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1  | INTRODUCTION

Joint	hypermobility	 syndrome	 (JHS)/Ehlers-	Danlos	 syndrome	hyper-
mobility	 type	 (EDS-	HT)	 is	 presumably	 the	most	 common	hereditary	
non-	inflammatory	disorder	of	connective	tissue	laxity,	mainly	charac-
terized	by	joint	hyperextensibility	in	association	with	musculoskeletal	
symptoms.	Joint	hypermobility	syndrome/EDS-	HT	is	recognized	as	a	
multisystem	disorder.1	 For	 instance,	 autonomic	dysfunction,	 chronic	
pain	 syndromes,	 urinary	 dysfunction,	 anxiety	 and	 mood	 disorders,	
and	structural	disorders	such	as	pelvic	organ	prolapse	have	been	de-
scribed	in	patients	with	JHS/EDS-	HT1	(see	Figure	1)	and	occur	more	
frequently	in	JHS/EDS-	HT	compared	with	age-		and	gender-	matched	

healthy	controls.2	Notably,	there	is	a	high	prevalence	of	gastrointes-
tinal	 (GI)	symptoms	in	patients	with	JHS/EDS-	HT,	such	as	epigastric	
discomfort,	 gastro-	esophageal	 reflux,	 and	 constipation.3–5	 In	 one	
study,	GI	symptoms	were	reported	to	be	particularly	prominent	in	the	
patients	with	JHS/EDS-	HT	who	also	had	high	levels	of	fatigue,	cutane-
ous	changes,	orthostatic,	immune,	urogynecological,	visual,	and	respir-
atory	problems,	and	reduced	quality-	of-	life	metrics.6	However,	there	
are	considerable	interindividual	differences	in	the	clinical	presentation	
of	JHS/EDS-	HT,	thereby	complicating	its	diagnosis	and	management.6

It	should	be	noted	that	although	EDS-	HT	shows	a	significant	phe-
notypic	overlap	with	the	JHS,	overall	consensus	regarding	the	exact	
relation	 between	 these	 syndromes	 is	 currently	 lacking,	 mainly	 be-
cause	their	genetic	background	is	incompletely	understood.7,8	To	date,	
there	 are	 three	 different	 opinions	 concerning	 the	 overlap	 between	
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Abstract
Background: Joint	hypermobility	syndrome	(JHS)/Ehlers-	Danlos	syndrome	hypermo-
bility	 type	 (EDS-	HT)	 is	 the	most	 common	 hereditary	 non-	inflammatory	 disorder	 of	
connective	tissue,	characterized	by	a	wide	range	of	symptoms,	mainly	joint	hyperex-
tensibility	and	musculoskeletal	symptoms.	A	majority	of	patients	also	experiences	gas-
trointestinal	(GI)	symptoms.	Furthermore,	JHS/EDS-	HT	has	specifically	been	shown	to	
be	highly	prevalent	in	patients	with	functional	GI	disorders,	such	as	functional	dyspep-
sia	and	irritable	bowel	syndrome.
Purpose: The	aim	of	this	review	was	to	examine	the	nature	of	GI	symptoms	and	their	
underlying	pathophysiology	in	JHS/EDS-	HT.	In	addition,	we	consider	the	clinical	impli-
cations	of	the	diagnosis	and	treatment	of	JHS/EDS-	HT	for	practicing	clinicians	in	gas-
troenterology.	Observations	 summarized	 in	 this	 review	may	 furthermore	 represent	
the	first	step	toward	the	identification	of	a	new	pathophysiological	basis	for	a	substan-
tial	subgroup	of	patients	with	functional	GI	disorders.

K E Y W O R D S

Ehlers-Danlos	syndrome,	functional	dyspepsia,	functional	GI	disorders,	joint	hypermobility	
syndrome
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EDS-	HT	and	JHS:	(i)	EDS-	HT	and	JHS	are	the	same	disorder	in	all	cir-
cumstances;	(ii)	EDS-	HT	and	JHS	are	partially	overlapping	conditions	
and	correspond	to	the	same	disorder	in	selected	circumstances	(e.g.,	
familial	 cases);	 and	 (iii)	 EDS-	HT	 and	JHS	 are	 two	 distinct	 disorders.	
Available	literature	however	is	scarce	of	data	in	support	to	any	of	the	
above	hypotheses.7	Because	of	this	lack	of	evidence,	we	use	the	term	
JHS/EDS-	HT	throughout	this	review	article.

A	central	defining	feature	of	JHS/EDS-	HT	is	generalized	joint	hy-
permobility	 (gJHM),	which	 refers	 to	 the	 characteristic	of	 being	 able	
to	actively	and/or	passively	move	joints	beyond	normal	 limits.9 Joint 
hypermobility	 can	 affect	 a	 few	 joints	 (localized	 or	 monoarticular	
joint	 hypermobility)	 or	 several	 joints	 in	multiple	 body	 sites	 (gJHM).	
Generalized	 joint	 hypermobility,	 in	 the	 absence	 of	 other	 symptoms,	
is	considered	to	be	a	harmless	trait	and	may	even	confer	advantages	
for	certain	areas	of	endeavor	such	as	ballet	dancers	and	gymnasts.10 
In	Western	populations,	the	prevalence	of	gJHM	is	in	the	order	of	10-	
20%,	and	even	higher	rates	have	been	described	in	Asian	and	African	
population	groups.11,12	The	 reported	population	prevalence	of	JHS/
EDS-	HT	of	1:5000	suggests	that	the	risk	of	developing	the	syndrome	
in	an	individual	with	gJHM	is	small.13

Generalized	joint	hypermobility	can	be	screened	for	using	a	sim-
ple	validated	five-	point	questionnaire,	but	is	formally	evaluated	using	
the	 Beighton	 score	 (see	 Table	1).	 The	 definitive	 diagnosis	 of	 JHS/
EDS-	HT	however	requires	additional	criteria	to	be	fulfilled.	Whereas	
the	Villefranche	criteria	 (1997,	Table	2)	are	traditionally	used	for	the	
diagnosis	 of	 EDS-	HT,	 JHS	 is	 diagnosed	 using	 the	 Brighton	 criteria	
(1998,	Table	2).14,15	The	reader	can	appreciate	the	considerable	over-
lap	between	 the	 two	different	diagnostic	criteria.	 International	 con-
sensus	 currently	 considers	 the	 Brighton	 criteria	 as	 an	 extension	 of	
the	Villefranche	criteria	and	is	therefore	more	often	applied	in	clinical	

practice.1	 In	addition,	 the	Brighton	criteria	are	more	suitable	 for	as-
sessing	 adults	 considering	 the	 natural	 loss	 of	 joint	mobility	 by	 age,	
whereas	 the	Villefranche	 criteria	 are	 more	 adequate	 for	 evaluating	
children	 and	young	 adults.9	However,	more	 recently,	 the	 diagnostic	
criteria	are	being	harmonized	by	a	group	of	international	experts	and	
the	new	criteria	are	expected	to	be	published	toward	the	end	of	2016.

