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Abstract

Background: IndividuaѴs	with	hypermobiѴity	spectrum	disordersņhypermobiѴe	EhѴersŊ
DanѴos	syndrome	ŐHSDņhEDSő	frequentѴy	fuѴfiѴѴ	criteria	for	Rome	IV	functionaѴ	gasŊ
trointestinaѴ	disorders	ŐFGIDsőĺ	PosturaѴ	orthostatic	tachycardia	syndrome	ŐPOTSő	is	
aѴso	 commonѴy	 reported	 in	HSDņhEDS	and	may	 impact	 on	 coŊmorbidity	with	 and	
severity	of	FGIDsķ	aѴthough	this	remains	to	be	studiedĺ	We	determined	the	impact	of	
concomitant	POTS	and	HSDņhEDS	on	their	association	with	Rome	IV	FGIDsĺ
Methods: With	the	heѴp	of	the	charity	organization	EhѴersŊDanѴos	Support	UKķ	an	
onѴine	crossŊsectionaѴ	heaѴth	survey	was	compѴeted	by	individuaѴs	with	HSDņhEDSĺ	
The	survey	enquired	for	Őaő	seѴfŊreported	doctor	diagnosis	of	POTSķ	chronic	fatigue	
syndromeķ	and	fibromyaѴgiaķ	 Őbő	 the	presence	and	symptom	frequency	of	Rome	 IV	
FGIDsķ	and	Őcő	anxiety	and	depression	scoresĺ
Key Results: Of	ѵƐѵ	 subjects	with	HSDņhEDSķ	ƒƕĺƔѷ	 reported	 a	doctor	diagnosis	
of	POTSĺ	POTSŊpositive	individuaѴs	were	significantѴy	younger	than	POTSŊnegative	
subjects	Őƒƕ	vs	ƓƏ	yearsķ	P =	ƏĺƏƏƑőķ	more	ѴikeѴy	to	report	chronic	fatigue	syndrome	
ŐƓƓѷ	vs	ƒƐѷķ	P <	ƏĺƏƏƏƐőķ	and	showed	a	trend	toward	increased	prevaѴence	of	fibroŊ
myaѴgia	ŐƓƓѷ	vs	ƒƕѷķ	P =	ƏĺƏѵő	and	higher	depression	score	ŐP =	ƏĺƏƕőĺ	POTSŊpositive	
subjects	were	 aѴso	more	 ѴikeѴy	 to	 fuѴfiѴѴ	 criteria	 for	Rome	 IV	FGIDs	 across	 various	
organ	 domains	 and	 experienced	 both	 upper	 and	 Ѵower	 gastrointestinaѴ	 symptoms	
significantѴy	more	frequentѴyĺ	The	increased	associations	for	FGIDs	and	GI	symptom	
frequency	remained	unchanged	in	HSDņhEDS	subjects	with	POTS	foѴѴowing	adjustŊ
ments	for	ageķ	chronic	fatigue	syndromeķ	fibromyaѴgiaķ	and	depression	scoresĺ
Conclusions and Inferences: The	high	FGID	burden	in	HSDņhEDS	is	further	ampѴified	
in	the	presence	of	POTSĺ	Future	studies	shouѴd	eѴucidate	the	mechanism	by	which	
POTS	arises	in	HSDņhEDS	and	is	associated	with	increased	GI	symptomsĺ
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ƐՊ |ՊINTRODUC TION

HypermobiѴe	spectrum	disorders	ŐHSDő	affect	approximateѴy	ƒѷ	of	
the population and are defined as musculoskeletal symptoms in an 

individual with joint hypermobility but without systemic manifestaŊ
tions.ƐķƑ	 Such	 individuaѴs	 are	 simiѴar	 to	 patients	with	HypermobiѴe	
EhѴersŊDanѴos	Syndrome	ŐhEDSőķ	a	rare	 inherited	systemic	connecŊ
tive	tissue	disorder	affecting	Ɛ	in	ƔƏƏƏ	peopѴeĺ	With	diagnosis	based	
entireѴy	on	cѴinicaѴ	evaѴuationķ	HSD	and	hEDS	have	historicaѴѴy	been	
merged	as	indistinct	conditions	by	patients	and	research	groupsķ	aѴŊ
though recent data suggest that under the new classification system 

the	vast	proportion	of	subjects	with	HSDņhEDS	are	represented	by	
HSDĺ3	The	majority	of	subjects	with	HSDņhEDS	are	youngŊtoŊmiddѴe	
aged	womenķƐķƑ	 in	whom	coŊmorbidity	commonѴy	stems	 from	gasŊ
trointestinaѴ	compѴaintsķ	which	are	most	often	attributabѴe	to	funcŊ
tionaѴ	gastrointestinaѴ	disorders	ŐFGIDsőĺ4	Between	ѵƏѷ	to	over	ƖƏѷ	
of	individuaѴs	with	HSDņhEDS	fuѴfiѴѴ	criteria	for	a	Rome	IV	FGIDķƓķƔ 
with widespread somatic symptom reporting and opiate use being 

