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Abstract
Background: One	previous	pilot	study	suggested	the	association	of	low	plasma	gluco-
sylceramide	(GlcCer)	levels	with	venous	thrombosis	(VTE)	risk.
Objective: We	aimed	to	confirm	and	evaluate	the	association	of	low	plasma	GlcCer	
levels	with	VTE	and	myocardial	infarction	(MI)	occurrence,	respectively.
Patients and Methods: We	evaluated	the	association	of	GlcCer	in	two	independent	
case-	control	studies	of	Caucasian	VTE	populations	 (N=210	and	636)	and	one	case-	
control	study	of	Caucasian	MI	patients	(N=345).
Result: Plasma	GlcCer	levels	in	VTE	patients	were	lower	compared	to	controls	in	two	
independent	VTE	populations	(5.0	vs	5.8	μg/mL,	P=.003	for	the	Scripps	registry,	and	
5.6	vs	6.0	μg/mL,	P=.001	for	the	Valencia	registry,	respectively).	A	low	plasma	GlcCer	
level	 (below	tenth	percentile	of	controls)	was	associated	with	 increased	VTE	occur-
rence	(odds	ratio	[OR]=3.7	[95%	CI,	1.8-	7.9]	for	Scripps	registry	and	OR=2.1	[95%	CI,	
1.3-	3.3]	for	Valencia	registry,	respectively).	For	the	MI	study,	the	median	GlcCer	plasma	
level	was	lower	in	MI	patients	than	in	controls	(4.3	vs	5.6	μg/mL,	P<.001),	and	a	low	
level	of	GlcCer	(below	tenth	percentile	of	control)	was	associated	with	higher	MI	oc-
currence	(OR=7.7,	[95%	CI,	4.3-	13.8]).
Conclusion: Lower	concentration	of	GlcCer	was	associated	with	VTE	occurrence	in	2	
independent	studies	and	also	with	MI	occurrence	in	1	study.

K E Y W O R D S
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Essentials
• Minor	abundance	plasma	lipids,	eg,	glucosylceramide,	can	modulate	blood	coagulation	reactions
• This	lipid	was	measured	in	plasmas	of	1	myocardial	infarction	and	2	venous	thrombosis	populations
• Low	plasma	glucosylceramide	levels	were	found	in	each	population	compared	to	matched	controls
• Low	plasma	glucosylceramide	levels	are	associated	with	venous	and	arterial	thrombosis
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1  | INTRODUCTION

Plasma	lipids	and	lipoproteins	are	associated	with	the	development	of	
atherosclerosis and arterial and venous thrombotic disease.1,2	Although	
the	imbalance	of	certain	sphingolipids	is	suggested	to	be	associated	with	
thrombotic	diseases,3,4	there	are	only	a	few	clinical	studies	on	the	as-
sociation	of	sphingolipid	imbalance	with	thrombosis.	Glucosylceramide	
(GlcCer)	is	a	glycosphingolipid	possessing	a	variety	of	biological	activities,	
including	an	anticoagulant	cofactor	activity	for	activated	protein	C	which	
can	downregulate	thrombin	generation5,6	and	an	immune	regulatory	ac-
tivity.7–9	In	a	pilot	study,	low	plasma	GlcCer	levels	were	associated	with	
the	 risk	of	venous	 thromboembolism	 (VTE);5	 to	date,	 this	 finding	has	
not	been	replicated.	Three	genetic	variants	in	the	ATPase,	class	IV,	type	
10D	gene	(ATP10D)	were	associated	with	higher	GlcCer	level	and	may	
be	protective	against	myocardial	infarction	(MI).4	However,	there	are	no	
studies	on	association	of	plasma	GlcCer	levels	with	MI.	Here	we	have	
measured	plasma	levels	of	GlcCer	in	subjects	from	VTE	and	MI	popula-
tions	in	order	to	replicate	our	pilot	study	showing	the	association	of	low	
GlcCer	with	VTE5	and	to	investigate	the	association	of	plasma	GlcCer	
levels	with	 the	 risk	 of	MI.	 Phosphatidylethanolamine	 (PtdEtn),	which,	
like	GlcCer,5,6	 is	 known	as	 an	APC	anticoagulant	 cofactor,10 was also 
measured	on	the	same	chromatograms	used	for	GlcCer	determination	
to	evaluate	its	association	with	VTE	and	MI.

2  | MATERIALS AND METHODS

2.1 | Patient and control groups

Plasma	samples	from	the	Scripps	VTE	registry	(105	Caucasian	VTE	pa-
tients	 and	 105	 age	matched	 controls),11,12	 the	 Valencia	 VTE	 registry	
(320	VTE	Caucasian	cases	and	316	Caucasian	controls),13	and	one	MI	
cohort	(209	MI	patients	from	Genetic	and	Viral	Attributes	of	Myocardial	
Infarction	 study	 and	197	healthy	 controls	 from	Genetic	Attributes	of	
Thrombosis	Epidemiology	study)14,15	were	studied.	The	subjects	taking	
lipid	lowering	medications	including	statins	were	excluded	to	avoid	any	
interaction	of	dynamic	lipid	metabolism	including	glycolipids11,16	for	VTE	
studies.	 Further,	 to	 address	 the	GlcCer	 independent	 association	with	
VTE	for	known	risk	factors	of	VTE,	subjects	with	known	thrombophilic	
defects,	including	factor	V	Leiden	and	prothrombin	G20210A	mutations	
and	anyone	currently	taking	oral	anticoagulants	or	oral	contraceptives	
were	excluded	 in	the	Valencia	VTE	study.	To	minimize	the	age	effect	
on	the	association	analysis,	older	VTE	patients	(>55	years	old)	were	ex-
cluded	from	both	VTE	registries.	To	eliminate	the	warfarin	influence	on	
the	association	of	GlcCer	 levels	with	Scripps	VTE	or	MI	occurrences,	
the	association	of	GlcCer	levels	were	also	analyzed	for	cases	vs	controls	
after	excluding	warfarin	users.	The	detailed	information	for	the	patient	
and	control	groups	are	presented	in	the	supporting	information.