Interestingly,	 JHS/EDS-	HT	 has	 specifically	 been	 shown	
to	 be	 highly	 prevalent	 in	 patients	 with	 functional	 GI	 disorders	 
(FGIDs),3–5,16,17	 which	 include	 irritable	 bowel	 syndrome	 (IBS)	 and	
functional	dyspepsia	(FD).	Functional	GI	disorders	are	common,	affect-
ing	 up	 to	 20%	 of	 the	 general	 population	 and	 accounting	 for	 more	
than	one-	third	of	gastroenterologists’	workload	 in	 secondary	care.18 
Although	the	severity	of	complaints	varies,	it	has	been	demonstrated	
that	FGIDs	exert	a	marked	socioeconomic	burden	through	increased	
absenteeism	and	healthcare	utilization.19	An	 important	aspect	 is	the	
chronic	character	of	complaints	and	significant	comorbidities	associ-
ated	with	FGID,	for	example,	fibromyalgia,	autonomic	dysfunction,	and	
psychopathology,	which	can	have	profound	effects	on	quality	of	 life	
in	these	patients.20	It	is	tempting	to	assume	that	patients	presenting	
with	signs	and	symptoms	representative	of	JHS/EDS-	HT	constitute	a	
separate	clinical	subgroup	of	patients	with	FGIDs	in	whom	therapeutic	
considerations	may	differ	from	those	without	JHS/EDS-	HT.	The	aim	
of	 this	 review	was	to	examine	the	nature	of	GI	symptoms	and	their	
underlying	pathophysiology	in	JHS/EDS-	HT	with	a	particular	focus	on	
the	functional	GI	disorders	encountered	in	these	patients	and	to	con-
sider	the	clinical	implications	of	the	diagnosis	for	practicing	clinicians.

2  | METHODS

Evidence	to	support	this	review	was	obtained	from	an	electronic	da-
tabase	search	via	PubMed	using	the	following	search	Medical	Subject	

Key Points
•	 Previous	 studies	 have	 shown	 a	 remarkable	 association	
between	 functional	 gastrointestinal	 (GI)	 disorders	 and	
joint	 hypermobility	 syndrome	 (JHS)/Ehlers-Danlos	 syn-
drome	 hypermobility	 type	 (EDS-HT),	 suggesting	 that	
about	50%	of	patients	with	functional	dyspepsia	and	40%	
of	 patients	 with	 irritable	 bowel	 syndrome	 have	 JHS/
EDS-HT.

•	 Patients	with	functional	GI	disorders	who	meet	the	crite-
ria	 for	 JHS/EDS-HT	may	 therefore	 represent	 a	 distinct	
phenotype	 but	 is	 probably	 under-recognized	 by	
gastroenterologists.

•	 We	here	provide	a	summary	of	the	literature	and	formu-
late	 a	 number	 of	 hypotheses	 to	 explain	 this	 commonly	
observed	association.	We	also	give	a	clinical	recommen-
dation	to	practicing	gastroenterologist	with	regard	to	the	
management	of	symptoms	in	patients	with	JHS/EDS-HT.

F IGURE  1 Systemic	manifestations	of	joint	hypermobility	
syndrome/Ehlers-	Danlos	syndrome	hypermobility	type.	Adapted	
from	Castori	et	al.1
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Headings	 terms:	 Ehlers-	Danlos	 hypermobility	 type	 or	 Ehlers-	Danlos	
type	 III	or	 JHS	and	GI	manifestations	or	GI	 symptoms	or	 functional	
GI	disorders.	This	search	strategy	yielded	83	articles.	Articles	discuss-
ing	 gJHM,	 thereby	 focusing	 on	 the	 trait	 rather	 than	 the	 syndrome,	
were	excluded	from	further	analysis.	Although	these	may	also	include	
patients	with	JHS/EDS-	HT,	 this	population	was	considered	too	het-
erogeneous,	 which	 could	 complicate	 the	 generalizability	 of	 results.	
For	 the	 same	 reason,	 articles	 discussing	 different	 EDS	 subtypes	
than	 JHS/EDS-	HT	 were	 excluded.	 Furthermore,	 case	 reports	 were	
excluded	 from	analysis	because	we	believe	 these	might	not	give	an	
appropriate	 representation	of	 the	JHS/EDS-	HT	population	and	only	
describe	the	most	catastrophic	phenotypes.	We	would,	however,	like	

to	refer	the	reader	to	a	recent	review	summarizing	these	papers.21	All	
residual	articles	discussing	GI	manifestations	 in	JHS/EDS-	HT	or	JHS	
were	 further	examined	 for	useful	 references	 that	did	not	emerge	 in	
the	initial	search.	A	total	of	11	articles	that	focussed	on	GI	manifesta-
tions	 in	 JHS/EDS-	HT	were	 selected	 for	 inclusion.	One	 study	 found	
a	high	prevalence	of	gJHM	in	a	pediatric	population	of	patients	with	
FGIDs;	however,	as	it	did	not	meet	the	inclusion	criteria	for	the	current	
manuscript,	we	have	not	provided	further	details.22	Unfortunately,	no	
studies	discussing	GI	manifestations	in	pediatric	JHS/EDS-	HT	patients	
were	 identified,	 limiting	evidence	of	 the	current	 review	to	 the	adult	
population.	 In	 addition	 to	 the	 systematic	 search	on	 the	GI	manifes-
tations	 in	 JHS/EDS-	HT	as	described	above,	we	 investigated	current	

TABLE  1 Assessment	of	generalized	joint	hypermobility

Five-	point	questionnaire	for	generalized	joint	hypermobility	(screening	tool)

Answering	yes	to	two	or	more	of	these	questions	suggests	hypermobility	with	sensitivity	of	85%	and	specificity	of	90%

1.	Can	you	now	(or	could	you	ever)	place	your	hands	flat	on	the	floor	without	bending	your	knees?
2.	Can	you	now	(or	could	you	ever)	bend	your	thumb	to	touch	your	forearm?
3.	As	a	child,	did	you	amuse	your	friends	by	contorting	your	body	into	strange	shapes	or	could	you	do	the	splits?
4.	As	a	child	or	teenager,	did	your	kneecap	or	shoulder	dislocate	on	more	than	one	occasion?
5.	Do	you	consider	yourself	“double-jointed”?