important mediating factors for gut symptoms.4

PosturaѴ	 orthostatic	 tachycardia	 syndrome	 ŐPOTSő	 is	 a	 poorѴy	
understood	 condition	 that	 aѴso	 predominantѴy	 affects	 youngŊ	 to	
middѴeŊaged	 womenķ	 between	 the	 ages	 of	 ƐƔŊƓƔ	 yearsķ	 and	 has	 a	
popuѴation	prevaѴence	of	ƏĺƑѷŊƐѷĺѵķƕ	POTS	is	characterized	by	an	exŊ
cessive	rise	in	heart	rate	of	more	than	ƒƏ	beats	per	minuteķ	without	
associated	hypotensionķ	that	occurs	within	ƐƏ	minutes	of	standing	and	
settles with recumbency.ѵķƕ	Symptoms	associated	with	orthostatic	inŊ
toѴerance	incѴude	preŊsyncopeķ	bѴurred	visionķ	breathѴessnessķ	paѴpitaŊ
tionsķ	chest	painķ	and	paresthesiaĺѵķƕ	Moreoverķ	a	wide	array	of	upper	
and	Ѵower	gastrointestinaѴ	symptomsŌsuch	as	dysphagiaķ	refѴuxķ	nauŊ
seaķ	abdominaѴ	painķ	bѴoatingķ	and	aѴtered	boweѴ	habitŌare	reported	
by	up	to	ѶƏѷ	of	subjects	with	POTSĺѶķƖ The etiology of gastrointesŊ
tinaѴ	symptoms	in	POTS	is	not	entireѴy	cѴearĺƖķƐƏ The role of abnormal 

spѴanchnic	bѴood	fѴow	has	been	questioned	due	to	Ѵimited	and	confѴictŊ
ing results.10	A	prevaiѴing	hypothesis	is	autonomic	dysfunction	of	the	
GI	tractķ11 a concept supported by case–control studies demonstratŊ
ing	 abnormaѴ	 gastric	 myoeѴectricaѴ	 activity	 in	 POTS	 compared	with	
controѴsķƐƑķƐƒ and gastrointestinal symptoms being more prevalent in 

POTS	patients	with	autonomic	neuropathy	than	in	those	without	auŊ
tonomic neuropathy.14	Howeverķ	there	are	aѴso	data	showing	that	beŊ
tween	oneŊthird	and	twoŊthirds	of	POTS	patients	with	gastrointestinaѴ	
symptoms	have	gastric	emptying	rates	within	the	normaѴ	rangeķ9 which 

casts doubt on autonomic dysautonomia being solely responsible.ƖķƐƏ 

Moreoverķ	 a	 substantiaѴ	 proportion	 of	 subjects	 with	 POTS	 have	 GI	
symptoms irrespective of posture.ѶķƐƏ	Henceķ	other	pathophysioѴogicaѴ	
factors	may	be	of	reѴevanceķ	 incѴuding	psychoѴogicaѴ	distressķ	centraѴ	
sensitisationķ	and	behavioraѴ	ampѴification	whichŌindependentѴy	assoŊ
ciated	with	FGIDsŌare	frequentѴy	observed	in	POTSĺѶķƐƏ	In	summaryķ	
GI	symptoms	seem	to	be	common	 in	POTSķ	with	the	etioѴogy	being	
uncѴear	but	potentiaѴѴy	muѴtiŊfactoriaѴĺƖķƐƏ

Of	 Ѵateķ	 there	 has	 been	 growing	 interest	 in	 outѴining	 a	 reѴaŊ
tionship	 between	 HSDņhEDS	 and	 POTSķ	 aѴthough	 a	 bioѴogicaѴѴy	
plausible mechanism to directly interlink these conditions remains 

elusive.15	 Between	 ѵƏ	 and	 ѶƏ	 percent	 of	 patients	 with	 HSDņ

hEDS	 have	 a	 disorder	 of	 orthostatic	 intoѴeranceķ	 such	 as	 POTSĺ9 

ConverseѴyķ	up	to	a	fifth	of	patients	with	POTS	have	HSDņhEDSĺ16 

A	few	studies	have	noted	 increased	symptom	burden	 in	 individuŊ
aѴs	with	comorbid	HSDņhEDS	and	POTSķ	as	opposed	to	either	one	
alone.ƐƕķƐѶ	Howeverķ	these	studies	are	smaѴѴ	and	those	pertinent	to	
gastroenterology limited to evaluating esophageal symptoms of 

dysphagia	and	refѴux	onѴyĺ17	There	have	been	no	studies	examining	
how	POTS	in	HSDņhEDS	affects	the	whoѴe	repertoire	of	Rome	IV	
FGIDsķ	in	terms	of	their	individuaѴ	presenceķ	but	aѴso	symptom	seŊ
verityĺ	We	aimed	to	study	this	in	depth	by	using	a	Ѵarge	sampѴe	of	
individuaѴs	with	HSDņhEDSĺ

ƑՊ |ՊMETHODS

ƑĺƐՊ|ՊEthics

The	study	was	deemed	 IRBŊexempt	by	 the	University	of	SheffieѴd	
ŐUKő	as	aѴѴ	study	participants	were	anonymous	to	the	investigatorsĺ