2.2 | Plasma GlcCer analysis

Plasma	GlcCer	and	PtdEtn	levels	were	measured	with	minor	modifi-
cation as described.5,17	Briefly,	plasma	lipids	extracted	from	citrated	
plasma	with	 chloroform/methanol	 (2:1,	 v/v)	 were	 analyzed	 using	 a	

high	 performance	 liquid	 chromatography	 (HPLC)	 system	 (Waters	
Corp.,	 Milford,	 MA,	 USA)	 coupled	 to	 a	 Sedex-	55	 evaporative	 light	
scattering	 detector	 system	 (SEDERE,	 Alfortville	 Cedex,	 France).	 A	
μPorosil	 column	 (300	mm×3.9	mm)	 was	 used	 with	 isocratic	 chloro-
form/methanol/water	(88:11:1).	Mean	intra-	assay	coefficients	of	vari-
ation	from	8	independent	determinations	of	GlcCer	and	PtdEtn	(N=8	
pooled	plasma	aliquots)	 (George	King)	were	8.7%	and	7.0%,	respec-
tively,	 and	GlcCer	was	 stable	 at	 room	 temperature	 in	whole	 blood,	
EDTA-	plasma	and	citrated	plasma	for	up	to	10	hours	after	blood	draw.

2.3 | Other lipid and lipoprotein analysis

Serum	lipid	profile	data	were	obtained	from	the	routine	clinical	labora-
tory	with	the	use	of	standard	techniques.	Lipoprotein	particle	concen-
trations	of	10	lipoprotein	subclasses	in	EDTA	plasma	were	determined	
by	proton	NMR	spectroscopy	LipoScience	as	described.11

2.4 | DNA analyses

Genomic	 DNA	 was	 extracted	 from	 EDTA-	blood	 with	 the	 use	 of	
Puregene	 DNA	 Purification	 Kits	 (Gentra	 Systems	 Inc.,	 Minneapolis,	
MN,	USA).	Factor	V	Leiden	and	prothrombin	G20210A	mutations	were	
assayed as described.18

2.5 | Statistical analysis

Mann	Whitney	test	was	used	to	compare	the	median	values	(eg,	GlcCer	
and	PtdEtn)	between	case	and	control	groups	using	Prism	4.03	software	
(Graph	Pad	Software	Inc.,	San	Diego,	California,	USA).	The	correlation	
of	 GlcCer	 or	 PtdEtn	 with	 lipid/lipoproteins	 was	 determined	 by	 two-	
tailed	 Spearman	with	95%	 confidence	 interval	 using	Prism	4.03	 soft-
ware.	Logistic	regression	was	used	to	evaluate	the	association	between	
GlcCer	 level	and	VTE	or	MI	occurrence	using	STATA	 (StataCorp	LLC,	
College	Station,	TX,	USA)	and	SAS	version	9.3	(SAS	Institute	Inc,	Cary,	
NC,	USA).	Plasma	GlcCer	levels	were	evaluated	for	association	with	VTE	
and	MI	by	calculating	the	odds	ratio	(OR)	as	a	measure	of	relative	risk	
comparing	participants	above	and	below	the	tenth	percentile	and	by	ter-
tiles.	Adjusted	models	produced	for	VTE	included	risk	factors	for	VTE,	
eg,	obesity	(BMI>30),	factor	V	Leiden,	prothrombin	G20210A	mutation,	
hormone	use,	and	HDL	and	LDL	levels.	Adjusted	models	included	risk	
factors	for	MI	and	factors	that	were	significantly	associated	with	GlcCer	
levels	among	controls,	including	obesity	(body	mass	index	[BMI]>30),	hy-
pertension,	current	smoking,	family	history	of	MI,	alcohol	consumption	
(never	drinking,	drinking	less	than	once	per	week,	1-	7	times	per	week,	or	
more	than	8	times	per	week).	All	percentiles	were	defined	based	on	val-
ues	for	controls.	A	P	value	<0.05	was	considered	statistically	significant.