Beighton	score	(clinical	assessment	of	joint	hypermobility).	Score	0-	9.

1.	Passive	dorsiflexion	of	the	little	fingers	beyond	90	degrees	(one	point	for	each	hand).	Two	points
2.	Passive	apposition	of	the	thumbs	to	the	flexor	aspects	of	the	forearms	(one	point	for	each	thumb).	Two	points
3.	Hyperextension	of	the	elbows	beyond	10	degrees	(one	point	for	each	elbow).	Two	points.
4.	Hyperextension	of	the	knees	beyond	10	degrees	(one	point	for	each	knee).	Two	points.
5.	Forward	flexion	of	the	trunk	with	knees	fully	extended	so	that	the	palms	of	the	hands	rest	flat	on	the	floor.	One	point.

1998 Brighton Classification for JHS 14 Villefranche criteria for the EDS- HT 15

Major criteria Major criteria

1.	Beighton	score	of	4/9	or	greater	(either	currently	or	
historically)

2.	Arthralgia	for	longer	than	3	months	in	four	or	more	
joints

1.	Generalized	joint	hypermobility	
(defined	as	Beighton	score	≥5/9)

2.	 Skin	involvement:	hyperextensibil-
ity	or	smooth	velvety	skin

Minor criteria Minor criteria

1.	Beighton	score	of	1,	2,	or	3/9	(0,	1,	2,	or	3	if	aged	
50þ)

2.	Arthralgia	(for	3	months	or	longer)	in	1-3	joints,	back	
pain	(for	3	months	or	longer),	or	spondylosis,	
spondylolysis,	spondylolisthesis

3.	Dislocation/subluxation	in	more	than	one	joint	or	in	
one	joint	on	more	than	one	occasion

4.	Soft	tissue	rheumatism:	three	or	more	lesions	(e.g.,	
epicondylitis,	tenosynovitis,	bursitis)

5.	Marfanoid	habitus	(tall,	slim,	span/height	ratio	>1.03	
upper:lower	segment	ratio	<0.89,	arachnodactyly	
[positive	Steinberg/wrist	signs])

6.	Abnormal	skin:	striae,	hyperextensibility,	thin	skin,	
papyraceous	scarring

7.	Eye	signs:	drooping	eyelids,	myopia,	or	antimongol-
oid	slant

8.	Varicose	veins,	hernia,	or	uterine/rectal	prolapse

1.	Recurrent	joint	dislocations
2.	Chronic	limb/joint	pain
3.	Positive	family	history

A diagnosis of JHS requires two major criteria, or one 
major and two minor, or four minor, or two minor in the 
presence of an unequivocally affected first-degree 
relative.

The presence of at least one major and 
one minor criteria is indicative, and a 
definitive diagnosis of EDS-HT requires 
at least two major criteria

TABLE  2 Diagnostic	criteria	for	joint	
hypermobility	syndrome	(JHS,	left)	and	
Ehlers-	Danlos	syndrome	hypermobility	
type	(EDS-	HT,	right)
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literature	to	explore	non-	GI	manifestations	in	JHS/EDS-	HT	in	a	narra-
tive	approach	to	merge	parallel	findings	in	order	to	offer	a	reasonable	
insight	into	pathogenesis.

3  | RESULTS

3.1 | JHS/EDS- HT and functional GI disorders

Several	reports	have	been	published	to	describe	the	putative	relation-
ship	between	JHS/EDS-	HT	and	GI	symptoms	(see	Table	S1).3–5,16,17

In	2010,	Castori	 et	al.	 published	a	pilot	 study	on	manifestations	
of	 JHS/EDS-	HT	 in	 21	 patients,	 in	 which	 GI	 symptoms	 were	 pres-
ent	 in	86%	 (18/21)	of	patients,	 including	dyspepsia	 (66.7%),	gastro-	
esophageal	 reflux	 (57.1%),	 recurrent	 abdominal	 pain	 (61.9%),	 and	
constipation/diarrhea	(33.3%).3

Fikree	et	al.	were	the	first	to	perform	a	prospective	evaluation	to	
investigate	 the	 relationship	 between	 JHS/EDS-	HT	 and	 FGIDs.	 The	
prevalence	 of	 JHS/EDS-	HT	was	 found	 to	 be	 33%	 in	 an	 unselected	
group	 of	 patients	 referred	 to	 their	 secondary	 care	 gastroenterology	
clinic.16	 In	 addition,	 these	 patients	were	 compared	 to	 patients	who	
were	 referred	 from	 the	 rheumatology	 clinic	 with	 a	 previously	 con-
firmed	 diagnosis	 of	 JHS/EDS-	HT	 and	were	 characterized	 by	 higher	
prevalence	 of	 various	musculoskeletal	 features	 and	 higher	 Beighton	
scores.	A	high	prevalence	of	GI	symptoms	was	found	in	all	groups,	al-
though	symptoms	were	most	common	in	rheumatology	referrals	(see	
Table	3).	Moreover,	 these	patients	were	more	 likely	 to	be	diagnosed	
with	a	FGID	(see	Figure	2).

More	 recently,	Fikree	et	al.	prospectively	examined	 the	 relation-
ship	between	JHS/EDS-	HT	and	FGIDs	in	a	case–control	design	study	
comparing	patients	with	a	diagnosis	of	a	FGID	or	an	organic	GI	disor-
der.17	There	was	a	significantly	higher	prevalence	of	JHS/EDS-	HT	in	
the	FGID	group	(39%	versus	27.5%,	P=.002).	Interestingly,	the	preva-
lence	of	JHS/EDS-	HT	was	51%	in	patients	with	postprandial	distress	
syndrome,	a	subtype	of	FD.

In	2013,	Zeitoun	et	al.	performed	a	cohort	study	of	patients	with	
EDS	and	found	that	gastro-	esophageal	reflux	(heartburn	and	regurgita-
tion)	and	dyspepsia	(epigastric	pain,	nausea,	postprandial	fullness,	and	
belching)	were	present	in	around	70%	of	the	subjects.5	Furthermore,	
48%	of	all	participants	met	criteria	for	IBS	(using	the	Rome	III	criteria)	
and	36%	had	 functional	 constipation.	 In	 addition,	 these	authors	 re-
ported	a	greatly	reduced	GI-	related	quality-	of-	life	index.