ƑĺƑՊ|ՊStudy design and participants

In	October	 ƑƏƐѶķ	 an	 onѴine	 heaѴth	 questionnaire	 from	 our	 research	
group	was	sent	out	by	the	charity	organization	EhѴersŊDanѴos	Support	
UK	to	its	ƒѶƕƓ	contactabѴe	membersĺ	FoѴѴowing	an	eŊmaiѴ	reminder	at	
Ƒ	weeksķ	the	survey	was	cѴosed	at	Ɛ	monthĺ	In	totaѴķ	ƕƕƕ	subjects	with	
a	medicaѴ	diagnosis	of	EDS	compѴeted	the	surveyķ	giving	a	 response	
rate	of	ƑƏѷĺ	Of	theseķ	ѵѵƔ	had	a	diagnosis	of	hEDSķ	which	was	subŊ
sequentѴy	reŊcѴassified	as	HSDņhEDS	given	that	the	society	aѴѴows	its	
members	to	use	the	terms	hEDS	and	HSD	interchangeabѴyĺ	FoѴѴowing	
excѴusion	of	ƓƖ	HSDņhEDS	subjects	known	to	aѴso	have	organic	GI	disŊ
ease	ŐƑѶ	ceѴiac	diseaseķ	ƑƑ	infѴammatory	boweѴ	diseaseķ	Ƒ	gastrointestiŊ
naѴ	cancerső	this	Ѵeft	ѵƐѵ	subjects	with	HSDņhEDS	eѴigibѴe	for	anaѴysisĺ

ƑĺƒՊ|ՊQuestionnaire

The	 comprehensive	 questionnaire	 coѴѴected	 information	 on	 the	
following:

Key Points

Ŏ	 In	this	Ѵarge	cohort	of	subjects	with	HSDņhEDSķ	over	a	
third	reported	a	doctor	diagnosis	of	POTSĺ

� The high functional gastrointestinal disorder burden in 

HSDņhEDS	is	further	ampѴified	 in	those	with	concomiŊ
tant	POTSĺ

Ŏ	 How	POTS	arises	in	HSDņhEDSķ	and	is	associated	with	
increased	GI	 symptomsķ	 requires	 eѴucidation	 in	 future	
research.
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1. Medical history—this included basic demographic data in addition 

to	 asking	 HSDņhEDS	 subjects	 if	 they	 had	 been	 given	 a	 doctor	
diagnosis	of	POTSķ	 chronic	 fatigue	 syndromeķ	and	 fibromyaѴgiaĺ	
Subjects	 were	 aѴso	 asked	whether	 they	were	 taking	 anaѴgesics	
and	neuromoduѴatorsķ	given	that	pain	and	psychoѴogicaѴ	distress	
is	 commonѴy	 associated	 with	 HSDņhEDSĺƒķƐƖ

Ƒĺ	 Patient	heaѴth	questionnaire	ŐPHQőŊƖ	and	GeneraѴ	anxiety	disorŊ
der	ŐGADőŊƕ	questionnaireŌThese	are	nineŊ	and	sevenŊitem	quesŊ
tionnairesķ	 respectiveѴyķ	which	are	wideѴy	used	and	vaѴidated	 to	
assess	severity	of	symptoms	of	depression	and	generaѴized	anxiŊ
ety.ƑƏķƑƐ	The	PHQŊƖ	categorizes	symptoms	of	depression	as	none	
ŐscoreĹ	ƏŊƓőķ	miѴd	ŐƔŊƖőķ	moderate	ŐƐƏŊƐƓőķ	moderateѴy	severe	ŐƐƔŊ
ƐƖőķ	 and	 severe	 ŐƑƏŊƑƕőĺ20	 The	GADŊƕ	 categorizes	 symptoms	of	
anxiety	 as	miѴd	 Őscore	ƏŊƔőķ	moderate	 ŐѵŊƐƏőķ	moderateѴy	 severe	
ŐƐƐŊƐƔőķ	and	severe	ŐƐѵŊƑƐőĺ21

ƒĺ	 Rome	 IV	diagnostic	questionnaireŌThis	 is	 a	 vaѴidated	questionŊ
naire	benchmarked	as	the	primary	diagnostic	tooѴ	for	FGIDs	and	
used	to	diagnose	FGID	for	incѴusion	into	cѴinicaѴ	triaѴs	and	obserŊ
vational studies.22	We	used	the	Rome	IV	diagnostic	questionnaire	
to	report	individuaѴsķ	which	met	the	criteria	of	FGID	in	this	studyķ	
and	subcategorized	them	into	one	of	the	six	anatomicaѴ	GI	regions	
in	which	their	symptoms	beѴong	toķ	that	isķ	esophageaѴķ	gastroduŊ
odenaѴķ	gaѴѴbѴadderķ	boweѴķ	anorectaѴķ	and	centraѴѴy	mediated	disŊ
orders	of	painĺ	We	aѴso	documented	what	proportion	of	subjects	
reported	upper	and	Ѵower	GI	symptoms	at	Ѵeast	Ɛ	dayņweekĺ

ƑĺƓՊ|ՊStatisticaѴ anaѴysis

StatisticaѴ	anaѴysis	was	carried	out	using	SPSS	version	ƑƔĺƏ	softwareķ	
with significance set at a PŊvaѴue	 of	< 0.05. There were no missŊ
ing	data	because	the	onѴine	questionnaire	 required	participants	 to	
compѴete	 each	 appѴicabѴe	 question	 before	 being	 aѴѴowed	 to	move	
onto	 the	next	 stepĺ	CategoricaѴ	variabѴes	were	summarized	by	deŊ
scriptive	 statisticsķ	 incѴuding	 totaѴ	 numbers	 and	 percentagesķ	with	
comparisons	between	groups	performed	using	the	chiŊsquare	testĺ	
Continuous	variabѴes	were	summarized	by	mean	and	standard	deŊ
viationķ	with	difference	between	two	independent	groups	assessed	
using	the	twoŊgroup	Studentŝs	t test.