3  | RESULTS

3.1 | Previously reported plasma GlcCer and PtdEtn 
levels in VTE pilot study5

Plasma	 levels	 of	 GlcCer	 and	 PtdEtn	 were	 previously	 reported	
for	 70	 Caucasian	 VTE	 patients	 referred	 for	 evaluation	 and	 70	
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Caucasian	healthy	blood	donors	(50	of	each	from	the	University	of	
Vienna,	Austria,	and	20	of	each	from	the	Mayo	Clinic,	Rochester,	
MN,	 USA).5	 Low	 plasma	GlcCer	 levels	 were	 associated	with	 the	
occurrence	 of	VTE.	 The	median	GlcCer	 level	was	 lower	 for	VTE	
patients	vs	controls	 (4.9	vs	6.5	μg/mL	[P=.0007])	 (Table	S1).	As	a	
measure	 of	 relative	 risk,	 the	odds	 ratio	 (OR)	 for	VTE	 in	 subjects	
with	GlcCer	levels	below	the	tenth	percentile	of	controls	was	5.7	
(95%	CI,	2.3-	14).

3.2 | The association of established VTE risk 
factors or lipid/lipoproteins with VTE in the 
Scripps registry

The	 association	 of	 known	VTE	 risk	 factors	with	VTE	 occurrence	 in	
the	Scripps	registry	and	with	plasma	GlcCer	levels	was	evaluated.	VTE	
was	associated	with	established	risk	factors	for	VTE,	factor	V	Leiden	
mutation,	prothrombin	G20210A	mutation	and	BMI	(Table	S1).	None	
of	 these	 risk	 factors	was	 significantly	 associated	with	GlcCer	 levels	

among	controls	(Table	1).	Only	hormone	therapy	at	the	time	of	blood	
draw	was	associated	with	PtdEtn	levels	among	controls	(Table	1),	and	
the	plasma	levels	of	GlcCer	were	lower	in	the	group	of	hormone	users.

HDL	particles	levels	determined	by	NMR	were	lower	in	VTE	cases	
than	controls.	In	contrast,	levels	of	LDL	particles	and	serum	LDL-	C	lev-
els	were	higher	in	VTE	cases	(Table	S1).

The	 correlation	 of	 plasma	 levels	 of	 GlcCer	 and	 PtdEtn	 with	
plasma	 levels	of	other	 lipids	and	 lipoproteins	 in	control	subjects	 in	
the	Scripps	Registry	 (Tables	S2	and	S3)	showed	that	serum	HDL-	C	
and	 plasma	HDL	 particles	 levels	 positively	 correlated	with	 plasma	
GlcCer	levels	(r=.21,	P=.03	and	r=.30,	P=.002,	respectively).	Plasma	
GlcCer	levels	positively	correlated	with	LDL-	C	levels	(r=.31,	P=.001).	
Plasma	 GlcCer	 levels	 correlated	 weakly	 with	 plasma	 PtdEtn	 lev-
els (r=.28,	 P=.005),	 and	 this	 correlation	was	 also	 observed	 in	 the	
Valencia	control	group	(r=.17,	P=.007)	and	 in	the	MI	control	group	
(r=.28,	P=.0007)	group.

3.3 | Plasma GlcCer and PtdEtn levels in the Scripps 
VTE registry

The	 median	 plasma	 GlcCer	 level	 was	 lower	 in	 VTE	 cases	 than	 in	
controls	 (Table	S1,	Figure	1A).	Low	plasma	GlcCer	 levels	 (below	the	
tenth	 percentile)	 were	 associated	 with	 VTE	 (OR=3.7	 [95%	 CI,	 1.8-	
7.9])	 (Figure	1A).	When	VTE	 and	 control	 subjects	were	 categorized	
by	tertile	of	GlcCer	levels,	the	OR	for	the	lowest	vs	highest	tertile	was	
increased	(OR=3.9	[95%	CI,1.9-	7.8])	(Table	2).

The	 association	 of	 low	 plasma	 GlcCer	 levels	 (below	 the	 tenth	
percentile)	and	of	 the	 lowest	vs	highest	 tertile	with	VTE	occurrence	
remained	significant	after	 the	adjustment	 for	known	risk	 factors	 (ie,	
factor	V	Leiden,	prothrombin	G20210A	mutation,	and	BMI)	 (OR=3.5	
[95%	CI,	1.6-	7.7]	and	OR=3.2	[95%	CI,	1.5-	6.7]	[Table	S4	and	Table	2],	
respectively),	including	additional	adjustment	for	lipid/lipoprotein	pa-
rameters	(Table	S4	and	Table	2,	models	III	to	V).

The	median	plasma	PtdEtn	 level	among	VTE	cases	was	not	sig-
nificantly	different	than	controls	(54.7	μg/mL	[IQR,	41.2-	67.5	μg/mL]	
vs	53.6	μg/mL	[IQR,	42.0–67.3	μg/mL],	P=.82)	(Figure	1B)	as	previ-
ously observed.5	There	was	no	association	for	low	plasma	PtdEtn	or	
for	the	lowest	vs	the	highest	tertile	of	PtdEtn	with	VTE	occurrence	
(Table	S5).

3.4 | Plasma GlcCer and PtdEtn levels in the 
Valencia registry

The	median	plasma	GlcCer	level	was	lower	in	Valencia	VTE	cases	than	
controls	 (Table	S1,	Figure	1C).	Low	plasma	GlcCer	 levels	 (below	the	
tenth	 percentile)	 were	 associated	 with	 higher	 risk	 of	 VTE	 (OR=2.1	
[95%	CI,	1.3-	3.3])	(Figure	1C).	The	OR	for	the	lowest	vs	highest	GlcCer	
tertile	was	3.9	(95%	CI,	1.9-	7.8).	These	ORs	remained	elevated	after	
additional	adjustment	for	lipid/lipoprotein	parameters.