More	recently,	Nelson	et	al.	performed	a	retrospective	review	of	
patients	diagnosed	with	EDS,	of	which	71%	had	JHS/EDS-	HT.4	Of	687	
patients,	378	(55%)	had	GI	symptoms,	most	notably	abdominal	pain	
(56%),	 nausea	 (44%),	 constipation	 (42%),	 heartburn	 (38%),	 irritable	

TABLE  3 Comparison	of	prevalence	of	GI	symptoms	in	non-	JHS/EDS-	HT	patients,	patients	with	JHS/EDS-	HT	from	the	unselected	group,	
and	patients	with	JHS/EDS-	HT	referred	from	rheumatology

Non- JHS/EDS- HT 
(CI)

JHS/EDS- HT 
Unselected (CI) OR adjusted (CI)

JHS/EDS- HT 
Rheumatology (CI)

OR adjusted for 
age and gender (CI)

Alternating	bowel	habit 30.4	(25.6-	35.6) 38.6	(31.2-	46.3) 1.38	(0.96-	2.03) 65.8	(49.4-	79.9) 1.70	(1.27-	2.27)

Abdominal	pain 83.2	(76.9-	85.4) 90.3	(83.2-	93.4) 1.62	(0.91-	2.9) 100	(91.4-	100) 2.04	(1.20-	3.45)

Globus 19.1	(15.1-	23.6) 27.2	(20.7-	34.4) 1.46	(0.94-	2.26) 47.7	(32.5-	63.3) 1.64	(1.21-	2.22)

Heartburn 23.5	(19.2-	28.3) 33.0	(26.1-	40.4) 1.66	(1.1-	2.5) 25.0	(13.2-	40.3) 1.29	(0.96-	1.75)

Water	brash 18.5	(14.5-	22.9) 30.9	(24.1-	38.3) 2.02	(1.3-	3.1) 29.5	(16.8-	45.2) 1.59	(1.17-	2.16)

Dysphagia 10.6	(7.5-	14.3) 1647.1	(11.0-	22.4) 1.59	(0.92-	2.7) 31.8	(18.6-	47.6) 1.79	(1.25-	2.56)

Early	satiety 42.8	(37.7-	48.0) 53.4	(45.7-	61.0) 1.4	(0.98-	2.1) 79.1	(64.0-	90.0) 1.68	(1.26-	2.23)

Postprandial	fullness 27.1	(22.6-	32.1) 41.4	(34.0-	49.1) 1.74	(1.2-	2.6) 61.4	(45.5-	75.6) 1.72	(1.29-	2.29)

Regurgitation 11.4	(8.3-	15.2) 17.5	(12.2-	24.1) 1.57	(0.93-	2.6) 33.3	(19.6-	49.5) 1.70	(1.20-	2.42)

Bloating 47.9	(42.6-	53.2) 54.3	(46.6-	61.8) 1.15	(0.79-	1.67) 88.6	(75.4-	96.2) 1.60	(1.20-	2.14)

Reprinted	from	A	prospective	evaluation	of	undiagnosed	joint	hypermobility	syndrome	in	patients	with	gastrointestinal	symptoms.	CIs	for	proportions	and	
ORs	are	presented	in	parentheses.
From	Clin	Gastroenterol	Hepatol.	2014;1210:1680-	87,	with	permission	from	Elsevier.

F IGURE  2 Prevalence	of	functional	gastrointestinal	disorders	
in	non-	JHS/EDS-	HT	patients,	patients	with	JHS/EDS-	HT	from	the	
unselected	group,	and	patients	with	JHS/EDS-	HT	referred	from	
rheumatology
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bowel-	like	symptoms	(30%),	vomiting	(25%),	and	diarrhea	(23%).	In	pa-
tients	with	EDS	who	underwent	physiology	testing,	abnormal	gastric	
emptying	was	observed	in	22.3%;	11.8%	delayed	and	10.5%	acceler-
ated.	Colonic	transit	was	abnormal	in	28.3%;	19.6%	delayed	and	8.7%	
accelerated.	A	rectal	evacuation	disorder	was	confirmed	 in	18	of	30	
(60%)	patients	who	underwent	anorectal	physiology	measurements.	
The	finding	of	GI	dysmotility	in	these	patients	is	consistent	with	a	pre-
viously	observed	high	prevalence	of	dysmotility	in	patients	with	gJHM	
attending	tertiary	care	neurogastroenterology	clinics.23

Table	4	shows	a	summary	of	prevalence	data	on	GI	symptoms	in	
JHS/EDS-	HT	from	the	currently	published	studies.

3.2 | JHS/EDS- HT and organic disorders

3.2.1 | Hiatus hernia

Zeitoun	et	al.	reported	that	19	of	72	patients	with	EDS	(26.4%)	that	
had	undergone	upper	endoscopy	were	shown	to	have	a	hiatal	hernia.6 
This	corresponds	to	the	number	reported	by	Al-	Rawi	et	al.	investigat-
ing	the	presence	of	hiatal	hernias	in	patients	with	gJHM	(22%).24

3.2.2 | Pelvic organ prolapse and defecatory disorders

Pelvic	organ	prolapse	has	been	extensively	 investigated	 in	the	past,	
though	mainly	 in	gJHM.25	One	small	study	found	a	high	prevalence	

(75%)	of	pelvic	organ	prolapse	 in	women	with	EDS.2	Another	study	
demonstrated	the	frequent	occurrence	of	defecatory	problems	in	pa-
tients	with	JHS/EDS-	HT,	most	notably	straining	(61.7%),	incomplete	
evacuation	(63%),	and	digitation	(33.3%).26	Furthermore,	the	majority	
(73.3%)	of	the	JHS/EDS-	HT	group	had	a	clinically	significant	prolapse	
compared	with	35%	of	the	control	group	(P<.001).

In	 an	 earlier	 study,	 Manning	 et	al.	 investigated	 the	 association	
between	obstructive	defecation	and	 lower	urinary	 tract	dysfunction	
in	JHS/EDS-	HT.27	 It	was	demonstrated	that	women	presenting	with	
lower	urinary	tract	dysfunction	also	frequently	had	symptoms	of	ob-
structed	 defecation.	 Furthermore,	 patients	with	 obstructed	 defeca-
tion	were	more	 likely	 to	show	symptoms	of	JHS/EDS-	HT	 (70.6%	vs	
50.0%,	P<.001).	JHS/EDS-	HT	was	therefore	considered	an	important	
factor	in	the	above-	mentioned	association.