We	 then	 performed	 binary	 Ѵogistic	 regression	 to	 estabѴish	 the	
strength	of	associations	for	FGIDS	in	HSDņhEDS	subjects	with	POTS	
compared	to	those	without	POTSĺ	This	was	initiaѴѴy	performed	unadŊ
justed and then adjusted for general health factors that were signifŊ
icant on univariate analysis.

ƒՊ |ՊRESULTS

ƒĺƐՊ|ՊGeneraѴ characteristics of HSDņhEDS subjects

The	 ѵƐѵ	 incѴuded	 subjects	with	HSDņhEDS	were	 predominantѴy	
femaѴe	 ŐƖƒѷő	 and	 of	 white	 race	 ŐƖƓѷő	 and	 had	 a	 mean	 age	 of	
ƒƖ	 yearsĺ	 NearѴyķ	 aѴѴ	 individuaѴs	 with	 HSDņhEDS	 ŐƖѶѷő	 had	 an	

FGID	according	to	Rome	IV	diagnostic	criteriaķ	with	the	most	comŊ
monѴy	affѴicted	organ	domains	being	the	boweѴ	ŐƖƏѷőķ	gastroduoŊ
denaѴ	 ŐƕƏѷőķ	esophageaѴ	 ŐƔѵѷőķ	and	anorectaѴ	 ŐƔƒѷő	 regionsĺ	The	
vast	majority	ŐѶƓѷő	had	more	than	one	affected	GI	organ	regionķ	
and this has been described in more detail in a recent publication 

using the same population cohort.4	The	mean	PHQŊƖ	and	GADŊƕ	
score	among	individuaѴs	with	HSDņhEDS	were	ƐƓĺƐ	and	Ɩĺѵķ	sugŊ
gestive	of	moderate	ѴeveѴs	of	depression	and	generaѴized	anxietyķ	
respectively.

ƒĺƑՊ|ՊComparison between HSDņhEDS subjects 
with and without POTS

A	doctor	diagnosis	of	POTS	was	reported	by	ƒƕĺƔѷ	Őn	=	ƑƒƐő	of	inŊ
dividuaѴs	with	HSDņhEDSķ	with	the	remaining	ѵƑĺƔѷ	Őn	=	ƒѶƔő	not	
having	 POTSĸ	 TabѴe	 Ɛĺ	 Those	 HSDņhEDS	 individuaѴs	 cѴassified	 as	
POTSŊpositive	were	significantѴy	younger	than	POTSŊnegative	subŊ
jects	Őƒƕ	vs	ƓƏ	yearsķ	P =	ƏĺƏƏƑőķ	more	ѴikeѴy	to	report	chronic	fatigue	
syndrome	 ŐƓƓѷ	vs	ƒƐѷķ	P <	 ƏĺƏƏƏƐőķ	 and	 showed	a	 trend	 toward	
increased	 prevaѴence	 of	 fibromyaѴgia	 ŐƓƓѷ	 vs	 ƒƕѷķ	P =	 ƏĺƏѵő	 and	
higher depression symptom scores (P =	ƏĺƏƕőĺ	Howeverķ	there	was	
no	statisticaѴ	difference	in	the	use	of	anaѴgesia	ŐѶƒѷ	vs	ѶƔѷķ	P =	ƏĺƔő	
or	neuromoduѴators	ŐƒѶѷ	vs	ƓƓѷķ	P =	ƏĺƑő	between	the	groupsĺ

The	overaѴѴ	prevaѴence	of	any	FGID	did	not	differ	in	HSDņhEDS	
subjects	with	and	without	concomitant	POTS	ŐƖƖѷ	vs	Ɩƕѷķ	P =	ƏĺƐƒőĺ	
The	majority	of	subjects	in	both	groups	reported	FGIDs	from	more	
than	 one	 organ	 regionķ	 aѴthough	 this	was	 noted	 to	 be	more	 comŊ
mon	in	the	POTSŊpositive	than	POTSŊnegative	cohort	ŐѶѶѷ	vs	ѶƐѷķ	
P =	 ƏĺƏƑőĺ	Moreoverķ	 the	mean	 number	 of	 affѴicted	 FGID	 regions	
in	POTSŊpositive	 cohort	was	ƑĺƖ	 compared	with	Ƒĺѵ	 in	 the	POTSŊ
negative	groupķ	P < 0.0001.