There	was	no	difference	in	the	median	PtdEtn	level	between	VTE	
and	controls	 in	the	Valencia	registry	(44.9	μg/mL	[IQR,	36.9-	54.7μg/
mL]	vs	44.6	μg/mL	[IQR,	37.3-	53.7	μg/mL])	(Table	S1,	Figure	1D),	and	
no	increased	OR	of	VTE	by	PtdEtn	level	(Table	S5).

TABLE  1 Association	between	covariates	and	GlcCer	and	PtdEtn	
plasma	levels	in	controls	of	the	Scripps	VTE	Registry

Covariate
GlcCer median (IQR), 
μg/mL

PtdEtn median 
(IQR), μg/mL

Sex

Female 5.6	(4.9-	6.6) 51.3	(38.2-	64.6)

Male 6.0	(5.3-	7.1) 57.2	(43-	75.1)

 P value .06 .24

Age

<35 5.5	(5.1-	6.4) 45.7	(35.5-	59.1)

35-	45 5.8	(4.8-	6.6) 53.6	(38.7-	70.5)

45-	55 5.9	(5.0-	7.3) 60.6	(44.6-	70.1)

≥55 5.6	(5.1-	6.7) 56.7	(44.3-	66.4)

 P value .39 .13

Obesity

Not	obese 5.9	(4.9-	6.9) 53.6	(44.2-	65.0)

Obese 5.6	(4.4-	6.6) 56.2	(46.2-	67.5)

P value .12 .47

Factor	V	Leiden

Yes 5.1	(4.8-	6.6) 42.0	(35.5-	91.5)

No 5.8	(5.0-	6.7) 56.2	(42.0-	66.9)

 P value .21 .59

Prothrombin	G20210A

Yes 5.5	(N=3) 42.0	(N=3)

No 5.8	(5.0-	6.8) 56.3	(42.0-	67.5)

 P value .41 .15

Hormone use

Yes 5.5	(5.0-	6.4) 46.2	(37.0-	59.1)

No 5.7	(4.7-	6.7) 59.0	(47.2-	67.3)

 P value .62 .02

VTE,	venous	thromboembolism.
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3.5 | The association of MI with established MI risk 
factors in the MI registry

MI	was	associated	with	established	risk	factors	for	MI:	hypertension,	
diabetes,	current	smoking,	obesity,	alcohol	consumption	(assessed	by	
comparing	distribution	of	those	never	drinking,	drinking	less	than	once	
per	week,	1-	7	times	per	week,	and	more	than	8	times	per	week	among	
cases	 and	 controls)	 and	 family	 history	 in	 our	 study	 group	 (Table	3).	
None	of	the	MI-	risk-	modifying	medications	(e.g,	statin	use	and	aspirin	
use)	being	used	at	the	time	of	blood	draw	were	significantly	associ-
ated	with	GlcCer	levels	among	controls	(Table	4).	Only	hormone	ther-
apy	at	the	time	of	blood	draw	was	significantly	associated	with	PtdEtn	
levels	among	controls,	and	the	plasma	level	of	GlcCer	was	lower	in	the	
group	of	hormone	users.

3.6 | Plasma GlcCer and PtdEtn levels in the 
MI registry

The	median	GlcCer	plasma	level	was	lower	in	MI	cases	than	in	controls	
(Table	S6,	Figure	1E).	Low	plasma	GlcCer	levels	(below	tenth	percen-
tile)	was	associated	with	MI	(OR=6.9	[95%CI,	3.9-	12.2])	(Table	5).	The	
OR	for	the	lowest	vs	highest	tertile	was	also	increased	(OR=6.4	[95%	
CI,	3.5-	11.9])	The	relationship	between	low	plasma	GlcCer	and	MI	re-
mained	significant	even	after	adjustments	for	age	and	gender	plus	MI	
risk	factors	(Table	5).

The	median	values	 of	 plasma	PtdEtn	were	 also	 lower	 in	 the	MI	
patients	 than	 in	 controls	 (Table	S6,	 Figure	1F).	 Low	plasma	 levels	 of	
PtdEtn	 (below	 tenth	 percentile)	 were	 significantly	 linked	 with	 MI	
(OR=2.4	[95%	CI,	1.1-	5.1],	P=.02).	The	OR	for	the	lowest	vs	highest	

tertile	 of	 plasma	 level	 of	 PtdEtn	was	 also	 increased	 (OR=2.7	 [95%	
CI,	 1.4-	5.3])	 (Table	5).	 However,	 after	 adjustment	 for	 hormone	 use,	 
the	 association	was	 attenuated	 (OR=1.6	 [95%	CI,	 0.4-	6.1])	 (Table	5,	
model	II).