3.2.3 | Inflammatory bowel disease

Fikree	et	al.	demonstrated	a	relatively	high	prevalence	of	JHS/EDS-	HT	
in	patients	with	Crohn’s	disease	(8/25,	32%),	but	not	in	patients	with	
ulcerative	colitis	(8/38,	21%).17	An	earlier	study	found	a	significantly	
higher	prevalence	of	gJHM	in	patients	with	Crohn’s	disease	(70.7%)	
compared	 to	 patients	 with	 ulcerative	 colitis	 (35.7%)	 (P=.0063)	 and	
healthy	controls	(25.3%)	(P<.0001).	No	differences	were	found	in	the	
proportion	of	gJHM	between	patients	with	UC	and	healthy	controls	
(P=.3).	 The	 prevalence	 of	 JHS/EDS-	HT	 was	 relatively	 low	 in	 both	
groups	although	it	was	higher	in	patients	with	Crohn’s	disease	than	in	
patients	with	UC	(12.2%	Crohn’s	disease,	3.57%	UC).28

3.2.4 | Celiac disease

One	small	study	demonstrated	that	the	prevalence	of	celiac	disease	
was	 16%	 in	 the	 JHS/EDS-	HT	 group,	 which	 is	 significantly	 higher	
than	the	estimated	population	prevalence	(1%).29	These	results	were	
broadly	 corroborated	 in	 another	 prospective	 case-	controlled	 study	
where	JHS/EDS-	HT	was	found	 in	four	of	13	 (31%)	patients	attend-
ing	GI	clinics	with	a	new	diagnosis	of	celiac	disease.17	More	recently,	
Laszkowska	 et	al.	 performed	 a	 nationwide	 population-	based	 cohort	
study	 in	Sweden,	 reporting	a	49%	 increased	risk	of	JHS/EDS-	HT	 in	
patients	with	celiac	disease	(95%	CI	=	1.07-	2.07;	P=.018).30

Table	S2	shows	a	summary	of	prevalence	data	on	organic	GI	disor-
ders	in	JHS/EDS-	HT	from	the	currently	published	studies.	It	is	import-
ant	to	note	that	the	majority	of	studies	performed	in	patients	with	JHS/
EDS-	HT	to	assess	GI	symptoms	or	abnormalities	(either	functional	or	
organic)	have	a	number	of	limitations.	The	patient	populations	investi-
gated	are	generally	highly	selected	as	these	comprise	patients	attend-
ing	secondary/tertiary	care	clinics.	We	already	mentioned	the	impact	
of	higher	Beighton	scores	on	GI	symptoms.	These	studies	may	have	
therefore	 included	more	severe	cases	of	JHS/EDS-	HT.	Furthermore,	
several	of	the	studies	are	based	on	a	small	number	of	patients.	Thus,	
these	 findings	 are	 not	 necessarily	 generalizable	 to	 the	 majority	 of	
patients	with	JHS/EDS-	HT,	most	of	whom	remain	undiagnosed	and	
in	 the	 community.	 Primary	 care	 studies	 investigating	 GI	 symptoms	
in	JHS/EDS-	HT	are	currently	scarce.	Fikree	et	al.	demonstrated	that	

TABLE  4 Gastrointestinal	symptoms	in	patients	with	JHS/
EDS-	HT	(Collective	data	from	all	studies	included	for	analysis)

Symptom Range Median (IQR) References

Nausea 32-	71% 45	(35-	65) (4,5,16)

Vomiting 14-	25% 14 (4,16)

Globus (1%a)	27-	48% 27 (4,16)

Heartburn 25-	69% 38	(29-	63%) (3–5,16)

Regurgitation (4%a)	18-	69% 33	(8-	60%) (3–5,16)

Water	brash (1%a)	30-	31% 30 (4,16)

Belching (3%a)	41-	71% 43	(13-	65%) (4,5,16)

Bloating (17%a)	54-	89% 54 (4,16)

Dysphagia 11-	63% 24	(13-	55%) (4,5,16)

Dyspepsia (11%a)	34-	63% 43	(17-	63%) (3,4,16)

Epigastric	pain 79% (5)

Postprandial	
fullness

(7%a)	41-	67% 51	(16-	66%) (4,5,16)

Abdominal	pain 56-	100% 76	(58-	98%) (3,4,16)

IBS-	like	symptoms 30-	47% 39 (4,5)

Constipation 19-	42% 35	(23-	41%) (3–5,16)

Diarrhea 23-	42% 32	(25-	40%) (3–5,16)

Alternating	bowel	
habit

39-	66% 52 (16)

IQR:	interquartile	range,	given	when	available.
aGlobus,	 regurgitation,	 water	 brash,	 belching,	 bloating,	 dyspepsia,	 and	
postprandial	 fullness	 were	 less	 prevalent	 in	 the	 study	 of	 Nelson	 et	al.	 
(values	shown	in	parentheses).
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healthy	students	who	met	criteria	for	JHS/EDS-	HT	were	more	likely	
to	 experience	 multiple	 GI	 symptoms	 in	 particular	 postprandial	 dis-
tress	syndrome,	as	compared	to	healthy	non-	JHS/EDS-	HT	students.31 
Finally,	 comparison	 of	 different	 studies	 is	 troublesome	 due	 to	 large	
differences	 in	methodology	 (i.e.,	 diagnostic	 criteria	 used,	 healthcare	
setting,	 and	 study	 design).	We	were	 therefore	 unable	 to	 perform	 a	
meta-	analysis	of	data.

3.3 | Relevant non- GI manifestation in JHS/EDS- HT

There	 is	 growing	evidence	 that	patients	with	 JHS/EDS-	HT	have	an	
increased	prevalence	of	chronic	pain	syndromes,	autonomic	dysfunc-
tion,	and	psychopathology.	Because	these	factors	are	also	comorbid	
with	functional	GI	disorders,32,33	the	evidence	for	their	 involvement	
with	JHS/EDS-	HT	will	be	described	below.

3.3.1 | Chronic widespread pain and opiate use

A	 large	 survey	 conducted	 in	 the	 Netherlands	 among	 patients	 with	
EDS	(including	157	with	hypermobility	subtype)	showed	that	98%	of	
patients	experienced	chronic,	mostly	musculoskeletal	pain.34	Pain	se-
verity	changed	over	time	but	remained	continuously	present	in	85%	
of	patients.	 It	has	recently	been	postulated	that	chronic	widespread	
pain	in	JHS/EDS-HT	is	due	to	the	persistent	nociceptive	input	as	a	re-
sult	of	joint	abnormalities	that	triggers	central	sensitization	in	the	dor-
sal	horn	neurons.35	Moreover,	such	central	sensitization	may	also	be	
the	cause	of	generalized	hyperalgesia,	which	has	been	demonstrated	
in	both	children	and	adults	with	 JHS/EDS-	HT.36	 It	 should	be	noted	
however	that	other	factors	than	musculoskeletal	pain	may	contribute	
to	 chronic	pain	 in	patients	with	 JHS/EDS-HT.	 	 For	 example,	 a	high	
prevalence	of	 small	 fiber	neuropathy	has	been	 reported	 in	patients	
with	JHS/EDS-	HT,	resulting	in	neuropathic	pain.37