With	regard	to	the	presence	of	individuaѴ	FGIDķ	HSDņhEDS	subŊ
jects	with	POTS	were	more	ѴikeѴy	than	their	POTSŊnegative	counterŊ
parts	to	have	Őaő	functionaѴ	gastroduodenaѴ	disorders	ŐƕƔѷ	vs	ѵƕѷķ	
P =	ƏĺƏƓőķ	manifesting	most	frequentѴy	as	functionaѴ	dyspepsia	Őѵƕѷ	
vs	ƔƏѷķ	P <	ƏĺƏƏƐő	and	chronic	nausea	and	vomiting	syndrome	ŐƑƑѷ	
vs	ƐƏѷķ	P <	ƏĺƏƏƐőĸ	Őbő	functionaѴ	esophageaѴ	disorders	Őѵѵѷ	vs	ƔƏѷķ	
P <	 ƏĺƏƏƐőķ	 manifesting	 most	 frequentѴy	 as	 functionaѴ	 heartburn	
ŐƒƐѷ	vs	ƑƐѷķ	P =	 ƏĺƏƏƕő	 and	dysphagia	 ŐƔƐѷ	vs	ƒƐѷķ	P =	 ƏĺƏƏƐőĸ	
and	Őcő	functionaѴ	anorectaѴ	disorders	ŐѵƏѷ	vs	ƓƖѷķ	P =	ƏĺƏƐőķ	maniŊ
festing	most	frequentѴy	as	fecaѴ	incontinence	ŐƑƐѷ	vs	ƐƓѷķ	P =	ƏĺƏƑő	
and	Ѵevator	ani	syndrome	ŐƑƓѷ	vs	ƐƔѷķ	P =	ƏĺƏƏƔőĺ	Howeverķ	there	
was no difference between the groups with regard to the most comŊ
monѴy	affѴicted	FGID	region	 that	being	 functionaѴ	boweѴ	disorders	
which	was	reported	by	ѶƖѷ	and	ƖƐѷ	of	subjects	with	and	without	
POTSķ	respectiveѴyĺ	Howeverķ	within	the	boweѴ	domainķ	there	was	a	
trend	 toward	more	 irritabѴe	boweѴ	syndrome	 in	 the	POTSŊpositive	
group	ŐƔƖѷ	vs	ƔƐѷķ	P =	ƏĺƏѵőĺ

Moreoverķ	experiencing	upper	and	Ѵower	gastrointestinaѴ	sympŊ
toms	at	 Ѵeast	Ɛ	dayņweek	was	significantѴy	more	common	in	HSDņ
hEDS	subjects	with	than	without	concomitant	POTSĺ	This	incѴudes	
both	painfuѴ	and	nonŊpainfuѴ	symptoms	ŐFigure	Ɛőĺ
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TA B L E  Ɛ ՊCharacteristics	of	subjects	with	HSDņhEDSķ	and	in	those	with	and	without	concomitant	POTS

Combined (n = 616)