3.7 | Plasma GlcCer levels in the Scripps VTE and MI 
registries without warfarin user

To	test	the	warfarin	influence	on	the	association	of	GlcCer	levels	with	
Scripps	VTE	or	MI	occurrences,	we	made	an	analysis	excluding	warfa-
rin	users	and	analyzed	the	association	of	GlcCer	levels	with	cases	vs	
controls.	When	 the	warfarin	users	are	eliminated	 from	Scripps	VTE	
registry	cases,	the	median	GlcCer	plasma	level	remained	significantly	
lower	 in	 VTE	 cases	 than	 in	 controls	 (4.6	μg/mL	 [IQR,	 4.0-	5.5	μg/
mL]	vs	5.8	μg/mL	 [IQR,	5.0-	6.7	μg/mL],	P=.0001,	 [data	not	shown]).	
Similarly,	when	the	warfarin	users	were	eliminated	for	the	MI	study,	
the	median	GlcCer	plasma	 level	 remained	significantly	 lower	 for	MI	
cases vs controls (4.4 μg/mL	[IQR,	3.5-	5.5	μg/mL]	vs	5.6	μg/mL	[IQR,	
4.8-	6.9	μg/mL],	P<.0001	[data	not	shown]).

4  | DISCUSSION

Low	plasma	GlcCer	levels	were	associated	with	the	occurrence	of	VTE	
in	a	previous	pilot	study.5	Major	 limitations	of	that	pilot	study	were	
that	a	younger	control	population	was	compared	with	cases	and	that	
there	was	a	lack	of	analyses	using	other	known	VTE	risk	factors,	which	
may	affect	the	association	analysis.	We	confirmed	this	previous	result	
using	plasma	 from	VTE	 subjects	 and	age	 and	 sex	matched	 controls	

Scripps VTE registry

GlcCer tertiles

Lowest Middle Highest

GlcCer	levels	(μg/mL) <5.3 ≥5.3	and	<6.5 ≥6.5

Adjustment

I.	None 3.9	(1.9-	7.8) 1.1	(0.50-	2.5) 1

II.	FV	Leiden,	prothrombin	
G20210A,	BMI,	Age,	Sex

3.2	(1.5-	6.7) 1.1	(0.45-	2.6) 1

III.	Model	II	plus	HDL-	C,	LDL-	C 4.6	(2.0-	11) 1.4	(0.52-	3.8) 1

IV.	Model	II	plus	HDL	particles,	
LDL	particles

2.8	(1.3-	6.2) 0.90	(0.34-	2.4) 1

Valencia	VTE	Registry* Lowest Middle Highest

GlcCer	levels	(μg/mL) <5.4 ≥5.4	and	<6.6 ≥6.6

Adjustment

I.	None 1.8	(1.2-	2.6) 1.3	(0.86-	2.0) 1

II.	BMI,	Age,	Sex 1.8	(1.2-	2.7) 1.4	(0.93-	2.1) 1

The	tertile-	based	odds	ratios	(OR)	(95%	CI)	for	VTE	based	on	the	plasma	GlcCer	levels	in	controls	are	
shown.	 Tertile	 cut	 points	were	 defined	 in	 controls.	 The	 subjects	with	 the	 highest	 tertile	 of	GlcCer	
served	as	reference.	Models	II	to	IV	were	adjusted	by	variables	indicated	in	the	Table.	BMI,	HDL-	C,	
HDL	particles,	LDL-	C	and	LDL	particles	were	used	as	continuous	variables.
*The	carriers	of	FV	Leiden	and/or	prothrombin	G20210A	and	the	hormone	and/or	anticoagulant	users	
were	excluded	from	the	subjects	available	for	GlcCer	analysis	for	the	Valencia	VTE	Registry	study.
VTE,	venous	thromboembolism;	BMI,	body	mass	index.

TABLE  2 Odds	ratios	(OR)	(95%	CI)	for	
VTE	according	to	tertiles	of	plasma	GlcCer	
levels
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from	two	independent	VTE	registries.	Using	these	two	VTE	popula-
tions,	we	replicated	that	plasma	GlcCer	deficiency	is	associated	with	
VTE	occurrence.	Deficiency	of	plasma	PtdEtn,	known	as	another	APC	
anticoagulant	cofactor,10	was	not	associated	with	VTE	as	reported	in	
the	pilot	study.5

Based	on	the	analysis	of	the	association	of	VTE	with	known	risk	
factors	 in	 our	 study	 groups,	 the	 factor	 V	 Leiden	 and	 prothrombin	
G20210A	mutations	were	included	as	covariates	in	the	analysis.	Since	
none	of	 the	VTE-	risk-	modifying	medications	being	used	at	 the	 time	
of	blood	draw	were	significantly	associated	with	GlcCer	levels	among	
the	Scripps	 registry	controls,	 these	 factors	were	not	 included	 in	 the	
adjusted	models	for	analysis	of	GlcCer	association	with	VTE.	The	asso-
ciation	of	low	plasma	GlcCer	with	VTE	(below	the	tenth	percentile)	and	
the	 tertile-	based	OR	for	VTE	remained	significant	after	adjustments	
(ie,	 factor	V	Leiden,	prothrombin	G20210A	mutation,	BMI,	 age,	 and	
Sex).