In	the	Dutch	survey	mentioned	above,	89%	of	the	patients	with	
EDS	who	had	pain	were	on	one	or	more	analgesics	with	23%	being	on	
tramadol.	Fikree	et	al.	found	similar	numbers	of	opioid	use	in	patients	
with	JHS/EDS-	HT	 referred	by	 the	 rheumatologist	 (29.6%).16	Opioid	
use	 is	particularly	relevant	 in	these	patients	because	of	their	poten-
tial	 to	 exacerbate	GI	 symptoms	 and	 result	 in	 opioid	 induced	 bowel	
dysfunction	 and	 potentially	 narcotic	 bowel	 syndrome,	which	makes	
management	even	more	challenging.38,39

3.3.2 | Autonomic dysfunction

Patients	with	joint	hypermobility	syndrome/EDS-	HT	can	experience	
symptoms	 suggestive	 of	 (pre)syncope	 (i.e.,	 light-	headedness,	 diz-
ziness,	and	actual	 fainting),	and	palpitations	and	chest	pain.	Hakim	
and	Grahame	reported	symptoms	of	presyncope	in	41%	of	patients	
with	JHS/EDS-	HT,	compared	with	only	15%	in	the	control	group.40 
A	subset	of	these	symptoms	may	be	explained	by	the	association	of	
JHS/EDS-	HT	with	 postural	 tachycardia	 syndrome	 (PoTS).	 Postural	
tachycardia	 syndrome	 is	 defined	 as	 an	 elevation	 of	 the	 heart	 rate	
of	at	 least	30	bpm	within	10	min	after	standing	upright,	or	a	heart	
rate	 >120	bpm	after	 standing.	 The	prevalence	of	 PoTS	 in	 patients	

with	JHS/EDS-	HT	reached	15%	in	one	study.41	Autonomic	dysfunc-
tion,	 such	 as	PoTS,	 orthostatic	hypotension,	 and/or	 uncategorized	
orthostatic	intolerance	are	seen	in	three	of	four	patients	with	JHS/
EDS-	HT.42	Postural	tachycardia	syndrome	can	be	treated	with	a	com-
bination	of	non-	pharmacological	 approaches,	 a	 structured	exercise	
training	program,	and	often	some	pharmacological	support.	Several	
hypotheses	have	been	formulated	to	explain	why	orthostatic	intol-
erance	 is	 so	 strongly	 associated	with	 JHS/EDS-	HT.	 These	 include	
among	others,	altered	vascular	tissue	elasticity,	impaired	peripheral	
vasoregulation,	physical	deconditioning,	and	neuropathies.40,43,44

Postural	tachycardia	syndrome,	independent	of	EDS	status,	is	as-
sociated	with	GI	symptoms	and	with	dysmotility	of	the	stomach,	small	
bowel,	 and	 colon,	 as	 demonstrated	 by	 a	 number	 of	 previous	 stud-
ies.45–47	 Patients	with	GI	 symptoms	who	meet	 the	 criteria	 for	JHS/
EDS-	HT	have	significantly	higher	autonomic	scores	for	orthostatic	do-
mains	(P<.001)	compared	to	patients	without	JHS/EDS-	HT.16

3.3.3 | Psychiatric comorbidity

Since	 the	 late	 80s,	 anxiety	 disorder	 has	 been	 described	 to	 appear	
more	 commonly	 in	 individuals	 with	 gJHM.48	 More	 recently,	 these	
associations	have	also	been	found	 in	patients	with	JHS/EDS-	HT,	as	
extensively	reviewed	by	Sinibaldi	et	al.49	Furthermore,	panic	disorder,	
agoraphobia,	simple	phobia,	and	dysthymic	disorder	or	major	depres-
sion	were	all	found	to	have	a	strong	association	with	JHS/EDS-	HT.50 
A	 15-	year	 follow-	up	 cohort	 study	 of	 patients	 with	 JHS/EDS-	HT	
showed	a	cumulative	incidence	of	panic	disorder	of	41.4%	in	the	JHS/
EDS-	HT	 group,	 compared	 with	 only	 1.9%	 in	 the	 non-	JHS/EDS-	HT	
control	group.51

The	observed	prevalence	of	anxiety	and	other	psychiatric	comor-
bidities	is	higher	in	JHS/EDS-	HT	than	other	chronic	pain	conditions,	
but	the	basis	for	this	is	not	fully	understood.52	Several	studies	have	
hypothesized	this	to	be	related	to	increased	interoception,	which	re-
fers	to	the	concept	of	sensory	bodily	information	that	is	continuously	
assessed	and	 interpreted	 in	 relation	 to	certain	expectations,	which	
results	 in	 a	 person	 becoming	 aware	 of	 his/her	 autonomic	 bodily	
state.	This	 interoceptive	sensitivity	enhances	 the	salience	of	previ-
ously	innocuous	stimuli,	meaning	that	bodily	prediction	error	signals	
(e.g.,	increased	heart	rate)	are	attributed	to	ambiguous	environmen-
tal	 stimuli,	which	 in	 turn	become	potential	 threats.53	 Interoceptive	
sensitivity	can	be	associated	with	enhanced	emotional	 responsive-
ness	resulting	in	anxiety	and	hypervigilance.54	It	has	been	confirmed	
through	 questionnaires	 that	 people	with	 gJHM	 score	 higher	 on	 a	
body	awareness	index,55	a	factor	which	can	contribute	to	the	devel-
opment	of	anxiety.

Other	possible	hypotheses	put	 forward	 to	explain	 the	 increased	
psychiatric	 manifestations	 in	 JHS/EDS-	HT	 include	 the	 fact	 that	 a	
greater	perception	of	 joint	 instability	 and	 the	 frequency	with	which	
this	 impacts	on	 activities	of	 daily	 living	 can	 contribute	 to	 anxiety.52 
Furthermore,	 frequent	 falling	 due	 to	 autonomic	 dysfunction	 can	
sometimes	result	in	kinesiophobia	(fear	of	movement)—an	excessive,	
irrational,	and	debilitating	fear	of	physical	movement	and	activity	re-
sulting	 from	a	 feeling	of	vulnerability	 to	painful	 injury	or	 re-	injury.56 
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In	addition,	a	considerable	phenomenological	overlap	exists	between	
symptoms	of	both	PoTS	and	anxiety	(i.e.,	panic,	dizziness,	palpitations)	
and	it	is	possible	that	these	symptoms	of	orthostatic	intolerance	may	
exacerbate	 anxiety,	 particularly	 so	 when	 combined	 with	 enhanced	
interoception.