POTS positive 

(n = 231; 37.5%) POTS negative (n = 385; 62.5%) P-value

Demographics

Female ƔƖƒ	ŐƖѵѷő ƑƑƔ	ŐƖƕѷő ƒѵѶ	ŐƖѵѷő .3

Age ƒƖĺƐ	ŐƐƑĺѶő ƒƕ	ŐƐƒő ƓƏĺƒ	ŐƐƑĺѵő .002

Age	category

ƐѶŊƒƓ	years ƑƓѶ	ŐƓƏѷő ƐƐƒ	ŐƓƖѷő ƐƒƔ	ŐƒƔѷő .003

ƒƔŊƓƖ	years ƑƒѶ	ŐƒƖѷő ƕѶ	ŐƒƓѷő ƐѵƏ	ŐƓƑѷő

ƔƏŊѵƓ	years ƐƐƏ	ŐƐѶѷő ƒƐ	ŐƐƒѷő ƕƖ	ŐƑƏѷő

65 years + ƑƏ	Őƒѷő Ɩ	ŐƓѷő ƐƐ	Őƒѷő

White	ethnicity ƔƕƖ	ŐƖƓѷő ƑƐѵ	ŐƖƓѷő ƒѵƒ	ŐƖƓѷő .7

GeneraѴ	heaѴth

Depression	and	anxiety

PHQ	ŋ	Ɩ	depression	score ƐƓĺƐ	ŐѵĺƓő ƐƓĺƕ	ŐѵĺƔő ƐƒĺѶ	ŐѵĺƓő .07

GAD	ŋ	ƕ	anxiety	score Ɩĺѵ	ŐѵĺƓő Ɩĺƕ	ŐѵĺƑő Ɩĺѵ	Őѵő .9

Fibromyalgia ƑƓƒ	ŐƒƖѷő ƐƏƑ	ŐƓƓѷő ƐƓƐ	Őƒƕѷő .06

Chronic fatigue syndrome ƑƒƔ	ŐƒѶѷő ƐƏƑ	ŐƓƓѷő ƐƑƏ	ŐƒƐѷő <.0001

Rome	IV	functionaѴ	gastrointestinaѴ	disorders

Functional esophageal disorders ƒƓѵ	ŐƔѵѷő ƐƔƑ	Őѵѵѷő ƐƖƓ	ŐƔƏѷő <.001

Functional chest pain ƕƖ	ŐƐƒѷő ƒƒ	ŐƐƓѷő Ɠѵ	ŐƐƑѷő .4

Functional heartburn ƐƔƑ	ŐƑƔѷő ƕƐ	ŐƒƐѷő Ѷ	ŐƑƐѷő .007

GѴobus ƐƐ	ŐƑѷő Ɛ	ŐƏĺƓѷő ƐƏ	Őƒѷő .06

Functional dysphagia ƑƔƖ	ŐƓƑѷő ƐƐƕ	ŐƔƐѷő ƐƓƑ	Őƒƕѷő .001

Functional biliary disorders ƕ	ŐƐѷő Ɣ	ŐƑѷő Ƒ	ŐƏĺƔѷő .1

Functional gastroduodenal disorders ƓƒƐ	ŐƕƏѷő Ɛƕƒ	ŐƕƔѷő ƑƔѶ	Őѵƕѷő .04

Functional dyspepsia ƒƓѶ	ŐƔƕѷő ƐƔѵ	ŐѵƕĺƔѷő ƐƖƑ	ŐƔƏѷő <.001

PostprandiaѴ	distress	syndrome ƒƏѵ	ŐƔƏѷő ƐƓƔ	Őѵƒѷő ƐѵƐ	ŐƓƑѷő <.001

Epigastric pain syndrome ƐƖƖ	ŐƒƑѷő ƖƑ	ŐƓƏѷő ƐƏƕ	ŐƑѶѷő .002

BeѴching ƕƏ	ŐƐƐѷő ƒƒ	ŐƐƓѷő ƒƕ	ŐƐƏѷő ĺƏѶ

Rumination ƐѶƖ	ŐƒƐѷő ƕƒ	ŐƒƑѷő ƐƐѵ	ŐƒƏѷő .7

Chronic nausea and vomiting 

syndrome

ѶƖ	ŐƐƓѷő ƔƐ	ŐƑƑѷő ƒѶ	ŐƐƏѷő <.001

Cyclical vomiting syndrome ѵƓ	ŐƐƏѷő ƒƏ	ŐƐƒѷő ƒƓ	ŐƖѷő .1

Functional bowel disorders ƔƔƓ	ŐƖƏѷő ƑƏƔ	ŐѶƖѷő ƒƓƖ	ŐƖƐѷő .5

Irritable bowel syndrome ƒƒƔ	ŐƔƓѷő Ɛƒƕ	ŐƔƖѷő ƐƖѶ	ŐƔƐѷő .06

Functional constipation ƕѵ	ŐƐƑѷő ƒƐ	ŐƐƒѷő ƓƔ	ŐƐƑѷő .5

OpiateŊinduced	constipation ѵƏ	ŐƐƏѷő ƑƐ	ŐƖѷő ƒƖ	ŐƐƏѷő .7

Functional diarrhea ƒƓ	ŐƔĺƔѷő ѵ	Őƒѷő ƑѶ	Őƕѷő .01

Functional bloating and distension Ɛƕ	Őƒѷő Ɠ	ŐƑѷő Ɛƒ	Őƒѷő .23

Unspecified	functionaѴ	boweѴ	disorder ѵƏ	ŐƐƏѷő ƐƔ	Őƕѷő ƓƔ	ŐƐƑѷő .04

Centrally mediated abdominal pain 

syndrome

ƒ	ŐƏĺƔѷő Ə	ŐƏѷő ƒ	ŐƏĺѶѷő .3

Functional anorectal disorders ƒƑƔ	ŐƔƒѷő ƐƒѶ	ŐѵƏѷő ƐѶƕ	ŐƓƖѷő .01

Fecal incontinence ƐƏƏ	ŐƐѵѷő ƓѶ	ŐƑƐѷő ƔƑ	ŐƐƓѷő .02

Levator	ani	syndrome ƐƐƓ	ŐƐƖѷő Ɣѵ	ŐƑƓѷő ƔѶ	ŐƐƔѷő .005

ProctaѴgia	fugax ƐѶƏ	ŐƑƖѷő ѵѶ	ŐƑƖѷő ƐƐƑ	ŐƑƖѷő .9
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ƒĺƒՊ|ՊOdds ratio for FGIDs in HSDņhEDS subjects 
with POTS vs without POTS

The	 increased	 odds	 ratio	 for	 FGIDs	 in	 those	 HSDņhEDS	 subjects	
with	POTSķ	compared	to	those	without	POTSķ	is	shown	in	TabѴe	Ƒĺ	
Following adjustments for factors significant on univariate analysis 

Őieķ	 ageķ	 chronic	 fatigueķ	 fibromyaѴgiaķ	 and	 depression	 scoreső	 the	
increased	odds	 ratio	 for	 FGIDs	 among	POTSŊpositive	 subjects	 reŊ
mained	essentiaѴѴy	unaѴteredĺ	SimiѴarѴyķ	the	unadjusted	and	adjusted	
odds	ratio	for	experiencing	gastrointestinaѴ	symptoms	ľat	Ѵeast	one	
day per week” also remained increased in those with concomitant 

POTS	ŐTabѴe	ƒőĺ

ƓՊ |ՊDISCUSSION

To	our	knowѴedgeķ	this	is	the	first	study	examining	what	impact	conŊ
comitant	POTS	in	HSDņhEDS	has	on	the	presence	of	Rome	IV	FGIDs	
and	their	symptom	frequencyĺ	We	show	thatķ	irrespective	of	POTSķ	
aѴmost	aѴѴ	sampѴed	individuaѴs	with	HSDņhEDS	fuѴfiѴѴ	diagnostic	criŊ
teria	for	one	or	more	FGIDsĺ	Howeverķ	in	the	third	with	POTSķ	the	iѴѴŊ
ness pattern appears further amplified as demonstrated by a greater 

prevaѴence	of	chronic	fatigueķ	a	trend	toward	increased	fibromyaѴgia	
and	eѴevated	depression	symptom	scoresķ	and	greater	presence	of	
individuaѴ	 FGIDsŌwith	 increased	 symptom	 frequencyŌas	 weѴѴ	 as	
more	affѴicted	FGID	regionsĺ	This	presence	of	FGIDsķ	and	GI	sympŊ
tom	frequencyķ	persists	even	after	adjusting	for	potentiaѴѴy	reѴevant	
factors.

The	high	prevaѴence	of	Rome	IV	FGIDs	in	HSDņhEDS	has	been	
described in a recent publication4 and is in line with previous reports 

using	historic	criteriaķ5 with relevant factors mediating this associaŊ
tion being high somatic symptom reporting behavior and the use of 

opiates.4	Our	current	anaѴyses	suggest	that	the	coŊpresence	of	POTS	
is also associated with amplified gastrointestinal illness burden. 