Further,	VTE	is	suggested	to	be	associated	with	dyslipidemia	and	
dyslipoproteinnemia	(eg,	 lower	HDL	particles	in	VTE	and	higher	LDL	
particles	 levels,	 especially	 in	 male	 populations).11,19 The observed 
correlations	between	plasma	GlcCer	levels	and	lipids	and	lipoproteins	
suggest	that	low	GlcCer’s	association	with	VTE	merely	reflects	the	as-
sociation	of	 low	HDL	particle	 levels	with	VTE	 risk.5,11	However,	 the	
correlation	between	HDL	particles	 levels	and	GlcCer	was	mainly	de-
rived	 from	the	correlations	of	small	HDL	particle	 levels	with	plasma	

TABLE  3 Association	between	covariates	and	GlcCer	and	PtdEtn	
levels	in	controls	of	the	MI	study

Covariate
GlcCer median (IQR), 
μg/mL

PtdEtn median 
(IQR), μg/mL

Sex

Female 5.4	(4.8-	7.0) 61.7	(52.4-	72.4)

Male 5.7	(4.7-	6.8) 49.5	(41.3-	60.3)

 P value .65 .0005

Age,	years	old

<40 5.3	(4.5-	5.9) 52.3	(40.5-	61.6)

40-	50 5.5	(4.8-	6.8) 53.0	(41.3-	71.7)

50-	60 5.7	(5.1-	6.7) 57.5	(44.2-	67.5)

≥60 5.8	(4.9-	7.4) 54.1	(44.9-	66.2)

 P value .12 .70

Obesity

Not	Obese 5.6	(4.9-	6.9) 53.2	(44.2-	65.0)

Obese 5.1	(4.4-	6.6) 62.4	(46.2-	67.5)

 P value .09 .32

Family	history	for	MI

No	family	history 5.6	(4.8-	6.9) 53.2	(43.7-	64.8)

Family history 5.4	(4.9-	6.5) 77.2	(44.2-	81.5)

 P value .80 .04

Alcohol	consumption

0 5.7	(4.3-	6.9) 47.6	(39.5-	56.5)

<1/week 5.3	(4.5-	6.0) 60.9	(47.8-	68.0)

1-	7/week 5.6	(4.8-	7.0) 52.3	(43.2-	66.6)

≥7/week 6.1	(5.2-	6.9) 57.5	(47.8-	73.2)

 P value .32 .15

Smoking	status

No	smoking 5.5	(4.6-	6.8) 48.3	(39.4-	69.1)

Smoking 5.9	(4.8-	6.8) 60.9	(45.9-	74.1)

 P value .44 .19

Hypertension

No	hypertension 5.6	(4.8-	6.9) 55.8	(45.1-	69.8)

Hypertension 5.3	(4.7-	6.6) 50.3	(43.7-	61.8)

 P value .46 .17

Diabetes

No	diabetes 5.6	(4.8-	6.9) 54.5	(44.0-	67.1)

Diabetes 4.9	(3.8-	5.8) 57.3	(44.8-	64.1)

 P value .08 .99

F IGURE  1 Plasma	GlcCer	and	PtdEtn	levels	in	VTE	and	MI	
patients	and	controls.	Plasma	GlcCer	and	PtdEtn	levels	were	
determined	for	the	Scripps	VTE	registry	(A,	B),	the	Valencia	VTE	
registry	(C,	D),	and	the	MI	population	(E,	F).	The	solid	thick	lines	
indicate	median	values	and	the	dotted	lines	indicate	the	values	for	
the	tenth	percentile	of	the	controls.	The	P-	values	shown	are	for	
the	difference	of	median	values	between	VTE	patients	and	controls	
which	was	analyzed	by	Mann–Whitney	test	using	Prism	4.03	
software	(Graph	Pad	Software	Inc.,	San	Diego,	California,	USA).
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GlcCer	 levels	 (r=.23,	 P=.02)	 and	 medium	 HDL	 particles	 levels	 for	
plasma	PtdEtn	levels	(r=.27,	P=.009),	whereas	GlcCer	and	PtdEtn	lev-
els	were	independent	of	large	HDL	particles	levels	whose	deficiency	
is	associated	with	 the	 risk	of	VTE.11	This	 implies	 that	association	of	
lower	plasma	GlcCer	levels	with	VTE	risk	is	not	simply	reflective	of	low	
HDL	levels.	Importantly,	association	of	lower	plasma	GlcCer	with	VTE	
(below	the	tenth	percentile)	remained	significant	after	further	adjust-
ments	for	lipid/lipoprotein	parameters	(eg,	HDL	particles,	and	LDL	par-
ticles),	implying	low	plasma	GlcCer	associated	to	VTE	does	not	depend	
on	 lipoprotein	 associations.	These	 findings	 suggest	 that	 low	plasma	
GlcCer	is	associated	with	increased	occurrence	of	VTE	independent	of	
previously	known	risk	factors.

To	confirm	the	association	of	 lower	GlcCer	 levels	with	VTE,	we	
also	measured	plasma	GlcCer	levels	using	the	Valencia	Registry	with	
the	exclusion	of	two	major	genetic	VTE	risk	factors,	factor	V	Leiden	
and	prothrombin	G20210A	mutation.	Those	using	other	major	medi-
cations	seen	in	Scripps	registry	(ie,	oral	contraceptives	and	warfarin),	
which	may	 have	 an	 influence	 on	 lipoprotein	 and	 glycosphingolipid	
metabolism17,20,	were	also	excluded.	In	this	Valencia	registry,	we	ob-
served	a	similar	association	of	low	GlcCer	levels	with	VTE	as	in	the	
pilot	study5	and	 in	the	Scripps	registry	shown	 in	this	article.	 In	ad-
dition,	this	confirmed	that	the	association	of	low	GlcCer	levels	with	
VTE	occurrence	is	not	caused	by	the	factor	V	Leiden	or	prothrombin	
20210A	mutations.	Thus,	here	we	confirmed	our	previous	finding	of	
the	association	of	low	levels	of	plasma	GlcCer	with	increased	occur-
rence	of	VTE	in	two	independent	Caucasian	populations,	and	this	as-
sociation	was	independent	of	factor	V	Leiden,	prothrombin	G20210A	

mutations,	anticoagulant	use	or	oral	contraceptive	use,	HDL,	LDL,	or	
BMI	levels.