A	recent	study	demonstrated	a	significant	association	of	abdom-
inal,	 joint,	and	neuropathic	pain	with	having	a	psychiatric	disorder	in	
EDS.57	However,	other	GI	manifestations,	notably	symptoms	of	dys-
pepsia	and	reflux,	were	not	significantly	affected	by	the	presence	of	
psychopathology.16	This	would	suggest	that	the	contribution	of	psy-
chopathology	to	GI	manifestations	in	JHS/EDS-	HT	may	be	symptom	
dependent	and	primarily	related	to	pain.

4  | DISCUSSION

Scientific	evidence	suggests	an	association	between	JHS/EDS-	HT	and	
GI	disorders,	and	these	patients	meet	the	criteria	for	FGIDs,	specifi-
cally	those	with	upper	GI	symptoms.4,5,16,17	Interestingly,	postprandial	
distress	syndrome,	a	subtype	of	dyspepsia,	showed	the	strongest	as-
sociation	with	JHS/EDS-	HT	in	one	study,17	and	symptoms	of	this	dis-
order	 including	bloating	and	postprandial	 fullness	were	consistently	
associated	with	 JHS/EDS-	HT	 in	multiple	 studies	 (see	 Table	 4),	 but	
the	etiology	behind	this	remains	to	be	elucidated.	Another	important	
observation	 is	 that	patients	with	 JHS/EDS-	HT	with	 lower	Beighton	
scores	 and	 modest	 musculoskeletal	 involvement	 seem	 to	 experi-
ence	fewer	GI	symptoms.16	It	could	be	speculated	that	these	patients	
would	 have	 a	 better	 prognosis	 concerning	 GI	 symptoms	 compared	
with	their	more	hypermobile	peers,	although	this	hypothesis	will	need	
to	be	assessed	in	future	studies.

The	prerequisite	step	to	the	development	of	a	more	complete	un-
derstanding	of	the	relationship	between	JHS/EDS-	HT	and	GI	symp-
toms	 is	 the	objective	assessment	as	 to	whether	such	symptoms	are	
attributable	 to	any	demonstrable	physiological	or	 anatomical	 abnor-
malities	 therein.	 It	 should	be	noted	 that,	 to	date,	only	a	preliminary	
study	has	examined	this	specifically.	 In	this	study,	esophageal	motil-
ity	was	evaluated	in	17	JHS/EDS-	HT	with	dysphagia	symptoms.	This	
study,	as	of	yet	available	in	abstract	form,	has	shown	that	59%	(10/17)	
of	patients	had	evidence	of	esophageal	dysmotility.58	No	other	stud-
ies	have	specifically	examined	the	physiological	and	anatomical	basis	
of	GI	symptoms	 in	JHS/EDS-	HT.	Although	several	studies	described	
the	 findings	 of	 physiological	 investigations	 in	 JHS/EDS-	HT,	 includ-
ing	Nelson	et	al.,4	as	discussed	in	detail	above,	 it	 is	difficult	to	inter-
pret	these	in	the	absence	of	a	clinical	background	of	the	patients.	 It	
therefore	remains	challenging	to	ascertain	the	pathophysiology	of	GI	
symptoms	 and	 FGIDs	 seen	 in	 patients	with	 JHS/EDS-	HT.	We	 here	
formulate	 a	 number	 of	 hypotheses	 on	 pathogenesis,	 including	 ones	
related	 to	 abnormal	motility,	 altered	 biomechanical	 properties	 (e.g.,	
compliance),	increased	sensitivity,	and	changes	in	the	brain–gut	axis,	
which	will	be	discussed	in	more	detail	below.

It	is	tempting	to	assume	that	GI	symptoms	in	patients	with	JHS/
EDS-	HT	would	relate	to	altered	motility	and	biomechanics	of	the	GI	
tract	as	a	result	of	the	connective	tissue	anomaly.	 It	 is	possible	that	

variations	 in	connective	tissue	and,	 in	particular,	 in	 the	extracellular	
matrix	(ECM)	composition	in	JHS/EDS-	HT	are	responsible	for	laxity	of	
joints,	pelvic	floor,	and	other	sites	including	the	GI	tract,	most	notably	
the	intestinal	wall.	A	previous	study	in	gJHM	found	evidence	for	signif-
icant	 anorectal	 anatomical	 abnormalities,	 including	 rectoceles25—no	
such	 studies	 have	yet	 been	performed	 in	JHS/EDS-	HT.	To	 date,	 no	
collagen	defects	and/or	associated	mutations	have	been	found	in	JHS/
EDS-	HT.	Only	in	5-	10%	of	patients	a	mutation	in	TNXB,	the	gene	that	
codes	 for	 tenascin-	X,	 a	 glycoprotein	 in	 the	ECM	 that	 is	 responsible	
for	organization	and	maintenance	of	 the	matrix	 itself,	was	 linked	 to	
an	autosomal	 recessive	 form	of	JHS/EDS-	HT.59,60	Notably,	we	have	
previously	reported	that	GI	symptoms	are	encountered	frequently	in	
tenascin-	X-	deficient	 patients.61	 For	 the	 remainder	 of	 patients,	 JHS/
EDS-	HT	is	a	diagnosis	of	exclusion.

Interestingly,	investigations	aimed	at	assessing	GI	motor	function,	
such	as	reported	by	Nelson	et	al.,	have	demonstrated	both	increased	
and	 delayed	gastric	 emptying	 and	 colonic	 transit,	which	would	 sug-
gest	involvement	of	other	mechanisms	than	merely	alterations	in	the	
mechano-	elastic	properties	of	the	 intestinal	wall.	Moreover,	very	re-
cently,	animal	studies	demonstrated	that	changes	in	mechano-	elastic	
properties	of	the	intestine	result	in	altered	mechano-	sensory	afferent	
responses.62	 Indeed,	 considerable	 scientific	 evidence	 exists	 to	 sup-
port	 a	 role	 for	 the	ECM	 in	nerve	 function.	Neurons	express	 certain	
receptors	that	enable	them	to	interact	with	the	surrounding	connec-
tive	tissue.	Furthermore,	the	ECM	can	affect	maturation	and	function	
of	synapses	in	the	peripheral	and	central	nervous	system	(for	review,	
see	Ref.	63).	More	specifically,	in vitro	studies	have	demonstrated	that	
the	ECM	microenvironment	has	profound	 influence	on	the	differen-
tiation	of	neuronal	 subtypes	 innervating	smooth	muscle	cells	of	 the	
intestine.64	In	fact,	the	composition	of	the	ECM	was	able	to	influence	
cholinergic	and	nitrergic	neurotransmission	 in	 these	neural	cells	and	
their	responses	to	electrical	field	stimulation.	This	suggests	significant	
effects	of	the	ECM	on	the	neurodevelopment	of	the	enteric	nervous	
system.	 It	 remains	 to	be	established,	however,	whether	such	neuro-
developmental	changes	are	present	in	patients	with	JHS/EDS-	HT	and	
whether	this	indeed	has	an	effect	on	the	development	of	GI	abnormal-
ities	and	symptoms	through	influencing	afferent	signaling.