Howeverķ	the	Ѵiterature	is	shrouded	in	uncertainty	and	controversy	
as	 to	 how	 POTS	 arises	 in	HSDņhEDS	 and	 contributes	 toward	 the	
GI	 symptomsĺ15 There is currently no biologically plausible pathoŊ
physioѴogicaѴ	 mechanism	 to	 directѴy	 Ѵink	 HSDņhEDS	with	 POTSĺ15 

Suggestions	of	 Ѵaxity	of	bѴood	vesseѴs	 in	hEDSņHSD	as	a	 cause	of	
POTS	specuѴative	and	devoid	of	evidenceĸ	notabѴyķ	what	argues	furŊ
ther	against	such	a	mechanism	is	that	POTS	is	rareѴy	Ѵinked	with	vasŊ
cuѴar	EDSĺ23	Ratherķ	the	presence	of	POTS	in	HSDņhEDS	has	been	
hypothesized	to	arise	as	a	secondary	epiphenomenonķ	or	as	a	comŊ
mon	finaѴ	pathwayķ	due	to	the	combination	of	commonѴy	observed	
confounding factors seen in this cohort such as somatic hypervigŊ
iѴanceķ	 psychoѴogicaѴ	 distressķ	 centraѴ	 sensitisation	with	 behavioraѴ	
ampѴificationķ	physicaѴ	deŊconditioningķ	poor	oraѴ	intakeķ	and	the	use	
of drugs that can affect neuronal function and possess vasoactive 

properties	Őegķ	opiatesőĺѶķƐƔ	In	factķ	the	management	of	POTSŌwhiѴe	
being outside the scope of this paper—does entail addressing the 

aforementioned factors.6

With	 regard	 to	 how	 POTS	 contributes	 toward	 GI	 symptomsķ	
this	mayķ	in	partķ	be	due	to	autonomic	dysfunction	for	which	there	
is	 someķ	 aѴbeit	 Ѵimitedķ	 evidenceĺѶŊƐƓ	Howeverķ	 the	 Ѵiterature	quesŊ
tions this as a sole mechanism given that dysautonomia would not 

readiѴy	expѴainĹ	Őaő	why	a	proportion	of	individuaѴs	with	POTS	have	
such	debiѴitating	nonŊorthostatic	GI	symptomsķ	Őbő	why	GI	symptoms	
can	persist	despite	the	POTS	being	controѴѴedķ	and	Őcő	why	ľpainŊreŊ
Ѵated	symptomsĿ	are	so	pronounced	throughout	the	GI	 tractĺ10	An	
aѴternate	hypothesis	is	thatķ	in	such	instancesķ	POTS	is	mereѴy	a	byŊ
stander and that some of the proposed factors relevant to its genesis 

within	HSDņhEDS	are	integraѴ	toward	further	exacerbating	the	dysŊ
functionaѴ	brainŋgut	axisĺѶķƐƔ Further research is needed to disentanŊ
gѴe	this	compѴex	matrix	and	provide	some	cѴarityĺ

This study has a number of strengths. It adds to a body of smaller 

studiesķ	as	it	is	a	Ѵarge	prospective	examination	of	FGIDs	defined	acŊ
cording	to	the	Rome	IV	criteria	among	seѴect	individuaѴs	with	HSDņ
hEDSĺ	EvaѴuating	the	members	of	the	EhѴersŊDanѴos	Support	group	

F I G U R E  Ɛ ՊThe	frequency	of	upper	and	
Ѵower	gastrointestinaѴ	symptoms	ľat	Ѵeast	
one	day	per	weekĿ	in	subjects	with	HSDņ
hEDS	with	and	without	POTSĺ	NoteĹ	AѴѴ	
symptoms	Őexcept	for	fecaѴ	incontinenceő	
were	significantѴy	more	common	in	HSDņ
hEDS	subjects	with	concomitant	POTS	
than	without	POTS
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captured	individuaѴs	throughout	the	United	Kingdomķ	as	opposed	to	
patients	attending	a	singѴe	centerĺ	The	questionnaire	was	promoted	
as	 a	 generaѴ	 heaѴth	 surveyķ	 and	not	GIŊreѴatedķ	 thus	 aiding	efforts	
toward	 reducing	 seѴection	biasĺ	 Furthermoreķ	 the	onѴine	questionŊ
naire	 pѴatform	 had	 data	 verificationķ	 attention	 checkķ	 and	 repeat	
questions	to	ensure	there	were	no	missing	data	whiѴe	aѴso	faciѴitating	
excѴusion	of	inconsistent	respondersĺ	Howeverķ	there	are	appreciaŊ
bѴe	 Ѵimitations	 to	our	 studyĺ	The	presence	of	FGIDs	was	based	on	
symptom	reporting	onѴy	and	couѴd	not	be	verified	by	any	tests	to	exŊ
cѴude	organic	GI	diseaseĺ	Howeverķ	to	partiaѴѴy	compensate	for	thisķ	
we	did	excѴude	participants	who	discѴosed	a	history	of	organic	GI	
diseaseĺ	We	aѴso	cannot	confirm	or	refute	the	seѴfŊreported	doctor	
diagnosis	of	HSDņhEDSķ	POTSķ	chronic	fatigue	syndrome	or	fibroŊ
myaѴgiaķ	as	participants	were	anonymous	and	we	had	no	access	to	

their	medicaѴ	records	Őegķ	to	check	for	autonomic	function	testingőķ	
and nor could we perform our own independent clinical evaluation. 

