit (20%) compared to 
our study, although their cohort also included patients referred for 
symptoms other than constipation.6 A previous study from our in-
stitution reported a prevalence of 80%, although this number was 
based on 10 patients only.13 The prevalence of delayed gut transit 
in both hEDS/HSD patients (35%) and controls (42%) in the current 
study was very similar to that shown in another study from our 
group in patients with JHM (39%),12 and to a recent systematic re-
view in patients with chronic constipation (36%),21 suggesting that 
this pathophysiological mechanism frequently occurs, although does 
not seem to be over- represented in hEDS/HSD.

With regard to defaecographic findings, the proportion of hEDS/
HSD patients (cohort 1 and 2 combined) with functional and/or 
structural abnormalities (86%) was identical to that found in the 
control group (86%), and very similar to the prevalence reported in a 
systematic review in patients with chronic constipation (83%).22 Our 
current results vary from those we have published in the past, in that 
a higher prevalence of morphological abnormalities (e.g., rectocoe-
les) was demonstrated previously in hEDS/HSD compared to con-
trols.12 There are a number of possible reasons for this discrepancy: 
first, the criteria used to define hypermobility were different; our 
previous study defined it as a score of ≥2 on the validated 5- point 
screening questionnaire for JHM12 whereas in the current study we 
used the most up to date 2017 classification for hEDS.1 Second, the 
hypermobile patients in the previous study12 were older compared to 
hEDS/HSD patients in the current study (median age: 52 vs. 40 [co-
hort 1] vs. 34 [cohort 2]), and had a greater prevalence of traumatic 
childbirth, both of which factors have been shown to be associated 
with pelvic organ prolapse.23,24 In support of this, the prevalence 
of structural abnormalities on defaecography was lower in cohort 2 
who were younger, compared to cohort 1 (56.9% vs. 65.7%).

Rectal hyposensitivity was twice as common in patients with 
hEDS/HSD with functional constipation compared to controls and 
this was found in two independent cohorts. We have previously 
demonstrated the prevalence of rectal hyposensitivity to be 25% 
in patients with refractory symptoms of constipation11 which is 
similar to the prevalence found in our control group in this study. 
Additionally, we have previously shown that increased numbers of 
elevated sensory thresholds are associated with more severe con-
stipation symptoms.11 In line with this, our current study has shown 
that hEDS/HSD patients with rectal hyposensitivity demonstrated a 
higher number of elevated sensory thresholds and had more severe 
constipation symptoms when compared to controls.

Although the gold standard for diagnosis of rectal hyposen-
sitivity requires pressure- based distension (i.e., electromechan-
ical barostat),25 in clinical practice it is most commonly diagnosed 
through recording of rectal sensory thresholds to simple balloon dis-
tension, which is accepted as an appropriate screening technique.26 
However, a diagnosis of rectal hyposensitivity based on balloon 
distension alone precludes information on whether it results from 
dysfunction of the rectal afferent pathway (primary hyposensitivity), 
abnormal anatomical factors (i.e., rectal size) and/or biomechanical 
properties (e.g., abnormal rectal wall compliance) (secondary hypo-
sensitivity),25 or a combination of the above.

Generally, patients with hEDS/HSD demonstrate joint hyper-
mobility, skin hyperextensibility and tissue fragility, due to pre-
sumed defects in collagen synthesis and function.1,6 It may be 
speculated that these defects are also present in the tissues of the 
rectal wall, resulting in alterations in its biomechanical properties, 
such as increased laxity/compliance and rectal capacity. Hence 
hEDS/HSD patients may be presumed more likely to have sec-
ondary hyposensitivity, allied to an exaggerated stretch response 
of a hypercompliant rectal wall when exposed to a force such as 
mechanical distension. Interestingly, proportions of hEDS/HSD 
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females and controls with megarectum (diagnosed by defaecogra-
phy) were comparable in the current study. Future studies, incor-
porating a more comprehensive evaluation of the afferent nerve 
pathway (through electrical mucosal sensation and somatosensory 
evoked potentials) and rectal capacity/compliance (through the 
use of barostat) are warranted, and will allow for a better under-
standing of the pathophysiology of rectal hyposensitivity in hEDS/
HSD patients.

Recently, anorectal physiological studies have suggested that 
opioid usage is associated with rectal hyposensitivity in patients 
with refractory constipation.20 Opioid analgesics are often pre-
scribed in hEDS/HSD patients due to the presence of chronic 
pain.27 Indeed, in the current study, a greater proportion of hEDS/
HSD patients were using opioids compared to controls at the time 
of lower GI physiological testing. However, this did not appear to 
confound our findings as hEDS/HSD remained significantly asso-
ciated with rectal hyposensitivity even when corrected for opioid 
usage.