We	hypothesize	that	presumed	changes	in	afferent	signaling	may	
result	in	(i)	increased	peripheral	discharge	of	nociceptive	information	
(peripheral	sensitization)	or	 (ii)	augmentation	of	afferent	 information	
at	 the	 level	 of	 spinal	 dorsal	 horn	 neurones	 (central	 sensitization).	
Sensitization	refers	to	a	reduction	in	the	threshold	for	perception	of	
sensory	 stimuli	 arising	 from	 visceral	 organs.	 A	 commonly	 accepted	
hypothesis	 in	 the	 development	 of	 functional	GI	 disorders	 is	 indeed	
related	to	visceral	hypersensitivity.65	We	therefore	speculate	that	neu-
rodevelopmental	 changes	 as	 a	 result	 of	 ECM	abnormalities	 in	 JHS/
EDS-	HT	may	render	 intestinal	afferents	more	prone	to	sensitization.	
However,	no	studies	have	specifically	examined	the	presence	of	vis-
ceral	hypersensitivity	in	JHS/EDS-	HT,	 let	alone	to	establish	whether	
this	is	related	to	alterations	in	afferent	signaling.

In	summary,	although	an	association	between	GI	 symptoms	and	
JHS/EDS-	HT	appears	to	have	been	consistently	reported,	it	remains	to	
be	established	what	the	exact	nature	of	the	connective	tissue	anomaly	
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is	 in	relation	to	GI	function	and	symptom	generation.	Although	sev-
eral	 hypotheses	 have	 been	 formulated	 (see	 Figure	3	 for	 schematic	
overview),	 the	 scarcity	of	 data	warrants	 further	mechanistic	 studies	
to	identify	the	pathophysiological	basis	of	this	association.	We	believe	
that	systematic	evaluation	of	GI	sensorimotor	function	and	genotyp-
ical	 characterization	of	patients	with	overlap	between	JHS/EDS-	HT	
and	FGIDs	is	an	important	research	area	in	the	future.

5  | CONCLUSIONS AND RECOMMENDATIONS 
FOR CLINICAL PRACTICE

We	 here	 provide	 recommendation	 for	 the	 clinical	 management	 of	
patients	with	JHS/EDS-	HT	presenting	with	GI	symptoms,	which	are	
based	 on	 expert	 opinion	 rather	 than	 scientific	 evidence	 due	 to	 the	
current	paucity	of	data.

1. Recognition.	 It	 is	 important	 for	 gastroenterologists	 to	 consider	
the	diagnosis	of	JHS/EDS-HT	in	patients	with	FGIDs	and	multiple	
musculoskeletal	symptoms.	When	JHS/EDS-HT	 is	suspected,	 the	
patient	 should	 be	 referred	 to	 a	 specialist	 that	 is	 familiar	 with	
the	 disorder	 (i.e.,	 clinical	 geneticist	 or	 rheumatologist)	 in	 order	
to	 establish	 a	 definitive	 diagnosis.

2. Multidisciplinary approach.	Recognition	of	comorbidities	as	part	of	a	
multisystem	disorder	warranting	a	multidisciplinary	approach	is	an	
important	clinical	imperative.	Pointing	out	to	patients	that	the	co-
morbidities	of	JHS/EDS-HT,	including	its	GI	manifestations,	are	the	
result	 of	 a	multisystem	 disorder,	may	 aid	 patients’	 psychological	
health	by	providing	reassurance	and	a	potential	explanation	of	their	
symptoms.

3. Opioid use.	An	attempt	should	be	made	to	decrease	the	use	of	opi-
oids	and	to	consider	replacing	them	with	pain	modulators	(such	as	
tricyclic	antidepressant,	gabapentinoids,	or	serotonin–norepineph-
rine	reuptake	inhibitors)	instead.	The	efficacy	of	pain	modulators	in	
this	group	of	patients	of	course	requires	further	study.

4. Nutritional aspects.	Attention	should	be	given	to	maintain	an	opti-
mal	nutritional	status	and	prevent	the	development	of	nutritional	
deficiencies.	 A	 number	 of	 potentially	 beneficial	 dietary	 supple-
ments	have	been	 reported	 for	 the	classical	 subtypes	of	EDS,	 in-
cluding	 carnitine,	 co-enzyme	 Q10,	 high	 doses	 of	 vitamin	 C	
(1500	mg/day),	and	various	chondral	protectors.66	The	exact	role	
for	these	supplements	in	the	therapy	for	JHS/EDS-HT	remains	to	
be	further	elucidated.

Studies	 have	 shown	 a	 remarkable	 association	 between	 FGIDs	
and	 JHS/EDS-	HT,	 suggesting	 that	 about	 50%	 of	 patients	with	 FD	
and	40%	of	 patients	with	 IBS	have	JHS/EDS-	HT.	This	 observation	
may	 indeed	 represent	 the	 first	 step	 toward	 the	 identification	 of	 a	
new	pathophysiological	basis	for	a	substantial	subgroup	of	patients	
with	FGID.	The	discovery	of	an	association	of	a	disorder	of	connec-
tive	 tissue	with	 hitherto	 unexplained	 GI	 symptoms	 has	 raised	 the	
prospect	 of	 identification	 of	 important	 therapeutic	 targets	 in	 the	
signaling	 and	 interaction	 between	ECM	and	 intestinal	 neural	 cells.	
It	 is	of	 interest	that	despite	extensive	advances	 in	our	understand-
ing	of	gut	sensorimotor	function,	the	aspect	that	 is	 least	studied	 is	
the	 role	 of	 connective	 tissue	 in	 gut	 function.	 Not	 very	 long	 ago—
against	all	odds—Helicobacter	pylori	was	found	to	be	the	cause	for	
peptic	ulcer	disease.	Time	will	tell	whether	the	putative	association	
between	 JHS/EDS-	HT	 and	 FGIDs	 has	 a	 similar	 potential	 within	
neurogastroenterology.

F IGURE  3 Diagram	illustrating	possible	pathways	for	the	pathogenesis	of	functional	gastrointestinal	disorders	in	joint	hypermobility	
syndrome/Ehlers-	Danlos	syndrome	hypermobility	type
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