FinaѴѴyķ	the	response	rate	of	ƑƏѷ	societaѴ	members	may	mean	that	
our	 findings	 cannot	necessariѴy	 be	 generaѴized	 to	 the	wider	HSDņ
hEDS	 communityķ	 aѴthough	 our	 cohort	 does	 resembѴe	 the	 severe	
cѴinicaѴ	 phenotype	 of	 HSDņhEDS	 patients	 attending	 cѴinicaѴ	 pracŊ
tice.ƑƓķƑƔ	Moreoverķ	the	prevaѴence	of	POTS	in	HSDņhEDS	was	simiŊ
Ѵar	to	that	reported	eѴsewhere	in	the	Ѵiteratureķ	which	Ѵends	support	
to our findings being clinically applicable.9

In	concѴusionķ	the	high	functionaѴ	gastrointestinaѴ	disease	burden	
in	HSDņhEDS	is	further	ampѴified	in	those	with	concomitant	POTSĺ	
How	POTS	arises	in	HSDņhEDSķ	and	is	associated	with	increased	GI	
symptomsķ	requires	eѴucidation	in	future	researchĺ
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TA B L E  Ƒ ՊThe	odds	ratio	for	FGIDs	in	HSDņhEDS	subjects	with	
POTS	vs	without	POTS

Unadjusted odds 
ratio

Adjusted odds 

ratioaՔ

Functional heartburn Ɛĺƕ	ŐƐĺƑŊƑĺƓő Ɛĺѵ	ŐƐĺƐŊƑĺƒő

Functional dysphagia ƐĺѶ	ŐƐĺƒŊƑĺƓő Ɛĺѵ	ŐƐĺƐŊƑĺƒő

Functional dyspepsia ƑĺƐ	ŐƐĺƔŊƑĺƖő ƐĺѶ	ŐƐĺƒŊƑĺƕő

PostprandiaѴ	distress	
syndrome

Ƒĺƒ	ŐƐĺƕŊƒĺƒő ƑĺƔ	ŐƐĺƔŊƒĺƐő

Epigastric pain syndrome Ɛĺƕ	ŐƐĺƑŊƑĺƓő ƐĺƔ	ŐƐĺƏŊƑĺƑő

Chronic	nausea	ş	
vomiting syndrome

Ƒĺѵ	ŐƐĺѵŊƓĺƐő ƑĺƓ	ŐƐĺƔŊƒĺƖő

Irritable bowel syndrome ƐĺƓ	ŐƏĺƖƖŊƐĺƖő Ɛĺƒ	ŐƏĺƖŊƐĺѶő

Fecal incontinence Ɛĺƕ	ŐƐĺƐŊƑĺƕő ƐĺƔ	ŐƏĺƖѵŊƑĺƓő

Levator	ani	syndrome ƐĺѶ	ŐƐĺƑŊƑĺƕő Ɛĺѵ	ŐƐĺƐŊƑĺƔő

aAdjusted	odds	ratio	controѴѴing	for	ageķ	depressionķ	chronic	fatigue	
syndromeķ	and	fibromyaѴgiaĺ	

TA B L E  ƒ ՊThe	odds	ratio	for	experiencing	gastrointestinaѴ	
symptoms	ľat	Ѵeast	one	day	per	weekĿ	in	HSDņhEDS	subjects	with	
POTS	vs	without	POTS

Unadjusted odds 
ratio

Adjusted odds 

ratioaՔ

Rectal pain ƐĺƖ	ŐƐĺƒŊƑĺƕő Ɛĺƕ	ŐƐĺƑŊƑĺƓő

BѴoating ƐĺѶ	ŐƐĺƑŊƑĺѶő Ɛĺƕ	ŐƐĺƐŊƑĺѵő

AbdominaѴ	pain ƐĺѶ	ŐƐĺƑŊƑĺƕő Ɛĺƕ	ŐƐĺƐŊƑĺƔő

Vomiting ƑĺƔ	ŐƐĺƔŊƓĺƑő Ƒĺƒ	ŐƐĺƒŊƒĺѶő

Nausea ƑĺƑ	ŐƐĺѵŊƒĺƐő ƐĺƖ	ŐƐĺƒŊƑĺƕő

Epigastric pain Ɛĺƕ	ŐƐĺƑŊƑĺƓő ƐĺƔ	ŐƐĺƏŊƑĺƐő

Early satiety Ƒĺƒ	ŐƐĺѵŊƒĺƑő ƑĺƐ	ŐƐĺƔŊƒĺƏő

PostprandiaѴ	fuѴѴness ƑĺƔ	ŐƐĺѶŊƒĺƔő ƑĺƓ	ŐƐĺѵŊƒĺƔő

Dysphagia ƐĺѶ	ŐƐĺƒŊƑĺƔő Ɛĺѵ	ŐƐĺƐŊƑĺƒő

Heartburn ƐĺƓ	ŐƏĺƖƖŊƐĺƖő ƐĺƑ	ŐƏĺƖŊƐĺѶő

Chest pain ƐĺƖ	ŐƐĺƒŊƑĺѵő Ɛĺƕ	ŐƐĺƑŊƑĺƓő

aAdjusted	odds	ratio	controѴѴing	for	ageķ	depressionķ	chronic	fatigue	
syndromeķ	and	fibromyaѴgiaĺ	
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