Epidemiological	 studies	 suggest	 some	overlap	of	 risk	 factors	 for	
venous and arterial thrombosis.19,21–23	 For	 instance,	 atherosclerosis	
and	venous	thrombosis	share	several	common	risk	factors,	such	as	age,	
obesity,	cigarette	smoking,	and	metabolic	syndrome.19,21,22	Consistent	
with	 this,	we	 observed	 that	 low	 plasma	GlcCer	 levels	 (below	 tenth	
percentile)	 was	 associated	 with	 MI.	 The	 relationship	 between	 low	
plasma	 levels	 of	GlcCer	 and	MI	 remained	 significant	 even	 after	 ad-
justments	for	these	known	MI	risk	factors.	Further,	we	demonstrated	
that	low	plasma	levels	of	GlcCer	were	independently	associated	with	
MI.	Further,	none	of	the	MI-	risk-	modifying	medications	being	used	at	
the	time	of	blood	draw	were	significantly	associated	with	GlcCer	levels	
among	controls.	So	these	medications	do	not	explain	this	association.

The	median	 values	 of	 plasma	 PtdEtn	were	 also	 lower	 in	 the	MI	
patients	 than	 in	 controls	 and	 low	 plasma	 levels	 of	 PtdEtn	 (below	
tenth	percentile)	were	significantly	associated	with	MI	 (OR=2.4	[95%	
CI=1.1-	5.1]).	However,	when	the	OR	for	the	lowest	vs	highest	tertile	
of	plasma	PtdEtn	level	was	adjusted	for	hormone	use,	it	appeared	that	
the	association	of	low	PtdEtn	levels	with	MI	occurrence	was	caused	by	
the	unequal	number	of	hormone	users	between	MI	and	control	groups.

Since	plasma	GlcCer	 levels	positively	correlated	with	HDL	 levels	
and	since	 low	HDL	level	 is	a	well	known	risk	factor	for	coronary	ar-
tery disease1,	one	might	think	that	low	plasma	GlcCer	level	association	
with	MI	could	merely	reflect	the	level	of	HDL-	C	as	discussed	above	for	
VTE.	In	coronary	artery	disease,	low	plasma	levels	of	large	HDL	parti-
cles	are	associated	with	increased	MI	risk	among	HDL	subfactions.1	As	
noted	above,	large	HDL	particles	levels	did	not	correlate	with	GlcCer	

TABLE  5 Odds	ratios	(OR)	(95%	CI)	for	MI	according	to	tertiles	of	
GlcCer	and	PtdEtn

MI Study

Tertiles

Lowest Middle Highest

GlcCer

GlcCer	levels	
(μg/mL)

<5.1 ≥5.1	and	<6.4 ≥6.4

Model	I 6.4	(3.5-	11.9) 1.5	(0.7-	3.0) 1

Model	II 5.3	(1.9-	14.7) 2.0	(0.7-	5.9) 1

PtdEtn

PtdEtn	levels	
(μg/mL)

<47.6 ≥47.6	and	
<61.6

≥61.6

Model	I 2.7	(1.4-	5.3) 1.6	(0.8-	3.3) 1

Model	II 1.6	(0.4-	6.1) 2.9	(0.7-	12.3) 1

The	 tertile-	based	odds	 ratios	 (OR)	 (95%	CI)	 for	MI	based	on	 the	plasma	
GlcCer	are	shown.	Tertile	cut	points	were	defined	in	controls.	The	control	
subjects	with	the	highest	tertile	of	GlcCer	served	as	the	reference	group.
Model	I:	Unadjusted	OR.
Model	II	GlcCer:	ORs	were	adjusted	by	age,	gender,	diabetes,	obesity,	hy-
pertension,	current	smoking,	family	history	for	MI,	alcohol	consumption.
Model	II	PtdEtn:	ORs	were	adjusted	by	age,	gender,	diabetes,	obesity,	hy-
pertension,	current	smoking,	 family	history	 for	MI,	alcohol	consumption,	
hormone	therapy	use.
MI,	myocardial	infarction.

TABLE  4 Association	between	medication	use	and	GlcCer	and	
PtdEtn	plasma	levels.