Management of functional constipation (including in hEDS/HSD) 
should be targeted to the underlying pathophysiology including 
treatment of rectal hyposensitivity where this is present. Several 
therapies are available for the treatment of rectal hyposensitivity 
allied to lower GI symptoms (e.g., constipation or incontinence), al-
though none of these have been specifically evaluated yet in hEDS/
HSD patients. Biofeedback is regarded as the first- choice treat-
ment option, with one of the three key objectives being to improve 
sensory perception of rectal distension.28 Previous studies have 
demonstrated both normalisation of rectal sensory thresholds and 
improvement of symptoms of constipation in patients with rectal 
hyposensitivity.29 Other treatment options include neuromodula-
tion. For example, a randomised double- blind study of temporary 
sacral nerve stimulation in patients with an evacuation disorder and 
rectal hyposensitivity showed normalisation of sensory thresholds 
during active (as opposed to sham) sacral nerve stimulation, which 
was allied to symptom improvement.30 Further studies will be 
needed to assess the efficacy of both biofeedback and neuromodu-
lation in hEDS/HSD patients with functional constipation and rectal 
hyposensitivity.

There were several limitations to our study. First, there was a 
mixture of hEDS and HSD patients within our recruitment groups 
and so the phenotype of the patients was not as well defined as 
if they only had hEDS. It is unclear whether this would influence 
the findings, as the distinction between HSD and hEDS is not that 
clear- cut and the two are thought to exist on a spectrum. However, 
for future studies it may be worth distinguishing the two to address 
this.

Second, practitioners performing anorectal physiological testing 
were not blinded to hEDS/HSD status and questionnaire responses 
which could have introduced bias. Furthermore, a number of prac-
titioners performed diagnostic testing over the study period, which 
may have introduced some variability to the results. However, estab-
lished standardised protocols for test performance and interpreta-
tion were consistently used.

Third, our study only included females and therefore is not gen-
eralisable to males. Our reasoning for only including females was 
that observations have demonstrated that women are dispropor-
tionally affected by hEDS/HSD compared to males.5 Indeed, this is 
reflected in our tertiary clinical practice, where very few males with 
hEDS/HSD (and constipation) are available.

Fourth, patients were not assessed for the presence of IBS- C 
using the Rome criteria and so some of those with functional con-
stipation may have had coexistent IBS, thus potentially introduc-
ing heterogeneity to the group. However, the distinction between 
functional constipation and IBS is not clear- cut and they are consid-
ered by some to be part of the same spectrum of disorders differing 
only with regards to the degree of pain.31– 33 Nonetheless, it may be 
interesting in future research to look specifically at the IBS- C sub-
group to determine whether the findings are similar in this Rome 
subgroup.

A significant weakness of this study was that patients were not 
asked prior to anorectal physiology testing to stop taking opioids 
or anticholinergic medications which have been shown to impact 
GI motility. This may have influenced certain physiological findings, 
in particular the results of transit studies. Opioids are also associ-
ated with rectal hyposensitivity and we attempted to address this 
using logistic regression modelling and found that the association 
of rectal hyposensitivity and hEDS/HSD was independent of opi-
oid status. Data on anticholinergic drug use were not routinely col-
lected and so unfortunately we could not adjust our findings for 
anticholinergic use. However, although anticholinergic use may 
have influenced the results of motility testing, it would unlikely 
have accounted for rectal hyposensitivity which is the most striking 
finding in our study.

To our knowledge this is the largest study to date evaluating 
the underlying pathophysiology of colonic/anorectal dysfunction 
in hEDS/HSD patients with functional constipation. Our results 
have demonstrated in two independent cohorts that females with 
hEDS/HSD and functional constipation display more severe and 
long- lasting constipation compared to non- hypermobile controls. 
Although a range of mechanisms contribute to this, only rectal hy-
posensitivity is strikingly over- represented in hEDS/HSD. Lower GI 
physiological testing can thus be considered crucial in the evaluation 
of such patients to characterise the pathophysiology that exists and 
to create a personalised treatment plan. Further studies are needed 
to elucidate the cause of impaired rectal sensation in this patient 
group, whether this is an effective target for intervention (e.g. sen-
sory biofeedback), and more broadly to determine whether similar 
pathophysiological mechanism may underlie other symptoms seen 
in hEDS/HSD.
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