Covariate

GlcCer PtdEtn

Median (IQR), 
μg/mL P

Median (IQR), 
μg/mL P

Hormone use

Yes 5.3	(4.8-	7.1) 0.73 68.2	
(59.5-	75.0)

<.0001

No 5.7	(4.8-	6.8) 51.3 
(41.7-	63.0)

Warfarin	use

Yes 5.1	(n=1) 0.56 60.9	(n	=	1) .63

No 5.6	(4.8-	6.9) 54.1 
(44.2-	66.2)

Statin	use

Yes 5.1	(4.7-	6.3) 0.15 50.8 
(44.2-	67.0)

.70

No 5.7	(4.8-	6.9) 54.9	
(44.4-	65.7)

Aspirin	use

Yes 5.6	(4.7-	6.5) 0.62 49.3	
(43.8-	69.3)

.23

No 5.6	(4.8-	6.9) 55.7 
(44.9-	65.7)
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levels	in	the	Scripps	VTE	registry	controls.	This	suggests	that	the	asso-
ciation	of	low	plasma	GlcCer	levels	with	the	increased	risk	of	MI	is	not	
likely	to	reflect	the	association	of	low	HDL	with	MI	risk.

This	study	has	multiple	limitations.	The	timing	of	a	blood	drawn	in	
relation	to	a	clinical	event	can	raise	an	issue	of	validity	of	conclusions.	
Some	 plasma	was	 drawn	 >5	years	 after	 the	 event	 in	 our	 registries.	
When	the	Scripps	VTE	group	was	sub	grouped	by	the	time	since	VTE	
(<1	year,	1	 to	3	years,	≥3	years),	 the	median	GlcCer	 levels	were	not	
different	among	sub	groups	(Figure	S1).	This	observation	does	support	
the	validity	of	the	findings	for	GlcCer,	but	 it	may	remain	an	 issue	to	
consider.	The	use	of	warfarin	at	the	time	of	blood	collection	is	a	poten-
tial	issue,	as	the	Scripps	VTE	and	MI	registries	included	some	warfarin	
users	among	cases.	However,	the	results	were	robust	among	those	not	
on	warfarin	in	both	Scripps	VTE	and	MI	registries.	These	findings	thus	
appear	to	confirm	that	warfarin	use	does	not	affect	the	association	of	
low	GlcCer	with	VTE	and	MI	occurrence.	The	retrospective	studies	of	
GlcCer	 plasma	 levels	 from	 these	 case-	control	 studies	 cannot	 distin-
guish	whether	the	observed	differences	are	causal,	consequential,	or	
incidental	 although	 the	anticoagulant	 cofactor	activity	of	GlcCer	 for	
APC5,6	provides	a	notable	degree	of	biologic	plausibility	for	potential	
antithrombotic	actions	of	GlcCer.	For	the	MI	cohort,	the	lack	of	the	in-
formation	of	other	lipid/lipoprotein	parameters	is	a	limitation.	Finally,	
these	studies	included	only	Caucasians;	thus,	it	should	note	that	the	
results	may	not	be	valid	for	other	racial	groups.

How	might	 low	plasma	GlcCer	 levels	be	associated	with	 the	pa-
thology	 of	VTE	 and	MI?	GlcCer	 is	 a	minor	 plasma	 lipid,	 but	 it	 pos-
sesses	various	biological	activities	 involved	 in	the	coagulation5,6 and 
immune systems.7–9	 In	 the	 coagulation	 system,	 GlcCer	 acts	 as	 an	
anticoagulant	 lipid	 cofactor	 by	 enhancing	 APC	 anticoagulant	 activ-
ity	 to	 reduce	 thrombin	 generation.5,6	 Excess	 amounts	 of	 thrombin	
generation,	 namely	 hypercoagulability,	 are	 associated	with	VTE	 and	
atherosclerosis.23–28	Low	plasma	APC	 levels	are	an	 independent	risk	
factor	 of	 both	 venous29 and arterial thrombosis.30	 Therefore,	 lower	
APC	 anticoagulant	 cofactor	 activity	 due	 to	 low	plasma	GlcCer	 level	
might	 contribute	 to	 hypercoagulability	 and	 increase	 risk	 for	 throm-
botic	diseases.	Decreased	immuno-	modulatory	and	anti-	inflammatory	
functions	of	GlcCer7,8	might	also	cause	a	link	to	increased	thrombosis	
risk.	Additionally	or	alternatively,	the	association	of	low	plasma	GlcCer	
level	with	VTE	and	MI	 could	be	a	 secondary	effect.	 It	might	 reflect	
the	 level	of	other	sphingolipids	which	contribute	to	thrombosis	 risk.	
For	instance,	ceramide,	which	is	converted	into	GlcCer	by	GlcCer	syn-
thase	or	produced	from	GlcCer	by	β-	glucosidase,	is	considered	to	be	
an	intracellular	apoptosis	inducer	causing	endothelial	cell	damage	and	
the	 development	 of	 thrombosis.31,32	Deficiency	 of	GlcCer	 synthase,	
which	decreases	GlcCer	but	 increases	ceramide	 levels,	 is	 associated	
with	ceramide-	dependent	cell	apoptosis.33	Further,	an	increase	of	cer-
amide	levels	in	LDL	particles	induce	LDL	aggregation	on	the	cell	wall.32 
Thus,	increased	production	of	ceramide	is	likely	to	be	atherogenic	and	
the	ceramide	levels	may	be	reflected	by	the	plasma	levels	of	GlcCer.

In	summary,	a	previous	finding	of	an	association	of	plasma	GlcCer	
deficiency	with	VTE5	was	 replicated	 in	 two	 independent	 Caucasian	
populations,	 and	 furthermore,	 we	 found	 that	 lower	 plasma	 GlcCer	
level	is	associated	with	MI	in	one	Caucasian	population.
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